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NEET FAQs

Any changes in the
NEET exam pattern for 20217

Up till now, there has been no intimation on
changes in the exam pattern. However, changes
will be disclosed with the information brochure of
NEET 2021

Topics — Physics, Chemistry, Biology

Number of questions — 180

Maximum marks — 720 marks

Exam medium — 11 languages

Exam mode — offline, pen-paper test

How many questions will appear
from each section?

Physics — 45 questions

Chemistry — 45 questions

Biology — 90 questions (Botany and Zoology)

What will the syllabus for NEET be?

NEET Syllabus covers NCERT syllabus from classes
11 & 12 of all the subjects

Which type of questions will be asked?

Objective type questions will be asked

What is the marking scheme for NEET 20207

4 marks will be allotted for every right response.
1 mark will be deducted for every incorrect
response. No marks will be awarded if left

unanswered

Q1.

Ans:

Q2.

Ans:

Q3.

Ans:

ELIGIBILITY CRITERIA

In this section, we have mentioned some of the important NEET FAQs related to the eligibility criteria:

| have crossed more than 24 years of my age. Can | attempt for NEET 20217

Yes, you can appear for NEET 2021. There is a minimum age criterion of 17 years but there are no

such stipulated criteria of maximum age.

I am a candidate from open school education. Can | apply for NEET 20217

No, candidates who have passed 10+2 as the private candidates or from open schools are not eligible

to take the NEET exam.

What is the basic eligibility criteria to appear for NEET 20217

Candidates have to make sure that they meet the following criteria. Failing to meet these specifications

will lead to rejection:

e Must have attained 17 years of age as on December 31, 2021.

e Must have completed class 12 or equivalent exams from a centrally recognized or state board
with major subjects as Physics, Chemistry, Biology, and English.

¢  Must have qualifying marks of 50% if they belong to general category. For SC/ST/OBC, it is 40%.

* QOCls, PIOs, NRIs and foreign nationals can apply for the exam.

™)
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Q4. Canlappear for NEET exams even if | have a gap of one year between my class 11 & 12?

Ans: Yes, you can appear for the NEET if you have a year gap. Earlier there was no rule regarding the year
gaps, but the amendments were made by the Delhi High Court.

Mode of Counselling: Online, Offline

As per the information brochure and the latest guidelines, NEET counselling is broadly of two types. One is
the All India counselling conducted by DGHS for 15% All India Quota seats in goverment medical colleges
and all seats in Central Institutions including AIIMS, JIPMER, AFMC, ESI, Delhi University (DU), BHU, AMU
and Deemed Universities. The second is the state counselling held by each individual state medical council
for the rest of the 85% of the seats in the government colleges, state run universities and the private medical
colleges of the state. Only students who qualify in NEET will be eligible for the counselling subject to certain
regulations.

NEET counselling is generally held in two rounds followed by a mop-up round for any vacant seats left after
the first two rounds. Candidates must apply for the counselling as per their eligibility. An important point
to note is that all candidates who qualify in NEET 2021 will be eligible to apply for the All India counselling.
However, for the respective state counselling processes, admissions will be based on factors like domicile,
residency in state etc. Candidates must check whether they meet the state admission criteria before applying
for the state counselling.

NEET seat allotment will be based on the All India Rank of the applicants, choice of colleges entered, seat
availability, reservation criteria etc.

NEET COUNSELLING GUIDELINES

Counselling for 15% AIQ Seats (except in Jammu & Kashmir) in
Government medical and dental colleges

Counselling for all MBBS seats in AllMs and JIPMER

Counselling for all the seats in Central and Deemed Universities
including BDS at Jamia Millia Islamia, New Delhi

DGHS, on behalf of MCC

Counselling for 85% State Quota seats in DU colleges (MAMC,
LHMC, UCMS)

Counselling for IP Quota seats in ESIC Colleges

DGHS, on behalf of MCC and AFMC

Counselling for Armed Forces Medical College (AFMC) Pune

Counselling for 85% State Quota seats and 100% state private | Respective State Counselling Author-
colleges. ities

In case of Jammu & Kashmir - 100% of all government and pri-
vate colleges

NEET SEAT INTAKE: ( No. may increase in NEET 2021)

e AIIMS MBBS (15 institutes) - 1205 seats

e JIPMER MBBS (2 institutes) - 200 seats

&)
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e MBBS seats in 532 colleges - 76,928
e BDS seats in 313 colleges - 26,949
e  Ayush seats in 914 colleges - 52,720 seats

Students appearing in NEET 2020 can check Previous year cut off of some well-known medical institutes in
India from the table given below:

Name of the College Number of Seats Closing Rank
Maulana Azad Medical College 250 32
VMMC and Safdarjung Hospital 150 157
University College of Medical Science 150 171
Govt. Medical College 250 360
Seth G.S Medical College 180 638
Lady Hardinge Medical College 150 489
CSM Medical University 250 3692
S. M. S Medical College 250 356
Grant Medical College & Sir J. J. Hospital 200 382
Pt. B. D. Sharma PGIMS 200 600
King George Medical College NA 506
Sardar Patel Medical College 250 1083
Madras Medical College 250 501
Dr S.N Medical College 250 1128
T. D. Medical College 150 747
M. G. M. Medical College 100 1375
Rural Institute of Med Science & Research 150 1953

Note :- This is a rough estimate & many vary from year to year

(will be updated with 2020 once results are out)

Marks Range Rank Range (2019) Rank Range (2018) Rank Range (2017)
701 - -

691-700 1 1-9
681-690 20-88 2-7 10-25
671-680 99 -214 8-31 26-83
661-670 223 -476 32-63 84-163
651-660 568 -930 64 -122 164 - 301
641-650 946 - 1714 123-232 302-535

(vii)
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631-640 1809 - 2570 233 -398 534 - 870
621-630 2788 - 3956 399 - 639 871-1308
611-620 4074 - 5630 640 - 994 1309 - 1962
601-610 5692 - 7580 995 - 1505 1963 - 2786
591-600 7784 - 10036 1506 - 2169 2787 - 3874
581-590 10248 - 12898 2170 - 3084 3875-5229
571-580 13064 - 16008 3085 - 4202 5230-6788
561-570 16173 - 19478 4203 - 5615 6789 - 8736
551-560 19967 - 23501 5616 - 7433 8737 - 10851
541-550 23695 - 27650 7434 -9493 10851 - 13353
531-540 27994 - 32317 9494 - 11885 13354 - 16163
521-530 32796 - 37464 11886 - 14629 16163 - 18876
511-520 37780 - 38736 14630 - 17816 18876 - 22372
501-510 38822 - 44553 17817 - 21337 22372 - 25842
491-500 45023 - 51086 21338 - 25229 25843 - 29557
481-490 51498 - 58114 25230-29528 29558 - 33893
471-480 58214 - 65316 29529 - 34037 33894 - 38152
461-470 65801 - 73197 34038 - 38947 38153 - 43019
451-460 73337 - 81607 38948 - 44227 43020 - 47809
441-450 82216 - 89872 44228 - 49907 47810 - 53184
431-440 90825 -99323 49908 - 55928 53185 -59177
421-430 99914 - 109429 55929 - 62506 59178 - 65280
411-420 109937 - 120258 62507 - 69529 65281 - 71938

(viii)
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Physical World, Units
and Measurements

\ Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

Topic 1: Units of Physical Quantities

1. The unit of thermal conductivity is :

(a) Jm K
(¢) WmK™!

2. The density of material in CGS system of units
is 4g!cm3. In a system of units in which unit of

E - Easy

[2019]
(b) Jm'K!
(d) Wm'K!

(a) O0.IN
(c) 10N
6. Ifx=ar+ btz, where x is the distance travelled
by the body in kilometers while ¢ is the time in

seconds, then the unit of b is

(a) km/s
(c) km/s?

(b)
(d)

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns.LOD|Qns. LOD |Qns.|LOD |Qns. LOD

Units of Physical Quantities | Units of Physical Quantities 1 E
Dimensions of Physical Dimensions of Physical Q. 1 E
Quantities Application of Dimensions 1| A | 1] A
Errors in Measurements Relative & % Error 1 E

Diameter = MSR + CSR

(L.C.) —Zero error 1 A 1 A

Significant figures 1 E

D - Difficult Qns - No. of Questions

IN
100 N

[1989]

(b) kms
(d) kms?

length is 10 cm and unit of mass is 100 g, the

value of density of material will be [2011M]

(a) 0.4 (b) 40

(c) 400 (d) 0.04

The unit of permittivity of free space, €_ is
[2004]

Coulomb?/(Newton-metre)?

Coulomb/Newton-metre

(c) Newton-meter/Coulomb?

(d) Coulomb?/Newton-meter?

The unit of the Stefan-Boltzmann's constant is

(a) W/m?K* (b)y W/m?  [2002]

(¢) W/m’K (d) W/m?K?

In a particular system, the unit of length, mass

and time are chosen to be 10 cm, 10 g and

0.1 s respectively. The unit of force in this

system will be equivalent to [1994]

(a)
(b)

Topic 2: Dimensions of Physical Quantities

7.

Dimensions of stress are :

(a) [ML’T?] (b) [MLT?]

(¢) [ML'T?] (d) [MLT?]

A physical quantity of the dimensions of length
2

[2020]

that can be formed out of ¢, G and is [c

4re
is velocity of light, G is universal constant of

gravitation and e is charge] [2017]
, 2 1/2 T2 1/2
|G —
@) 4me, (®) ¢ | Gang,

- 12
¢ o e
¢ 4mg (d) 2| 4mg,

(c)
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10.

11.

12,

13.

14,

15.

PHYSICS

If energy (E), velocity (V) and time (T) are
chosen as the fundamental quantities, the
dimensional formula of surface tension will be:
[2015]
(@) [EV'T?] (b) [EVZT?
© EZVIT?] (@ [EVZT]
If dimensions of critical velocity v, of a liquid
flowing through a tube are expressed as
[M*p¥7*], where 1, p and r are the coefficient
of viscosity of liquid, density of liquid and
radius of the tube respectively, then the values

of x, y and z are given by : [2015 RS]
(ay -1,-1,1 (b) -1,-1,-1
(¢c) L1,1 (d 1,-1,-1

If force (F), velocity (V) and time (T) are taken
as fundamental units, then the dimensions of

mass are : [2014]
(a) [FVT] (b) [FV T2
(c) [FV-iTh d) [Fv'T]

The pair of quantities having same dimensions
is [NEET Kar. 2013}
(a) Young’smodulus and energy

(b) impulse and surface tension
(¢) angular momentum and work
(d) work and torque
-1

The dimensions of (L e,;,)7 are

[2012M, 2011]
(b) [L7T]
(d) [L—If2 Tlf2]

(a) [le‘z TIQ]
(c) [LTT]
s

|
The dimension of ESOEza where ¢

permittivity of free space and F is electric field,
is: [2010]
(@) ML2T?] (b) [MLT'T?]

(©) [ML*T] (d) [MLT]

If the dimensions of a physical quantity are
given by MPLPT¢, then the physical quantity will
be: [2009]
(a) Velocityifa=1,b=0,c=-1

(b) Accelerationifa=1,b=1,c=-2

(¢c) Forceifa=0,b=-1,c=-2

(d) Pressureifa=1,b=-1,c=-2

16.

17.

18.

19.

20.

21.

22.

23.

Which two of the following five physical
parameters have the same dimensions? [2008]
(A) Energy density

(B) Refractive index

(C) Dielectric constant

(D) Young’s modulus

(E) Magnetic field

(@) (B)and (D) (b) (C)and (E)

(¢) (A)and (D) (d) (A)and(E)
Dimensions of resistance in an electrical
circuit, in terms of dimension of mass [M], of
length [L], of time [T]and of current [I], would
be [2007]
(@) [MLT?] (b) [ML2TT)

(c) [ML2T31? (d) [ML’TL-1]

The velocity v of a particle at time ¢ is given by

v = at + —— , where a, b and ¢ are constant.

The dimensicons of a, b and c are respectively
[2006]

(a) [L%TandLT?]  (b) [LT%LTandL]

(¢) [L,LTandT?]  (d) [LT 2 LandT]

The ratio of the dimension of Planck’s constant

and that of the moment of inertia is the

dimension of [2005]

(a) time

(b) frequency

(¢) angular momentum

(d) velocity

The dimensions of universal gravitational

constant is [2004]

@ MZLTY (b)) M LT

() [ML*T] @ [M2LT?

The dimensions of Planck’s constant are same

as [2001]

(a) energy

(b) power

(c) momentum

(d) angular momentum

Which one of the following groups have

quantities that do not have the same

dimensions? [2000]

(a) pressure, stress (b) velocity, speed

(c) force, impulse (d) work, energy

The dimensional formula for magnetic flux is
[1999]

(b) [ML’T?A]

(a) [MLZI”zA_ll
1 (@ MLT 'A%

(c) MOL212A"
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Physical World, Units and Measurements
24.

25.

26.

27.

28.

29.

30.

The force F on a sphere of radius ‘a’ is moving
in a medium with velocity v is given by F =

6mnav. The dimensions of ) are [1997]
(a) [ML”] (b) ML
(¢) [ML™] (d) [MLT'T]

. . . P a _ b 9
An equation is given as : +F =0y

where P = Pressure, V' = Volume & 0 =
Absolute temperature. If a and b are constants,

then dimensions of a will be [1996]
(a) [MLT?) (b) [M'L°T?
(¢c) [ML7T] (d) MLT']
Which of the following will have the
dimensions of time [1996]
@ LC ®

L C
O @ T

Which of the following is a dimensional
constant? [1995]
(a) Refractive index

(b) Poissons ratio

(c¢) Relative density

(d) Gravitational constant

The time dependence of a physical quantity p is
given by p=p, exp (—ou'z), where ol is a constant
and ¢ is the time. The constant o [1993]
(a) is dimensionless

(b) has dimensions T2

(¢) has dimensions T2

(d) has dimensions of p

Turpentine oil is flowing through a tube of
length ¢ and radius r. The pressure difference
between the two ends of the tube is p. The
viscosity of oil is given by

p(r2 _ xz)

[
where v is the velocity of oil at a distance x
from the axis of the tube. The dimensions of n

are [1993]
(@) [MLT) (b) [MLT"]

(©) [ML’T?] (d) MLTT]

P represents radiation pressure, ¢ represents
speed of light and S represents radiation energy
striking unit area per sec. The non zero integers

x, y, z such that P* §” ¢“ is dimensionless are
[1992]

31.

32.

33.

34,

35.

36.

37.

(a) x=1,y=1,z=1

(by x=-1l,y=1,z=1

(¢c) x=1,y=-1,z=1

dy x=1,y=1,z=-1

The dimensional formula for permeability p is
given by [1991]
(a) [MLT?A7]

(b) [MOLT]

(c) [ML2T 'A%

(d) None of the above

According to Newton, the viscous force acting
between liquid layers of area A and velocity

gradient AV/AZis givenby F = —nA % where

1 is constant called coefficient of viscosity. The

dimensional formula of 1 is [1990]
(a) ML2T?2 (b) MOLOTO
(c) ML’T? (d) ML

The frequency of vibration f of a mass m
suspended from a spring of spring constant k
is given by a relation of the type f= ¢ m" ¥,
where cis a dimensionless constant. The values

of x and y are [1990]
@ x=30=3 () x=——5r=—y
2 2 2 2
(@ ¥=3¥=-3 @ x=—3-1
2 2 2 2
The dimensional formula of pressure is
[1990]
(a) [MLT?] (b) [ML'T?
(¢) [MLT'T? (d) [MLT?]
The dimensional formula of torque is [1989]
(a) [ML’T?) (b) [MLT?]
(¢) [MLT'T? (d) [MLT?]
Dimensional formula of self inductance is
[1989]

(a) [MLT2A7? (b) [ML’T'A72
(¢) [ML’T2A7]  (d) [ML’T2A7]
Of the following quantities, which one has
dimension different from the remaining three?

(a) Energy per unit volume [1989]
(b) Force per unit area
(¢) Productof voltage and charge per unit volume

(d) Angular momentum.
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[-]

38.

39.

40.

41.

42.

43.

44,

PHYSICS

The dimensional formula for angular

momentum is [1988]
(a) MOL’T? (b) [ML’T)
(¢) [MLT] (d) [ML’T?

If C and R denote capacitance and resistance,

the dimensional formula of CR is [1988]

() MLOT']

(b) MLOTY]

(©) MLT]

(d) not expressible in terms of M,L,T.
Topic 3: Errors in Measurements

Taking into account of the significant figures,

what is the value of 9.99 m — 0.0099 m?

[2020]
(a) 998 m (b) 9.980 m
(¢) 99m (d) 9.9801 m

A screw gauge has least count of 0.01 mm and
there are 50 divisions in its circular scale. The

pitch of the screw gauge is : [2020]
(a) 0.25 mm (b) 0.5 mm
(¢) 1.0 mm (d) 0.01 mm

In an experiment, the percentage of error
occurred in the measurement of physical
quantities A, B, Can D are 1%, 2%, 3% and 4%
respectively. Then the maximum percentage of
error in the measurement X, where X =

A2 BIIZ

By willbe: [2019]
3 0,

@ (33)% (b) 16%

(¢c) —10% () 10%

The main scale of a vernier callipers has »
divisions/cm. n divisions of the vernier scale
coincide with (n — 1) divisions of main scale.
The least count of the vernier callipers is,

[NEET Odisha, 2019]
1

1
(a) mcm (b) mcm

1 1
(¢c) —cm (d) —zcem
n n
A student measured the diameter of a small

steel ball using a screw gauge of least count
0.001 cm. The main scale reading is 5 mm and

45.

47.

48.

49.

50.

zero of circular scale division coincides with
25 divisions above the reference level. If
screw gauge has a zero error of —0.004 cm,

the correct diameter of the ball is [2018]
(a) 0.521 cm (b) 0.525 cm
(¢) 0.529cm (d) 0.053cm

In an experiment four quantities a, b, ¢ and d
are measured with percentage error 1%, 2%,
3% and 4% respectively. Quantity P is

3,2
b
calculated as follows P = d % error in P is:
C
[2013]
(a) 10% (b)) 7%
(c) 4% (d) 14%

If the error in the measurement of radius of a
sphere is 2%, then the error in the determination

of volume of the sphere will be: [2008]
(a) 4% (b) 6%
(c) 8% (d)y 2%

The density of a cube is measured by measuring
its mass and length ofits sides. Ifthe maximum
error in the measurement of mass and length
are 4% and 3% respectively, the maximum
error in the measurement of density will be
[1996]
(@) 7% (b) 9%
() 12% (d) 13%
The percentage errors in the measurement of
mass and speed are 2% and 3% respectively.
The error in kinetic energy obtained by

measuring mass and speed willbe ~ [1995]
(a) 12% (b) 10%
(c) 8% (d) 2%

In a vernier calliper N divisions of vernier scale
coincides with (N — 1) divisions of main scale
(in which length of one division is 1 mm). The
least count of the instrument should be [1994]
(a) N (b) N-1

(¢) l/10N (dy I/N-1

A certain body weighs 22.42 gm and has a
measured volume of 4.7 cc. The possible error
in the measurement of mass and volume are
0.01 gm and 0.1 cc. Then maximum error in

the density will be [1991]
(a) 22% (b) 2%
(c) 0.2% (d) 0.02%
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Hints & Solutions

I.  (d) Insteady state, the amount of heat flowing
from one face to the other face in time dr is
given by

kA(T; = T, )dt
H- (T, -T,)
{
dH kA _
P AT (k = coefficient of thermal
conductivity)
_ (dH
A dt AT
Unit of k= Wm~! K~
: g

2. (b) InCGS system, density d =4—

em®

unit of length =1 cm
unit of mass=1g
And in another system of units

The unit of mass is 100g and unit of length is 10

cm, so substitute these values

=) (%
100 100/ (100g)

Density = = —
g (10 ']3 [ 1]3 (10cm)’
—Cm -
0 10
4 100y
= —x (10 ——=+ =40 unit
100 (10cm)

Apart from fundamental and derived units, we have
also used practical units e.g., horse power (h.p.) is
a practical units of power. Practical units may or
may not belong to a system but can be expressed

in any system of units.

2
q

€& =">%
3. (d) (}’2 VAnF

= unitofe, is (coulomb)?/ newton-metre?

4.

5.

(a) According to Stefan’s law, E = cAT#
where, E is energy dissipated per second,
A = surface area
T = absolute temperature
_E W

ATY m’K
(a) As we know force = Mass x Acceleration
= Mass x length x time ™2 = (10g)(10 cm)(0.1s)2
= (1072 kg) (107'm) (1071s)"2 = 107IN.
(c) Given, x = at+ bt
where, x = distance in km

¢t = time in sec
By the principle of homogencity, the
dimensions of each terms of a dimensional
equation on both sides are the same.
So, from equation, x = ar + bt?
dimension of left side = [L]
dimension of right side should be = [L]
According to homogeneity’s law,
[L]=[][7°]

b1= oo
2

so unit of » should be km/sec-.

© 3

= dimension of acceleration

Force

(c) Stress =
ea

Dimensions of force = [MLT?]
Dimensions of area = [L?]

MLT ™
% =[ML'T

-2

.. Stress =

]

(d) Let dimensions of length is related as,

2 Z
[L] =[c]"[G]>[ - ]
4me
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e2

— = [ML3T2]

4me
[L]=[LT ' M L3 T2PML3T 2
[L]=[L~* +3y+3z\yte T—x—2y—2z]
Comparing both sides

—vt+z=0>y=z (1)
x+3y+3z=1 ..(i1)
—x—4z=0 (v y=2z) ..(iii)

From (i), (ii) and (iii)

1
z=y= E, x=-2

5 l2
Hence, [L] = c? {G- ¢ }
4meg,

(b) As we know that, surface tension(s) =
Force[ F]
Length[ ]
(MLT™?)

(L]

Energy, (E) =Force x Displacement,

[E]=[ML?T2]

So, [S]= =[MT2]

displacement
Velocity(Vie SERECaat

[V]=[LT]
Let surface tension expressed as,
s = Ea V? T¢ where a, b, ¢ are constant.
Put the value

) b
[MLTZ]_ | \yopzge { 5] -
[L] T
From the principle of homogeneity,
Equating the dimension of LHS and RHS
[MLOT_Z] = [MaL2a+ b T—Za—b+c]
= a=1,2a+b=0,2a-b+c=-2
= a=1,b=-2,c=-2
Hence, the dimensions of surface tension are
[EV2T72

ﬂ Length, mass and time are arbitrarily chosen as
fundamental quantities in mechanics. In fact any
three quantities in mechanics can be termed as
fundamental as all other quantities can be expressed
in terms of these. If force (F) and acceleration (a)
are taken as fundamental quantities, then mass will
be defined as force (F) and acceleration (a) will be
termed as derived quantity.

time

10.

11.

12,

PHYSICS
(d) Applying dimensional method :
v, =0
here,

dimension of critical velocity, V= LT

co-efficient of viscosity, M=

6mry
-2
MLT
so dimension of M= [7_]] = [ML-IT 1
[LIILT ]
o Lo My s
dimension of density, p = [L3] =[ML™]

dimension of radius, » = [L]

Put these values in equation (i),

[MOLT-1) = [ML-IT- 1 [ML-3TOp [MOLTOJ
Equating powers both sides
x+ty=0;,—wx=-1..x=1
l+y=0..y=-1

—x—-3y+ z=1
“1-3-1)+z=1
-1+3+z=1
soz=-1
(d) Force=mass x acceleration
force

= Mass= ————

acceleration

force

- ~1
velocity / time [FV=TI

(d) Work = Force x displacement
=[MLT?][L]
= [ML?T2]
Torque = Force x force arm
= mass x acceleration x length
= [M] x [LT2] x [L] = [M L?T2]

ﬁ If dimensions are given, physical quantity may not

13.

14,

be unique as many physical quantities have same
dimensions. e.g., If the dimensional formula of a
physical quantity is [ML?T 2] it may be work or
energy or torque.

1
() (noe,) V2= = ¢ =speed of light
070 vHo€o

where g, = permittivity of free space
1, = permeability of free space
So dimensions of (,g,)™/2 will be [LT~!]
(b) %soEz represents energy density i.e.,
energy per unit volume.
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22
- [%EOEZ} = Tl =[ML"!T2)

(]
_ Force
15. (d) Pressm;re = Area
VLT (oir2)
(L]
D a=1,b=-1,c=-2.
. Energy
16. (c¢) Energy density = Volume
[MUT ]2y
[L*]

Refractive index and dielectric constant have
no dimensions.

F 1
Young’s Modulus = — X

) 4 N
[MLT ] [L]
— Wm =[ML1T2].
_ F  [MLT?
Magnetic field, B = 7 m
=[MT2A1].
17. (¢) As we know that
VI_w _ w

R="0 i i
Dimension of Resistance
2+-37-1
_ [MLTT™T] ML2T-312]
[TI[1]
18. (d) Dimension of a.t = dimension of velocity
at=[LT'] = [a=LT72
Dimension of ¢ = dimension of ¢
(two physical quantity of same dimension
can only be added)
So, dimension of ¢ = [T]

. : b : : .
Dimension of P Dimension of velocity
C

b =[LT LT ] = [b-T'=[LT]
T+T

= b=[L]
So, answer is [LT2], [L] and [T]

A dimensionally correct equation may or may not

ﬂ be physically correct. In a dimensionally correct
equation, the dimensions of each term on both sides
of an equation must be the same.

19.

20.

21.

23.

24,

25.

(b) Dimension formula for the planck’s
constant, #=[ML?T!]

Dimension formula for the moment of inertia,
1=[ML?]

So, the ratio between the plank’s constant and
moment of inertia is

pooMeT
= 77 gy
h . .
= 1" [T~!] = dimension of frequency
2
by F=GMm g I
r Mym;
291 2
.dimension of G is IMLT “JIL7]
M][M]
:[M—1L3'I'—2]
(d) We know that E = hv
22
pB IMET ] Tl vzt
v [T7]

Angular momentum = l®

= [ML2|[T] = [ML2T]

(c) Forcehasdimension [MLT 2] while impulse
has dimension [MLT"!], both have different
dimensions.

(a) Dimension of magnetic flux

= Dimension of magnetic field x Dimension
of area

[MLOT2A-1][L2]=[ML2T2A1]

(d) F=6mn av

_F[MLT?]
Vorar Ty

a 0
w (Pe5)-r

According to the principle of homogeneity
quantity with same dimension can be added or
subtracted.

ML'T™h

a
Hence, Dimension of P = Dimension of )

Force . . a
=Dimension of 5
a V

-2

MLT

= — |=—5 2a=[MLS T2
L (L]

— Dimension of
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To get the dimensions of physical constant, we
write any formula or equation incorporating the
given constant and then by substituting the

dimensional formula of all other quantities, we can
find the dimensions of the required constant or

coefficients.
26 .c;——Lé 1
. (c¢) = 7 cereenene(1)
e=IiR ceeeenenn(2)

di
From (1) & (2),iR= —L—
dt

Dimension of L.H.S. = Dimension of R.H.S.

[A]R=L[AT '] = §=[T]

L
ﬂ E is time constant of R-L circuit so, dimensions

of I is same as that of time.

27. (d) A quantity which has dimensions and a
constant value is called dimensional constant.
Therefore, gravitational constant (G) is a
dimensional constant. Value of G =6.67 x 10~
112 ;kg/sec2
dimension of G = [M~1L3T2]

ﬁ Relative density, refractive index and poisson ratio

all the three are ratios, therefore they are
dimensionless constants.

Angle is an exceptional physical quantity, which
though is a ratio of two similar physical quantities

(angle = rajfus) but still requires a unit but no
dimensions.
28. (b) Inp=p,exp (—ar?), where a2 where is
dimensionless
1 1 2
oa=—=—+=[T""7]
2 (1
% @ 1= p(* —x*) _[ML'T2][L?]
' 4l [LT[L]
=[MLIT]

According to the principle of homogeneity, the
dimensions of each term on the L.H.S. must be
equal to the dimensions of the terms on the R.H.S.

Only then dimensional equation or formula is
dimensionally correct.

30. (c) Let the expression, o= P*§¢*  ..(1)
and given that dimension of o= [MLOT?] .. (ii)

= dimensionless
Di on fo radiati pe Force
imension fo radiation pressure 2=~ =
[MLT 2] L
=" 2. =[MLT'T-
(2] [ ]
Dimension of radiation energy/unit area unit
time
Energy [ML*T ) 3
Area xTime [L*][T]

Dimension of speed of light, ¢ = [LT™!]

By equation (1) we get,

So, the dimension of oo = [MLIT2]* [MT 3P
[LT'F

According to equation (ii),

= [MOLOTO] = ML T2 [MT 3P [LT! ¥

= [MOLOTO) = [M¥ Fy L+ 2 T2x =3y 7]
Applying the principle of homegenity of
dimension we get,

x+y=0 ...(1i1)
—x+z=0 .(1v)
2x—3y—z=0 (V)

After solving above three equation we get,
x=1; y=-1; z=1
Try out the given alternatives.
Whenx=1,y=-1,z=1
Pc

P =Plslcl= —=

-1-2 -1
_[ML zT _2] [Lf 1_ [M°1°7°]
[ML°T ™/ L*T]
31. (a) Permeability of free space,
27 x force x distance

Ho™ (current)2 x length

So, dimensional formula
[MLT2][L]

T At
ﬂ Also find the dimensional formula by using

=[MLT2A2]

the relation,

1
Speed of light, ¢ = ﬁ
0
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32, (d) F=-— AA—V
- () F=mALT
FAZ
= —1 _—
=>n=( )AAV

So dimensional formula of
[MLT 2][L]
[T

= [MLIT

33. (d) f=cm* i
Spring constant k = force/length.
[MOLOT-1) = [M¥[MT2p'= [ M* "V T2
=>x+y=0,-2y=-1 or y:%

Therefore, x= I

The method of dimensions cannot be used to derive
relations other than product of power functions.

34. (c) Pressure = Force / Area
So dimensional formula

-2
_ [MLE ] 5 [ML—IT—Z]
[L7]
35. (a) 7= Force x distance
So dimensional formula,

=[MLT 2] [L]=[ML?T 2]

dt W\ di W | di
6. @ b= G )=\ )7l ]
[MLT [T}

=[ML?T2A72]
[AT][A]

or, [L]=

37. (d) Forangular momentum, the dimensional
formula is [ML2T"!]. For other three, it is

[ML-IT2].
38. (b) Angular momentum

= Momentum of inertia x Angular velocity

So dimensional formula,
= [ML?] < [T]
=[ML?T ]

39. (a) CR= [g]g] = (?] = (= time

- [T] - [MOLOTI]
RC is the time constant of the circuit.

41.

42.

43.

45.

]

(a) Insubtraction the number of decimal places
in the result should be equal to the number of
decimal places of that term in the operation
which contain lesser number of decimal places.

9.99
—0.0099
9.9801

As the least number of decimal places is 3. So,
answer should be 9.98 m.
(b) Least count of screw gauge = 0.01 mm
Least count

Pitch

No. of divisions on circular scale

—0.01 mm = Lich

= Pitch = 0.5 mm

251/2
A2B
(b) Given,xzw
cBPp
% AX 100=222 100+ L 2B,
o error, — =2 > B

100+1£x100+3A—Dx100
3C D

:2><1%+%><2%+%x3%+3><4%
=2%+ 1%+ 1%+ 12% = 16%
(d) nVSD=(n-1)MSD

1vsp= "=V vsp
n

(n—1)

n

LC.=1MSD-1VSD=1MSD-

MSD

1 111
= —MSD=—x—=—
n n n n

(c) Diameter of the ball
=MSR + CSR x (feast count) — zero error
=0.5 cm + 25 x 0.001 — (-0.004)
=0.5+0.025+0.004=0.529 cm

a3b2

cd

(d) Given,P=

AP Aa
Therefore, > 100% = 37 % 100%

Ab Ac Ad
+2T x 100% +7 x 100% + Va x 100%
=3x1%+2x2%+3%+4%=14%
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ﬂ When we multiply or divide two measured

quantities, the relative error in the final result is equal

to the sum of the relative errors in the measured
quantities. And when we add or subtract two
measured quantities the absolute error in the final
result is equal to the sum of the absolute error in
the measured quantities.

46. (b) Given, error in the measurement ofradius
of a sphere ﬂ><er)0 =2%
r

4
Volume of the sphere V = Eﬂrs

. Error in the volume AV—V =100

= J_r3-£x100 =3x2%=%16%
r
. mass
47. (d) As we know, density =
volume

Maximum error in the measurement of density
oM

3

A9 _AM AL
p M L

% error in density = % error in Mass
+3 (% error in length)
=4+3(3)=13%

48.

49.

Am
(c) Percentage error in mass [— X 100] =2
m
i Av
and percentage error in speed | —x100 |=3,
Vv

o 1
Kinetic energy, k = Emv2 .
- Error in measurement of kinetic energy

AK  Am (Av]
AR _Am LAY
K m v

NERNCER I
100 100 100

. Yage error = 8%.
(¢c) Leastcount=1MSD-1VSD

= IMSD — {%}MSD

N N 10 10N

Smaller value of the least count, higher is the
accuracy of measurement. Accuracy of

50.

measurement is higher when number of significant
figure after the decimal in measurement is larger.

Mass(M)

N Volume(V)
[0.01 0.1

24 4.?}>< 00 =2%

(b) Density, D

AD AM AV

"D MV
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Motion in a
Straight Line

\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016

Topic Sub-Topic

Qns.

LOD |Qns. LOD | Qns./ LOD [Qns.|LOD Qns. LOD

Distance, Displacement Average Speed

1 A

& Uniform motion Integration & Differentiation

Non-uniform motion

Relative Velocity Use of eqn. of motion

Motion Under Gravity Velocity-time graph

1 A

River-Man problem

1 A

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Distance, Displacement
& Uniform motion

1. Aperson travelling in a straight line moves with
a constant velocity v, for certain distance ‘x’
and with a constant velocity v, for next equal
distance. The average velocity v is given by the

relation [NEET Odisha 2019}
I 1 1
(@) v= 4wy, (b) v v v
2_1 1 Vv v
o4 q L=ntn
© . 2 @ 2 2

2. Preetireached the metro station and found that
the escalator was not working. She walked up
the stationary escalator in time 7,. On other days,
ifshe remains stationary on the moving escalator,
then the escalator takes her up in time #,. The
time taken by her to walk up on the moving

escalator will be: [2017]
tty i
(@ ——- (b) 2=
20 2+
hHh+t
(c) =1 (d) 12

2

A particle covers half of its total distance with
speed v, and the rest half distance with speed
v,. Its average speed during the complete

journey is [2011M]
ViV, 2vyvy

(a) V] +v2 (b) v +V2
2"12‘*"22 V| +vp

© v 4,2 @ -

A car moves from X to Y with a uniform speed v,
and returns to Y with a uniform speed v,. The
average speed for this round trip is [2007]

VdVy

@ a O —
2v,v

v, +Vg d'u

(o) @

If a car at rest accelerates uniformly to a speed
of 144 km/h in 20 s, it covers a distance of [1997]
(a) 2880 m (b) 1440 m

(¢c) 400m (d) 20m
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11.

12,

PHYSICS

A bus travelling the first one third distance ata
speed of 10 km/h, the next one third at 20 km/
h and the last one-third at 60 km/h. The average
speed of the bus is [1991]
(a) 9km/ (b) 16km/h

(¢) 18km/h (d) 48km/h

A car moves a distance of 200 m. It covers the
first half of the distance at speed 40 km/h and
the second half of distance at speed v. The
average speed is 48 km/h. Find the value of v
(a) S6km/h (b) 60km/h [1991]
(¢) S0km/h (d) 48km/h

A car covers the first half of the distance between
two places at 40 km/h and other halfat 60 km/h.
The average speed of the car is [1990]
(a) 40km/h (b) 48km/h

(¢) S0km/h (d) 60km/h

Non-uniform motion

Ifthe velocity ofa particle is v=At + Bt?, where
A and B are constants, then the distance
travelled by it between 1s and 2sis:  [2016]
(@)

3
SA+4B (b) 3A+7B

3 7 A B
(¢) 2A+3B (d) 2+3
A particle of unit mass undergoes one-
dimensional motion such that its velocity varies
according to v(x) = bx~2"
where band n are constants and x is the position
of the particle. The acceleration of the particle
as the function of x, is given by: [2015]
(a) _2nb2x—4n-1 (b) _2p2y2n+]
(c) —2nb2e~4ntl (d) —2nb2x~2n-1
The displacement ‘x’ (in meter) of a particle of
mass ‘m’ (in kg) moving in one dimension under
the action ofa force, is related to time ‘¢’ (in sec)
by t= /x + 3. The displacement of the particle
when its velocity is zero, will be

[NEET Kar. 2013]

(b) 4m
(d) 6m

A particle has initial velocity (27 +3;) and

(a) 2m
(c) zero

acceleration (0.37 +0.27) . The magnitude of

velocity after 10 seconds will be : [2012]
(@) 942 units (b) 542 units
(¢) 5 units (d) 9 units

13.

14.

15.

16.

17.

18.

19.

The motion of a particle along a straight line is
described by equation :

x=8+12t—£

where x is in metre and 7 in second. The
retardation of the particle when its velocity

becomes zero, is : [2012]
(a) 24ms>2 (b) zero
(¢) 6ms2 (d) 12ms>2

A body is moving with velocity 30 m/s towards
cast. After 10 seconds its velocity becomes
40 m/s towards north. The average acceleration

of the body is [2011]
(a) 1m/s? (b) 7m/s?
(¢) 7Tm/s? (d) 5m/s?

A particle has initial velocity (3§+4}‘) and

has acceleration (0.47 + 0. 3:1‘) .It’s speed after 10

S 18: [2010]
(a) 7 units (b) 74/2 units
(¢) 8.5units (d) 10 units

A particle moves a distance x in time taccording
to equation x = (¢ + 5)!. The acceleration of
particle is proportional to: [2010]
(a) (velocity) 3?2 (b) (distance)?

(c) (distance)™2 (d) (velocity)?3

A particle starts its motion from rest under the
action of a constant force. If the distance
covered in first 10 seconds is S; and that
covered in the first 20 seconds is S,, then:

[2009]
(a) S,=3S, (b) S,=4S,
(© S,=8§, (d) S,=28,
The distance travelled by a particle starting from
rest and moving with an acceleration %ms_2,
in the third second is: [2008]
(a) 6m (b) 4m
10 19
_ d —m
© Sm @
= D
3
z
[a]
A

/ Time (1)
B
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21.

22,

24,

A particle shows distance-time curve as given

in this figure. The maximum instantaneous

velocity of the particle is around the point:
[2008]

(@ B (b) C

(¢ D (d A

A particle moves in a straight line with a constant

acceleration. It changes its velocity from 10 ms™!

to20ms ! while passing through a distance 135 m

in # second. The value of 7 1s: [2008]
(a) 10 (b) 18
(c) 12 d 9

The position x of a particle with respect to time
talong x-axis is given by x = 92 — £ where x is in
metres and ¢ in second. What will be the position
of this particle when it achieves maximum speed

along the +ve x direction? [2007]
(a) 54m (b)y 8lm
(c) 24m (d) 32m.

A particle moving along x-axis has acceleration
t
£ at time ¢, given by f = fj [1—;} where f;

and T are constants. The particle at 7 = 0 has
zero velocity. In the time interval between =0
and the instant when /=0, the particle’s velocity

(v,)is 12007]
1 2 2

@ /T ®) /T
1

(© EJBT (d £T

A particle moves along a straight line OX. Ata
time # (in seconds) the distance x (in metres) of
the particle from O is given by x =40 + 12/ — £,
How long would the particle travel before

coming to rest? [2006]
(a) 40m (b) 56m
(¢) 16m (d) 24m

The displacement x of a particle varies with
time 7 as x = ae™* + bePt, where a, b, oo and B
are positive constants. The velocity of the
particle will [2005]
(a) be independent of o and B

(b) drop to zero when a. =

(¢) goon decreasing with time

(d) goonincreasing with time

27.

28.

29.

30.

The displacement of a particle is represented by
the following equation : s =3 + 72+ 5¢+8
where s is in metre and ¢ in second. The

acceleration of the particleat 7= 1sis  [2000]
(a) 14m/s? (b) 18m/s?
(c) 32m/s? (d) zero

A car moving with a speed of 40 km/h can be
stopped by applying brakes at least after 2 m. If
the same car is moving with a speed of 80 km/h,
what is the minimum stopping distance?/71998]
(a) 8m (b) 6m

(¢) 4m (d) 2m

The displacement of a particle varies with time
(t) as: s = ar* — b. The acceleration of the
particle will be zero at time ¢ equal to [1997]

@ ® 5
b 2a
© > @ 3

A car accelerates from rest at a constant rate o
for some time, after which it decelerates at a
constant rate p and comes to rest. If the total
time elapsed is ¢, then the maximum velocity

acquired by the car is [1994]
2 a2 2 Q2
@ {“‘Jﬁﬁ } (b) (“aﬁﬁ }
(a+P)z “apr
© @

The displacement time graph ofa moving particle
is shown below

L
L

Time

The instantaneous velocity of the particle is

negative at the point [1994]
@@ D (b) F
© C (d E

A particle moves along a straight line such that

its displacement at any time ¢ is given by

s=(£—6+3t+4) metres

The velocity when the acceleration is zero is
[1994]

(b) —12ms’!

(d —9ms!

(a) 3ms’!
(c) 42ms?
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31.

32.

33.

34,

35.

PHYSICS

A body starts from rest, what is the ratio of the
distance travelled by the body during the 4th

and 3rd seconds? [1993]
7 3
@ ®
7 o 3
© 3 @ >
Which of the following curve does not represent
motion in one dimension? [1992]
VA VA
ZANLHIS,
t —f
VA VA
(© —/ (d)
I QUQ_M

A car is moving along a straight road with a
uniform acceleration. It passes through two
points P and Q separated by a distance with
velocity 30 km/h and 40 km/h respectively. The
velocity of the car midway between P and Q is

[1988]
(a) 333km/h (b) 202 km/h
(© 25v2 km/h (d) 35km/h

Topic 38: Relative Velocity

A bus is moving with a speed of 10 ms™' on a
straight road. A scooterist wishes to overtake
the bus in 100 s. If the bus is at a distance of
1 km from the scooterist, with what speed should

the scooterist chase the bus? [2009]
(a) 40ms™! (b) 25ms™!
(¢) 10ms™! (d) 20ms™!

A train of 150 metre long is going towards north
direction at a speed of 10 m/s. A parrot flies at
the speed of 5 m/s towards south direction
parallel to the railway track. The time taken by

the parrot to cross the train is [1988]
(a) 12sec (b) 8sec
(c) 15 sec (d) 10 sec

36.

37.

38.

39.

41.

42.

Topic 4: Motion Under Gravity

A ball is thrown vertically downward with a
velocity of 20 m/s from the top ofa tower. It hits the
ground after some time with a velocity of 80 m/s.
The height ofthe tower is : (g= 10 m/s2) [2020]
(a) 340m (b) 320m

(¢) 300m (d) 360m

A stone falls freely under gravity. It covers
distances h,, h, and h, in the first 5 seconds,
the next 5 seconds and the next 5 seconds
respectively. The relation between h,, h, and

s [2013]
2 _hy
h,. = — =
(b) hy=3h, and hy = 3h,

(d) hy=2hy=3hy
A boy standing at the top of a tower of 20m height
drops a stone. Assuming g = 10 ms 2, the velocity

with which it hits the ground is [2011]
(a) 10.0m/s (b) 20.0m/s
(c) 40.0m/s (d) 5.0m/s

A ball is dropped from a high rise platform at
¢ =0 starting from rest. After 6 seconds another
ball is thrown downwards from the same platform
with a speed v. The two balls meet at # = 18s.
What is the value of v? [2010]
(take g= 10 m/s?)

(a) 75m/s (b) 55m/s

(c) 40m/s (d) 60m/s

A man of 50 kg mass is standing in a gravity free
space at a height of 10 m above the floor. He
throws a stone of 0.5 kg mass downwards with
a speed 2 m/s. When the stone reaches the floor,
the distance of the man above the floor will be:
(@) 99m (b)y 10.1m  [2010]
(¢) 10m (d) 20m

Two bodies, A (of mass 1 kg) and B (of mass
3 kg), are dropped from heights of 16m and 25m,
respectively. The ratio of the time taken by them

to reach the ground is [2006]
(a) 12/5 (b) 5/12
(c) 4/5 (d)y 54

A ball is thrown vertically upward. It has a
speed of 10 m/sec when it has reached one
half of its maximum height. How high does
the ball rise? [2005, 2001]
Take g =10 m/s2,
(a) 10m

(¢c) 15m

(b) 5m
(d) 20 m
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43.

45.

47.

Ifaball is thrown vertically upwards with speed
u, the distance covered during the last t seconds
of its ascent is [2003]

@ (utgnt (b) wt

1 2 1 2
© S @ u-5e
A man throws balls with the same speed
vertically upwards one after the other at an
interval of 2 seconds. What should be the speed
of the throw so that more than two balls are in
the sky at any time? [Given g = 9.8 m/s?] /2003]
(a) Onlywith speed 19.6 m/s
(b) Morethan 19.6 m/s
(c) Atleast9.8m/s
(d) Any speed less than 19.6 m/s
If a ball is thrown vertically upwards with a

velocity of 40 m/s, then velocity of the ball after

two seconds will be (g = 10 m/s?) [1996]
(a) 15m/s (b) 20m/s
(c) 25m/s (d) 28m/s

A body is thrown vertically upward from the
ground. It reaches a maximum height of20min 5
sec. After what time, it will reach the ground

from its maximum height position? [1995]
(a) 2.5sec (b) 5 sec
(c) 10sec (d) 25sec

A stonereleased with zero velocity from the top
of a tower, reaches the ground in 4 sec. The

[1995]

height of the tower is (g =10m/s?)

48.

49.

50.

51

(a) 20m (b) 40m

(¢) 80m (d) 160m

Three different objects of masses m;, m, and m,
are allowed to fall from rest and from the same
point O along three different frictionless paths.
The speeds of the three objects on reaching the
ground will be in the ratio of [1995]

(a) ml : m2 : m3 (b) ml : 2m2 : 3m3

1 1

© @ o

The water drops fall at regular intervals from a
tap 5 m above the ground. The third drop is
leaving the tap at an instant when the first drop
touches the ground. How far above the ground

is the second drop at that instant?

1:1:1

(Take g= 10 m/s?) [1995]
@ 125m (b) 250m
() 3.75m (d) 5.00m

A body dropped from top of a tower fall through
40 m during the last two seconds of its fall. The

height of tower is (g = 10 m/s?) [1991]
(a) 60m (b) 45m
(c) 80m (d) 50m

What will be the ratio of the distances moved
by a freely falling body from rest in 4th and 5th

seconds of journey? [1989]
(a) 4:5 (b)y 7:9
(c) 16:25 (dy 1:1

ANSWER KEY
t{lol7]lolBlaol|ovl(25]ol3t]|@|37]@4] c]|49] ©
2 | v o)1 ]@|20]@|[26]@]|[32]|m)|[38]m)]|44]®)|50] 0
3|l lolBs|lom]2tl@|27]® |33 |39|@]|45] ®)]51]®)
4 |@lw]l@|lw6|l@|22|©]|28]@]|34]|@]|40]®)]46] ®)
s lolunlolvv|lovl2|o|29]@|[35 @41 ©]47] ©
6 |[olnz|lw |82 @|30]@|[36]|c)|42]@]48] ©
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Hints & Solutions

X
1 () Ast " and 7, = v,
X+x 2x 2vv,
V: — =
htly X X w+wn
1 "
2 1 1
—_— =t —
Vo oy

2. (b) Letthe distance be ‘d” time taken by preeti
to travel up the stationary escalator = 7, Velocity

of preeti w.r.t. elevator v, = —
Ul

Since the distance is same let the time taken when
preeti stands on the moving escalator = 7,.

Velocity of elevator w.r.t. ground V2 = —

)
Then net velocity of preeti w.r.t. ground
v=v v,
d d d
T A L
t 4 b
1 4.4
t nh
il

= (time taken by preeti to walk
(n+13)
up on the moving escalator)
3. (b) Let the total distance covered by the
particle be 2s. Then
2s 2vyvy
Vo =75 T

i "

ﬂ The average speed of an object is the total distance

Vi +Vva

travelled by the object divides by the elapsed time
to cover that distance. It’s a scalar quantity which
means it is defined only by magnitude. A related
concept, average velocity, is a vector quantity. A
vector quantity is defined by magnitude and
direction both.

4. (d) Average speed

_ total distance travelled

total time taken
Let s be the distance from X'to Y.

S+ 2s

.. Average speed = P
h+tp 5 .5

Vu Vd

2y
B vd + Vu
5. (c) Initial velocity of car (z)=0
Final velocity of car (v) =144 km/hr =40 m/s
Timetaken=20s
We know that, v=u+ at
40=ax20 = a=2m/s?
Also, v — u? = 2as

22
=-§=
2a
A
= 5= (40)° - (©) = 1600 =400 m.
2x2 4
]
6.  (c) Average speed = 73 s/3 /3
10 20 60
]
= =18km/h
s/18
In case speed is continuously changing with time,
v

then, Vav = [dt

7. (b) Given, Total distance =200 m speed in first

half distance = 40 km/hr speed in second half
distance = vkm/hr.

Total distance covered
Total time elapsed

So, v, =

200x107°

100x1073 . 100x107>
40 v

48 =



http://www.jeebooks.in

Motion in a Straight Line

o2 1
40y a8 24

11 1 2 1

O 724 30 120 60
or v=60km/h
2
vy = D2 g L 2X40XY
v +vo 40+v
= v=60km/h
(b) Total distance = s;
Total time taken

10.

s/2 s/2 58 S
_5Se 3e_ 5

40 60 240 48
total distance

.. Average speed = total time

=5 _48km/h
s/48

_ 2y 2x40x60
Yoy +vy, 40460
(¢) Given: Velocity v=At + Bt>

48 km/h

dx 5
= — =At+Bt
dt

By integrating we get distance travelled by the
particle between 1s and 2s,

x 2
- jafx :j(Ar+Bt2)dr
0o 1

=22 2) B(pop) A TB
2 3 2 3

(a) Given, v(x)=hx2"
_dv_dv dx
“ar  dx dr

Acceleration of the particle as function of x,

v _

0 bx—Qn {b(_zn)x—Zn—l}
= 2pb2x4n-1

a=yv

For one dimensional motin, the angle between
velocity and acceleration is either 0° or 180° and it

11.

12,

13.

14.

15.

does not change with time.

© wr=x+3

S Ax =t-3>x=(t-3) (1)

dx
= = =2(1-3)=0
v=—r=2-3)

=t=3

From equation (i)
L x=(3-3)?
—>x=0

(®) v=u+ar

v=(2 +3})+(0.3i +02])" 10 = 5 +5]

1V]= 52 152
17 |=542
(d) x=8+ 12t—13
The final velocity of the particle will be zero,
because it retarded.
2v=0+12-3#=0
32=12
=72 sec
Now the retardation

a=_o_6
a0

alt=2]=-12m/s2
retardation = 12 m/s2
(d) Average acceleration

) ) 40 m/s

Changein velocity
<a== :
Total Time
407 —30i
< g>o 1407300
10 30 m/s
<a> = (42 +(-3)?
<a>=5m/s?

(b) Given, ii=3i+4j andG@ =0.4i+0.3]
= u, = 3units, u,= 4 units

= a,=0.4units, a,= 0.3 units

Along x-axis,

sooove=u ta x10=3+4="Tunits
Along y-axis,

and vy=4+0.3 x 10=4+3="7units

Net final velocity
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V= 1,\;)2[ +v§ = 7+/2 units

v, =3i+4j and @ = 0.4/ +0.3)
time, £= 10 sec.
Final velocity v  after time 7= 10sec, vy

V= (31 +47)+(047 +0.37)(10) = 7 +7]
ﬂ The particle speeds up i.e., the speed of the particle

increases when the angle between aandv lies
between 0° + 90°. The particle speeds down i.e.,
the speed of the particle decreases when the angle

between E and v lies between + 90° and 180°.

1
16. (a) distance x=——
t+5

locit e -1
elocityv=—=">
YR (1452
_ d?x 2 ;
acceleration g = —5 = 3= 2x
dt (t+5)

=—(t+5)3

10s, , = 20s

Therefore, v3/2
So,a x V32

17. (b) u=0,6=
Using the relation, S = uz + Em‘2
Acceleration being the same in two cases,
1 2 1 2

Sj=—axtf,Sy=—axt

1 P 122 P 2
i_g?_gqﬁi
S, \h 20 4
S, =4S,
18.  (c) Distance travelled in the nth second is
a
givenby S, = U +5(2" -1

. 4 2
Givenu=0, a:5ms n=3

E

4 10
wS, =0+ —(2><3 -1)= _XS_?m

ds
19. (b) Theslope ofthe graph I is maximum at

C and hence the instantaneous velocity is

maximum at C.
Instantaneous velocity,
Ay ds

WS A0 At dt

ﬂ The instantaneous velocity of an object at a given
instant is first derivative of displacement with
respect to time.
The slope of displacement-time graph at any
instant of time gives the measure of instantanesous
velocity of an object at that instant.
20. (d) Initial velocity, # =10 ms™!
Final velocity, v=20ms™!
Distance, s=135m
Let, acceleration=a
Using the formula, v =2 + 2as

2 2

v —Uu
o=

2s
(20>~ (10)° _ 400-100
- 2x135 2x135
300 150 10

or. d= = =—1mSs

*72x135 135 9
Now, using the relation, v=u+ at

v—u 20-10 10
— = =—x9sec =9 sec.
a 10/9 10
dx
21. (a) Speed v=—r-= d(9r —17) = 18137

For maximum speed its acceleration should be
Zero,

Acceleration %: 0=>18—-6i=0=>¢=3

At £=13 its speed is max
= X =81-27=54m

Position of any point is completely expressed by
two factors its distance from the observer and its
direction with respect to observer.

That is why position is characterised by a vector
known as position vector.

2. (c) Here, f=fy [1 —%)

dv t
o, P L
di f"( T]
Iff=0, then
1
0= (1——]Z>t=T
fo_ .

Hence, particle’s velocity in the time interval
t=0and t=Tis given by

v=F

e | s ,fiff’[l‘?ﬂ"
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A+

2
=ﬁ{T—%J=ﬁ{T—%)=%ﬁI

23, (b) x=40+12¢-7

v 3
dt

For v=0; t=1’%=2&;ec

So, after 2 seconds velocity becomes zero.
Value of x in 2 secs =40 + 12 x 223
=40+24-8=56m
24, (d)
25.  (c) Displacement
s=38+T2+5t48;

_ ds
Velocity = o 972 + 14¢+5

2
Acceleration= d—; =18t+14
dt
Acceleration at (1= 15s)
=18x1+14=18+14=32 m/s?
26. (a) v*—u?t=2as
V2 —Hz

—a=
2s
2
_4
25’
For same retarding force s oc u

2 2
B R I &] _
’ 51 ul2 = 51 [40 4
So5y=4s,=8m
If F is retarding force and s the stopping

2

. 1
distance, then Emv2 =Fy

For same retarding force, s oL v2

5 (v 2_[80kmfh]2_4
s; \v ) l40kamvh)
s,=4s,=4x2=8m

distance, s = af® — b

2. ()

velocity, v = % = 2at - 3bt?

dv
acceleration a = E =2a—6bt

Acceleration is zero at
da—6bt=0 = (=—
a=hor 3b
B @ v
A
vmax
o p
A, B ¢
o) 7 7 [
In Fig.

AAI = Vmax. — Ou‘l = ﬁtZ

V. V.
But tztl+t2 — _max , max

p

L
a p ap

or, Vmax = { op ]
a+p
If a body starting from rest accelerates at a
constant rate o for certain time and then retards
at constant B and comes to rest after t. second
from the starting point, then

aﬁtz
(2a+2p)

29. (d) At E, the slope of the curve is negative.

The line bending towards time axis represents
decreasing velocity or negative velocity of the

particle. It means the particle possesses retardation.

Distance travelled by the body =

ds
30 (d) Velocity v=—"= 32 —121+3

. dv
Acceleration, a = o =6t—-12; For a =0, we

have,0=6¢—12 or t = 2s. Hence, at t =2 s the
velocity will be
v=3x22_12x2+3=—"9ms!
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a
0+—(2x4-1
31. (a) Si:#:
S3

7

0+%(2x3—1) 3

Equation of the motion of uniformly accelerated
ﬁ motion, the distance travelled in #™ sec is given by,
a
S, = u+5(2n— 1)

32.  (b) In one dimensional motion, the body can
have at a time one velocity but not two values
of velocities.

33. (c¢) LetPQ=x,then

u=30km/h
v=40km/h

40* -30% 350

2x Cox
Also, velocity at mid point is given by v,
=>v, =u?+20(7)

- v,?"—302 :2><@><£

[ v2=u?+2as)

o=

X
This gives v =252 km/h
34. (d) Let v be the relative velocity of scooter
wrtbusasv=ve—vp

y= %zl()ms_l vg =10ms™!
vs=v+ Vgs
S B
i u=10 ms”
=104+10=20ms™!

velocity of scooter = 20 ms™!

When two bodies are moving in same directions,
relative velocity is between difference individual
velocities.
Vap=V4—Vp
35.  (d) Relative velocity of parrot w.r.t the train

=10-(-5)=15ms™1,

Time taken by parrot to cross the train

_150

15

10s

When two bodies are moving in direction relative

velocity is sum of individual velocities.
Vip=V,4—Vp

The distance which bird has to travel to cross the

train is equal to the length of train. Now since the

train and the bird are travelling in opposite

direction, therefore the speed will be added up.

36.

37.

PHYSICS
(c) lu =20 m/s

T

¢}

g
vl
R
J' v=80m/s

WU

Using v2 = u? + 2gh

2.2 2 2
Height, poy U :(80) —(20)
2g 2x10
6400 —400
=——=300m
20
v b= g

1
hy= 5g(5)2= 125

1
hy+hy= Eg(m)? =500

= h,=375
|
+hyth,=— 2=
By +hythy= 2 g(15)=1125
= hy=625
I, =3hy, hy=5h,
hy
or h = 3 " s

The distance covered in time 7, 21, 3, etc. will be in
the ratio of 12 : 22 : 32 i.e., square of integers i.e., h

38.

39.

o f*,
(b) Here,u=0
We have, v2 = u? + 2gh
Sv=2gh = \2x10x20 =20m/s
(a) Clearly distance moved by 1% ball in

18s = distance moved by 2™ ball in 12s. ...(i)
Now, distance moved in 18 s by 1%

|
ball = 5% 10 x 182=90 x 18=1620m
Distance moved in 12 s by 2 ball

1 1
=ut+ Egtz = 12v+ EXIO x (12)2
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41.

= 12v+720
From equation (i)

1620=12v+5x 144
= v=135-60=75ms""!
(b) No external force is acting, therefore,
momentum is conserved.
By momentum conservation,
50u+0.5%x2=0
where u is the velocity of man.
U= —Lms_l

50

Negative sign of u# shows that man moves
upward.
Time taken by the stone to reach the ground

= E:5 sec
2

50kg

S l 0.5 kg

10 m

4

Distance moved by the man = 5x 51—0 =0.1m

when the stone reaches the floor, the
distance of the man above floor=10.1 m
(c) Lett & t, be the time taken by 4 and B
respectively to reach the ground then from the
formula,

1 5
h=—gt
28 ;
I 2
For first body, 16= 5 g4

For second body, 25 = % gt22

16 4> 4 4

”E_tzz T2 5

Ifa body is a dropped from some height, the motion
is independent of mass of the body. The time taken

to reach the ground t:,/thg and final

velocity V' = \/2gh and initial velocity, u = 0.

42,

43.

(a) Forpart AB
From 3rd equation of motion
v2=y?-2gH

x TBu v=1{
H/2

H *Au u=10m/s
H/2

b 4 l "Ou_i
0 = 12— 2g(H/2) = u? —gH

2 2
I om
g 10
(¢) Letbodytakes T sectoreach maximum height.
Thenv=u—gT
v =0, at highest point.

u
So, T=— (1)
g
Velocity attained by body
n(7T—tysec v=u—g(T-1)

v=u—gT+gt=u—g£+gt (- T=ulg)
g

orv=gt .2
.. Distance travelled in last 7 sec of its ascent

1 >
s=vt ——gt
28

I o 1 »
s=(g)t——gt" =—gt
(gt) S8 =58

If a body is projected vertically upward, then,
final velocity, v = 0; intial speed, u = gt and height

u2 g2!2 1 2
attained, h=£=?2581

(b) Let the required speed of throw be u
ms~!. Then time taken to reach maximum height,

= —
g

For two balls toremain in air at any time, # must
be greater than 2.

X 2= u>19.6m/s
g
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47.
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PHYSICS

(b) Initial velocity (z) = 40 m/s
Acceleration ¢ =—g m/s?2 =—10 m/s?

Time = 2 seconds

By Ist equation of motion,

v=u+tat

v=40-10(2)=20m/s

(b) A, =20mands=>5 sec. Time taken by
the body to reach the ground from some height
is the same as taken to reach that height.
Therefore, time to reach the ground from its
maximum height is 5 sec.

(c) Initial velocity (¢)=0; Time () =4 sec and
gravitational acceleration (g) = 10 m/s2.
Height of tower

h :ut+%g1‘2 - (0><4)+%>< 10 % (4)%. =80m.
(¢c) The speed of an object, falling freely due

to gravity, depends only on its height and not

on its mass V =./2gh. Since the paths are

frictionless and all the objects fall through the
same height, therefore, their speeds on reaching
the ground will be in theratioof 1 : 1: 1.

(c) Height of tap=5m and (g) = 10 m/sec?.

1
For the first drop, S= uf+5872

1
5:(0><t)+5x1012=5120rt2=10rt=lsec.

It means that the third drop leaves after one
second of the first drop. Or, each drop leaves
after every 0.5 sec.

Distance covered by the second drop in 0.5 sec

= ur+%g12 = (0x0.5)+%x10 % (0.5)2
=1.25m.

50.

51

Therefore, distance of the second drop above
the ground=5-1.25=3.75m.

(b) Let the body fall through the height of
tower in nth seconds. From,

D, :u+%(2n—1) we have, total distance

travelled in last 2 seconds of fall is
D=D,+ D(t_1 )

_Jo0+802m 8 51y
_[0+2(2 1)}+[0+2{2( 1) 1}]

S on-nN+E2n-3=E4n-
—2(2n l)+2(2n 3) 2(4n 4)

10

5 x4(n-1)
or, 40=20(n—1)orn=2+1=3s
Distance travelled in 7 seconds is
where, =3 sec

s :ur+%ar2 :0+%x10x32 —45m

@ %(2x4—1) B
- x(s)_§(2><5—1)_9

a
['.'Sn,h :u+5(2n—1)andu:0,a:g}

In the absence of air resistance, all bodies irrespective
of the size, weight or composition fall with the
same acceleration near the surface of the earth. This
motion of a body falling towards the earth from a
small altitude (h<<R) is called free fall.

(2n-1)

Distance travelled in nth second #,, =

2 |0g


http://www.jeebooks.in

Motion in a Plane

\ Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns. LOD |Qns.|LOD|Qns. LOD

Vectors Vectors Product 1 E

Addition, Subtraction & 1 E

Mod of Vectors
Motion in a Plane with L .

. Motion in 2-D : Differs 1 E

Constant acceleration
Projectile Motion 1 A
Relative Velocity in Two River-Man Problem in 2D
Dimensions & Uniform Uniform Circular Motion 1A
Circular Motion

Topic 1: Vectors 4.

The moment of the force, F =47 +5] — 6k at
(2,0,-3), about the point (2,—-2,-2), is given by
[2018]

() -8i—4j-7k  (b) —4i—]-8k

A particle is moving such that its position
coordinate (x, y) are

(2m,3m)attime r=0

(6m, 7m)at time =2 sand

(13m, 14m) at time = 5s.

Average velocity vector (IT’M) from t =0 to

(€ -Ti-4j-8k (4 -7i-8j-4k t=5sis: [2014]
Ifthe magnitude of sum of two vectors is equal 1 13 4143 T+ a
to the magnitude of difference of the two vectors, (@) g( i +145) (b) 3 @+
the angle between these vectors is:  [2016] .
@ (b) %° © 2G+)) (d) ?(f +7)
(c) 45° (d) 180°
If vectors 1= cos off +sin mt} and | 3 Vectors ;i,é and C are such that 4-B=0
~ of ~ of ~ and A-C=0. Then the vector parallel to A is
B :cosgi +Siﬂ7j are functions of time, [NEET Kar. 2013]
then the value of t at which they are orthogonal (@ BandC (b) AxB
to each other is : [2015 RS} © B+l ) BxC
(@ 1= % (b) 7= % 6. Sixvectors, g through f have the magnitudes
and directions indicated in the figure. Which
L i i 2
© =0 d) 1= - of the following statements is true? [2010]
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10.

11.

12,

PHYSICS

E—— b —_>

T& é }\
(a) b+E:jE (b) ‘E“ngf
(c) d+e=f d b+e=f

A4 and B are two vectors and 9 is the angle
between them, if | 4 x B |=~/3(4.B), the value

of O 1is [2007]
(a) 45° (b) 30°

(0 9 (d) 60°

The vectors 4 and B are such that

|A+B |=|4-B |

The angle between the two vectors is

[2006, 2001, 1996, 1991]
(a) 60° (b) 75°
(c) 45° (d) 90°

Ifa vector 2/ +3j+8k is perpendicular to the

vector 4}‘ —4i +ak , then the value of a is
[2005]

(@ 12 (b) —172

© 1 (d) -l

Ifthe angle between the vectors A and B is 0,

the value of the product (B x 4)- A is equal to
[2005]

(a) BA%sind (b) BA? cosB

(¢) BA? sinb cosd (d) zero

If |AxB|=34"B then the value of | A+ B |
is [2004]

(a) (4% +B*+\34B)"
(b) (A2+B>+A4B)'?

(c) [Az +B? +ﬁ] 2

NE)
(d A+B
The vector sum of two forces is perpendicular
to their vector differences. In that case, the
forces [2003]
(a) cannot be predicted
(b) are equal to each other
(c) areequal to each other in magnitude
(d) arenot equal to each other in magnitude

13.

14.

15.

16.

17.

18.

19.

20.

The angle between the two vectors
A=3i+4]+5k and B=3i +4)—5k willbe
[2001, 1994]

(a) zero (b) 45°
() 9° (d) 180°
A particle moves with a velocity

v=6i —4} +3k m/s under the influence of a

constant force F=20i+15j—5kN. The

instantaneous power applied to the particle is
[2000]

(a) 45J/s (b) 35U/s

() 25J/s (d) 1951J/s

What is the linear velocity if angular velocity

vector ®=3i —4j+k and position vector

F=5i-6]+6k [1999]
(a) 6i+2j-3k (b) —18i —13j+2k
(©) 185 +13j-2k  (d) 6i-2j+8k

The angle between two vectors of magnitude
12 and 18 units when their resultant is 24 units,

is [1999]
(a) 63°51 (b) 75°52'

(c) 82°31 (d) 89°16

If a wunit vector is represented by
0.5 +0.8) + ck, the value of ¢ is [1999]
@ 1 b Jo.11

(© +vo.01 (d 039

Find the torque of a force F=-3i+ j+5k
acting at the point 7 =7i +3; +k.
@
(¢) 4i+4j+6k (d) 147-38j+16k

Which ofthe following is not a vector quantity?
[1996]

[1997]

21i+3j+5k (b)) —14i+3j+16k

(a) displacement (b) electric field

(c) work (d) acceleration

Which ofthe following is not a vector quantity?
[1995]

(a) speed (b) velocity

(c) (d) displacement

torque
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21.

22,

24,

2%

A body constrained to move in y-direction, is
subjected to a force given by

F =(=2{ +15] +6k)N . Whatis the workdone
by this force in moving the body through a

distance of 10m along y-axis? [1994]
(a) 190J (b) 160J

(¢c) 1507 (d) 20J

The resultant of ( 4 x 0 ) will be equal to /1992/
(a) zero (by 4

(c) zero vector (d) unit vector

The angle between 4 and B is 0. The value

of the triple product 4-(B x4) is [1989]
(a) A%B (b) zero

(c) A2Bsin® (d) A2%B cosB

The magnitudes of vectors Z, B and C are
3,4 and 5 units respectively. If A+ B =C, then

the angle between A4 and B is [1988]
(a w2 (b) cos10.6
(c) tan~'7/5 (d) w4

Topic 2: Motion in a Plane with
- Constant acceleration

The x and y coordinates of the particle at any

time are x = 5¢ — 2/ and y = 10¢ respectively,

where x and y are in meters and ¢ in seconds.

The acceleration of the particle at 1 =2s is
[2017]

(a) Sm/s? (b) —4m/s?

(c) —-8m/s? d o

A particle starting from the origin (0, 0) moves in

the (x, y) plane. Its coordinates at a later time are

(\/5 ,3) . The path of the particle makes with the

x-axis an angle of [2007]
(a) 45° (b) 60°
(c) 0° (d) 30°

A particle moves in a plane with constant

acceleration in a direction different from the

initial velocity. The path of the particle is
[2005]

(a) anellipse (b) aparabola

(¢) anarcofacircle (d) astraightline

A body of 3 kg moves in the XY plane under the

action of a force given by 6t2f+4t}.

29.

30.

3L

32.

Assuming that the body is at rest at time 1= 0,
the velocity of the body at t = 3sis  [2002]

(a) 6i+6] (b) 18i+6)

(© 18 +12; (d) 12i+18;

Two particles A and B are connected by a rigid
rod AB. The rod slides along perpendicular
rails as shown here. The velocity of A to the
left is 10 m/s. What is the velocity of B when
angle o = 60°? [1998]

)

<« A
(a) 5.8 m/s (b) 9.8 m/s
(¢) 10m/s (d) 173m/s

The position vector of a particle is
7 =(acosot)i +(asinwr)j. The velocity of
the particle is [1995]

(a) directed towards the origin

(b) directed away from the origin

(¢) parallel to the position vector

(d) perpendicular to the position vector

A bullet is fired from a gun with a speed of 1000
m/s in order to hit a target 100 m away. At what
height above the target should the gun be
aimed? (The resistance of air is negligible and

g=10m/s?) [1995]
(a) Scm (b) 10cm
(¢) 15cm (d) 20cm

Topic 3: Projectile Motion

A projectile is fired from the surface of the
earth with a velocity of 5 ms™! and angle 6
with the horizontal. Another projectile fired
from another planet with a velocity of 3 ms—!
at the same angle follows a trajectory which is
identical with the trajectory of the projectile
fired from the earth. The value of the
acceleration due to gravity on the planet is

(in ms2) given g = 9.8 m/s2 [2014]
(@) 35 (by 59
(c) 163 (d) 1108
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33.

34,

35.

36.

37.

38.

39.

The velocity of a projectile at the initial point A

is (2; + 3}) m/s. It’s velocity (in m/s) at point B
is [2013]
Y

RN

B
A e
(@ —2i+3] (b) 2i-3]
(©)  2i+3j (d) —2i-3;

The horizontal range and the maximum height of
aprojectile are equal. The angle of projection of
the projectiles is : [2012]

1
(a) 6=tan™! {Z) (b) ©=tan"!(4)
() O6=tan!(2) (d) 6=45°
A missileis fired for maximum range with an initial
velocity of 20 m/s. If g = 10 m/s2, the range of

the missile is [2011]
(a) 40m (b) 50m
(¢) 60m (d) 20m

A projectile is fired at an angle of 45° with the
horizontal. Elevation angle of the projectile at
its highest point as seen from the point of

projection is [2011M]
@a) 60° (b) tan”! G)
(¢ tan™! [g} (d) 45°

A particle of mass m is projected with velocity v
making an angle of45° with the horizontal. When
the particle lands on the level ground the
magnitude of the change in its momentum will

be: [2008]
(a) 2mv (b) mv/~2
(© mv2 (d) zero

For angles of projection of a projectile (45° —0)
and (45° +6), the horizontal ranges described by

the projectile are in the ratio of [2006]
(a 13 (b) 1:2
(¢ 2:1 (d 1:1

Two projectiles are fired from the same point
with the same speed at angles of projection
60° and 30° respectively. Which one of the
following is true? [2000]

41.

42,

43.

44,

PHYSICS
(a) Their maximum height will be same
(b) Their range will be same
(c¢) Their landing velocity will be same

(d) Their time of flight will be same

Ifabody 4 of mass M is thrown with velocity
v at an angle of 30° to the horizontal and
another body B of the same mass is thrown
with the same speed at an angle of 60° to the
horizontal, the ratio of horizontal range of 4 to
B will be [1992]

(a 1:3 (b) 1:1

© 1:43 @ V3:1

The maximum range ofa gun of horizontal terrain
is 16 km. If g= 10 ms~2, then muzzle velocity of

a shell must be [1990]
(a) 160 ms! (b) 200v2 ms™
(¢) 400ms™! (d) 800ms~!

Two bodies of same mass are projected with the
same velocity at an angle 30° and 60°
respectively. The ratio of their horizontal ranges

will be [1990]
@ 1:1 (b) 1:2
() 1:3 d 2:42

Topic 4: Relative Velocity in Two
Dimensions & Uniform Circular Motion
The speed of a swimmer in still water is 20 m/
s. The speed of river water is 10 m/s and is
flowing due east. If he is standing on the south
bank and wishes to cross the river along the
shortest path, the angle at which he should make
his strokes w.r.t. north is given by :  [2019]
(a) 30°west (b) 0°

(c) 60° west (d) 45° west

A particle moves so that its position vector is
given by 7 =cosox+sinozy . Where o is a
constant. Which of the following is true?/2016/
(a) Velocity and acceleration both are
perpendicular to 7

Velocity and acceleration both are parallel
to 7

Velocity is perpendicular to ¥ and
acceleration is directed towards the origin
Velocity is perpendicular to 7 and
acceleration is directed away from the
origin

(b)
(c)
(d)
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45.

47.

49.

A ship A is moving Westwards with a speed of
10 km h~! and a ship B 100 km South of A, is
moving Northwards with a speed of 10 km h™1,
The time after which the distance between them

becomes shortest, is : [2015]
@@ Sh (b) 52h
(© 1042h (d) Oh

The position vector of a particle R as a function
of time is given by:

R = 4sin(2mr)i +4cos(2mr) ]

Where R is in meter, f in seconds and i and }

denote unit vectors along x-and y-directions,
respectively.
Which one of the following statements is wrong

for the motion of particle? [2015 RS}
2

(a) Magnitude of acceleration vector is %,

where v is the velocity of particle

(b) Magnitude of the velocity of particle is 8
meter/second

(c) path of the particle is a circle of radius 4
meter.

(d) Acceleration vector is along R
A particle moves in a circle of radius 5 cm with
constant speed and time period 0.2 ms. The

acceleration ofthe particle is [2011]
(a) 15m/s? (b) 25m/s?
(¢) 36m/s? (d) 5Sm/s?

A car runs at a constant speed on a circular track
of radius 100 m, taking 62.8 seconds in every
circular loop. The average velocity and average
speed for each circular loop respectively, is
[2006]
(a) 0,10 m/s (b) 10 m/s, 10 m/s
(¢) 10m/s,0 (d) 0,0
Two boys are standing at the ends 4 and B of a
ground where 4B = a. The boy at B starts
running in a direction perpendicular to 4B with
velocity v;. The boy at 4 starts running
simultaneously with velocity v and catches the
other boy in a time 7, where 71s [2005]

@ al?+of (b) a/(v+vy)

© al(vv)) @ /102 D)

50.

51

52.

53.

A stone tied to the end of a string of 1 m long

is whirled in a horizontal circle with a constant

speed. If the stone makes 22 revolutions in 44

seconds, what is the magnitude and direction

of acceleration of the stone? [2005]

(@) 7 m sZ and direction along the radius
towards the centre

(b) m2m s2 and direction along the radius
away from the centre

(¢) m2m s2 and direction along the tangent
to the circle

(d) m/4m s2and direction along the radius
towards the centre

The circular motion of a particle with constant

speed is [2005]

(a) periodic but not simple harmonic

(b) simple harmonic but not periodic

(¢) periodic and simple harmonic

(d) neither periodic nor simple harmonic

A stone is tied to a string of length ¢ and is

whirled in a vertical circle with the other end of

the string as the centre. At a certain instant of

time, the stoneis at its lowest position and has a

speed u. The magnitude of the change in velocity

as it reaches a position where the string is

horizontal (g being acceleration due to gravity)

is [2004]

@ 2g( ) 20’ —g0)
() «’uz—gf (d) u—\’uz—ng

A particle moves along a circle of radius (QJ m
T

with constant tangential acceleration. If the
velocity of the particle is 80 m/s at the end of
the second revolution after motion has begun,
the tangential acceleration is [2003]

(a) 40mm/s? (b) 40 m/s?

(¢) 640 mm/s? (d) 160 mm/s?

Two particles of mass M and m are moving in a
circle of radii R and r. If their time-periods are
same, what will be the ratio of their linear

velocities? [2001]
(a) MR :mr (by M:m
(¢) R:r (d 1:1
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55.

56.

57.

8.

A small sphere is attached to a cord and rotates
in a vertical circle about a point O. If the
average speed of the sphere is increased, the
cord is most likely to break at the orientation
when the mass is at [2000]

Y
N

(a) bottom point B (b) the point C

(c) the point D (d) top point A

A boat which has a speed of 5 km/hr in still
water crosses a river of width 1 km along the
shortest possible path in 15 minutes. The
velocity of the river water in km/hr is

/2000, 1998]
(@ 3 (b) 4
© 21 (d 1

A stone tied with a string, is rotated in a vertical

circle. The minimum speed with which the string

has to be rotated [1999]

(a) is independent of the mass of the stone

(b) is independent of the length of the string

(c) decreases with increasing mass of the
stone

(d) decreases with increasing length of the

string

A person swims in a river aiming to reach exactly

59.

6l.

62.

PHYSICS
direction of flow of water. The speed of water
in stream is [1999]
(a) 1.0 m/s (by 0.5 m/s
(¢) 0.25 m/s (d) 0.43 m/s.

A ball of mass 0.25 kg attached to the end of a
string of length 1.96 m is moving in a horizontal
circle. The string will break if the tension is
more than 25 N. What is the maximum speed

with which the ball can be moved? [1998]
(a) 14m/s (b) 3m/s
(¢) 5Sm/s (d) 3.92m/s

A body is whirled in a horizontal circle of radius
20 cm. It has an angular velocity of 10 rad/s.
What is its linear velocity at any point on circular

path [1996]
@ 2m/s (b) 2m/s

(¢) 10m/s (d) 20m/s

When a body moves with a constant speed along
acircle [1994]
(a) its velocity remains constant

(b) no force acts on it

(¢) no work is done on it

(d) no acceleration is produced in it

A boat is sent across a river with a velocity of

8 km h~1. If the resultant velocity of boat is

10 km h™!, then the velocity of the river is
[1993]

(@) 12.8kmh! (b) 6kmh™!

(¢) 8kmh! (d) 10kmh!

An electric fan has blades of length 30 cm

measured from the axis of rotation. If the fan is

rotating at 120 rpm, the acceleration of a point

opposite point on the bank of a river. His speed on the tip of the blade is [1990]
of swimming is 0.5 m/s at an angle 120° with the (@) 1600 ms_—; (b) 474 ms—2_2
(¢) 23.7ms (d) 50.55ms
ANSWER KEY

1 |l ©[8 1@ [15]®)|22])@©[29]@[36]®)[43)@][S0]@]|57] @
2102 | ®[16]0)]2|0)[30)d]|37]@©[44]@]|S]@]|S8] (@
SO0 [17]0]|24]|@[31)@]|38]|[45]|@]|S52]0)|59] @
A 1@ [1B8]@]25|®[32])@]|39]®[46 | B |S3]|0® |60] ®
S| [Y]@©]|26]b)[33]®)]|40]®) [47 | D]|S54]@©|61] (@
6 1Bl [20]@]|27| b [34]®) |41 ] [48]| @ |55 ]| @]|62]|®
71 @M @21 ©@]|28]|0[|BF]|@[492]@]|49]|D[56]@]6] ©
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Hints & Solutions

o >X
(?_‘: Fo)XF

—Fy = (2 +0j - 3k) (2i—2j—2k)

:01+2_;—k

T=(0f +2] —k)(4i +5] —6k)

ik

2 -1l = 77 -4]-8k

5 —6

=~ Fll

Al
Il
= S e

() |A+Bl=/A-B|
Squaring on both sides
A+ B| =[A- B|

= 4A-B=0 = 4ABcosH=0
= cos0=0 = 06=90°
(b) Two vectors are
A = cosfi +sin®y
B = cos ™ +sin 2}
B= > > J )
For two vectors A and B to be orthogonal
AB=0

ot ot
AB =0 = cos r.cos ? +sin ot. sm?

ot ot
= cos| ©f —— |=cos| —
( 2] {2]

T
SO, gt = E R t = —
2 2 )
- AF (displacement)
(d) Vg = ‘
At (time taken)

(13-2)i +(14-3); 11, .,
- 5-0 __( /)

When a point have coordinate (x, y) then its
position vector = xi + y;

When a particle moves from point (x, y,) to
(%5, ¥,) then its displacement vector

F=(xp—x)i +(vy —yJ

(d) Vector trlple product

Ax(BxC) B(A-C)-C(4-B)=0

= 4 [ (B X C)

(c) Using the law of vector addition, (c_i +é)
is as shown in the fig.

J\&'

& £

€

3+é:f
(d) |4xB|=+3(4B)
:)ABsinO:\EABcosB
= tan6 =+/3 = 6 = 60°
(d |A+BP=|4-BJ
G2 B2 A o 42, 2
=|A|"+|B|"+24A.B =A4A"+B" +2A4B cosb
=|A-BP=|AF +|B? -24.B
=A%+ B2 —24B cos 0
So, A2+ B2+ 24B cos 0
=A%+ B?>-24Bcos 0
44AB cos6=0=cos0=0
0 =90°
So, angle between 4 & B1is90°.
(b) For two vectors to be perpendicular to each
other
A-B =0
(2 +3j+8k ) (4j—4i +ak)=0
—-8+12+8a=0

4 1
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10. (d) (BxA)»-A=C-4=CA4c0s90°=0
—
C
—5
B A
0

Dot product of any two perpendicular vector
is zero.

Il. (b) |AxB|=ABsin®

AB = ABcos®
| Ax B|=+f3 A.B = ABsin 6 =3 4B cos
or, tan 6= 13, - 0=60°

e | A+ B = 4% + B? +24B cos60°

=A% +B*+ 4B

122 () P=vector sum= A+ B
Q = Vector differences = A — B
Since P and QO are perpendicular
©B.0-0= (i+B)(i-B)=0
= 42=B2 = |4|=|§
13 (©) A=3+4j+5k,B =3i+4j-5k
A.B =@3i+4]+5k). (3i +4] —5k)
| 4| |B|cosB=9+16-25=0
| A|=0, | B|= 0, hence, cos 8 =0,0=90°
14, (a) As weknow,
P=Fv=(6i—4]+3k).(20f +15] —5k)
=0x20-4x15-3x5=45]J/s
Instantanesous power can be calculated by
P, = F-cos v = F-v
which is the scalar product of force and velocity
vector.

15.  (b) As we know that
V=0x7 = (3i—4j+k)x(5i —6] +6k)
= 18/ —13j+2k
16. (b) Weknow that, R2 =42+ B2+ 2A4B cos 0
(24)2= (122 + (18)2 +2(12)(18) cos 6

cosO = E = 0=75°52"
432

PHYSICS

17. (b) 7=0.5+0.8]+ck

7= 1= (0.5 +(0.8) + 2
0.5+ (0.8)2+ %=1

A=011>c= J0.11
Unit vector is a vector which has a magnitude of
one. It is a vector divided by its magnitude. Unit
vector for
Ais A: A= 4
A
Unit vector gives direction.
18.  (d) 13:—3§+}+5k’\ ; F:?f+3}+12
Torque (T) = F x F
= (Tf+3}+}2)x(—3§+}+5§)
= Tk +35(— )= 9(—k) +15i —3] + (1)
= 14{ 387 +16k
19. (¢)
20. (a) A vector quantity has both magnitude and
direction. In the given options, speed has only

magnitude, therefore, it is non-vector or scalar
quantity.

If a physical quantity has magnitude and direction
both, then it does not always imply that it is a
vector. for it to be a vector, laws of vector algebra

has to be satisfied.
2. (¢)
hence displacement 5§ =107 .
Work done — .5
=(=2i +15] +6k)-10j =150
22, (¢) When a vector is multiplied with a scalar,
the result is a vector.
The cross product of A and B is a vector with its
direction perpendicular to both vector A and B.

Since displacement is along the y-direction,

Vector Ax0 is a zero vector because 0 is a scalar
then also the product is zero but a (scalar x vector)
is also vector.

23. (b) Note that (BxA)_L 4. Hence their dot
product is zero.

Dot product of any two perpendicular vector
1S Zero


http://www.jeebooks.in

Motion in a Plane

24,

(@) (4+B)* =(C)

= A*+B’>+24-B=C?

= 3+47424.B=5

= 24-B=0 or= 4-B=0
HereA2+Bz=C2.Hence,3J_fi’

o ALB

(b) Given:
x=5t-27 y=10¢
dy
== =5_ =Y 10
YT 5—4¢ vy ”
dv, dv,
L

G=—4im/s
Hence, acceleration of particle at (=2 s) =—4m/s

a=ayi+ayj

Y

(b) A

«/3.3)

0

N

> X

(0,0)

Let O be the angle which the particle makes with
X-axis.

3
From figure, tan = —— =13
g Jg

=0 =tan"' (+/3) = 60°

If a vector p in X-V plane then its orthogonal
vector Ry = R cos 6 and Ry, = R sin 6.

27.

Rsin® _ o Ry

And B oos6 "Ry
(b) )
(b F=6ti+4t]
F,=61,F, =4t
6t 4¢
ax=§:2t,ay=?
dvx
” =27
vy t
[av, _ [2a
0 0
23 2.3
= Vx=§f 25'3 =18
V. t
v, 4 4 4
Y o ¢ dv. =— tdt
a3 g 7 3?[

29.

30.

31.

47
=V 39
= V=187 +6T
(a) Given,v,=10m/sec

o = 60°

let length of the rod=L
From figure, B\
= 2 -1-y2 =L
differentiation with L
respect to time ‘¢’

2
4 3
2.2 =6
3 2

U
S
|
+
(o]
<
|
|
]
v

So,vaervB:O

Vp= V4

By
X

where — =cota
SO, Vp ==V, cot o

vp=10cot 60°

-10

vp= f =-5.773=5.8m/sec
(d) Position vector,
7 = (acos mr)f +(asin mt)}

Velocity vector,
5 dir) _d . ) .
=i @ {(acosot)i + (asinot)j}

= (—aosino?)i + (ao cosor) ]
= o[(—asin mr)f +(acos cot)}]
asinot

Slope of position vector = = tan of

acos ot

Slope of velocity vector, = —2 cosor -1

asinor  tanot
.. velocity is perpendicular to the displacement.
(a) Speed of the bullet (v) = 1000 m/s and
horizontal distance of the target (s) = 100 m.
Time taken to cover the horizontal distance (7)

—ﬂzo.lse{:_

1000
During this time, the bullet will fall down
vertically due to gravitational acceleration.

1
. height (h) =ut +5gt2
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2. o
:(OXOI)_,’_leO(O_])Z _ (20) Slﬂ(2X45 ) _ 400 x 1 =40
0,05 52 10 10
=0.05m=5cm : :
32. (a) Trajectory is identical for both horizontal 6. () l\;lax]r;lum helgI;t,
2. u°sin“45° u
u”sin 20 H=——F7"""=— (D
range = T 2g 4g
__ R R u?sin90° i
u e, R=—"—"=—
So that, Splanet — —planet’_ 3 & g g
Searth (Uearth) R
3 2 ) E: E (2)
Therefore, Splanet — [g] @83 m/s%) According to the required condition,
=3.5m/s? H
33. (b) At point B the direction of velocity E tana:m
component of the projectile along y-component Put the volues from equation (1) and (2)
reverses, while the x-component remains
unchanged. [ W ]
Hence, 7 _ 2i_37 = % a:mf{g]
34. (b) Horizontal range, [3‘_] 2
2. 2g
1" sin20
R:T (1)
Maximumheight, U/ Max
2.2 H heigh
=y sin 0 ) /
2g _R2__ T RR
According to the condition, Bmge )
R=H 37. (¢) The momentum along g-axis remains
h d
Wsin20  u*sin®0 nnenangeey
g 2g H
.2
= 2sinBcosO= sz 0
9 c0s 6 sin® 1
cosb=—— i
2 Vv sim B_ v cos 0 .
1 vcos B & T
= cotO=—
4 v
= tan0=4 v sin 6

= 6=[tan"1(4)]
ﬂ In case of projective motion range R is n times the
maximum height /7
u?sin20 _ u?sin’@

2g

i
n

ie,R=nH=

4 4
= Tan 6= " Angle of projection 6 = tan™! [;)

35. (a) For maximum range, the angle of
projection, 6 = 45°,

u? sin20

g

Clearly, change in momentum along
x-axis = mvcosO—mvcos =0
Momentum changed only in vertical direction
or y-axis.
SO AP = APVCl'ﬁCﬂl
= Phna = Pinitit

= myv sin® — (—myv sin0)

=2 mvsin® = 2my x sin 45°

= 2mvx 1 =2mv

V2

Hence, resultant change in momentum

= -\Emv

]
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Motion in a Plane

38. (d) Horizontal range for projection angle
u” sin2(45—6)
g

Horizontal range projection
u” sin2(45 + 6)

(45°—8)is, R, =

angle (45°+0)is, R, =
According to the condition,
R, u*sin2(45-6)  sin(90—26)

R u?sin2(45+0)  sin(90+20)
Ry cos20 1

- R_2 ~cos20 1

So,R :Ry:1:1

The angle of elevation (¢) of the highest point of
the projectile and the angle of projection 6 are
1
related to each other as tang = 5 tan 6
39. (b) Given, uy=uy=u,0,=60°06,=30°
In 1% case, we know that range
o _ W'sin2(60°) _ u’sin120°

g g
_ u?sin(90° +30°)
g
B u*(cos30°) B J3u?
g 2g

In 2™ case, when 8, =30°, then
u? sin 60° u2\/§
R, = =
g 2g
[we get same value of ranges].
40. (b) Horizontal range is same when angle of
projection with the horizonatal is 6 and
(90°-0).

= R =R,

v
41. () Rmax=;=16000[16km=16000m]

or v=(16000g)” = (16000 x 10)”* =400 ms™!
42. (a) Horizontal range is same when angle of
projection is 6 or (90° — 0).
43. (a) Velocity of swimmer w.rt. river Vg, =20 m/s
Velocity of river w.r.t. ground V . =10 m/s

L, N

VRG
IS

VSR ¢

VsG = VSR + VRG

sin@ = Y.ﬂ :>s.in€l:E
Vsr 20
= sinf):% s 6=30° west

i.e.,to cross the river along the shortest path,
swimmer should make his strokes 30° west.
4. (c) Given: Position vector
F =cosof X +sinot ¥
Velocity vector, v =—msin of X + mcos of
¥ acceleration vector,
a =-@?cos ot X —o’sin ot ¥ =—o?F

¥-v =0hence 7 | v and g is directed towards
the origin.
Nothing actually moves in the direction of the
angular velocity vector @ . The direction of @
simply represents that the circular motion is taking
place in a plane perpendicular to it.
45. (a) Let ¢ be the time passed and x be distance

covered by the two ships after which the distance
between them becomes shortest.

P X
A"‘\ 9 F Y
i
*
Y
™ (100 - x)
N -X
SN
N
~
~
N 100 km
‘.‘F

I

distance(s) between the ship is given by,

S =100 x)? + x?

ds
For S to be minimum, i 0

ds |

dt - o[(100—x)* + x>

[-2(100 —x) + 2x] =0
= 4x-200=0 = x=50m
So, after both the ships have covered 50 m,
distance between them becomes shortest. Time
taken for it, will
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46.

47.

48.

49.

50.

PHYSICS

(b) Here, x = 4sin(2nt) (1)
y = 4cos(2nt)  ...(ii)
Squaring and adding equation (i) and (i)
X +)?=42>R=4
Motion of the particle is circular motion,
acceleration vector is along —R and its
2
: V
magnitude= —
R

Velocity of particle, V= oR = (27n) (4) = 8n
(d) Centripetal acceleration a, = o%r

2 2
21
- (_] r = [2_“} x5x1072 =5 m/s2
T 0.2

2n
(a) Distance covered in one circular loop =
2nr

=2x3.14 x 100 = 628 m
628
avg Speed =——=10m/sec
62.8
Displacement in one circular loop =0

avg Velocity = L =0

time
(d) According to the given condition,
- C
-
f{'
”’
R4 V1
/”’
”’
‘J\‘/, B

Let both y boy meet at ¢: in time ¢ then,
AC=vtand BC=v 1

From pythagorus theorem,
AC?=AB?+B(?

v2t2 = a2 + v12t2

tz(v2 - vlz) = a?

2
a

i)

_a
= (vz—vlz)
dv

=@

2=

2
22
or,a,= (2mn)*R =4n2n?R? = 432[5} (1)?

Apet = @, = m?ms~2 and direction along the

radius towards the centre.
If the force acting on a particle is always
perpendicular to the velocity of the particle, then
ﬁ the path of the particle is a circle. The centripetal
force (F,) is always perpendicular to the velocity
of the particle, i.e., F,.Lv
(a) Incircular motion ofa particle with constant
speed, particle repeats its motion after a regular
interval of time but does not oscillate about a
fixed point. So, motion of particle is periodic but

not simple harmonic.
(b) Wine = AK

51

52.

=—mg (=% mv2— "% mu?
or, mv? = m(u?-2 gl

or, v:\fuz—ng }
i=ui

—di=~Ju®—2gl j—ui
|V =i = [(? - 2g0) +u2 ] = 22 - gl)

_ 20
(b) Given, r= o m

u

<l

53.

807
vi= 80 m/sec = W= o =4n
0=2reN=4nradian
From equation,
wf2 = W02 + 206
(@mP =0+2.0.4n
a=2n
tangential acceleration
a ¢ =dao.r

[~ wy=0]

20
at= 2715'? =40 m/sec?
(¢) Linear velocity v=ro
V| = OF, V) = OF,
[ is same in both cases because time period is

same]
L R
V2 Fz ¥
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Motion in a Plane

55. (a) In the case ofa body describing a vertical
circle,

T—mgcosezmTv; T:mgcos@+%

Tension is maximum when cos 0 = +1 and
velocity is maximum
Both conditions are satisfied at 6 = 0° (i.e., at
lowest point B]

56.  (a) river

-

L )

5 km/hr 4 km/hr

Speed along the shortest path
_ 1
15/60

Speed of river v = V52 —4% =3km/hr
57.  (a) Minimum speed with which the string is

— 4km/hr

rotating in a vertical circle (v) = \/gr
The minimum speed of stone is independent of
mass of stone.

58 (¢) ¥, Reaching point

Starting point

Velocity of person, v,, = 0.5 m/s

A Vi .
sin 30°= " = v, =v,sin30°

59. (@ T=

In the horizontal circular motion of the ball tension

in the string is balanced by the centrifugal force
2

[%] and hence the maximum tension in the string

will be for the maximum speed of the ball.

2
60. (b) Radius of circular path =20 cm = om
Angular speed of body = 10 rad/s
Linear velocity = radius x Angular speed

10

61. (c) On circular motion, the force acts along
the radius and displacement at a location is
perpendicular to the radius i.e., 6 = 90°

Aswork done= F .S = FScos90° =0

62. (b) v, =\lvg? -3

=~10? -8 =6 kmh™
63. (c) Centripetal acc. = o?r = 4n2v2r

120 30 B}
— 4x(3.14)2 x——x— =237 ms>
60 100

[ ©=2mv]
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Laws of Motion

\ Trend Analysis with Important Topics & Sub-Topics f

Topic

2020 2019 2018 2017 2016
Sub-Topic Qns.

LOD |Qns. LOD Qns. LOD Qns. LOD Qns. LOD

Ist, IInd & llird Laws of
Motion

Motion of Connected
Bodies, Pulley & Equilibrium
of Forces

Acceleration of Motion of
Connected Bodies

FBD 1 E

Friction Friction 1 A

Circular Motion, Banking Centripetal Force 1| A 1| A

of Road Maximum Safe Velocity 1 E
Vel. Body Enter Vertical Loop 1 E

LOD - Level of Difficulty

Topic 1: Ist, [Ind & IIIrd Laws of Motion 3.

1.

(a) increase
(b) decrease
(¢) remain constant

(d) change according to the smallest force
The force ‘F’ acting on a particle of mass ‘m” is
indicated by the force-time graph shown below.

A particle moving with velocity p
is acted by three forces shown
by the vector triangle PQR. The
velocity of the particle will :

E - Easy A - Average

[2019]
R Q|4

The change in momentum of the particle over | -

the time interval from zeroto 8 sis : [2014]

4 6 8 (s) — 6.
(a) 24 Ns (b) 20 Ns
(¢) 12 Ns (d) 6Ns

A stone is dropped from a height A. It hits the
ground with a certain momentum P. Ifthe same
stone is dropped from a height 100% more than
the previous height, the momentum when it hits

the ground will change by : [2012M]
(a) 68% (b)y 41%
(c) 200% (d) 100%

A body of mass M hits normally a rigid wall with
velocity V and bounces back with the same velocity.
The impulse experienced by the body is  [2011]
(a) MV (b) 15MV

(c) 2MV (d) zero

A body under the action of a force

F=6 5—8] + 1012, acquires an acceleration of
1 m/s%. The mass of this body must be/2009]
(a) 10kg (b) 20kg

(© 10V2kg (d) 210 kg

Sand is being dropped on a conveyor belt at the
rate of M kg/s. The force necessary to keep the
belt moving with a constant velocity of v m/s
will be: [2008]
(a) Mvnewton (b) 2 Mv newton

(c) % newton (d) zero
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7.

10.

11

A 0.5 kg ball moving with speed of 12 m/s
strikes a hard wall at an angle of 30° with the
wall. It is reflected with the same speed and at
the same angle. Ifthe ball is in contact with the
wall for 0.25 seconds, the average force acting

on the wall is [2006]
309
309

(a) 24N (b) 12N

(c) 96N (d) 48N

If a cricketer catches a ball of mass 150 gm
moving with a velocity of 20 m/s, then he
experiences a force of (Time taken to complete

the catch is 0.1 sec.) [2001]
(a) 300N (b) 30N
(¢) 3N (d) 03N

A3kgballstrikesaheavyrigid wall withaspeed
of 10m/satanangle of 60°. It gets reflected with
the same speed and angle as shown here. If the
ball is in contact with the wall for 0.20s, what is
theaverage forceexerted on theball by the wall?

[2000]
(a) 150N
(b) zero Vi
(© 150V3N 60°
(d) 300N

A bullet is fired from a gun. The force on the
bullet is given by F=600—2 x 103 t where, F is
in newton and t in second. The force on the
bullet becomes zero as soon as it leaves the
barrel. What is the average impulse imparted to

the bullet? [1998]
(a) 1.8N-s (b) zero
(¢) 9N-s (d) 0.9N-s

A 5000 kg rocket is set for vertical firing. The
exhaust speed is 800 ms~!. To give an initial
upward acceleration of 20 ms2, the amount
of gas ejected per second to supply the needed

12,

13.

14.

15.

16.

17.

18.

thrust will be (g= 10 ms2) [1998]
(a) 127.5kgs’! (b) 187.5kgs™!
(c) 1855kgs! (d) 137.5kgs’!
A 10 N force is applied on a body produces an
acceleration of 1 m/s?. The mass of the body is

(a) Skg (b) 10kg [1996]
(c) 15kg (d) 20kg

A ball of mass 150 g, moving with an acceleration
20 m/s?, is hit by a force, which acts on it for 0.1

sec. The impulsive force is [1996]
(a) 05N (b) O.IN
(¢) 03N (d 12N

Ifthe force on a rocket moving with a velocity of
300 m/secis 345 N, then the rate of combustion
of the fuel, is [1995]

(a) 0.55kg/sec (b) 0.75kg/sec
(¢) 1.15kg/sec (d) 2.25kg/sec

A satellite in a force free space sweeps stationary
interplanetary dust at a rate (dM/dt) = av. The

acceleration of satellite is [1994]
v’ —an?
a b
(a) > (b)
2
—ov
c d) —av?
(c) Y (d) —av

Physical independence of force is a

consequence of [1991]

(a) third law of motion

(b) second law of motion

(c) first law of motion

(d) all of these laws

A 600 kg rocket is set for a vertical firing. If

the exhaust speed is 1000 ms™!, the mass of

the gas ejected per second to supply the thrust

needed to overcome the weight of rocket is
[1990]

(@) 117.6kgs™! (b) 58.6kgs!

(¢) 6kgs! (d) 76.4kgs’!

A particle of mass m is moving with a uniform

velocity v,. It is given an impulse such that its

velocity becomes v,. The impulse is equal to
[1990]

1 2 2
@ mllvy|=Ivll (b) Fmlv," =]

(c) m[vl+v2] (d) m[vz—vl]
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Topic 2: Motion of Connected Bodies,

19.

20.

21

Pulley & Equilibrium of Forces

Two bodies of mass 4 kg and 6 kg are tied to
the ends of a massless string. The string passes
over a pulley which is frictionless (see figure).
The acceleration of the system in terms of
acceleration due to gravity (g) is: [2020]

4kg
6 kg
(a) g2 (b) ¢/5
(c) g/10 (d) g

Two blocks A and B of masses 3 m and m
respectively are connected by a massless and
inextensible string. The whole system is
suspended by a massless spring as shown in
figure. The magnitudes of acceleration of A and
B immediately after the string is cut, are

respectively : [2017]
; A ;3m

B |m
@ . ®) &g
© 33 @ &5

One end of string of length / is connected to a
particle of mass 'm' and the other end is
connected to a small peg on a smooth horizontal
table. If the particle moves in circle with speed
'v' the net force on the particle (directed
towards centre) will be (T represents the
tension in the string) : [2017]

24,

2 2

mv (b) T— mv

(a) T+

(c) Zero d T
Three blocks A, B and C of masses 4 kg, 2 kg
and 1 kg respectively, are in contact on a

frictionless surface, as shown. Ifa force of 14 N
is applied on the 4 kg block then the contact

force between A and B is [2015]
D ace
—)—///PW /B
(a) 6N (b) 8N
(¢) 18N (d 2N

A system consists of three masses m, m, and
m, connected by a string passing over a pulley
P. The mass m hangs freely and m, and m; are
on a rough horizontal table (the coefficient of
friction = p). The pulley is frictionless and of
negligible mass. The downward acceleration of
mass m, is : (Assume m; =m, =m; =m)

[2014]
(b) 2%

© g(1;2u)

@ g(1—22u)

A balloon with mass ‘m’ is descending down
with an acceleration ‘a’ (where a < g). How much
mass should be removed from it so that it starts

moving up with an acceleration ‘a’?  [2014]
2ma 2ma
ma ma
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25. Three blocks with masses m, 2 m and 3 m are (g =10 m/s?) [2004]
connected by strings as shown in the figure. 2 ke

27.

29.

After an upward force F is applied on block m,
the masses move upward at constant speed v.
What is the net force on the block of mass 2m?
(g is the acceleration due to gravity)  [2013]

(@) 2mg
(b) 3mg
(c) 6mg
(d) zero

A person of mass 60 kg is inside a lift of mass
940 kg and presses the button on control panel.
The lift starts moving upwards with an
acceleration 1.0 m/s2. If g= 10 ms 2, the tension

in the supporting cable is [2011]
(a) 8600N (b) 9680N
(¢c) 11000N (d) 1200N

Three forces acting on a body are shown in the
figure. To have the resultant force only along
the y- direction, the magnitude of the minimum

additional force needed is: [2008]
y
4N t
IN
00
60° o
2N
(a) 05N (b) L5N
3

© % N (d 3N

The mass of a lift is 2000 kg. When the tension
in the supporting cable is 28000 N, then its
acceleration is: [2009]
(a) 4 ms2upwards

(b) 4 ms2 downwards

(¢) 14 ms~2 upwards

(d) 30 ms2 downwards

The coefficient of static friction, pi, between
block A of mass 2 kg and the table as shown in
the figure is 0.2. What would be the maximum
mass value of block B so that the two blocks
do not move? The string and the pulley are
assumed to be smooth and massless.

30.

31.

32.

33.

(a) 04kg
(c) 40kg

(b) 2.0kg

(d) 0.2kg

A block of mass m is placed on a smooth wedge
of inclination 6. The whole system is accelerated
horizontally so that the block does not slip on the
wedge. The force exerted by the wedge on the block
(g isacceleration due to gravity) willbe  [2004]

(a) mg/cos 6 (b) mgcos 6

(¢) mgsin0 (d) mg

A man weighing 80 kg, stands on a weighing
scale in a lift which is moving upwards with a
uniform acceleration of Sm/s?. What would be
the reading on the scale? (g =10 m/s?) [2003]
(a) 1200N (b) zero

(c) 400N (d) 800N

A monkey of mass 20 kg is holding a vertical
rope. The rope will not break when a mass of 25
kg is suspended from it but will break if the mass
exceeds 25 kg. What is the maximum acceleration
with which the monkey can climb up along the

rope? (g= 10 m/s?) [2003]
(a) 2.5m/s? (b) 5m/s?
() 10m/s? (d) 25m/s?

A lift weighing 1000 kg is moving upwards with
an accelertion of 1 m/s2. The tension in the

supporting cable is [2002]
(a) 980N (b) 10800N
(c) 9800N (d) 8800N

Two blocks m; =5 gm and m, = 10 gm are hung
vertically over a light frictionless pulley as
shown here. What is the acceleration of the
masses when they are left free? [2000]

my
m;
(a) g/3 (b) g/2
(¢) g (d) g/5

(where g is acceleration due to gravity)
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35.

36.

37.

38.

39.

PHYSICS
A mass of 1 kg is suspended by a thread. It is g g
(i) lifted up with an acceleration 4.9 m/s?, (a) a= cosec (b)y a= Sino
(i1) lov.vered with an accgleration 4.9 m/s?. () a=gtan® d) a=gcos0
The ratio of the tensions is [1998] 1 40. A block A of mass m, rests on a horizontal
(a) 3:1 (b) 1:2 table. A light string connected to it passes over
(c) 1:3 (d) 2:1 a frictionless pulley at the edge of table and
A monkey is decending from the branch of a from its other end another block B of mass m,
tree with constant acceleration. If the breaking is suspended. The coefficient of kinetic
strength is 75% of the weight of the monkey, the friction between the block and the table is .
minimum acceleration with which monkey can When the block A is sliding on the table, the
slide down without breaking the branch is tension in the string is [2015]
[1993] (m, —pkm,)g mym, (1+p,)g
3g (@) m; +m m; +m
(a) g (b) T ( 1 2) ( 1 2)
mym, (1-p,)g (m; +py, my)g
© 5 @ 3 © 7y +my) (m, +m,)
el 41. A plank with a box on it at one end is gradually
Topic 3 Friction . raised about the other end. As the angle of
A body of mass m is kept on a rough horizontal inclination with the horizontal reaches 30° the
surface (coefficient of friction = oc). A horizontal box starts to slip and slides 4.0 m down the plank
force is applied on the body, but it does not in 4.0s. The coefficients of static and kinetic
move. The resultant of normal reaction and the friction between the box and the plank will be,
frictional force acting on the object is given by respectively : [2015 RS}
F, where F'is, [NEET Odisha 2019]
@) |Fl=mg (b) |F|=mg+ocmg
(¢) |F|=cmg d) |F|<mg \1+p?
Which one of the following statements is mg 0
incorrect? [2018]
(a) Rolling friction is smaller than sliding (@ 0.6and0.5 (b) 0.5and0.6
friction. ' ' ’ '
(b) Limiting value of static friction is directly (¢ 04and03 . (d). 0.6 and 0'6. .
ctional to normal reaction 42. 1_"he upper half of an inclined plane of mchnz_l-
proportio S . tion 0 is perfectly smooth while lower half is
(¢) Coefficient of sliding friction has .
di . flenoth rough. A block starting from rest at the top of
1mensions ot length. . the plane will again come to rest at the bottom, if
() Frlqtlonal force opposes the relative the coeflicient of friction between the block and
motion., _ Lo lower half of the plane is given by [2013]
A block of mass m is placed on a smooth inclined >
wedge ABC of inclination 0 as shown in the figure. (a) p=——= (b) p=2tanB
The wedge is given an acceleration ‘a’ towards the tan 0 |
right. The relation between a and © for the block to —tan O d _
remain stationary on the wedge is [2018] (©) p=tan @ n tan©
A 43. A conveyor belt is moving at a constant speed of

2m/s. A box is gently dropped on it. The
coeflicient of friction between them is p = 0.5.
The distance that the box will move relative to
belt before coming to rest on it taking
g=10ms2,is [2011M]
(a) 1.2m
(c) zero

(b) 0.6m
(d) 04m
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44. A block of mass m is in contact with the cart C (@) V), <Vp [2000]
as shown in the Figure. [2010] by V=V,
— (¢) they depend on the masses
d) V>V

45.

46.

47.

48.

C VA
OO

The coefficient of static friction between the
block and the cart is L. The acceleration a of
the cart that will prevent the block from falling
satisfies:

@ o>"% (b) a>f
(c) ax€ (d) a<f
n u

A block B is pushed momentarily along a
horizontal surface with an initial velocity V. If
It is the coefficient of sliding friction between
B and the surface, block B will come to rest

after a time [2007]
NN N
BV
T
(a) gH/V (b) gV
(c) Vig (d) Vigw).

A 100 N force acts horizontally on a block of
10 kg placed on a horizontal rough surface of
coefficient of friction p = 0.5. If the
acceleration due to gravity (g) is taken as 10
ms 2, the acceleration of the block (in ms2) is
[2002]
(a) 2.5 (b) 10
(¢) 5 (d) 7.5
A block of mass 1 kg is placed on a truck which
accelerates with acceleration 5m/s2. The
coefficient of static friction between the block
and truck is 0.6. The frictional force acting on

the block is [2001]
(a) 5N (b) 6N
(c) 588N (d) 46N

A person slides freely down a frictionless
inclined plane while his bag falls down vertically
from the same height. The final speeds of the
man (V) and the bag (V) should be such that

49,

50.

51.

52.

A block has been placed on an inclined plane
with the slope angle 6, block slides down the
plane at constant speed. The coefficient of

kinetic friction is equal to [1993]
(a) sin@ (b) cos 6
(c) ¢ (d) tan6

Consider a car moving along a straight
horizontal road with a speed of 72 km/h. If the
coefficient of static friction between the tyres
and the road is 0.5, the shortest distance in
which the car can be stopped is (taking g =10

m/s?) [1992]
(a) 30m (b) 40 m
(¢) 72m (d) 20 m

A heavy uniform chain lies on horizontal table
top. If the coefficient of friction between the
chain and the table surface is 0.25, then the
maximum fraction of the length of the chain
that can hang over one edge of the table is
[1991]
(a) 20% (b) 25%
(c) 35% (d) 15%
Starting from rest, a body slides down a 45°
inclined plane in twice the time it takes to slide
down the same distance in the absence of
friction. The coefficient of friction between the

body and the inclined plane is [1988]
(a) 0.80 (b) 0.75
(¢) 0.25 (d) 0.33

Topic 4: Circular Motion, Banking of Road

53.

54.

A block of mass 10 kg is in contact against the
inner wall of a hollow cylindrical drum of
radius 1 m. The coefficient of friction between
the block and the inner wall of the cylinder is
0.1. The minimum angular velocity needed for
the cylinder to keep the block stationary when
the cylinder is vertical and rotating about its
axis, will be : (g =10 m/s?) [2019]

(a) /10 rad/s

(c¢) 10 rad/s (d) 10 mrad/s
A mass m is attached to a thin wire and whirled

in a vertical circle. The wire is most likely to
break when: [2014]

10
b) —rad/s
(b) o
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55.

56.

57.

58.

PHYSICS

(a)
(b)

the mass is at the highest point

the wire is horizontal

(c¢) the mass is at the lowest point

(d) inclined at an angle of 60° from vertical

A car is negotiating a curved road of radius R.
The road is banked at an angle 6. the coefficient
of friction between the tyres of the car and the
road is pi. The maximum safe velocity on this
roadis : [2016]

2( 1, +tan®
R LI S
@ \/g (l—pstanﬁ]
L, +tan 6
R &
(b) ‘/g [1—|,Lstan9]

© %( us+tan9J

1—}.].2 tan 6

g [ uy+tanb
@ \jR2[1—uStan9]
What is the minimum velocity with which a

body of mass m must enter a vertical loop of
radius R so that it can complete the loop?

[2016]
(a) JgR (b) /2eR
(©) 3gR d) f5¢R

Two stones of masses m and 2 m are whirled in

r
horizontal circles, the heavier one in radius 3

and the lighter one in radius r. The tangential
speed of lighter stone is n times that of the value
of heavier stone when they experience same
centripetal forces. The value of nis: [2015 RS]

(@ 3 (b) 4
© 1 (d 2
A car is moving in a circular horizontal track
of radius 10 m with a constant speed of 10 m/
s. A bob is suspended from the roof of the car
by a light wire of length 1.0 m. The angle made
by the wire with the vertical is

[NEET Kar. 2013]

(@) 0° (b)

Bl wla

i
O (d)

59.

60.

61.

62.

63.

64.

65.

A car of mass 1000 kg negotiates a banked curve
of radius 90 m on a frictionless road. If the
banking angle is 45°, the speed of the car is :
(a) 20 ms™! (b) 30ms™! J2012]
(¢) 5ms! (d) 10 ms!

A car of mass m is moving on a level circular
track of radius R. If p_ represents the static
friction between the road and tyres of the car,
the maximum speed of the car in circular motion
is given by : [2012M]

(@) \ugmRg (b) Rg/ug
(c) JmRg/pg (d) +/usRg

A 500 kg car takes a round turn of radius 50 m
with a velocity of 36 km/h. The centripetal force

is [1999]
(a) 250 N (b) 750 N
(¢) 1000 N (d) 1200 N

A body of mass 0.4 kg is whirled in a vertical
circle making 2 rev/sec. If the radius of the
circle is 1.2 m, then tension in the string when
the body is at the top of the circle, is [1999]
(a) 41.56 N (b) 89.86 N

(¢) 109.86 N (d) 115.86 N

What will be the maximum speed of a car on a
road turn of radius 30 m if the coefficient of
friction between the tyres and the road is 0.4

(Take g = 9.8 m/s?) [1995]
(a) 10.84 m/s (b) 9.84 m/s
(c) 8.84 m/s (d) 6.84 m/s

A particle of mass M is moving in a horizontal
circle of radius R with uniform speed V. When
it moves from one point to a diametrically
opposite point, its [1992]
(a) kinetic energy changes by MV?/4

(b) momentum does not change

(¢c) momentum changes by 2 MV

(d) kinetic energy changes by MV?

When milk is churned, cream gets separated
due to [1991]

(a) centripetal force

(b) centrifugal force
(c¢) frictional force
(d) gravitational force
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ANSWER KEY

(b) | 16 | (c) ] 24 | (a) | 32 | (a)

1 |©] 9 |[©]17]@[|25[(@D[33|()[40 | () |47 | (a)]|54](c)]| 61 |(c)
2 @10 @18 @][26]| @) [3d4]| (|41 | @ |48 ®)|55]| )] 62| (a)
3wl |ml19|m|27|@[35]@|[42]|® |49 @] 56| )] 63| (a
4 lO|nR]|ml20f@]|28|] @ [36]@]|43]|@]|50]®]|57] @] 64] ()
5 @B l@l21]| @29 [37]|@[44]|)]|51| @ |58 )] 65] (D
6 | |14|@][22]@]30]| @ |38|c]|45]| @ ]|52] ®]59] ()

7 | (@ [15 ] () 23 ](c) |31 [(@ |39](c)[46 | (c)] 53] (c)]60](d

8

Hints & Solutions

(c¢) As three forces are forming closed loop
in same order, so net force is zero.
ie., Fnet =0
dv

m—=20
or at

.. Velocity of the particle
3 = Constant R Q
(¢) Changein momentum,

Ap = [Fdt
= Area of F-t graph
=ar of A—ar of 1+ arof [_]

|
:Ex2x6—3><2+4><3 =12 N-s

| dp
-1 According to Newton’s 2nd law. £ oc?‘?:) F

kP or, % [ k=1inS]1&CGS system]
dt dt
And dp = Fat

(b) Momentum P =mv = m.j2gh
('~ v* = u? + 2gh; Here u = 0)
When stone hits the ground momentum,

P= m\|2gh

when same stone dropped from 24 (100% of
initial) then momentum,

P = m2g(2h) =~[2P

Ui _P)xl{)(}%

50% change in momentum,

6.

2P-P
(‘/_P JXIOO% = (V2 -1)x100%

= (1414 -1) x 100%

= 414 x100%=41.4%

Which is changed by 41% ofinitial.
(¢) Impulse experienced by the body
= change in momentum

=MV —(-MV)

=2MV

(¢) F=6i-8j+10k,
IFl=/36+64+100 =1042 N
e 222
(.F—,/FK+F),+F_L)

Given, a= 1 ms—2

1042

v F=ma — m:%.\/_:l{)\/fkg
(a) F= dMv) _ v, M

dt dt dt
*. v is constant,
~F= vd—MBut ™M _ Mkg /s

dt dt

- F=vM newton.
(a) lvl cos 30°

v, sin 302

30° lv2 cos 30°

v, sin 30°
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PHYSICS

The magnetitude of both velocity v, and v, are
equal. Components of velocity along the wall
are equal and are in same direction.

But the component of velocity perpendicular
to wall are equal but opposite in direction.

So, net change in momentum in perpendicular
direction,

AP =mv, sin 30° — (—mv, sin 30°)

=  2mvsin 30° [[vyIvsl]

Average force acting on the wall will be given
by

=  Fxt=2mvsin 30°

2mvsin30°
- F= -

. 2x0.5% x12x1 _

2x0.25
F=24N

24

Total Impulse

(b) Net force experienced = ~p =1 -

=M oa5x 22 - 30w

t 0.1
(¢) Changein momentum along the wall
=mv cos60° — mv cos 60°=0
Change in momentum perpendicular to the wall
=mv sin60° — (—mv sin60°)  =2mv sin60°

Change in momentum

.. Applied force =

Time
2 mysin 60°
020

2x3x10x+/3
o SXTENY _ 50x343
2% 20 X343

= 1504/3 newton
(d) GivenF=600—(2 x 103)
The force is zero at time ¢, given by
0=600-2x10°¢
600
r= 0
2x10

=3x107° seconds

t 31073
«. Impulse = [Fdr="[ (600-2x10°7)d
0 0
3x1073
5.2
:[600t_2><10 i }
0

=600 x 3 x 1073 = 1033 x 1073)?
=1.8-0.9=0.9 Ns

In case of impulse or motion of a charged particle
in an alternating electric field, force is time

11.

12,

13.

14,

15.

16.

dependent.

(b) Given : Mass of rocket (m) = 5000 kg
Exhaust speed (v) =800 m/s

Acceleration of rocket (a) = 20 m/s?
Gravitational acceleration (g) = 10 m/s2

vdm

Thrust, > ——
rust, o

We know that upward force,
F=m(g+a)=5000(10+20)
=5000 x 30=150000 N

vdm

This thrust gives upward force, F'= I

We also know that amount of gas ejected
dm) F 150000
—|=—= =1875k

- [ dr ] v 800 gs

(b) ByNewton’s IInd law of motion, F'=ma
= 10=m()=>m=10kg.

150
(¢) Mass=150gm=——Kkg

1000
Force = Mass x acceleration
= 150 x20N =3N
1000

Impulsive force=FAr=3x0.1=03N

(c) Velocity of the rocket (#) = 300 m/s and
force (F) =345N. According to Newton’s second
law, thrust (force) = Rate of change of linear
momentum.

Ez(d%m) =1.15kg/sec
u dt
(b) Thrust on the satellite,
F = —vdM =—v(awv) = —an?
dt
2
Acceleration = Rl
M M

(c) Newton’s first law of motion is related to
physical independence of force.

If no net force acts on a body, then the velocity of
the body cannot change i.e., the body cannot

accelerate.
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17. (¢) Thrust=weight
udM dM  mg
=m :> —_
dt u
~ 600x10 ko s ]
" 1000 O°E®

I8 (d) Impulse = final momentum — initial
momentum = m (v, — v;)

19. (b) Given: Mass M, =4 kg and M, =6 kg.
Acceleration of the system,

_ (my —my)g
(my +my) where m; > m,
a-06-Yg _¢g
6+4 5

Here no option is given according to acceleration
of COM of the system.

20. (a) Before cutting the string

11

3m [ | ™

3mg s
kx=T+3mg (1)
T=mg (1)
Force an string,
= kx=4mg

After cutting the string T=0

For block A: 3ma, = 4mg — 3mg
_ 4mg-3mg g

4 3m 3
_8
For block B: maz=mg
agp=g
4mg
A B
a,l
A ¢ TGB
Lo
3mg
21. (d) Net force on particle in uniform circular
2
mv
motion is centripetal force [T] which is

provided by tension in string so the net force
will be equal to tension i.e., T.

F;
22. (a) Acceleration of system, a = —2°
total
= o = 1% =2m/s?
4+2+1 7
14N A
e | BT
2kg lkg

The contact force between A and B
=(mp+tm) xa=(2+1)x2=6N

- E=—
c 15 R Tty Ef' F=fr ma my +my +my
A . a (my +m3)F
- 2 3
m - _ \mp a3 )l
F | m | m 3 f | my | S h—fz ma P ——
a
— F
£ [m hH=ma fr=— BT
L2973 my +my +m3

23. (c) Acceleration

_ Net force in the direction of motion

Total mass of system

_ mig—p(mytmy)e g4,
(m; + my + m3) 3

(+ my; =m,=mz=m given)
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25.

PHYSICS

(a) Let upthrust of air be F, then
For downward motion of balloon,
F,=mg-ma = Fa=m(g—a) (1)
For upward motion,

F, —(m-Am)g=(m-Am)a ..(ii)
From equation (i) and (ii),

2
Therefore, Am = ma
(g +a)
(d)
: "1 T F T T
! [
i i T 1 TI!
E ; mg 2mg  3mg
v
6 mg
From figure
F=6mg,

As speed is constant, acceleration @ = 0
so6mg=6ma=0,F=6mg
~T=5mg, T=3mg

T"=0
Fnet on block of mass 2 m
=T-T'-2mg=0

acceleration is zero, so force is zero.

ﬂ As all blocks are moving with constant speed, then

-+ v = constant
so, a=0, Hence, F =ma=0

(©) )
r o

19 =940 kg

m =60 kg
®

Total mass=(m+ m)= (60 +940) kg= 1000 kg
Let T be the tension in the supporting cable,
then

T — 1000g = 1000 x 1
= T=11000 N

[~ a=1m/sec|

27.

29.

30.

(a) The components of 1 N and 2N forces
along + x-axis = 1 cos 60° + 2 sin 30°

ittt 235N
2 2772

Y
A4 cos 30° + 1 sin 60°

4N IN

60°

4 sin 30° 1cos 60° + 2 sin 30°

2c0s830%,

The component of 4 N force along —x-axis
|
=4sin30°= 4XE =2N,

Therefore, if a force of 0.5N is applied along + x-
axis, the resultant force along x-axis will become
zero and the resultant force will be obtained only
along y-axis.
(a) Net force, F=T - mg
ma=T—-mg
2000 a=28000—20000= 8000
a= 8000 —4ms 2T
2000
(a) Condition for the max value of mass of
block B so that two blocks do not move 1is,
Mp8 = My My8
—mg=Ucm,
or,mp=0.2x2=04kg
(a) According to the condition,

N=masin0®+mgcos6 ... (1)
Also,mgsin®@=macos® ..(2)
From (1) & (2),a=gtan 0

. 2

" N =mg sin
cosB

+mgcos0.

= ﬁ(sin2 6+ cos> 6) = -
cosB cos B
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mg 37. (d) Since body does not move hence it is in
or, N = 050 equilibrium.
/. = frictional force which is less than or equal
The condition for the body to be at rest relative to to limiting friction.
the inclin.ed plane, a =g sinb — b con6 = 0 Horizontal Now N = mg
acceleration, b = g tan®. Hence Fe N4 7
31. (a) Reading of the scale — N+
= Apparent wt. of the man = m(g + a) |}T~| < (mg)2 +(pmg)2
=80(10+5)=1200N - 5
32. (a) T=Tension caused in string by monkey |F| < mgy1+p
=m(g+a) 38. (c) Coefficient of friction or sliding friction
s T<25x 1020010+ a) <250 has no dimension.
or, 10+ta<125=>a<25 2
33, (b) T—(1000x9.8)=1000x 1 f=pN = p= N [MOLOTY]
3 =>T= 1080]? Nth on in the stri 39. (c) Letthemass ofblock is m. It will remains
- (@ Let Thbethe tension in the string. stationary if forces acting on it are in
equilibrium. i.e., macos 0 =mgsin® >a=g
tan 0
T ma cos 0
T ma
5g “ mg sin 6
10g a
mg
- 10g—=T =10a (1) 9
T—5g=>5a ..(i) Here ma = Pseudo force on block, mg =
Adding (i) and (i), weight. _
g 5 40. (b) For the motion of both the blocks
5¢g=15a = ﬂ=§mf5 ma=T-pmg
m,g—T=m,a
Whe pulley have a finite mass m then acceleration, —>2a T
m —m K M8 my
a= m U R R L
my +my +E My
35. (a) Incase (i) we have
T,—(1xg)=1x49 m, t
>7,=98+49=147N 1
In case (ii), 1 x g—-T,=1x49
= 7,=98-49=49N a8
ST, 49 1 e
36. (c) Let T be the tension in the branch of a myg— My Mg
tree when monkey is descending with myg —T =(my) m, +m,

acceleration a. Then mg — 7 = ma; and
T =175% of weight of monkey,

75 1
oma=mg — 100 mg = 2 mg

g
a=—
or 4

41.

solving we get tension in the string
mym,g (1+1,)g
m; +m,
(a) Coefficient of static friction, j1, = tan 6

T:

l
= pg=tan 30°= ﬁ =0.577=0.6
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42,

43.

44,

So, distance covered by plank,
1.2
=yt + —at
S=ut 2

where, # =0 and a = g sinf — p,(g) cosO

4= L] 42 >a= L] =0.5
= 2a() a=5=0.
[+ 8=30° s=4mand 7=4s given]|
0.9
Z)pkzﬁzo.S

(b)

For upper half of inclined plane
v2=u2+2a8/2=2(gsin0)S/2=gSsin 6
For lower half of inclined plane
0=u2+2g(sin 0—p cos B) S/2

= —gSsin 6 =gS (sinb — 1 cos 0)

= 2sinO=pcos0O

_ 2sinB
cosO

(d) Frictional force on the box f=pmg

S _ mg

. Acceleration in the box, a = —
m m

= =2tan 0O

a=pug=5ms>2
v2=u?+ 2as

= 0=22+2x(5)s

2
= §=— g w.r.t. belt

= distance=0.4m

(¢) Forces acting on the block are as shown
in the fig. Normal reaction N is provided by
the force ma due to acceleration o

4 Fy

%//

|

N=ma

N=ma

45.

46.
47.

PHYSICS
For the block not to fall, frictional force,
Ffz mg
= MUN=mg
= uma=mg
= az=g/h

When a cart moves with some acceleration towards
right then a psendo force (ma) acts on block towards
left. This force ma is action force by a block on cart.
(d) Friction is the retarding force for the
block
F=ma=pR=pmg
Therefore, from the first equation of motion
v=u-—at

0= V—ngtDL:t
ng

L F~nR _100-05x(10x10) _

om 10 B
Maximum friction force = umg
=.6%x1x98=588N
But here required friction force
=ma=1x5=5N

(c) 5ms™

(@)

not to slide - applied force F < limiting friction

ﬂ For a body placed on a moving body and Ist body

48.

49.

50.

51

(= Ms mg) combined system will move together
e

2 am

(b) Asthereisonlygravitational field which works.

We know it is conservative field and depends

only on the end points. So, V,,= Vp

(d) When the block slides down the plane with

a constant speed, then the inclination of the

plane is equal to angle of repose (0).

Coeff. of friction = tan of the angle of repose

=tan 0.
(b) Hereu=72 km/h=20m/s; v=0;
a=—pg=-05x10=—5m/s?

with common acceleration a) =

As v =u?+2as,
(=) _©0-@o? _,
T 0 2x(-5)

(a) The force of friction on the chain lying on
the table should be equal to the weight of the
hanging chain. Let

p = mass per unit length of the chain

u = coefficient of friction

I =length of the total chain

x =length ofhanging chain

Now, w(/—x)pg=xpgor uw(l—x)=x
orw/=(pu+ Ixorx=w/(u+1)
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52.

53.

L0251 025 .,
025+1) 125

§=0.2 - %xmo =20%
(b) Inpresence of friction a= (g sinb — pug cos 6)
.. Time taken to slide down the plane

. ‘2_5 B 2s
"Va o 2(sin®—pcosO)

In absence of friction, 7, = 2_5
2sinb
According to the condition,
2 2
h=20 i =4t 55.
2s _ 2s5x4
or, 2(sin®—pcosB) gsinb
sin © =4 sin® — 4 cos 0
3 3
L=—tanB=—=0.75
4 4
(c) Given mass of block, m = 10 kg; radius of
cylindrical drum, r = Im; coefficient of friction
between the block and the inner wall of the
cylinder p=0.1; 36.
Minimum angular velocity o .
For equilibrium of the block limiting friction
fi >mg 57.
= uN=mg
> ro’ > mg
Hrere, N= mro?
or, m=z Jé
3 rl..l.,
58.
g
or, Omin =4[
Iy
10
O, in = .]—— =10 rad/s
min =0 11
2 2
(¢) T-—mg=——/centripetal force ] = ——
r
V2
= T=mg+

As the velocity is maximum at lowest point so
tension is maximum at the lowest position of
mass, so the chance of breaking is maximum.

(b) On a banked road,

mex [ pg+tan®
Rg 1—pgtan®

Maximum safe velocity of a car on the banked
road

+tan 0
o P
— |1, tan ©
(d) 4/5gR isthe minimum velocity which the

body must possess at the bottom of the circle
so as to go round the circle completely.

(d) According to question, two stones
experience same centripetal force
ie, Fc, =kc,

mv12 _ ZmV%

r o (r/2)
So,V,=2V,ie,n=2
(d) Given;speed =10m/s; radius r=10m

Angle made by the wire with the vertical is 0.
Then, T cos 6 =mg

or or, V2 =4v3

mv?
TsinB=
r
So, 1./
2 2
tanezv—: 10 = mv?
rg 10x10 B
mg

—~0=45°="
4
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2
59. (¢) Forbanking, tan 6 = -
Rg
2
tan 45° = A 1
90x10
F'=30m/s

ﬂ If friction is present then maximum safe speed, on

a banked frictional road, 7 = M
1-ptan®

60. (d) Forsmooth driving maximum speed of car

v then,

mv2

& hE

v:,,‘}J_SRg

2 2
500x (10
61. (c) Centripetal force = mo_ x(10)

r 50
[ 36 km/hr = 10 m/s]

= 1000 N

62. (a) Given : Mass (m)=0.4kg
Its frequency (n) = 2 rev/sec
Radius ()=1.2 m. We know that linear velocity
of the body (v) = or= (2nn)r
=2x314x2x12=15.08 m/s.
Therefore, tension in the string when the body
is at the top of the circle (T)

my> 0.4%(15.08)>
= -mg =————
2
— 4578 —3.92 = 41.56 N
63. (a) r=30mand pn=0.4.

Viax =g =+0.4x30x9.8 =10.84 m/s

64.  (c¢) On the diametrically opposite points, the
velocities have same magnitude but opposite
directions. Therefore, change in momentum is
MV —-(-MV)=2MV

65. (b) Cream gets separated from a churned milk
due to centrifugal force.

Centrifugal force is a pseudo force that is equal
and opposite to the centripetal force.

Centripetal force can be mechanical, electrical or
magnetic force.

—(0.4x9.8)
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Work, Energy

and Power

\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns. LOD Qns.|LOD|Qns. LOD

Work »

Work done, w = IF-dy 1 A

»

Work-energy Theorem 1 A

Conservation of
Energy Mechanical energy 1 A
Power Power, P=Fv 1 E
Collisions Elastic Collision 1 A

Coefficient of Restitution 1 A

E - Easy

LOD - Level of Difficulty

Topic 1: Work

A force F = 20 + 10y acts on a particle in y-
direction where F is in newton and y in meter.
Work done by this force to move the particle
fromy=0toy=1mis: [2019]
(a) 30 (b)SJ (¢) 25) (d) 201

An object of mass 500 g, initially at rest, is
acted upon by a variable force whose X-
component varies with X'in the manner shown.
The velocities of the object at the points X' = 8
m and X = 12 m, would have the respective

values of (nearly) [NEET Odisha 2019}

) 4+ FN)

20

10 4+ —
0 > %
45 810 12 (m

—10 ==

=20 1+

-25 %

D - Difficult Qns - No. of Questions

(a) 18 m/s and 20.6 m/s

(b) 18 m/s and 24.4 m/s

(¢) 23 m/s and 24.4 m/s

(d) 23 m/s and 20.6 m/s
Consider a drop of rain water having mass 1 g
falling from a height of 1 km. It hits the ground
with a speed of 50 m/s. Take 'g' constant with a
value 10 m/s?. The work done by the (i)
gravitational force and the (ii) resistive force

of air is [2017]
(a) (1) 1.25] (1) —8.251]

(b) (1) 100 1J (1) 8.751]

(c) () 101 (11) —8.751]

(d) @) -101J (1) —8.251]

Two similar springs P and Q have spring
constants Kp and K, such that Ky, > Ko They
are stretched, first by the same amount (case
a,) then by the same force (case b). The work
done by the springs Wp and W are related as,
in case (a) and case (b), respectively [2015]
(a) Wp= WQ ; WPZWQ

(b) Wp>Wq;Wo>W,
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() Wp=< WQ ; WQ<WP
(d) Wp=Wq;Wp>W,
A uniform force of (3/+ j) newton acts on a
particle of mass 2 kg. The particle is displaced
from position (2’;: + !’E) meter to position
(4i+ 3} — ]'E) meter. The work done by the force

on the particle is [2013]
(a) 61 (b) 131
(c) 151 (d) 91

Force F on a particle moving in a straight line
varies with distance d as shown in the figure.
The work done on the particle during its

displacement of 12 m is [2011]
F(N)
2 e
03— 17 *dm
(a) 181 (b) 211
(c) 261 (dy 1317

A vertical spring with force constant k is fixed
on a table. A ball of mass m at a height h above
the free upper end of the spring falls vertically
on the spring so that the spring is compressed
by a distance d. The net work done in the
process is [2007]

(a) mg(h+d)—%kd2
v me(h—d)— kd®
(c) mg(h—d)+%kd2

(d) mg(h+d)+%kd2

A body of mass 3 kg is under a constant force
which causes a displacement s in metres in it,

l
given by the relation §= 51' 2, where ¢ is in

seconds. Work done by the force in 2 seconds is
[2006]

10.

11.

12,

13.

14.

3 8 19 5
@ g9 ® 37 © FT @ )

300 J of work is done in sliding a 2 kg block up
an inclined plane of height 10 m. Taking g= 10

m/s2, work done against frictionis  [2006]
(a) 1001 (b) zero
(¢) 1000 J (d) 2001

A force F acting on an object varies with
distance x as shown here. The force is in N
and x in m. The work done by the force in
moving the object fromx =0 tox =6 m is

2005]
F(N)
A

3 —_

2 —_

1 +

OIIIIIIE‘;X(m)

1 234 56 7
(a) 18.0) (b) 13.51]
(¢) 9.0J (d) 457

A force of 250 N is required to lift a 75 kg
mass through a pulley system. In order to lift
the mass through 3 m, the rope has to be pulled
through 12m. The efficiency of system is
[2001]
(a) 50% (b) 75%
(¢) 33% (d) 90%
A force acts on a 30 gm particle in such a way
that the position of the particle as a function of
time is given by x = 37— 472 + 3, where x is in
metresandtisinseconds. The work doneduring

the first 4 seconds is [1998]
(a) 576 ml] (b) 450 mJ
(c) 490 mJ (d) 530 mJ

A position dependent force, F = (7 — 2x + 3x2)
N acts on a small body of mass 2 kg and
displaces it from x = 0 to x = 5 m. Work done

in joule is [1992]
(a) 35 (b) 70
(c) 135 (d) 270

A bullet of mass 10g leaves a rifle at an initial
velocity of 1000 m/s and strikes the earth at
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15.

16.

17.

18.

19.

20.

the same level with a velocity of 500 m/s. The
work done in joules overcoming the resistance

of air will be [1989]
(a) 375 (b) 3750
(¢) 5000 (d) 500

Topic 2: Energy
A particle of mass 10 g moves along a circle
of radius 6.4 cm with a constant tangential
acceleration. What is the magnitude of this
acceleration if the kinetic energy of the
particle becomes equal to 8 x 10~* J by the
end of'the second revolution after the beginning
of the motion ? [2016]
(a) 0.1 m/s? (b) 0.15 m/s2
(c) 0.18 m/s? (d) 0.2 m/s?
A block of mass 10 kg, moving in x direction
with a constant speed of 10 ms™!, is subject to
aretarding force F = 0.1x J/m during its travel
from x =20 m to 30 m. Its final KE will be:
[2015]
(a) 4501 (b) 2751
(c¢) 2501 (d) 4751
A person holding a rifle (mass of person and
rifle together is 100 kg) stands on a smooth
surface and fires 10 shots horizontally, in 5 s.
Each bullet has a mass of 10 g with a muzzle
velocity of 800 ms~!. The final velocity
acquired by the person and the average force
exerted on the person are [NEET Kar. 2013}
(a) -1.6ms ;8N (b) —0.08ms ;16N
(¢) 08ms ;8N (d) —-1.6ms!; 16N
A particle with total energy E is moving in a
potential energy region U(x). Motion of the
particle is restricted to the region when
[NEET Kar. 2013]
(a) Ux)>E (b)y Ux)<E
(¢) Ux)=0 (d) Ux)<E
The potential energy of a system increases if
work is done [2011]
(a) upon the system by a non conservative
force
(b) by the system against a conservative force
(c¢) by the system against a non conservative
force
(d) upon the system by a conservative force
An engine pumps water continuously through
a hose. Water leaves the hose with a velocity v
and m is the mass per unit length of the water

21.

22,

23.

24,

25.

26.

jet. What is the rate at which kinetic energy is

imparted to water? [2009]
(a) m? (b) %Mw2
(c) %mzv2 (d) %mvs

A body of mass 1 kg is thrown upwards with a
velocity 20 m/s. It momentarily comes to rest
after attaining a height of 18 m. How much
energy is lost due to air friction? (g = 10

m/s?) [2009]
(a) 301 (b) 4017
(c) 101 (d) 2017

A particle of mass m, is moving with a velocity
v; and another particle of mass m, is moving
with a velocity v,. Both of them have the same
momentum but their different kinetic energies
are B, and E, respectively. If m| > m, then

[2004]
Em
© & T om, (d) E,>E,

A ball of mass 2 kg and another of mass 4 kg
are dropped together from a 60 feet tall
building. After a fall of 30 feet each towards
earth, their respective kinetic energies will be

in the ratio of [2004]
(a) 1:V2 (b) V2:1
(c) 1:4 (d 1:2

When a long spring is stretched by 2 cm, its
potential energy is U. If the spring is stretched
by 10 cm, the potential energy stored in it will

be [2003]
(a) 25U (b) U/5
(c) 5U (d 10U

If the kinetic energy of a particle is increased
by 300%, the momentum of the particle will

increase by [2002]
(a) 20% (b) 200%
(c) 100% (d) 50%

In a simple pendulum of length / the bob is
pulled aside from its equilibrium position
through an angle 6 and then released. The bob
passes through the equilibrium position with
speed [2000]

(a) J2gl(l1+cosB) (b) ./2glsin6
() 2g¢ (d) 2gf(1—cos8)
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Two bodies with kinetic energies in the ratio
4 : 1 are moving with equal linear momentum.

The ratio of their masses is [1999]
(a) 1:2 (b) 1:1
(c) 4:1 (d 1:4

A rubber ball is dropped from a height of 5m on
a plane, where the acceleration due to gravity is
not shown. On bouncing itrisesto 1.8 m. Theball
loses its velocity on bouncing by a factor of

[1998]
16 2
@ 73 b) 3
3 9
(©) 3 O

Two bodies of masses m and 4 m are moving
with equal K.E. The ratio of their linear

momenta is [1997]
(a) 4:1 (b) 1:1
(c) 1:2 (d 1:4

The kinetic energy acquired by a mass (i) in
travelling distance (s) starting from rest under
the action of a constant force is directly
proportional to [1996, 1994]

(@ 1/Jm (b) 1/m
©) Vm (d) m®

If the momentum of a body is increased by
50%, then the percentage increase in its kinetic

energy is [1995]
(a) 50% (b) 100%
(¢) 125% (d) 200%

Consider a car moving along a straight
horizantal road with a speed of 72 kim/h. If the
coefficient of static friction between road and
tyres is 0.5, the shortest distance in which the

car can be stopped is [1994]
(a) 30m (b) 40 m
(¢) 72m (d) 20m

Two masses of 1g and 9g are moving with equal
kinetic energies. The ratio of the magnitudes
of their respective linear momenta is [1993]
(a) 1:9 (b) 9:1

(c) 1:3 (d 3:1

A 4 kg mass and | kg are moving with equal
kinetic energies. The ratio of the magnitudes
of their linear momenta is [1989]

35.

36.

37.

38.

39.

40.

(a) 1:2 (by 1:1
(c) 2:1 (d) 4:1
Two bodies of masses m and 4m are moving
with equal kinetic energies. The ratio of their

linear momenta will be [1988]
(a) 1:4 (b) 4:1
(c) 1:2 (d 2:1

Topic 3: Power

A body of mass 1 kg begins to move under the
action of a time dependent force

F=(26i+3*j)N, where i and ] are unit

vectors alogn x and y-axis. What power will be
developed by the force at the time ? [2016]
(a) QE2+3YW  (b) (22 +4tHW
(¢) B+3thW (d) (8 +35W
A particle of mass m is driven by a machine
that delivers a constant power of k watts. Ifthe

particle starts from rest the force on the particle
at time 7 1s [2015]

(a) Jmk t"2 (b) 2mk t2
(C) %_\/ﬁ t—le (d) J%t—lﬁ

The heart of man pumps 5 litres of blood
through the arteries per minute at a pressure of
150 mm of mercury. If the density of mercury
be 13.6 x10° kg/m> and g = 10m/s? then the

power of heart in watt is : [2015 RS]
(a) 2.35 (b) 3.0
(¢c) 150 (d) 1.70

One coolie takes 1 minute to raise a suitcase
through a height of 2 m but the second coolie
takes 30 s to raise the same suitcase to the same
height. The powers of two coolies are in the

ratio of [NEET Kar. 2013]
(a) 1:2 (b)y 1:3
(c) 2:1 (d) 3:1

A car of mass m starts from rest and accelerates
so that the instantaneous power delivered to the
car has a constant magnitude P,. The
instantaneous velocity of this car is

proportional to : [2012M]
(a) 2P, (b) #12
t
12 -
() © @ 7
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A body projected vertically from the earth

reaches a height equal to earth’s radius before

returning to the earth. The power exerted by

the gravitational force is greatest [2011)]

(a) at the highest position of the body

(b) at the instant just before the body hits the
earth

(c) itremains constant all through

(d) at the instant just after the body is
projected

An engine pumps water through a hose pipe.

Water passes through the pipe and leaves it with

a velocity of 2 m/s. The mass per unit length of

water in the pipeis 100 kg/m. What is the power

of the engine? [2010]
(a) 400 W (b) 200 W
(c) 100 W (d) 800 W

Water falls from a height of 60 m at the rate of
15 kg/s to operate a turbine. The losses due to
frictional force are 10% of energy. How much

power is generated by the turbine?  [2008]
(g =10 m/s2)

(a) 8.1 kW (b) 102 kW

(¢) 123 kW (d) 7.0 kW

How much water, a pump of 2 kW can raise in
one minute to a height of 10 m, take g = 10
m/s2? [1990]
(a) 1000 litres (b) 1200 litres
(c) 100 litres (d) 2000 litres

Topic 4: Collisions
Body A of mass 4m moving with speed u
collides with another body B of mass 2m, at
rest. The collision is head on and elastic in

nature. After the collision the fraction of
energy lost by the colliding body A is : [2019]

(a) (b)
(c) (d)

An object flying in air with velocity
(20§+25}—12§) suddenly breaks into two

pieces whose masses are in the ratio 1 : 5. The

O | & o -
O | | e

smaller mass flies off with a velocity
(1 00{+35}'+8};) . The velocity of the larger

piece will be [NEET Odisha 2019]

47.

48.

49.

50.

51.

=

(a) —20i—15j-80k (b) 4i+23j-16k
(c) —100i -35;-8k (d) 20i+15]—80k
Two bullets are fired horizontally and
simultaneously towards each other from roof
tops of two buildings 100 m apart of same
height of 200 m, with the same velocity of 25
m/s. When and where will the two bullets
collide? (g = 10 m/s%) [NEET Odisha 2019]
(a) They will not collide

(b) After 2 s at a height of 180 m

(c) After 2 s at a height of 20 m

(d) After 4 s at a height of 120 m

A particle of mass 5 m at rest suddenly breaks
on its own into three fragments. Two fragments
of mass m each move along mutually
perpendicular direction with speed v each. The
energy released during the process is,

[NEET Odisha 2019]

(a) gmv2 (b) % mv2
3

(c) g mv? d 3 mv?
A moving block having mass m, collides with
another stationary block having mass 4m. The
lighter block comes to rest after collision.
When the initial velocity of the lighter block
is v, then the value of coefficient of restitution

(e) will be [2018]
(a) 0.5 (b) 0.25
(c) 0.4 (d 0.8

Two particles A and B, move with constant
velocities v and v,. At the initial moment
their position vectors are 7 and 5
respectively. The condition for particles A and

B for their collision is: [2015 RS]

(@ n-v=nwn
(b) 7 x¥ =7 x7
(©) i-KB=V-9
n-n V2™V

d) ——===—=
@ H T
On a frictionless surface a block of mass M
moving at speed v collides elastically with
another block of same mass M which is initially
at rest. After collision the first block moves at
an angle 0 to its initial direction and has a speed
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% . The second block’s speed after the collision

is : [2015 RS]
3 3

@ 3 Clv

© B, @ 22,

A ball is thrown vertically downwards from a
height of 20 m with an initial velocity v,. It
collides with the ground loses 50 percent of
its energy in collision and rebounds to the same
height. The initial velocity vyis: [2015 RS]
(Take g = 10 ms2)

(a) 20 ms~! (b) 28 ms!

(¢) 10ms™! (d) 14 ms™!

A body of mass (4m) is lying in x-y plane at
rest. It suddenly explodes into three pieces.
Two pieces, each of mass (m) move
perpendicular to each other with equal speeds
(v). The total kinetic energy generated due to

explosion is : [2014]
(a) mv2 (b) %mﬁ
(¢) 2mv? (d) 4mv?

An explosion breaks a rock into three parts in a
horizontal plane. Two of them go off at right
angles to each other. The first part of mass 1
kg moves with a speed of 12 ms™! and the sec-
ond part of mass 2 kg moves with speed 8 ms™
L If the third part flies off with speed 4 ms™!

then its mass is [2013]
(a) 5kg (b) 7kg
(¢c) 17kg (d) 3kg

A solid cylinder of mass 3 kg is rolling on a
horizontal surface with velocity 4 ms~!. It
collides with a horizontal spring of force

constant 200 Nm~!. The maximum

compression produced in the spring will be :
[2012]

(a) 0.5m (b) 0.6m

(¢) 0.7m (d) 02m

Two spheres 4 and B of masses m, and m,
respectively collide. A4 is at rest initially and B
is moving with velocity v along x-axis. After

. LoV o
collision B has a velocity Py in a direction

57.

58.

59.

60.

61.

62.

perpendicular to the original direction. The
mass 4 moves after collision in the direction.
(a) Same as that of B [2012]
(b) Opposite to that of B

(¢c) 6=tan"! (1/2) to the x-axis

(d) 0 =tan"! (-1/2) to the x-axis

A mass m moving horizontally (along the x-axis)
with velocity v collides and sticks to mass of
3m moving vertically upward (along the y-axis)
with velocity 2v. The final velocity of the
combination is [2011M]

Lyiedv; by Svi+2y)
e A M

g'.»'f"+1'.»:" d Evf+lvl’
(©) 3V*3Y @ vy
A ball moving with velocity 2 m/s collides head
on with another stationary ball of double the

mass. If the coefficient of restitution is 0.5,
then their velocities (in m/s) after collision will

be: [2010]
(a) 0,1 (b) 1,1
(c) 1,05 (d) 0,2

An explosion blows a rock into three parts. Two
parts go off at right angles to each other. These
two are, | kg first part moving with a velocity
of 12 ms~! and 2 kg second part moving with a
velocity of 8 ms™!. If the third part flies off
with a velocity of 4 ms™!, its mass would be:
[2009]
(a) 7kg (by 17kg
(¢) 3kg (d) Skg
A shell of mass 200 gm is ejected from a gun
of mass 4 kg by an explosion that generates 1.05
kJ of energy. The initial velocity of the shell

1s: [2008]
(a) 100 ms! (b) 80 ms!
(c) 40 ms~! (d) 120 ms™!

A bomb of mass 30 kg at rest explodes into
two pieces of masses 18 kg and 12 kg. The
velocity of 18 kg mass is 6 ms~!. The kinetic

energy of the other mass is [2005]
(a) 3241 (b) 4861
(c) 2561 (d) 5241

A mass of 0.5 kg moving with a speed of 1.5 m/
s on a horizontal smooth surface, collides with
a nearly weightless spring of force constant
Je=50 N/m. The maximum compression of the
spring would be [2004]
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with a stationary ball of mass 3 kg. If after the
collision, the two balls move together, the loss

N I'BBGBUUUZS in kinetic energy due to collision is [1997]
(a) 1401 (b) 1001
(a) 0.5m (b) 0.15m (c) 601 (d) 401
() 0.12m o (d) 15m 68. A body of mass m moving with velocity 3 km/
63. A stationary particle explodes into two h collides with a body of mass 2 m at rest. Now
particles of masses m, and m, which move in the coalesced mass starts to move with a
opposite directions with velocities v, and v,. velocity [1996]
The ratio of their kinetic energies E,/E, is (a) 1km/h (b) 2km/h
[2003] (¢) 3km/h (d) 4km/h
(a) mvy/myv, (b) my/m, . . .
(c) my/m d) 1 69. A_she_ll is fired from a cannon, it explodes in
12 mid air, its total [1994]

64. Abombofmass1kgisthrownverticallyupwards
with a speed of 100 m/s. After 5 seconds it
explodes into two fragments. One fragment of
mass 400 gm is found to go down with a speed

. d) K.E. decreases
of 25 m/s. What will happen to the second ( . . . .
fragment just after the explosion? (g= 10m/s?) 70. Two _1c_1ent1ca1 balls A and B moving .Wlth
12000] velocities +0.5 m/s and —0.3 m/s respectively,

collide head on elastically. The velocities of
the balls 4 and B after collision, will be,

(a) momentum increases
(b) momentum decreases
(¢c) K.E. increases

(a) It will go upward with speed 40 m/s
(b) It will go upward with speed 100 m/s

(c) Tt will go upward with speed 60 m/s respectively [1991]
(d) Tt will also go downward with speed 40m/s (@) +0.5m/sand +0.3 m/s
65. Two equal masses m; and m, moving along (b) —0.3 m/sand +0.5 m/s
the same straight line with velocities + 3 m/s (¢c) +0.3 m/s and 0.5 m/s
and — 5m/s respectively, collide elastically. (d) —0.5 m/s and +0.3 m/s
Their velocities after the collision will be 71, A body of mass 5 kg explodes at rest into three
respectively. [1998] fragments with masses in the ratio 1 : 1 : 3.
(a) 3 m/s & +5m/s (b) +4 m/s for both The fragments with equal masses fly in mutually
(c) 4m/s&+4m/s (d) —Sm/s & +3 m/s perpendicular directions with speeds of 21 m/
66. A molecule of mass m of an ideal gas collides s. The velocity of heaviest fragment in m/s will
with the wall of a vessel with a velocity v and be [1989]
returns back with the same velocity. The
change in linear momentum of molecu)fe is @ 742 (®) 52
[1997] (¢) 32 @ 2
(a) 2my (b) 4mv 72. The co-efficient of restitution ¢ for a perfectly
(c) 8mv (d) 10mv elastic collision is [1988]
67. A metal ball of mass 2 kg moving with a (a) 1 (b) 0
velocity of 36 km/h has a head on collision (c) = (d) -1

ANSWER KEY
(c) | 9 (a) | 17 [ (c) | 25 | (c) [ 33 | (c) | 41 | (b) | 49 [(b) | 57 | (a) | 65 | (d)

(10| )| 18| |26l @ |34 [c)[4a2] @50 ]|58] ]e66]
@l || |@|27l@|35[@[43 ]| @ |51 @5 | @[ 67] )
M |12 @20 | (d[28| ) |36 [@[44 ]| ) |52 @ ]|60] (a)| 68 ] (a)
(d 13 [ ()21 [ (@129 |(c)[37 (]| 45 | (b) |53 [ b)]|61 ] )] 69|
(d |14 | b)) |22 (b)) [30](d) |38 |(d]|46 [(b) |54 ]| (|62 ] [70 ] (D)
@15 @|2|@|31|]@]|39]|@]|a7|®]|55]|®w[63]| ® | 71| ()
w16 | @ |24 | @|[32]|m)]|40 [ ) [48 ]| @ |56 @ |64 ]| ) [ 72 ] (a)

(=-IN IS I -0 L7 S PR S )
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Hints & Solutions

(¢) Work done by variable force

Yf vyl
Work done, W = _f Fdy = _f F-dy
Yi y=0

where, F=20+ 10y

1
W =[(20+10y)dy
0

10,2 |
:{20”%] —25J
0

2.(d)  Using work-energy theorem, AK = work

= area under F —x graph
Fromx=0tox=8m

%mvz =100 + 30

v=4/520 =23 m/s

Fromx=0tox=12m

%mvz =100 + 30 —47.5 + 20

Sov= AJ410 =20.6 m/s

(¢) From work-energy theorem,
W, +W,= AK.E.

1
or, mgh+W_ = Emvz—O

10 x10x10° + W, :%x 1073 x(50)2

= W,=-875]

which is the work done due to air resistance
Work done due to gravity = mgh

=102 x10x10°=101

(b) Case (a): Suppose the two springs are
stretched by the same distance x. Then

1, 2
We _ 2%k
W 1 2
o —k (0]
2ot

Askp>kQ S0, Wp> WQ
Case (b): Suppose the two springs stretched
by distance xp and ) by the same force F.

Then, F= kpxp = kaQ

L, 2
W _kpxp k XX

—p _ 2 _ }) 1}' }) _ F‘xp _ k_Q

WQ lk 2 kQ “XQ " XQ FxQ kp
7070

As kp> kQ WQ > Wp

(d) Given: F = 3i+
A= (2+k), B = (4i+3)-k)

F=h—-H = (4?+3}—E) — (2;+f:7)

or ¥ = 2}+3:i—2}2

So work done by the given force, w= f-?'
= (3i+7)-(2i+3)-2k) =6+3=09)

(d) Work done = area under F-d graph
[2x(7—3)]+[%x2x(12—?)}

=8+5
=131,

(a) |_T_|
]

W = Potential energy stored in the spring +
Loss of potential energy of mass

1
W=mg(h+ d)— Ekdz

Gravitational potential energy of ball gets converted
into elastic potential energy of the spring.

1
mg(h+d)= —kd*

Net work done = mg( + d) —%kd?' =0

d*s 2
(b) Acceleration = dt—2 =3 m/s

2

Force acting on the body

2
:3><§:2 newton
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12.

13.

14.

Displacement in 2 secs = % x2x2= %m

4 8
Work done =2x—==1
or one 3 3

(a) Work done against gravity=mg sin 0 x d

(dsin 8=10)
=2x10x10
=200

Actual work done =300 J
Work done against friction = 300 — 200
=100J

by  FN)
A

A B
I
I
I
I
I
f
I

el 2 B~ ]

o A x(m)
1234567
Work done = area under F-x graph
= area of trapezium OABC

:%(3+6) 3)=1351

_ Yy A
(b) Efficiency = input work

i.e., Efficiency,
_ 75gx3  T75x10x3

= =0.75 =75%
250x12 250x12

(a) x=31—4r+7
E_ 5 g3
dt

2x
Acceleration =——-= —8+6¢

dt

Acceleration after 4 sec
=-8+6x4=16ms>
Displacement in 4 sec
=3x4-4%x42+43=12m

. Work = Force x displacement
= Mass x acc. x disp.
=3x103 %16 x 12=576 mJ

s 5
(€) W =[Fdv=[(7-2x+3x%)dx
0 0
—[7x—x* +x° ] =135

1
(b) W=AE =—m(y’ —v")

1
= 0.01[(1000)* —(500)] = 3750J.

15.

16.

=

(a) Given: Mass of particle, M = 10g =
10

1000 £

radius of circle R = 6.4 cm

Kinetic energy E of particle = 8 x 10~4]

acceleration a, = ?

I =E = l[ijvz =8 x 104
2 211000

= V=16x1072

= v=4x10"1=04m/s

Now using

vZ=ul+ 2as (s = 4nR)
22 64

0472 7 %100

— x -
= 4= 0 g 64
(d) Given, m=10kg

u =10 m/sec

Retarding force, F = 0.1x J/m

=0.1 m/s?

. F
Acceleration, a = —
m
_ 2 01
a = 10 =u.Ulx
From, v = 42 — 2as
30
= 2=(102-2x001 | xdx
20

U

30
2
w2 =100 —0.02 [“‘—}
2 lo

2 =100— % [(30)% - (20)]
v2 =100 — 0.01[900 — 400]

v2 =100 — 0.01[500]

v2 =95 m/sec

yguu u

. 1 5
Final K.E. = Emv

= %x10x95 = 475]

ﬂ From, F = ma
F  0.lx dv
a dx

m 10
v 30

So, | vV = [——dx
] 20
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e
30 22. (b) E="—
v2[2 27 30x30 20x20 & E=o
T 2| 2000 200 200 2 2
=45-2=25 | 2my
1 P12 P%
z 2 _p2\_ _ or, my = my, ==
2m(V2 Vl]_10x2.5J— 257 1= 5" =
Final K.E. m>my =L
1 1 1 "
= —mvi =—mv —25==x10x10x10-25 2 £
2 2 2 Pk, £2 4 e
——5>1=-=> [~ py=p,]
=500-25=475] P 1
(¢) According to law of conservation of or, E,>E,

momentum

MV+mnv=0
—mNv  —0.01kgx10x800 m/s
= V= =
100
= -0.8 m/s

According to work energy theorem,
Average work done = Change in average
kinetic energy

ie, F xS, :%mV;S

F;VV]TJ&X{ 1 Vl’is
o A oy
2 2 2
—>F, =8N

(b) As the particle is moving in a potential
energy region.

.. Kinetic energy > 0

And, total energy E=K.E. + P.E.

> Ux)<E

(d) When work is done upon a system by a
conservative force then its potential energy
increases.

(d) m = mass per unit length

.. Mass flowing per second = mv

1 1
Rate of K.E.=E (mv) v? = 5 mv3

(d) When the body is thrown upwards. its K.E
is converted into P.E.
The loss of energy due to air friction is the

difference of K.E and P.E.
%mvz —mghz%XIX400—1><18><10
=200-180=201J

Kinetic energy of body of mass m moving with
velocity v is

23.

KE. = ~m?
= —my
T2
1 mv?xm
= KE. = —
2 m
[Multiplying both numerator and denominator by 1]
2.2
= KE.= =2
2 m
1 p2
= KE:/= - = [ Momentum, P=mv]
m
= P2=2mKE.
= P= \2mK E.
(d)
Since height is same for both balls, their velocities
on reaching the ground will be same.
L
CKE " m 2 1
K.E2 %MQV% my 40

24,

25.

(a) If kbe the spring constant, then

U:%xkx(2)2:2k

Ui :%xkx(l())z =50k

U 2k 1
:> = —
Uiat 50k 25
—> Uﬁna] = 25U

(¢) NewK.E.,E'=E+3E=4E

p=+2mE and p'=2mE'

p' ’2mx4E _5
P 2mE
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26.

27.

28.

bS]

—1=2-1 [on substrating 1 in both sides.]

L

—P 4100 =(2-1)x100 =100%
p

“U“t:

(d) Iflislength of pendulum and 6 be angular
amplitude then height

A
L.
..

fcos B

h=AB—-AC=1-1cos6=1(1—cos 0)

At extreme position, potential energy is
maximum and kinetic energy is zero; At mean
(equilibrium) position potential energy is zero
and kinetic energy is maximum, so from
principle of conservation of energy.
(KE+PE)atP=(KE+PE)atB

0+mgh:%mv2+0

= v =4[2gh =[2g((1—cos b)
1 5
KE), >™% 4 Vo4
( ) ( )l _ 2 _T mw _T

(K.E), lmzvg 1 myvy

2 2
my))” my 4 _ p " 4

2
(myvy)* my 1 p, m 1
[Given: p, =p,]
2
ﬁ:4><p22 AL ﬂ:i
m ]_)(pl 1 my

(b) According to principle of conservation of
energy,
Loss in potential energy = Gain in kinetic
energy

1
= mgh= Emv2 = v=4/2gh
If h| and h, are initial and final heights, then

v =~f2gh and v, = \2gh,

29.

30.

31.

32.

Loss in velocity,

Av=v, —v, =2gh —[2gh,

*. Fractional loss in velocity,

AJTJE\F

W

=1- %_1—\/036_1 0.6 = 04_§

(¢) m=m,my=4m
K.E,=K.E,

I 5 1 L) 14 2
— I =—HM"Vy: —HNWV, =—4a4my
S =S mvy s oMy = 2
A_2= v =2v,

Va

Linear momentum of first body

Linear momentum of second body

_omy

My Vs

m2vy 1

4mv2 )

|
(dy KE.= Emv
Further, v2 = 42 + 2as = 0 + 2ad = 2ad
= 2(F/m)d

Hence, K.E. = %m x2(F/m)d = Fd

or, K.E. acquired = Work done
=F x d= constant.
i.e., it is independent of mass m.
(¢) Initial momentum (p,) = p; Final
momentum (p,) = 1.5 p and initial kinetic
energy (K,) =K.
2

Kinetic energy (K) = Lo p2

2m

2 2
o K_(p) (P} __1
K, \py 1.5p) 225

or, K, =225 K.

Therefore, increase in kinetic energy is
225K -K=125K or 125%.

(b) Force due to friction = kinetic energy

1 5
me § =—myv
wmg >

72000
[Here, v=72km/h = 0

=20m/s]
x 60
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y? 20 % 20
Or, 5= = =
2ng 2x0.5x10

If a body of mass m moves with velocity # on a
rough surface and stops after travelling a distance
S due to friction. Then, frictional force, F = ma =
MR = ma = umg = a = ug

Using V2 = u? — 2as

= 0=u?-2pgs

uZ

= 8= —
2ug
1 o2 1 9
33. — (v =—(9)v
(c) 2() i 2( V3
2
Vv
:>v—2—9 or +=3
V2 V2
Ratio of their linear momenta
_ M _lx(3):l
novy 9 3

1
34. (¢ E=Emv2.Hence, my = (2mE)!”2,

For same KE, momentum = f;; .
Hence, theratiois 2 : 1.
2
K _pi Loa P

35. (¢) K_ ;}X Sp=Emy o K_%]

fﬁz

36. (d) Given force F =

Hence,

26 + 3¢ 7

According to Newton's second law of motion,

m§:2t5+3t2} (m =1 kg)

t

v
= [av = [(2d +32])de
0 0
> =1 +8]
Power P = F-¥ (2ti + 312}') ! (125 + t3})
=28 + 35W
dw
37. (d) Asweknow power P= )

! 2
= w=Pi=mV

2P

So, v=
m

av ’2P 1
Hence acceleration a=
dt 2\/_

Therefore, force on the particle at time ‘¢’

2Km* 1 Km mK _y
=ma= = = ¢
V m o V2 \ 72

38. (d) Work done by the heart, W = PAV
where, pressure P = pgh
and 7= 150 mm —0.15m
g =10 m/sec?
p=13.6 x 10° kg/m?

W P-AV
So, Power = P

pghx5x10_3

60
13.6x10° x10%0.15x5x107
60

Power =

= 1.7 watt

ﬂPower F -V =PAV =pghAV
H

[ P= = and P= pgh]

P=13.6 x 103 x 10 x 150 x 1073 x 0.5 x 1073/60
102
60

=1.70 watt

w
39. (a) - Power P:T
R_n_ 35 _30s_1
B 4

(t; = 1 minute; 7, = 30 second given)

1 minute 60s 2

40. (b) Constant power of car Py =F.V=ma.v

d
Pﬁzm—v-v
dt

Pydt = mvdy Integrating

2
my

Po'r:

2Ry

m

"+ Py, m and 2 are constant

veerft
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At constant power, P = constant

mdv mdv
=] = = P " F =
P=rv a ( dt )

P
= vdv= ;df
Integrating both sides, we get

Ivdv = _‘-21

vZ

P
f— 7 = ;t—i_cl (l)
Att=0,v=0

€ =0

From equation (i) we get

2Pt 2Pt 1/2
2=y (2)

m

V2

41. (b) Power exerted by a force is given by
P=Fv

When the body is just above the earth’s surface,
its velocity is greatest. At this instant,
gravitational force is also maximum. Hence, the
power exerted by the gravitational force is
greatest at the instant just before the body hits
the earth.

42. (d) Amountof water flowing per second from
the pipe

_i_ﬁ.f_[ﬂ]v
~time (¢ U/

Power = K.E. of water flowing per second

= 1 E V'V2
2\ ¢

_ l[ﬂ}ﬁ
2\ ¢

%x100x8:400 W

43. (a) Given, h=60m, g =10 ms2,
Rate of flow of water = 15 kg/s
.. Power of the falling water
=15kgs™! x 10 ms2 x 60 m = 9000 watt.
Loss in energy due to friction

=9000x 10 =900 watt.
100

.. Power generated by the turbine
= (9000 — 900) watt = 8100 watt = 8.1 kW

W
4. (b) P=—. Here, P=2kW = 2000 W,

W=Mgh=Mx10x10=100Mand r=60s.
This gives, M = 1200 kg
Its volume = 1200 litre as 1 litre of water
contains 1 kg of its mass.

45. (b) myu;+ myuy=myv; +myv,

0, —huy +—mou
S3211 222

1
= —m1v12 + Emzv%

2

For elastic collision
2mut
vy = 1M
ny +m2
asuy,=0;u; =u
my; = 4m and my = 2m

46. (b) B=P;

(1005+35}+8]E)+5{£2

20i +257 12k =
6 6

_ 20i+115;—80k
V2: 5

¥y =4i+23)— 16k

47. (b) a | P—>

RN

.,
~, #
y ~, e

-
-
-~

200 m

v

€«—— 100m —>
Bullets collide at time ¢
X, x,= 100 m
25t + 25¢= 100
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t=2s

S S 2_
h% Egt‘ 2X10><2 20 m

h=200-20=180m
48. (a) From conservation of linear momentum.
' v

6

Gm) f@

1

0= mvj+mvi +3mv

ﬁ=—§6+ﬂ

V2
vl=—v

3

I 1 I NoA%
K¢= Emvz-i- Emv2+ E(3m)(—3 ] V2

mv2 4
=mv? + =—m?
3 3

’

AKE=K,—K.= im‘v2
g
v v=0 y-po v

e O¢ O
4m 4m

49. (b) m
Before Collision After Collision
According to law of conservation of linear

momentum,

mv+dmx0=4m' +0=> v’=}

Coefficient of restitution,
Relative velocity of separation

°~ Relative velocity of approach

< | =

1

or e=—=0.25
4

50. (d) For collision Vg,s should be along
B— A(fa/p)
Vo-Vi -5
So, =
Va=Vi| | =1y

51. (d) HegM,=M,andu,=0

\
u =V, V==

3; V,=?

V=Vi3

u=v u,=0
O @'

A

From figure, along x-axis,

M u, + szz =M,V cos6+M,V,cos¢..(1)
Along y-axis

0=M,V,sin6-M,V_sin ¢ ...(i1)
By law of conservation of kinetic energy,

1 2 1 2 1 s 1 2
—Muj +—M,u5; =—M,V{ +—M,V5 ...(1n
> 141 P 242 D 1¥1 ) 2V2 ( )

Putting M, = M, and u, = 0 in equation (i), (ii)
and (iii) we get,
0+ ¢= Ly 90°

=7 =

2 2 2
and Uy :Vl +V2

2
v
VZZ (XJ +V22 |:'.' Uy :Vandvl :E:}

3
2
or,Vz—{X] =V22
3
2
2V 2
Vie— =V
9 2
8
or V§=5V2:>V2=¥V

52. (a) When ball collides with the ground it loses
its 50% of energy
1

2
—mV,
P f

KE; 1 1
- = 1 _E
KEi 2 Eme
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53.

54.

55.

e

<<
|
‘I—l

g &

1

V02 +2gh ‘E h=20m

)

or, 4gh = VZ +2gh 56.

VO =20 ms™! v
(b) By conservation of linear momentum
Magnitude of the momentum of heavier piece

of mass (2m) = Magnitude of the vector sum
of momentum of each piece of mass (m)

(Cm)y, = \I(mv)z + (m\»')2

v
V2
As two masses of each of mass m move
perpendicular to each other.
Total KE generated

= 2mV1: \/Emv — Vi =

1 1 |
= —mv? +—mv? + —(2m)v12
2 2 2

Presuttant = \1'122 +162
= J144+256 =20

myvy = 20 (momentum of third part)

20
or, my = 7 =5kg

(b) At maximum compression the solid 57.

cylinder will stop so loss in K.E. of cylinder =
gain in P.E. of spring

I o 1 5 1 5
= —m+—Ilo° =—kx
2 2
1 5 lmRZ(v) 1 5
O b L) Ry
= 2" T R) T2

= E;rn‘v‘2:l!i:x2
4 2
— 3 3x(@)? =2 x20042
4 2
36 3 0.6
= _
f— 100 - X .bm
(d)

4.\}’

.v;’2 V'
ny nmy @
®>® ()

(]

>X
[Before collision] [After collision]

According to law of conservation of linear
momentum along x-axis, we get
= m(0) + myv=mp' cos 6

nyv .
= cosbB= ; (1)

mlv
Similarly, law of conservation of linear
momentum along y-axis, we get

= my(0) + my(0) = m,V' sin 6 + mz[g)

m2V

- sinf= ..(ii)

2mpy’
From equations, (i) and (ii),

9__[ﬂ)x myy _ 1
an 8= " 2m my ) 2

= tan”! (7] to the x-axis.

0 with initial direction i.e.,

Vy _myy

ﬁ Let A moves in the direction, which makes an angle

mav
tan 6 =

* |

2m1 2m1

X

b | =

tan 6 =

1
= 0=tan’! (E) to the x-axis.

(a) As the two masses stick together after
collision, hence it is inelastic collision.
Therefore, only momentum is conserved.

2v

O—x
m v
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. mvi +3m(2v) ] = (4m)v
v=2i +EVA’
4 Y
~ Y2y
58. (a) Clearlyv, =2 ms 1, v, =0
m,; =m (say), m, = 2m
v =2,v,=7
B Vl' _ v2r .
e 7v2—v1 (1)
By conservation of momentum,
2m =mv,"+2mv," ... (i)
From (i),

r

sz "
2
vy =14y
From (ii),
2=v/ +2+2v/
= v,/=0andv," =1 ms~!
59. (d) Momentum of first part
= 1x12=12
Momentum of second part
= 2x8=16
Resultant momentum,

= J(12)2 +(16)> =20

Then M, be the mass of third part,
M-4=20

0.5=

M_E_Sk

Let two parts of the rock move along x-axis and y-
axis respectively.

If M and v be the mass and velocities of third part

then
Mvcos8=12
Mvsin 6= 16
o 16_4
fan0=15"3
)3
cos 6= 3
v=4m/s
B 12
" vcosH
_12x5_60_ g0
4x3 12

60.

61.

62.

63.

42kg 8ms

- > 1kg 12ms

M
(a) Lettheinitial velocity of the shell be v, then
by the conservation of momentum mv = My’
where v' = velocity of gun.

)

Now, total K.E. = %m\r?’ +%Mv'2

2 M

— lmv2[1+£]
2 M
1 0.2
- [EXO'ZJ(1+T)VZ:(O'I X 1.05)\.'2

But total K.E. = 1.05 kJ = 1.05 x 10° J
5 1.05x 103 =0.1 x 1.05 x 12
3
L2 _105x10° 4

0.1x1.05
“v=102=100 ms!.
(b) From conservation of linear momentum
myv, +myv, =0

\"'2 = [_—rnl]vl = (_1—128] 6 = —9mS_]
my

K.E. =%m2v§ :%x12x92 =486]

1 1 (m)?
:Emv2+—M[—] v?

I 2 1,9
— =—kx

= mv? = kx?

or 0.5 x (1.5)% = 50 x x2

SLx=0.15m

(b) From conservation law of momentum,
before collision and after collision linear
momentum (p) will be same. That is,

initial momentum = final momentum.

=0= M V| = MyVsy => M V) = MyVy

P1=P>
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64.

65.

66.

67.

2
Now, E=2_
2m
E 2 9
e B & )
E2 Zml }322
E  m

“E, m Pi=pl

(b) Speed of bomb after 5 second,
v=u—gt=100-10 x 5 =50m/s
Momentum of 400 g fragment

_ 200 os)

1000 [downward]

600

1000 "
Momentum of bomb =1 x 50 = 50

From conservation of momentum

Total momentum before splitting = total
momentum after splitting.

Momentum of 600g fragment =

= 50=— 400 x25+ 600 v
1000 1000
= v =100 m/s [upward]

(d) In elastic collision, the velocities get
inter changed if the colliding objects have equal
masses.

Initial momentum = mv

(a) mv Final momentum = m (-v)
change in momentum
=mv — m(—v) = 2mv

(¢) Applying conservation of momentum,

myv, = (m; +m,)v

_ "™

(rmy +my)
Here, v) = 36 km/hr = 10 m/s

my =2kg, my=3kg

v

68.

69.

70.

71.

72.

p=10X2_ 4 s

1
K.E. (initial) = —x2x (10)> =100J

1
K.E. (Final) = 2x(3+2)x 42 =401

Lossin K.E.=100—-40=601]

(a) Applying law of conservation of
momentum,

myuy + mytty = (mI + mz)v

or, myu,; = (m; +my)v (uy=0)
(3x1000) _ 3m(v)
3600
1000
V=

5 m/s=1km/hr

(¢) When shell explodes in mid air its
chemical energy is partly converted into
mechanical energy, hence K.E. increases.

(b) When the identical balls collide head-on,
their velocities are exchanged.

(a) Momentum of Ist part =m % 21 = 21m
Momentum of 2nd part =m x 21 =21m

Resultant momentum, = \/(mZ 1)2 +(m2 1)2
Resultant momentum = momentum of 3rd part
= 212m=3mv

= v= 72 m/sec

Masses of the pieces are 1, 1, 3 kg. Hence

(1 %212 +(1 x21)*=(3 x V)

Thatis, y =72 m/s
(a) e=|v, —_v2| / |zfl_— u,| which is 1 for a
perfectly elastic collision.
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System of Particles

and Rotational

Motion

\ Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

Topic 1: Centre of Mass, Centre of Gravity

& Principle of Moments

Two particles of mass 5 kg and 10 kg
respectively are attached to the two ends of a
rigid rod of length 1 m with negligible mass.
The centre of mass of the system from the 5
kg particle is nearly at a distance of : [2020]
(a) 50 cm (b) 67 cm

(¢) 80 cm (d) 33 ecm

Which of the following statements are
correct? [2017]
(A) Centre of mass of a body always coincides
with the centre of gravity of the body
Centre of mass of a body is the point at
which the total gravitational torque on the
body is zero

A couple on a body produce both
translational and rotation motion in a body
Mechanical advantage greater than one
means that small effort can be used to lift a
large load
(A) and (B)
(C) and (D)

B)

©
D)

(a)
(c)

(b) (B) and (C)
(d) (B)and (D)

3.

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD |(Qns.|LOD Qns. LOD Qns. LOD|Qns.|LOD
Centre of Mass, Centre of Centre of mass of two particle| 1 E
Gravity & Principle of —
Moments Centre of mass definition 1| E
Angular Displacement, T=FxR=la 1 A 1 D 1 A
Velocity and Acceleration
Torque, Couple and Angular Torque, T = F x F 1 E
Momentum
Moment of Inertia, Rotational|Moment of inertia 1 E 1 A 1 D
K.E. and Power Work Energy theorem in rotation 2 | A
Rolling Motion Rolling Motion 1 A 1 E

Two persons of masses 55 kg and 65 kg
respectively, are at the opposite ends of a boat.
The length of the boat is 3.0 m and weighs
100 kg. The 55 kg man walks up to the 65 kg
man and sits with him. If the boat is in still
water the centre of mass of the system shifts

by : [2012]
(a) 3.0m (b) 23 m
(¢) zero (d) 0.75 m

Three masses are placed on the x-axis : 300 g
at origin, 500 g at x = 40 cm and 400 g at x =
70 cm. The distance of the centre of mass from

the origin is : [2012M]
(a) 40 cm (b) 45 cm
(¢c) 50 cm (d) 30 em

Two particles which are initially at rest, move
towards each other under the action of their
internal attraction. Iftheir speeds are v and 2v at
any instant, then the speed of centre of mass of

the system will be: [2010]
(a) 2v (b) zero
(c) 1.5 (d) v
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6.

10.

1.

Two bodies of mass 1 kg and 3 kg have position
vectors i +2j+k and —3/—2j+k respec-
tively. The centre of mass of this system has a

position vector: [2009]
(@) —2i-j+k (b) 202k
(¢) —i+j+k (d) —2i+2k

If the linear density (mass per unit length) of a
rod of length 3m is proportional to x, where x is
the distance from one end of the rod, the distance
of the centre of gravity of the rod from this end

is [2002]
(a) 25m (b) Im
(¢) L5m (d) 2m

A solid sphere of radius R is placed on a smooth
horizontal surface. A horizontal force F'is applied
at height h from the lowest point. For the
maximum acceleration of the centre of mass,

[2002]
(a) h=R
(b) h=2R
(¢) h=0
(d) The acceleration will be same whatever A
may be

The centre of mass of a system of particles does
not depend upon [1997]
(a) masses of the particles

(b) forces acting on the particles

(¢) position of the particles

(d) relative distances between the particles
In carbon monoxide molecule, the carbon and
the oxygen atoms are separated by a distance
1.12 x 10719 m. The distance of the centre of
mass, from the carbon atom is [1997]
(a) 0.64x101%m (b) 0.56x1010m

() 0.51x101%m (d) 0.48x1010m

Topic 2: Angular Displacement,
Velocity and Acceleration

Two particles A and B are moving in uniform
circular motion in concentric circles of radii
r, and r, with speed v, and v, respectively.
Their time period of rotation is the same. The
ratio of angular speed of A to that of B will

be : [2019]
(a) r,:r, (b) v, :v,
(¢) ry:or, (dy 1:1

12.

13.

14,

15.

16.

17.

18.

[>]

A particle starting from rest, moves in a circle
of radius ‘. It attains a velocity of ¥, m/s in

the n™ round. Its angular acceleration will be,
[NEET Odisha 2019]

2
Vo
d/s? b) — rad/s?
(a) mrra s (b) , rad/s
Vo Vs
c rad/s? d rad/s?
©) 2mnr? @ Annr?

A wheel has angular acceleration of 3.0 rad/
sec? and an initial angular speed of 2.00 rad/
sec. In a time of 2 sec it has rotated through an

angle (in radian) of [2007]
(a) 10 (b) 12
(c) 4 (d) 6

A wheel of radius 1m rolls forward half a
revolution on a horizontal ground. The
magnitude of the displacement of the point of
the wheel initially in contact with the ground is

[2002]
(a) m (b) 2=

(©) an (d) \ht2+4

Tworacing cars of masses m, and m, are moving

in circles of radii | and r, respectively. Their

speeds are such that each makes a complete

circle in the same time z. The ratio of the angular

speeds of the first to the second car is [1999]

(a) 1:1 (b) m :m,

(¢) ry:r,y (d) m my:rmr,

If a flywheel makes 120 revolutions/minute,

then its angular speed will be [1996]

(a) 8 mrad/sec (b) 6 m rad/sec

(¢) 4 mrad/sec (d) 2 mrad/s

The angular speed of an engine wheel making

90 revolutions per minute is [1995]

(a) 1.5 mrad/s (b) 3m rad/s

(¢) 4.5 mrad/s (d) 6m rad/s

Two racing cars of masses m and 4m are moving

in circles of radii r and 2r respectively. If their

speeds are such that each makes a complete

circle in the same time, then the ratio of the

angular speeds of the first to the second car is
[1995]

(a) 8:1

(c) 2:1

(b)4:1
d1:1
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Topic 3: Torque, Couple and Angular

19.

20.

21

PHYSICS

Momentum
Find the torque about the origin when a force

of 3] N acts on a particle whose position vector

is2k m. 12020]
@ 6jNm (b) —6i Nm
(¢) 6k Nm (d) 6i Nm

A solid cylinder of mass 2 kg and radius 4 cm is
rotating about its axis at the rate of 3 rpm. The
torque required to stop after 27 revolutions is :

[2019]
@@ 2x10°Nm (b) 2x10°Nm
(¢ 12x10*Nm (d) 2x10°Nm

A rope is wound around a hollow cylinder of
mass 3 kg and radius 40 cm. What is the angular
acceleration of the cylinder if the rope is pulled
with a force of 30 N? [2017]
(a) 0.25rad/s? (b) 25 rad/s?

(¢) 5m/s? (d) 25m/s?

A uniform circular disc of radius 50 cm at rest is
free to turn about an axis which is perpendicular
to its plane and passes through its centre. It is
subjected to a torque which produces a constant
angular acceleration of 2.0 rad s=2. Its net
acceleration in ms~2 at the end of 2.0s is

approximately : [2016]
(a) 80 (b) 70
(¢) 60 (d) 30

A mass m moves in a circle on a smooth
horizontal plane with velocity v, ata radius R,,.
The mass is attached to string which passes
through a smooth hole in the plane as shown.

%S

The tension in the string is increased gradually

R
and finally m moves in a circle of radius 70 .
The final value of the kinetic energy is f2015]

24,

27.

| 5
(@ ™% (b) 2mv3

.
(© 5mvy (d) mv;
A rod of weight W is supported by two parallel
knife edges A and B and is in equilibrium in a
horizontal position. The knives are at a distance
d from each other. The centre of mass of the rod

is at distance x from A. The normal reaction on A

is [2015]
wd W(d-x)

@ ® =
W(d—x) Wx

© 75 @7

An automobile moves on aroad with a speed of 54
km h™!. The radius of its wheels is 0.45 m and the
moment of inertia of the wheel about its axis of
rotation is 3 kg m. Ifthe vehicle is brought to rest
in 15s, the magnitude of average torque transmitted
by its brakes to the wheel is: [2015 RS]
(a) 8.58kgm?s?2  (b) 10.86kgm?s?2
() 2.86kgm?s?  (d) 6.66kgm? s>
Point masses m; and m, are placed at the
opposite ends of a rigid rod of length L, and
negligible mass. The rod is to be set rotating
about an axis perpendicular to it. The position
of point P on this rod through which the axis
should pass so that the work required to set the
rod rotating with angular velocity @, is minimum,

is given by : | o [2015 RS}
|
|
™ e m:
.- - -
Cox b (L—x)
l
l
m my
x=—1VL x=—=L
@ X~ () ="
. m,L ‘o myL
© m; +m, C m; +m,

A force F:(ﬁ+3j+6ﬁ is acting at a point
T= 2§—6j—1212. The value of a for which
angular momentum about origin is conserved
is : [2015 RS]
(a) 2 (b) zero

() 1 (d) -1
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28.

29.

30.

3L

32

A solid cylinder of mass 50 kg and radius 0.5
m

is free to rotate about the horizontal axis. A
massless string is wound round the cylinder with
one end attached to it and other hanging freely.
Tension in the string required to produce an
angular acceleration of 2 revolutions s~ 2 is :
(a) 25N (b) SON [2014]
(¢c) 785N (d) 157N

A rod PQ of mass M and length L is hinged at
end P. The rod is kept horizontal by a massless

string tied to point Q as shown in figure. When
string is cut, the initial angular acceleration of

the rod is [2013]
7777
P Q
[
< L >
(@) g/L (b) 2g/L
28 38
© 3 @ 31

Two discs are rotating about their axes, normal

to the discs and passing through the centres of

the discs. Disc D, has 2 kg mass and 0.2 mradius

and initial angular velocity of 50 rad s™!. Disc

D, has 4kg mass, 0.1 mradius and initial angular

velocity of 200 rad s~!. The two discs are

brought in contact face to face, with their axes

of rotation coincident. The final angular velocity

(in rad s~1) of the system is [/NEET Kar. 2013]

(@) 40 (b) 60

(c) 100 (d) 120

When a mass is rotating in a plane about a fixed

point, its angular momentum is directed along :
[2012]

(a) aline perpendicular to the plane of rotation

(b) theline making an angle 0f45° to the plane

of rotation

(c) theradius

(d) the tangent to the orbit

ABC'is an equilateral triangle with O as its centre.

fl, Fz and ?3 represent three forces acting
along the sides 4B, BC and AC respectively. If
the total torque about O is zero the magnitude

of Fyis: 12012, 1998]

33.

35.

36.

v

4

B
/. ¢
-

FJ

(a) F,+F, (b) F,~F,
H+E

© =5 (d) 2(F|+ F)

A circular platform is mounted on a frictionless
vertical axle. Itsradius R =2 m and its moment of
inertia about the axle is 200 kgm?. It is initially at
rest. A 50 kg man stands on the edge of the
platform and begins to walk along the edge at
the speed of 1 ms™! relative to the ground. Time
taken by the man to complete one revolution is

(@) T (b) %ps [2012M]
© 27 d gs

The instantaneous angular position of a point
on a rotating wheel is given by the equation
8(t) =263 — 6. The torque on the wheel becomes

zeroat [2011]
(a) t=1s (b) t=05s
(c) t=0.25s (d) t=2s

A circular disk of moment of inertia I, is rotating
in a horizontal plane, its symmetry axis, with a
constant angular speed ®;. Another disk of
moment of inertia I is dropped coaxially onto
the rotating disk. Initially the second disk has
zero angular speed. Eventually both the disks

rotate with a constant angular speed ©;. The
energy lost by the initially rotating disk to friction

is: [2010]
2 2
1 1 2 / 2
@ =59 (b)) o
2 (L +1y) (I, +1p)
Iy =1, 02 1 Ipl; 02
© Gy DGy

A thin circular ring of mass M and radius R is
rotating in a horizontal plane about an axis
vertical to its plane with a constant angular
velocity . If two objects each of mass m be
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37.

38.

39.

PHYSICS

attached gently to the opposite ends of a
diameter of the ring, the ring will then rotate
with an angular velocity: 12009, 1998}

oM ®(M+2m)
@ M+2m ®) M

oM q ®(M—2m)
© M+m @ M+2m

If Fis the force acting on a particle having

position vector T and T be the torque of this

force about the origin, then: [2009]
(@ T.t>0and F.T<0
(b) T.T=0and F.T=0
(¢ T.T=0and F.T=0
(d T.T20and F.T=0

A uniform rod 4B oflength £, and mass m is free
torotate about point 4. The rod is released from
rest in the horizontal position. Given that the

2
moment of inertia of the rod about A is %

E

the initial angular acceleration of the rod will be
[2007]

A 4

mgl 3
@ 5 (0) 58

3g 2g
© 5 @ 3,

A particle of mass m moves in the XY plane with
a velocity v along the straight line AB. If the
angular momentum of the particle with respect
toorigin Ois L, when itis at 4 and Lz when it is

at B, then [2007]
I B
A

Yy

e

41.

4.

43.

(a)
(b)

Ly=Lg

the relationship between L, and L,
depends upon the slope of the line 4B

(© L,<L,

(dy L,>Lg

A tube of length L is filled completely with an
incompressible liquid of mass M and closed at
both the ends. The tube is then rotated in a
horizontal plane about one of its ends with a
uniform angular velocity . The force exerted by

the liquid at the other end is [2006]
MI?
@ — ® (b) MLa?
M 0? MLo?
d
© — @ =

Two bodies have their moments of inertia I
and 2I respectively about their axis of
rotation. If their kinetic energies of rotation
are equal, their angular momenta will be in
the ratio [2005]

(@)2:1 (b)1:2
©~2:1 @ 1:42

A wheel having moment of inertia 2 kg-m? about
its vertical axis, rotates at the rate of 60 rpm about
this axis. The torque which can stop the wheel’s

rotation in one minute would be [2004]
i 2n
ZN- ZN-

@ g ®) 15 Nm
Iy d) —N

Consider a system oftwo particles having masses
m, and m, . If the particle of mass m, is pushed
towards the centre of mass of particles through
adistance d, by what distance would the particle
of mass m, move so as to keep the centre of
mass of particles at the original position?/2004]

™2 g "_q
@ o, O ——
m
© ¢ @ d

A round disc of moment of inertia I, about its
axis perpendicular to its plane and passing
through its centre is placed over another disc
of moment of inertia /, rotating with an angular
velocity @ about the same axis. The final
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45.

47.

48.

49.

50.

angular velocity of the combination of discs

is [2004]
(I + 1,)® 5o
(a) % (b) I +1,
I
© o @ 71,

A thin circular ring of mass M and radius r is
rotating about its axis with a constant angular
velocity o. Four objects each of mass m, are kept
gently to the opposite ends of two perpendicular
diameters of the ring. The angular velocity of

thering will be [2003]
(M —4m)o ) Mo
(@) M +4m 4m
Mo (M +4m)o
© - @
+4m M

A disc is rotating with angular velocity o. If a
child sits on it, what is conserved ? 12002
(a) Linear momentum

(b) Angular momentum

(¢) Kineticenergy

(d) Moment of inertia

A boy suddenly comes and sits on a circular
rotating table. What will remain conserved?

(a) Angular velocity [2002]
(b) Angular momentum

(¢) Linear momentum

(d) Kineticenergy

A constant torque of 1000 N-m turns a wheel of
moment of inertia 200 kg-m? about an axis
through its centre. Its angular velocity after 3

seconds 1s [2001]
(a) lrad/s (b) Srad/s
(c) 10rad/s (d) 15rad/s

A weightless ladder 20 ft long rests against a
frictionless wall at an angle of 60° from the
horizontal. A 150 pound man is 4 ft from the top
of the ladder. A horizontal force is needed to
keep it from slipping. Choose the correct
magnitude of the force from the following

(a) 1751b (b) 1001b [1998]
(¢) 1201b (d) 69.21b
A couple produces [1997]

(a) nomotion

(b) purely linear motion

(¢) purelyrotational motion
(d) linear and rotational

51.

52.

53.

35.

56.

The angular momentum of a body with mass
(m), moment of inertia (1) and angular velocity

(®) rad/sec is equal to [1996]
I |
2 - —
@ lo Olo”™  © ~ (@ 2
Angular momentum is [1994]
(a) vector (axial) (b) vector (polar)
(c) scalar (d) none of the above

A particle of mass m =5 is moving with a uniform
speed y — 34/2 in the XOY plane along the line
y=x+4. The magnitude of the angular momentum

of'the particle about the origin is [1991]
(a) 60 units (b) 40+/2 units
(c) zero (d) 7.5 units

A solid homogeneous sphere of mass M and

radius R is moving on a rough horizontal surface,

partlyrolling and partly sliding. During this kind

of motion of the sphere [1988]

(a) total kinetic energy is conserved

(b) the angular momentum of the sphere about
the point of contact with the plane is
conserved

(¢) onlytherotational kinetic energy about the
centre of mass is conserved

(d) angular momentum about the centre of
mass is conserved.

Topic 4: Moment of Inertia, Rotational
K.E. and Power

A solid sphere is rotating freely about its
symmetry axis in free space. The radius of the
sphere is increased keeping its mass
same.Which of the following physical quantities
would remain constant for the sphere? [2018]
(a) Angular velocity
(b) Moment of inertia
(¢) Angular momentum
(d) Rotational kinetic energy
Two discs of same moment of inertia rotating
about their regular axis passing through centre
and perpendicular to the plane of disc with
angular velocities ©; and ®, . They are brought
into contact face to face coinciding the axis of
rotation. The expression for loss of energy
during this process is:- [2017]

(@) %1(031 —0))’ () Ko —o,)]

1 |
(¢) g(ml—@'z)2 (d) 51(0‘-'1+0)2)2
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58.

59.

6l.

62.

PHYSICS

From a disc of radius R and mass M, a circular
hole of diameter R, whose rim passes through the
centre is cut. What is the moment of inertia of the
remaining part of the disc about a perpendicular

axis, passing through the centre ? [2016]
(a) 15MR2/32 (b) 13 MR2/32
(¢) 11 MR%32 (d) 9MR%/32

Three identical spherical shells, each of mass m
and radius r are placed as shown in figure.
Consider an axis XX' which is touching to two
shells and passing through diameter of third
shell. Moment of inertia of the system consisting
of these three spherical shells about XX' axis is

(a) 3me [2015]
® o
(¢) 4mr

@ 11 5

—mr
5 X'

The ratio of radii of gyration of a circular ring

and a circular disc, of the same mass and radius,

about an axis passing through their centres and

perpendicular to their planes are

[NEET Kar. 2013, 2008]
@@ +2:1 (b) 1:42
© 3:2 (d) 2:1

The moment of inertia of a uniform circular disc
is maximum about an axis perpendicular to the
disc and passing through : [2012M]

(a) B
(¢ D

(b) C
(d) 4
The moment of inertia of a thin uniform rod of

mass M and length L about an axis passing
through its midpoint and perpendicular to its
length is ;. Its moment of inertia about an axis
passing through one of its ends and
perpendicular to its length is [2011]
(a) 1,+ML%*2 (b) 1,+ML?/4

(¢ 1,+2ML? (d) I,+ML?

A small mass attached to a string rotates on
frictionless table top as shown. If the tension in
the string is increased by pulling the string

67.

causing the radius of the circular motion to
decrease by a factor of 2, the kinetic energy of
the mass will [2011M]

remain constant
increase by a factor of 2
(¢) increase by a factor of 4
(d) decrease by a factor of 2
Four identical thin rods each of mass M and
length /, form a square frame. Moment of inertia
of this frame about an axis through the centre

ofthe square and perpendicular to its plane is :

(@)
(b)

2 13

@ M () < MP [2009]
1 4

© 3 MI? @ 3 M2
A thin rod of length L and mass M is bent at its
midpoint into two halves so that the angle
between them is 90°. The moment of inertia of
the bent rod about an axis passing through the
bending point and perpendicular to the plane
defined by the two halves of the rod is:

ML 2 ML

(a) 24 (b) [2008]
MI2 J2Mm12

(© 6 (d) 4

The moment of inertia of a uniform circular disc
of radius R and mass M about an axis touching

the disc at its diameter and normal to the disc is
[2006, 2005]

@ MR’ () SMR>

(c) %MRZ (d) MR?

Theratio of the radii of gyration of a circular disc
about a tangential axis in the plane of the disc
and of a circular ring of the same radius about a
tangential axis in the plane ofthe ring is [2004]
(@) 1:42 (b) 1:3

(©) 2:1 (d) V5:6

Three particles, each of mass m gram, are
situated at the vertices of an equilateral triangle
ABC of side / cm (as shown in the figure). The
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70.

moment of inertia of the system about a line
AX perpendicular to AB and in the plane of

ABC, in gram-cm? units will be [2004]
X
m g C
I i
A B
3 m I m 3
(a) 2 m (b) 2"
5
© 2m (d) mez

A ball rolls without slipping. The radius of gyration
ofthe ball about an axis passing through its centre
of mass is K. If radius of the ball be R, then the
fraction of total energy associated with its

rotational energy will be [2003]
R’ K%+ R?
(a) 21 R (b) 22
K? K?
© & @ 2 R

A composite disc is to be made using equal
masses of aluminium and iron so that it has as
high a moment of inertia as possible. This is
possible when 12002
(a) the surfaces of the discs are made of iron
with aluminium inside
(b) the whole of aluminium is kept in the core
and the iron at the outer rim of the disc
(c) the whole oftheiron is kept in the core and
the aluminium at the outer rim of the disc
(d) the whole disc is made with thin alternate
sheets of iron and aluminium
There is a flat uniform triangular plate 4BC such
that 4B =4 cm, BC =3 cm and angle ABC =
90°. The moment of inertia of the plate about
AB, BC and CA as axis is respectively /,, I, and
;. Which one of the following is true?/2000]
A

pL C
(@) L>1, (b) 1,>1,
(¢) L>1, d) I,>1,

71.

74.

5.

The moment of inertia of a disc of mass M and
radius R about an axis, which is tangential to the
circumference of the disc and parallel to its

diameter, is [1999]
3 2 2 2
— MR — MR
@ 3 () 3
5.2 4. 2
— MR — MR
© 3 @ -

ABC is a triangular plate of uniform thickness.
The sides are in the ratio shown in the figure.
1, Ip-and [ -, are the moments of inertia of the
plate about AB, BC and CA as axes respectively.
Which one of the following relations is correct?

A [1995]

B

@ 1I4p>Ipc (b) Ipc>1yp
Inarectangle ABCD (BC =2 AB). The moment
ofinertia is minimum along axis through [71993}

A g D

E G

B C
@ BC (b) BD
() HF @) EG

Moment of inertia of a uniform circular disc
about a diameter is I. Its moment of inertia
about an axis | to its plane and passing through

a point on its rim will be [1990]
(a) 51 (b) 31
(c) 61 (d) 41

The moment of inertia of a body about a given
axis is 1.2 kg m2. Initially, the body is atrest. In
order to produce a rotational kinetic energy of
1500 joule, an angular acceleration of
25 radian/sec’ must be applied about that axis
for a duration of [1990]
(a) 4 seconds (b) 2 seconds

(c) 8 seconds (d) 10 seconds
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76.

78.

79.

81.

82.

A fly wheel rotating about a fixed axis has a
kinetic energy of 360 joule when its angular speed
is 30 radian/sec. The moment of inertia of the

wheel about the axis of rotation is [1990]
(a) 0.6kg/m? (b) 0.15kgm?
() 0.8kgm? (d) 0.75kgm?

A ring of mass m and radius r rotates about an
axis passing through its centre and perpendicular
to its plane with angular velocity o. Its kinetic

energy is [1988]
2, 2
(a) e ®) mro?
1
©  mlo? @ mro’

Topic 5: Rolling Motion

A disc of radius 2 m and mass 100 kgrolls on a

horizontal floor. Its centre of mass has speed of

20 em/s. How much work is needed to stop it ?
[2019]

(@) 31J (b) 30kJ

() 2] (d) 1

A solid cylinder of mass 2 kg and radius 50 cm

rolls up an inclined plane of angle of inclination

30°. The centre of mass of the cylinder has speed

of4 m/s. The distance travelled by the cylinder

on the inclined surface will be, [take g= 10 m/s?]

[NEET Odisha 2019]
@) 24m (b) 22m
(¢) l6m (d) 12m

A solid sphere is in rolling motion. In rolling
motion a body possesses translational kinetic
energy (K)) as well as rotational kinetic energy
(K,) simultaneously. The ratio K, : (K, + K ) for

the sphere is [2018]
(@ 7:10 (b) 5:7
(c) 2:5 (d) 10:7

Three objects, A : (a solid sphere), B : (a thin
circular disk) and C : (a circular ring), each have
the same mass M and radius R. They all spin
with the same angular speed ® about their own
symmetry axes. The amounts of work (W)
required to bring them to rest, would satisfy
the relation [2018]
(@) We>Wg>W, (b)) W,>W,>W,

() W,>W.>W, (d) Wg>W,>W,

A disk and a sphere of same radius but different
masses roll off on two inclined planes of the
same altitude and length. Which one of the two
objects gets to the bottom of the plane first?

87.

88.

PHYSICS
(a) Disk [2016]
(b) Sphere
(c) Bothreach at the same time

(d) Depends on their masses

The ratio of the accelerations for a solid sphere
(mass ‘m’ and radius ‘R’) rolling down an incline
ofangle ‘6" without slipping and slipping down

the incline without rolling is : [2014]
(@) 5:7 (b) 2:3
(¢c) 2:5 (d) 7:5

A small object of uniform density rolls up a

curved surface with an initial velocity ‘v’. It
2
reaches upto a maximum height of v with

respect to the initial position. The objegt isa
[2013]

(a) solid sphere (b) hollow sphere

(c) disc (d) ring

A drum of radius R and mass M, rolls down

without slipping along an inclined plane of

angle 6. The frictional force [2005]

(a) dissipates energy as heat

(b) decreases the rotational motion

(c) decreases the rotational and translational
motion

(d) converts translational energy to rotational

energy

A solid cylinder of mass m and radius R rolls

down an inclined plane of height h without

slipping. The speed of'its centre of mass when it

reaches the bottom is [2003, 1989]

@ 2gh) (b) agh/3
(c) Bgh/4 (d) Jag/h

A solid cylinder and a hollow cylinder both of
the same mass and same external diameter are
released from the same height at the same time
on an inclined plane. Both roll down without
slipping. Which one will reach the bottom first?
(a) Both together [2000]
(b) Solid cylinder

(¢) One with higher density

(d) Hollow cylinder

A spherical ball rolls on a table without slipping.
Then the fraction of its total energy associated

with rotation is [1994]
(a) 2/5 (b) 2/7
(¢) 3/5 (d) 3/7
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89. A thin uniform circular ring is rolling down an
inclined plane ofinclination 30° without slipping.
Its linear acceleration along the inclination plane

will be [1994]
S E

@ (b)
g 28

© 5 @ 5

90. Asolid sphere, disc and solid cylinder all of the
same mass and made of the same material are
allowed toroll down (from rest ) on the inclined
plane, then [1993]
(a) solid sphere reaches the bottom first
(b) solid sphere reaches the bottom last

(c¢) disc will reach the bottom first
(d) allreach the bottom at the same time

91. The speed of a homogenous solid sphere after
rolling down an inclined plane of vertical height
h from rest without sliding is [1992]

10

(@) |7 & (b) \gh
6 4

(c) ggh (d) Egh

92. Ifasphereisrolling, the ratio of the translational
energy to total kinetic energy is given by [1991]
(@) 7:10
(¢) 10:7

(b) 2:5
d 5:7

1 || 12]@]23] b)) |34 ]|]@]|45]|©]|56]@]|67]@]78]| @] 8] ()
2 | (]| 13 J@]24|(c)]|35]J(d)] 46| (b)]57 | bB)] 68| ] 79] @] 9] (a
3| ([ 14| D]25] @ |36 @] 47| ®) |58 ] )] 69| ® |8 | b | 91] (a
4 || 15| @] 26| (c)|37|(b)| 48| () [59 ]| (@] 70| (b) |81 | (@) | 92|
5|16 @27 @ |38|c]|49]| @]60]| @] 71] ] 8] b
6 |@ [ 17|28 @D |39 |@]|50]@][61]b]72]0bG]|S8]@
7@ | 18| D] 29| |40 | (D] 51| @ |62] @] B3| @] 84| (©
8§ |@W | 19| M®J30|C |4 |d]52]@]|63]|W]| 74| ((]8| W
9 | b)) |20 @ |31]|(a)| 42 || 53] @ |64]|DB)]| 75] D) ]| 86 | (b
10| (@ |21 | (b)) |32 |HB|C)|54|b |65]| | 76] ()] 87|
1m|l@d|2|@]|3|[@@|#M|@|5]@@]|66]@]| 77]| ]38 | ®b

Hints & Solutions

y
a?
i5kg 10 kg

L (b O 0 O > x (cm)
(0, 0) 77 (100, 0)

Centre of mass of a system of two particles of

masses m, and m, having position vectors x,

os
and x, is
T myX X,
e my +m,

Taking particle of mass 5 kg at origin.

5x0+100x10 200
:> anl = =

5+10 3

= Xy, =67 cm

= 66.66 cm

Load

2 (d)
If M.A.>1 = Load > Effort
Centre of mass may or may not coincide with
centre of gravity. Net torque of gravitational pull
is zero about centre of mass.
Tg =2T; =Zr; xmy, =0
3. (¢) 55 65
ﬁ ﬁ
[ 100 kg |

4 »

Im

Mechanical advantage, M. A.= Effort

There is no external force so centre of mass of
the system will not shift
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4.

5.

PHYSICS
3 SERE
(a) Y. = My Xy + My Xy + M3y x3
T Ix(kx ) | Gy
300 (0)+500(40)+ 400 x 70 xcg =25 == 2:22 333 =2m
em 300 + 500 + 400 x° Gy
fox dx 5
v _500x40+400x70 0 2],
em 1200 8 (d) Asfrictionis absent at the point of contact,
50+70 120 F
Xem=——F—"=—7=40cm Acceleration =~
3 3 Mass
(b)  If no external force action a system of It is independent of /
particles, the centre of mass remains at rest. So, - (b)  Centre of mass of system depends upon
speed of centre of mass is zero. position and masses of particle. Also, it depends
Force acting on the rigid body, upon relative distance between particles.
. 2 10. (a) (12amu)e—1.12x10 'm j(lﬁ amu)
ﬂ F= Macm = Mdgr © c.fn. ©
dt _ o } —d —pe— 11231072 d —>
‘;’;1:3" external force acting on the rigid body is From definition of centre of mass.
. d - _ d_16x1.12x10—1°+12x0
F:Mg(ﬂm):O::»Vm:Constant = 16+12
So, when no external force acts on a body its 16x1.12x10710
centre of mass will remain at rest or move with = - =0.64% 10" 10m.
constant velocity. 28
(@)  The position vector of the centre ofmass 1. (d) ~ Let T, and T are the time periods of
of two partjc]e system 18 gj\.ren by particle A and B respectively. ACCOI'diIlg to
_ _ question,
R, = Murtmprz T,=T,=T >
(my +mj) If ®, and o, are their
1 L o angular speeds, then
=—[-8i—-4j+4k]=-2i—j+k
g R or 22T o 2T
(d) Consider an element of length dx at a AT Ta B~ Ty
distance x from end 4.
Here, mass per unit length A ofrod Op _ Ty _ T _1-1
Locx = h=hkx og TA T
codm=hdx=kx d
" * 2. () VP=uw+2as
V2
rwiﬂ— l V2=0+2r0Qmin=a= ——
Position of centre of gravity of rod from end 4. 4nnr
L , I -
13 (a Since, § = w7 +—ot
J‘x . (@) oot + 5 o
0 Where a is angular aceleration, @, is the initial
XcG =7 angular speed.
_[dm t=2s
0

1
9=2><2+5><3(2)2 =4+6=10rad
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14.

15.

16.
17.

18.

19.

PZ
(d)
Im
Im Im
p< nr >

Linear distance moved by wheel in half
revolution = 7r. Point P, after half revolution
reaches at P, vertically 2m above the ground.
.. Displacement P, P,

:Jn2r2+22 =\/TC2+4 [~ r=1m]

(a)  As time taken by both car to complete
one revolution is same.

As m:z—n:m)ocl, as 7 is same in both

cases. Hence 'e' will also be same.
120x27
60
(b)  Number of revolutions made by the
engine wheel (n) =90 per minute.
Angular speed of the engine wheel
2nn 2mx90
(@) ="5=
60 60
(d)  Weknow that both the cars take the same
time to complete the circle, therefore ratio of
angular speeds of the cars willbe 1 : 1.
(b) Given:
Force, F=3] N
Position vector, 7 = 2k m
Torque, T=7 x F =2k x3] = 6(k x J)=6(1)
=7T=-6i Nm
(a) According to the Work-energy theorem,

(¢) Angular speed, ® = = 47 rad/sec

=31 rad/s.

W:%I(m%—miz)

Given that,
0 = 2w revolution/minute
0=2nx2n=4m?rad

o, :3x26—gradfs

o, = 0 rad/s
Putting the values of ®, and ® we get

= _Te:lxlmr2(02_mi2)
2 2

21

2
l><l><2><(4><llr_}_2){—3><EJ
2 2 60
- —T=

42
= 1=2x10°%N-m

(b) Given, mass of cylinder m =3kg
R=40cm=0.4m

F=30N; a=?

As we know, torque 1= Ia

F x R=MR%a
FxR

o= 3
MR

a:30x(0.4) — F=30N
3><(0_4)2 or, oo =25rad /s

(a) Given: Radius of disc, R=50 cm

Angular acceleration, aa.=2.0 rads™2; time t=2s
Particle at periphery (assume) will have both
radial (one) and tangential acceleration
a,=Ro=0.5%2=1m/s’

Angular speed

0=0,t+at

®=0+2x2=4rad/sec

Centripetal acceleration

a,=o’R= (4)?x0.5=16x0.5=8m/s?

Linear acceleration, a, = o.R= 1m/sec?

Net acceleration,

Aotal = \ja% +a§ = 1248 = 8 m/s

The acceleration of the particle moving in a circle
has two components; tangential acceleration (at)
which is along the tangent and radial acceleration
(ar) which 15 towards the centre of circle. As the
two components are mutually perpendicular
therefore, net acceleration of the particle will be

_’2 2
a= a,+ar

23.  (b) Applying angular momentum conservation

=
|

R
my,R, = (m) (v) [7"]
v =2y, |
Therefore, final KE = om (2v,)?= 2mv;]
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24,

26.

PHYSICS

(¢c) By torque balancing about B
N, (d)=W(d-x)

W(d—-x)
Na=—7g—
NA NB
F 9 F 3
Al B
. d,|, .

vyW
(d) Given:Speed v=>54kmh~!=15ms!
Moment of inertia, I = 3 kgm?

Timet=15s

mi=X:£:@ [Given o; =0]
r 045 3

mf=03i+0tt

o _ 100

=S tEws) = a=

Average torque tril&s)mitted by brakes to the wheel,
T=(D) (o) =3x = =6.66 kgm?s~2

(¢c) From figure,

Total moment ofinertia of the rod,
I= mlxz +m, (L—x)2

I=m x> +m, [L?+x?-2Lx]

I= m|x2 + m;,L2 + m2x2 —2m, [x

AsTis mini o i

s Lis minimum, so, . (1)
dI

= —=2mx+2m,x—-2m,L

X
Using equation (1)
= 2m;x+2myx—2m,L=0
ms L

= X=—"

(m; +m,)
When I is minimum, the work done by rotating a
rod will be minimum.

Work required to set the rod rotating with angular
velocity @.

KE.= llmg
2

Work is minimum, when [ is minimum. I is
minimum about the centre of mass.
Soomx; = my(L — x)

= m1x=m2L—M2x
__mlL
m +ny

27.

28.

29.

30.

(d) From Newton's second law for rotational
motion,

(2i-6j-12K)x(0ti +3)+6k) =0

Solving we get oo =—1

(d) Here a.=2revolutions/s? = 4nrad/s? (given)
_lyr2l 2_ 2 2

]cylinder_ 5 MR~* = 5 (50)(0.5)" = 4 Kg-m

Ast=la so TR=Ila

25
o (B
ST=—=———

R (0.5)
(@ Ll

2K

L d
P | Q
L/2

Weight of the rod will produce the torque
L ml? | ML?
T=mg— =la=Ta . 1md=T

3
Hence, angular acceleration, o= %

N =50nN=157N

() Given:m = 2kg my, = 4kg
" =02m ry = 0.lm
®, =50 rad s~! ©, = 200rads’!

As, angular momentum,

Lo+ Lo, =1 +1)o,
2 ]- 2

Lo+ Lo, _ Eml”i O, +5m2}‘2 ®,

T L+,

|
2 2
—my +—m,r,

By putting the value of m,, m,, r,, r, and solving
we get=100rad s~!
@ ~L=rxp

/'L

— )
/
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By right hand screw, rule, the direction of LisL
to the plane containing » and p -

32. (@ Fix+tF,x=Fyx
Fy=F +F,

33. (¢) According to the conservation of angular
momentum,

When no external torque acts on system, the
angular momentum does not change.

Lsys_t.:In = Lman + Lplmﬁ:’rm = constant
Lman - _Lplatform
L an=mvR

where m is mass of man, v is speed of man
relative to ground, R is the radius of platform,

Lp]atfonn =lo

where I is moment of inertia, ®is angular velocity.
S oo Lplatform _ Lpygn _ —mvR

I I |
Speed of man relative to platform is

mvR

Vplatform = v—oR=v+ R

mR?
=v|l+—-
|
Time taken by man to complete one revolution

2nR 2nr 2

t= = =2x——m
Vplatform |: mR2:| 1(1 + l)
v+ ——

= t=2msecond
4. (a) O(t)=2t>—6t2

2
4 a-12-0
dt?

3@=6t2—12t o=
dt

t=1 sec.

ﬂ ‘When angular acceleration (o) is zero then torque

on the wheel becomes zero.
35 ()

| o; =) ©f

where @ is the final angular velocity of disks

® 4
U A

By conservation of angular momentum,

Lossin K.E., A K =Initial K.E. —Final K.E.

1 7 1 P
=—lo; - —([,+1))®
5 110 2(: b)OF

2

1 2

IPE T A R
2 2 (Ir+1b)

by I; Il
T2 9% 1+, I, +1,
36. (a) Inabsence of external torque, L =1
= constant

(I + 1y —1y) = 1 2
2 1

Lo, = Lo,,I, =MR?,1, = MR? + 2mR?
(Moment of inertia of a thin circular ring about
an axis vertical to its plane = MR?)

= (0]
M+2m

My =
I
3. ) T=FxF>7.T=0 F.T=0
Since, T is perpendicular to the plane of
T and F, hence the dot product of T with T
and F is zero.
Radial component of force makes no contribution
to the torque. Only transverse component of

force contributes to the torque.

{

" -
~ Cd

S S | —

Weight of the rod will produce torque,
T=mgx—

=
Also, 1=Ja

2
where, 11s the moment of inertia = 3

and o is the angular acceleration

2 .
ml { 3g
e h—— = _— u. —
g o =mg X 5 = Y,
39. (a)  Angular momentum = Linear momentum

x distance of line of action of linear momentum
about the origin.
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Y
/B/'
A
1'Rd
N >
0 X

Ly=p,*d,Lg=pgxd

As linear momenta are p , and p, equal,
therefore, L, =L,.

(d)

®

dx
= —

«—x—>

Rotation will create centrifugal force due to
which pressure will be created at the other end.
Now, this centrifugal force will depend on
distance of the liquid from the axis as centrifugal
force= ma?r.

Let us consider a small part dx of the liquid
column which is at a distance of x.

Mass of this element will be,

dm:de
L

So, force exerted on this element will be,

= df=dm.o’x

Asthemass of liquid extends fromx=0tox=L,
the net force on the wall experienced by the mass

ofthe liquid is,
f L
— jdf:M jmz.x.dx
L
0 0
f L
— jdf:M mzjxdx
L
0 0
2 2
LMo ML
2 2

(d)  Therelation between K.E. of rotation and
angular momentum,

L
K:E = [?>=2KI = [ = 2KI

SR O

LI:L2=1:\/_

42,

43.

(d) I=2kgm? Vo= 60rpm = Irps
®, =2nv,=2nrad/sec
and t=1min =60 sec
Or—=0y 0-2m

r 60

o= irad / sec?
30

mf=0

So, oC =

and Torque, t=1.a

-n) -TW
=2 —|=—
30/ 15
m
T=—N-m
15
(¢)  Tomaintain the position of centre of mass
at the same position, the velocity of centre of
mass v, must be zero.

_ mlvl +m2v2 _

That means, Yem = (my +m,) 0
ml(:li+m de v, :ﬁ
(m; +mjy) dr,
VA =—=
= m,;dr, +m,dr,=0 2 dt

where, v, and v, are the velocities of the particles
and dr, and dr, are the change in dosplacement

: I . P
of particles. Then, dr, m, 1

As the centre of mass of a body is a point where
the whole mass of the body is concentrated,

a4,

45.

therefore, sum of moments of masses of all the
particles of the body about the centre of mass is

i=n

For two particle system
mnBt+mp = 0
ml;l.

= H=——
ny

(d)  Angular momentum will be conserved
o

Ilm=1|m'+12m' >0 =
I +1,

(¢)  Applying conservation law of angular
momentum, /,0, =/,0,

L= (Mr*)+4 (m) (*)= (M+4m)*
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(Taking @, = @and ©, = ®,)
= M o=(M+ 4m)r2031
Mo
M+4m

(b) If external torque is zero, angular
momentum remains conserved.
L = I® = constant

acts downward

ﬁ External torque is zero because the weight of child

47.

49.

(b)  Asnet torque applied is zero.

dL
Hence, T=—

dt
dL
— =0, L = constant.
dt

L (angular momentum) remains conserved.

(d) 1t =1000N-m, I=200kg-m*

t=La and a:[g]
1000

200
o, =yt ar=0+3x5=15rad/s

(d)  A4B is the ladder, let F be the horizontal
force and W is the weight of man. Let N} and N,
be normal reactions of ground and wall,
respectively. Then for vertical equilibrium

Saoa= = 5 rad/sec?

wW=N, .. (1)
For horizontal equilibrium, N, =F ... (2)
Taking moments about A,

N,(AB sin60°)— W(AC cos 60°) =0 ... (3)
Using (2) and AB =20 ft, BC =4 ft, we get

(. B

FLZOX—J—W{lfvxl]:O
2 2
8Wx2 4W 150x4

F: = =
20\/?—’ 5\/5 Sﬁ pound

—40+/3 =40x1.73 = 69.2 pound

50.

51

52.

53.

(¢) A couple is formed of two equal and
opposite forces at some separation; so net force
is zero. Hence ,a couple does not produce
translatory motion; but it causes change in
rotational motion.

(a)  Let body contain my, m,, my ........ m,
masses at distance r|, 75, 75 ........ r,, from axis OA.
Angular momentum of body

=mvrtmyv,r, .t my r

= (O )+ 1y (O V.ot 1, (OF, ),

= (mp)o + (113 ). (m
(n )

=Lme2J o=Ilo

i=1

(a) Angular momentum L is defined as

L= f x m(V)
So, L is an axial vector.
(a)
Q42 X

y=x+4line has been shown in the figure when
x=0,y=4.So, OP=4.

The slope of the line can be obtained by
comparing with the equation of the straight line
y=mx+tc

m=tan0=1

= 0=45°

Z0QP = Z0PQ = 45°

Ifwe draw a line perpendicular to this line,
length of the perpendicular = OR

In AOPR OR = sin45°
t " oP
= OR = OPsin45°

1 4
4 x JE -\/5 2\5

Angular momentum of particle going along this
line =7 x mv= 22 x 5x 342 = 60 units

(b)  Angular momentum about the point of
contact with the surface includes the angular
momentum about the centre. Due to friction linear
momentum is conserved.
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56.

57.

58.

PHYSICS

(¢) Angular momentum, remains conserved
until the torque acting on sphere remains zero.
T, =0

—

dt

ie., angular momentum L = constant.

So,

(a) Here, loy + 10, =2Io

o+,
©"

-
1 1

(K.E.);= 510312 +51m§
1 2 O] +0, 2

(KE)=—x2lo* =1 —L—2
2 2

1
Loss in K.E. = (K.E)¢ — (KE); = 1(0r - @)

(b) Moment of inertia of complete disc about
point'O". M

MR?2
ol R

Total disc T
y [~

Mass of removed disc
Moment of inertia of removed disc about point
‘0.
IRemoved (@bout same perpendicular axis)
=1, tmx

2 2 2
_M®R/2) M(g] _3MR

4 2 4\2 32

Therefore the moment of inertia of the remaining
part of the disc about a perpendicular axis
passing through the centre,

I

M
Removed = e (Mass oc area)

lRemaing disc — lTotal - IRe:movecl
2
- MRT 3 g2 = Byr?
2 32 32

Moment of inertia of a part of a rigid body
(Symmetrically cut from the whose mass) is the
same as that of the whole body when whole mass
is replaced by mass of that part.

(c) Moment of inertia of shell 1 along diameter

1. = ng2
diameter 3

Moment of inertia of shell 2 = M.I of shell 3

2 5
= “Mr? + Mr? :§Mr2

- ltangenﬁa] 3

59.

6l.

62.

Xf
So, I of the system along XX’

- ldiameter + (Itangential) x2
2 2 5 2
L =—Mr"+ EMr x 2

oL, Lo = 3
- e —ame?
3
[1
(@) -+ I=MK2? . K=,|—
M
~ 1
Iring_ Y
K,
K,

(a) According to parallel axis theorem of the
moment of Inertia

I=1 . +md

d is maximum for point Bso /. about B.

(b) Bytheorem of parallel axes,

=1, +Md?
I=1,+M(L/2)> =1, +ML%4
2
L
¢) KE=—
© o

The angular momentum L remains conserved
about the centre.
That is, L = constant.

I=mr?
L2
S KE ="
2mr
L2
In2nd case, K.E.= B
2(mr"")
Butr = —
utr'= -
2 412
~nKE'= = =>KE.'=4KE.
r2 2mr2
2m.—
4

. K.E. is increased by a factor of 4.
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When no torque is applied angular momentum
remains constant. ;
o I
a2 2
E, 2126)2 _ lz[llJ L
E, ll o? Ik I
5 19
So, if moment of inertia (mr2) decreases K.E. of
rotation increases and vice versa.

63. (d) Momentofinertia of a thin rod of length
[ about an axis passing through centre and

perpendicular to the rod = éMlz.
Thus moment of inertia of the frame.
m? m®  4m®  mi®
24 12 3
mi?

Total M.I. =4 x

64. (b) Mass of each part = M/2
Length of each part=L/2

/ L2

B,

is

Total M.1. = Sum of M.L.s of both parts
MY(LY 1 (ML) 1
=|—||=| x=+|—|| = | x=
2 A2 3 2 N2 3

65. (¢) M.L ofauniform circular disc of radius
‘R’ and mass ‘M’ about an axis passing
though C.M. and n\grmal to the disc is

1 2
IC.M. :E MR

From parallel axis theorem,
1 3
Iy =Icp + MR = 5MR2 + MR? = MR

2

66.

67.

68.

(d) Circular disc [1]
MR? 2 5.,
I, = I, = +MR? == MR
! . 4 4
Circularring [2]
MR? 5 3.,
I, = I, =——+MR*==MR
2 2 2 2 2
I, = MK}, I = MK?
Yy 1o 4y, 2
ki _ 1y,

KT, 2Kk =56

(d)  I,=m(4AB)*+m(OC)?
=m(% + m ({ cos 60°)
=m(*+m(?/4 =5/4m(?

X
0 Cm
A
60° -
A
m 7\‘ B

(d)  As we know that,

1 1
Rotational energy = 51"(03)2 = 5(;}1&}(2)0:.2 And,

1
Linear kinetic energy = 3 mo’ R

.. Required fraction,

%(;»;»;KQ)@:.2 K2
- 1 T\ K2 4R?

|
— (mK2 )co2 +—mo’R?
2 2

(b) Moment ofinertia= Irzdm.

- Since, Piron - ps_ilup‘linium .
So, whole of aluminium is kept in the core and
the iron at the outer rim of the disc.
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70. (b)

71.

4 cm

B C
3cm

Ifwe choose BC as axis. Distance is maximum.
Hence, Moment of Inertia is maximum.
Moment of Inertia depend upon mass and
distribution of masses as = Zmr?.
Further, as the distance of masses is more , more
is the moment of Inertia.
A A A
(¢) Moment of inertia of disc about its
I

diameteris /; = %MR2

MI of disc about a tangent passing through rim
and in the plane of disc is

1 5
I=1,;+MR> :ZMR?‘ + MR? :ZMRQ

(b)  Since distances of centre of mass from the
sides are related as : x> x5 > x,~, therefore,
Ipe= Lip= Lyc O Ige™ Ly,

The intersection of medians is the centre of mass of
the triangle.

73.

74.

75.

(d)  The M.I. is minimum about EG because
mass distribution is at minimum distance from EG.

Among so many parallel axis, moment of inertia
of the body is the minimum about on axis which
is passing through the centre of mass of the body.
(¢)  M.I of uniform circular disc about its
diameter =1
According to theorem of perpendiclar axes,

1
M.I. of disc about its axis = Emrz =21

1
Applying theorem of || axes, [ I= Zml‘zj

M.I of disc about the given axis

=21+mr?=21+41=61
(b) I=12kgm? E =1500],
a =25 rad/sec?, 0, =0,7 =?

76.

78.

2E
AsE =11m2, = o= r
ro2 1

= w:ﬂ]radf’sec
U 1.2

From 0, = o) +or
50=0+25¢ t=2 seconds

1
(C) E,. ZEICD
,_2E, _2x360
®?  30x30

=0.8kg m?
. 12
(a) Kineticenergy = Efﬂ)
and for ring /=mr?

1
Hence, KE = Emr2co2

(a)  Work done to stop the disc = change in
total kinetic energy of disc

Final KE=0

Initial KE = Translational K.E. + Rotational K.E.

= 2100 % 20 x 1027 =3
|AKE|=3]
(a)  Kinetic energy at the bottom

3 2
L 24 pa_ 2
=5 ™M +2 I = 4mv0

1 m2

As ISDlidcylinder - EMR and V= Ro
From work — energy theorem

3
2 mvg = mgh = mgd sinB

3 v
d:47_
mgsin 0
3 vg 3 16
= d - 24m

T 4gsin® 4 10x1/2
(b) Inrolling motion, rotational kinetic energy.

L
Ktzimv
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| |
And, K +K = —mv? +—lw?
L # T 2 2

1 2
K, 2" s
K, +K, lmvz 7
10
8l. (a) Work done required to bring them rest
AW = AKE (work-energy theorem)
1. 2 1. 2
AW = E!m [MEroI :Elm J
or, AW o«cI(for same m)
2 2 1 2
Loctia sphere = EMR > Ipig = EMR
IRing=MR2 W W>W,
K2
82. (b) Time ofdescentc —5
R
2
Order of value of —
for di R IY 0.5
ordis¢c; —5 = —=0.
RZ 2
for sph K—2 _2 =04
or sphere; 25 0

(sphere) < (disc)
Sphere reaches first

K2
ﬁ The value = is a measure of moment of
inertia. Its. value is fixed for a particular shape

of the body and independent of mass and

readius of the body.

83. (a) For solid sphere rolling without slipping

on inclined plane, acceleration
gsin @

a= K2
l+—2
R

For solid sphere slipping on inclined plane

without rolling, acceleration

a,=gsin B
a
Therefore required ratio = a_l
2
| 5
7

[ElE

84.

87.

(c) T

3y?2
4g v

!

From law of conservation of mechanical energy,
1 1 3v?
— Elco2+0+ 5 mv2=mg X

4g
1 3 1
= —Ilo?= —mvZ- — mv?2
2 4 2
1 2(3
= o= [——1]
2 2 \2
(V) w2 1
o, —I| 5 |=— or, I=— mR?
* 2 (R? s 0T

Hence, object is a disc.

(d)  Net work done by frictional force when
drum rolls down without slipping is zero.

Wnet: 0
M
f
0
Wirans, T Wior, = 05 AK s T AK =0
AKtrarn; = ARy

i.e., converts translation energy to rotational
energy.

®) KE.-= %Im2 +%mv2

1/ 1 1
K.E.:—[—mr2]0)2+—mv2
202 2

|
:—mv2+lmv2 :imv2
2 4

Now, gain in K.E.=Loss in P.E.

4

(b)

Torque, loo=f. R.


http://www.jeebooks.in

88.

PHYSICS
Using Newton's IInd law, mg sin 6 — f'= ma gsin® gsin30° g
- pure rolling is there, a = Ra. 89. (¢) a= 2,02\ 1+l 4
Ia (1ek/R7) 1+
= mgsin 0 ———=ma 2
f} . 9. (a) Forsolid sphere, K2 = 2
= mgsin 0 ——_5 = ma ['-'QZ_J R
R . R . . . K? 1
) mgsin0 For disc and solid cylinder, ==
or, acceleration, a= (I/R 2, m) o R 2
l -~ . N .
Using, s = ut + S af? As 2 for solid sphere is smallest, it takes
5 1 minimum time to reach the bottom of the
OI', 5= E at = ra K lnchne
t minimum means a should be more. This is When bodies of different shapes are allowed to
possible when [ is minimum which is the case roll down an incline, then velocity at the bottom
for solid cylinder. of incline, acceleration and time taken in reaching
Therefore, solid cylinder will reach the bottom 2
first. the bottom depends on R If the body has less
1
X — MK’0? I 2
by L= 2 = moment of inertia then —5 will be less, then it
E iMmQ[K2+R2] K%+ R? R
P will take less time in reaching the bottom.
2/5 2 9. (a) PE.=totalK.E.
= = — 7
1+2/5 7 mgkzﬁmvz,
Here, K A ER2
5 ~[10gh
When a body is executing only linear motion, its V= 7
. _1 2 :
K.E. is given by £ —Em\" when a body is 2. (d E=E+E, = lmv2 Iy P
rolling without slipping, its centre of mas has 2
linear motion too. I 5 1 (2 5} »
Therefore, its total kinetic energy =Smye X omr o
E=E,+E, 2 2 \5
1 1
—lmv2+ Io? =—m? +—m* = —m*
2 2 2 5 0
_ 2, 1 2 V2 1 2
_Emv +Emﬂ( — E, Emv <
2 —t .
:lmvz[l+K_2J E 7 507
2 R 10
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Gravitation

‘% Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

Topic 1: Kepler's Laws of Planetary Motion

1.

The kinetic energies ofa planet in an elliptical
orbit about the Sun, at positions A, B and C are
K,, Kg and K, respectively. AC is the major
axis and SB is perpendicular to AC at the
position of the Sun S as shown in the figure.
Then [2018]

(@ K,<Kz<K. ®) K,>Kg>K;

() K;>K, >K, (d) Kz<K, <K,
Kepler's third law states that square of period
of revolution (T) of a planet around the sun, is
proportional to third power of average distance
r between sun and planet i.e., T2 =Kr3 here K is
constant. If the masses of sun and planet are M
and m respectively then as per Newton's law of
gravitation force of attraction between them is

GMm

F:
r?.

> here G is gravitational constant.

1 A
E - Easy D - Difficult Qns - No. of Questions

2020 2019 2018 2017 2016
Topic Sub-Topic Qns. LOD |Qns. LOD |Qns. LOD |Qns. LOD | Qns. LOD

Kepler's Laws of Planetary Kepler's Law of Planetary 1 E
Motion Motion
Newton's Universal Law of Variation of g with height 1 A
Gravitation Acceleration due | and depth
to Gravity Gravitational Force, Value 1 E

of g on Earth’s Surface
Gravitational Field, Potential | Gravitational Potential 1 A
and Energy Energy

Gravitational Potential 1 D
Motion of Satellites, Escape Escape Speed
Speed and Orbital Velocity

The relation between G and K is described as

[2015]
(a) GMK = 4n? (b) K=G
(¢) K= é (d) GK =4n?

The figure shows elliptical orbit of a planet m
about the sun S. The shaded area SCD is twice
the shaded area SAB. If t; is the time for the
planet to move from C to D and t, is the time to
move from A to B then : [2009]

h's

. (2.

e et A IIVIL fo_f{ﬁ;;;};m//////é'ﬁ

oAy m;i;ﬁffffém//////f
D

(a) t;=4t, (b) t,=2t,

(c) t;=t, (d) t;>t,

The period of revolution of planet A around the
Sun is 8 times that of B. The distance of A from
the Sun is how many times greater than that of

B from the Sun? [1997]
(a) 2 (b) 3
(c) 4 (d) 5
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The distance of Neptune and Saturn from the
sun is nearly 10'3 and 10'2 meter respectively.
Assuming that they move in circular orbits, their

periodic times will be in the ratio [1994]
(a) 10 (b) 100
(¢) 10V10 (d) 1000

A satellite A of mass m is at a distance of r from
the surface of the earth. Another satellite B of
mass 2m is at a distance of 2r from the earth’s
centre. Their time periods are in the ratio of
[1993]

(a) 1:2 (by 1:16
(c) 1:32 d 1:2y2
The distance of two planets from the sun are

1013 and 10!2 metres respectively. The ratio of
time periods of these two planetsis  [1988]

1
@ o (b) 100
(¢) 10410 @ 1o

The largest and the shortest distance of the earth
from the sun are 1, and r,. Its distance from the
sun when it is at perpendicular to the major-axis

of the orbit drawn from the sun is [1988]
K+ n+n

@ ) S,
2nn H+P

© @ "5+

Topic 2: Newton's Universal Law of Gravitation

9.

10.

Two astronauts are floating in gravitation free

space after having lost contact with their

spaceship. The two will [2017]

(a) move towards each other.

(b) move away from each other.

(¢) become stationary

(d) keep floating at the same distance between
them.

Two spherical bodies of mass M and 5 M and

radii R and 2 R released in free space with initial

separation between their centres equal to 12

R. Ifthey attract each other due to gravitational

force only, then the distance covered by the

smaller body before collision is [2015]
(a) 45R (b) 75R
(c) I.5R (d 25R

11.

12,

13.

14.

15.

16.

17.

A spherical planet has a mass Mpand diameter
Dp. A particle of mass m falling freely near the
surface of this planet will experience an
acceleration due to gravity, equal to : (2012}

(a) 4GMuD3 (b) GMpmD}

(¢) GMuD} (d) 4GMpmD}

Two spheres of masses m and M are situated in
air and the gravitational force between them is
F. The space around the masses is now filled
with a liquid of specific gravity 3. The

gravitational force will now be [2003]
F
@ 5 (b) 3F
F
(©) F @ 3

What will be the formula of the mass in terms of

g, R and G (R =radius of earth) [1996]
> R R?
- G—
@ &' ®) G
R R?
G— d =
@ G @ &%

A body weighs 72 N on the surface of the earth.
What is the gravitational force on it, at a height

equal to half the radius of the earth?  [2020]
(a) 32N (b) 30N
(c) 24N (d) 48N

The acceleration due to gravity at a height 1 km
above the earth is the same as at a depth d below

the surface of earth. Then [2017]
3

(a) d=1km (b)y d= Ekm
1

(¢) d=2km (d) d= Ekm

The height at which the weight of a body
becomes 1/16th, its weight on the surface of

earth (radius R), is : [2012]
(a) SR (b) 15R
(¢) 3R (d) 4R

A roller coaster is designed such that riders
experience “weightlesness” as they go round the
top of a hill whose radius of curvature is 20 m.
The speed of the car at the top of the hill is
between: [2008]
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18.

19.

20.

21.

22.

23.

(a) l4m/sand 15m/s (b) 15m/sand 16 m/s
(¢) lom/sand 17m/s (d) 13m/sand 14m/s

Imagine a new planet having the same density
as that of earth but it is 3 times bigger than
the earth in size. If the acceleration due to
gravity on the surface of earth is g and that
on the surface of the new planet is g’, then

[2005]
(a) g'=g/9 (b) g =27¢g
(c) g =9¢ (d) g =3g
The density of a newly discovered planet is
twice that of earth. The acceleration due to
gravity at the surface of the planet is equal to
that at the surface of the earth. If the radius of
the earth is R, the radius of the planet would be
(a) 2R (b) 2R [2004]
(c) 4R (d) 14R
The acceleration due to gravity on the planet A
is 9 times the acceleration due to gravity on
planet B. A man jumps to a height of 2m on the
surface of A. What is the height of jump by the

same person on the planet B? [2003]
(a) Zm (b) Zm

3 9
(c) 18 m (d) 6m

Assuming earth to be a sphere of uniform
density, what is the value of ‘g” in a mine 100
km below the earth’s surface? (Given, R = 6400

km) 12001]
(a) 9.65 m/s? (b) 7.65 m/s?
(¢c) 5.06 m/s2 (d) 3.10 m/s?

A body weighs 72 N on the surface of the earth.
What is the gravitational force on it due to earth
at a height equal to half the radius of the earth

from the surface? [2000]
(a) 32N (b) 28N
(¢) 16N (d) 72N

In arocket a seconds pendulum is mounted. Its

period of oscillation decreases when the rocket
[1991]

(a) comes down with uniform acceleration

(b) moves round the earth in a geostationary

orbit
(¢) moves up with a uniform velocity
(d) moves up with uniform acceleration

24,

25.

26.

27.

28.

Topic 4: Gravitational Field,
Potential and Energy
The work done to raise a mass m from the
surface of the earth to a height A, which is equal

to the radius of the earth, is : [2019]
(a) mgR (b) 2mgR

1 3

—mgR d) —mgR
(©) 5 e (d S mg

Assuming that the gravitational potential
energy of an object at infinity is zero, the
change in potential energy (final — initial) of
an object of mass m, when taken to a height A
from the surface of earth (of radius R), is given

by, [NEET Odisha 2019]
GMm GMm

(@) R+h (®) " R+h
GMmh

(c) RR+1) (d) mgh

At what height from the surface of earth the
gravitational potential and the value of g are
—5.4x 107 J kg™ and 6.0 ms2 respectively?

Take the radius of earth as 6400 km : [2016]
(a) 2600 km (b) 1600 km
(c) 1400 km (d) 2000 km

Dependence of intensity of gravitational field
(E) of earth with distance (#) from centre of
earth is correctly represented by: [2014]

et et
R i|§
@ OV’ ®) ==

et E4
R

(c) OTF. @ Op==

A body of mass ‘m’ is taken from the earth’s
surface to the height equal to twice the radius
(R) of the earth. The change in potential en-

‘

g

\

ergy of body will be [2013]
2

(a) 3 mgR (b) 3 mgR
l

© 7 meR (@ mgR
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Infinite number of bodies, each of mass 2 kg
are situated on x-axis at distances 1m, 2m, 4m,
8m, ..... respectively, from the origin. The re-
sulting gravitational potential due to this sys-

tem at the origin will be [2013]
8 4
-—G b) —G
@ — (b) -
(¢) — 4G (d -G

Which one of the following plots represents
the variation of gravitational field on a particle
with distance  due to a thin spherical shell of
radius R? (r is measured from the centre of the
spherical shell) [2012M]

(a) E4

4—R—r!

(b) Ey

- p—>

(¢) EA

0'&= R = >
A particle of mass M is situated at the centre
of spherical shell of mass M and radius a. The
magnitude of the gravitational potential at a
point situated at a/2 distance from the centre,

will be [2011M]
2GM b 3GM

(a) . (b) .
4GM GM

(c) . (d) T

32.

33.

34,

35.

36.

A particle of mass M is situated at the centre
of'a spherical shell of same mass and radius a.
The gravitational potential at a point situated at

% distance from the centre, will be: [2010]

3GM 2GM
@ —— (b) ——
GM AGM
() =~ ) ——

The Earth is assumed to be a sphere of radius
R. Aplatform is arranged at a height R from the
surface of the Earth. The velocity of a body
from this platform is f'v, where v is its velocity
from the surface of the Earth. The value of f

is [2006]
1 1
(a) ﬁ (b) 3
1
(c) 5 @ 2

Assuming the radius of the earth as R, the
change in gravitational potential energy of a
body of mass m, when it is taken from the earth's

surface to a height 3R above its surface, is
[2002]

(a) 3mgR (b) %ng

(¢c) 1mgR (d) %ng

The potential energy of a satellite, having mass
m and rotating at a height of 6.4 x 10® m from
the earth surface, is [2001]

(a) —mgR, (b) —0.67 mgR,
(¢) —0.5mgR, (d) —0.33 mgR,
With what velocity should a particle be

projected so that its height becomes equal to
radius of earth? [2001]

(a) {GTMJIH (b) [SGTMJLQ

(c) {MTM]IQ (d) [MTMJUZ
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Topic 5: Motion of Satellites, Escape Speed

37.

38.

39.

40.

41.

42.

and Orbital Velocity
The time period of a geostationary satellite is
24 h, ata height 6R (R, is radius of earth) from
surface of earth. The time period of another
satellite whose height is 2.5 R, from surface

will be, [NEET Odisha 2019]
12
(@ S5h (b) 62 h
24
(c) 1242 h @ S5h

The ratio of escape velocity at earth (v,) to the
escape velocity at a planet (vp) whose radius
and mean density are twice as that of earth is :

(@) 1:2 (b) 1:2+2 [2016]

(c) 1:4 (d) 1:2

A satellite S is moving in an elliptical orbit

around the earth. The mass of the satellite is

very small compared to the mass of the earth.

Then, [2015 RS]

(a) the total mechanical energy of S varies
periodically with time.

(b) thelinear momentum of S remains constant
in magnitude.

(c) the acceleration of S is always directed
towards the centre of the earth.

(d) the angular momentum of S about the
centre of the earth changes in direction,
but its magnitude remains constant.

A remote - sensing satellite of earth revolves

in a circular orbit at a height of 0.25 x 10 m

above the surface of earth. If earth's radius is

6.38 x 10°m and g =9.8 ms~2, then the orbital

speed of the satellite is: [2015 RS]
(a) 8.56kms! (b) 9.13 kms!
(¢) 6.67kms! (d) 7.76 kms™!

A black hole is an object whose gravitational
field is so strong that even light cannot escape
from it. To what approximate radius would earth
(mass = 5.98 x 1024 kg) have to be compressed

to be a black hole? [2014]
(a) 107%m (b) 10%m
(¢) 100Zm (d) 100 m

The radius of a planet is twice the radius of
earth. Both have almost equal average mass-
densities. If ¥, and V' are escape velocities of

43,

44,

45.

46.

47.

the planet and the earth, respectively, then
[NEET Kar. 2013]

(a) Vgp=15V, (b) Vp=15V,

(c) Vp=2Vy (d) Vgp=3Vp

A particle of mass ‘m’ is kept at rest at a height

3R from the surface of earth, where ‘R’ is radius

of earth and “ M is mass of earth. The minimum

speed with which it should be projected, so that

it does not return back, is (g is acceleration

due to gravity on the surface of earth)

[NEET Kar. 2013]
GM 2
(a) (T]

) [GM]E
gR :
© ( : )

2R
1
2g )2
(d) ( 4 J
A geostationary satellite is orbiting the earth
at a height of SR above that surface of the earth,
R being the radius of the earth. The time period
of another satellite in hours at a height of 2R
from the surface of the earth is : [2012]
(a) 5 (b) 10

6
(©) 632 @ 75
If v, is escape velocity and v, is orbital velocity

of a satellite for orbit close to the earth’s
surface, then these are related by :  [2012M]

(@) v =V2y, (b) vo=v,
(©) ve=y2vp () v, =v2y,

A planet moving along an elliptical orbit is
closest to the sun at a distance r| and farthest
away at a distance of r,. If v and v, are the linear
velocities at these points respectively, then the

Y

ratio — 18 [2011]
V2

(a) (rlhf‘z)2 (b) ryfr,

(c) (r2f’rl)2 d) r/r,

A particle of mass m is thrown upwards from
the surface of the earth, with a velocity u. The
mass and the radius of the earth are,
respectively, M and R. G is gravitational
constant and g is acceleration due to gravity on
the surface of the earth. The minimum value of
u so that the particle does not return back to
earth, is [2011M]
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48.

49.

50.

51.

52.

53.

2GM 2GM

@ ) Q2

© 22 @ 77
R

The radii of circular orbits of two satellites A
and B of the earth, are 4R and R, respectively.
If the speed of satellite A is 3 V, then the speed

of satellite B will be: [2010]
(a) 3V/i4 (b) 6V
(c) 12V (d) 3V/2

Two satellites of earth, S, and S, are moving in

the same orbit. The mass of §| is four times

the mass of §,. Which one of the following

statements is true? [2007]

(a) The potential energies of earth satellites
in the two cases are equal.

(b) S, and S, are moving with the same speed.

(¢) The kinetic energies of the two satellites
are equal.

(d) The time period of S| is four times that of
S,.

For a satellite moving in an orbit around the

earth, the ratio of kinetic energy to potential

energy is [2005]
| 1

@ 3 ®) 75

(c) 2 d) 2

The escape velocity on the surface of earth is
11.2 km/s. What would be the escape velocity
on the surface of another planet of the same
mass but 1/4 times the radius of the earth?
(a) 22.4 km/s (b) 44.8 km/s[2000]
(¢) 5.6 km/s (d) 11.2 km/s

The escape velocity of a sphere of mass m is
given by (G = Universal gravitational constant;
M = Mass of the earth and R, = Radius of the

earth) [1999]
GM 2GM

@ & ® &
2GMm 2GM +R,

(c) R, (d) R,

The escape velocity of a body on the surface
of the earth is 11.2 km/s. If the earth’s mass
increases to twice its present value and the

54.

55.

56.

57.

58.

59.

PHYSICS
radius of the earth becomes half, the escape
velocity would become [1997]
(a) 44.8 km/s
(b) 22.4 km/s
(¢) 11.2 km/s (remains unchanged)

(d) 5.6 km/s

A ball is dropped from a satellite revolving

around the earth at a height of 120 km. The ball

will [1996]

(a) continue to move with same speed along
a straight line tangentially to the satellite
at that time

(b) continue to move with the same speed
along the original orbit of satellite

(c¢) fall down to earth gradually

(d) go far away in space

The escape velocity from the surface of the

earth is v, The escape velocity from the surface

of a planet whose mass and radius are three

times those of the earth, will be [1995]
(@ v, (b) 3v,
(¢) 9v, (d) 1/3v,

A satellite in force free space sweeps stationary
interplanetary dust at a rate dM/dt = av where
M is the mass and v is the velocity of the
satellite and o is a constant. What is the

deceleration of the satellite? [1994]
(a) —av? (b) —av3/2M
(c) —av?/2M (d) —2ov¥/M

The escape velocity from earth is 11.2 km/s. If
a body is to be projected in a direction making
an angle 45° to the vertical, then the escape
velocity is [1993]
(a) 11.2 x 2 km/s (b) 11.2 km/s

(c) 112/ 2 km/s (d) 11.242 km/s
The mean radius of earth is R, its angular speed
on its own axis is ® and the acceleration due to
gravity at earth’s surface is g. What will be the
radius of the orbit of a geostationary satellite?
[1992]
(a) (R’g/o®)? (b) (Rg/o?)'?
(c) (R @) (Rg/o)'?
A satellite of mass m is orbiting around the earth
in a circular orbit with a velocity v. What will
be its total energy? [1991]

(a) (3/4) mv? (b) (1/2) mv?
(c) m? (d) —(1/2)m +?
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60.

61.

A planet is moving in an elliptical orbit around
the sun. If T, V, E and L stand respectively for
its kinetic energy, gravitational potential energy,
total energy and magnitude of angular
momentum about the centre of force, which of
the following is correct? [1990]
(a) T is conserved

(b) V isalways positive

(c¢) Eisalways negative

(d) L is conserved but direction of vector L

changes continuously

If the gravitational force between two objects
were proportional to 1/R (and not as 1/R?)

62.

[>5]

where R is separation between them, then a

particle in circular orbit under such a force

would have its orbital speed v proportional to
[1989]

(a) 1/R? (b)y RO

(¢) R! (d) /R

For a satellite escape velocity is 11 km/s. If

the satellite is launched at an angle of 60° with

the vertical, then escape velocity will be [1989]

(a) 11 km/s (b) 11./3 km/s

11
—km/s
V3

(c) (d) 33 km/s

ANSWER KEY

1 (b) 8 |(c) |15 | (c) |22 | (a) |29 J(c)[36 | (a) ]| 43 | (b) |50 | (a) |57 [ (b)
2 (a) 9 (@) 1 16 | (c) ] 23 | (d) |30 () [37 [(b)| 44 | (c) |51 |(a) 58 | (a)
3 | {10 ] |17 | @ |24 [(¢c)]| 31 | (b)| 38 |(b)| 45 |(d) | 52 | (b) ]| 59 | (d
4 (a) | 11 | (a) | 18 | (d) | 25 | (c) | 32 | (a) | 39 |(c) | 46 | (b) ] 53 | (b) | 60 | (c)
5 [() [ 12 [(c) ] 19 J(a) |26 [ (a) [33 |(a)]| 40 | (d) | 47 | (a) | 54 | (b) | 61 | (b)
6 | ([ 13 | (d]20](c)] 27 [(b)]| 34 | (b)| 41 | (c) | 48 | (b) | 55 | (a) | 62 | (a)
7 (c) |14 [ (a) | 21 | (a) | 28 | (a) | 35 | (c) | 42 | (c) | 49 | (b) | 56 | (c)

Hints & Solutions

(b) Speed of the planet will be maximum
when its distance from the sun is minimum as
mvr = constant.

o B
Perlheho/I’_N\:C
A S
v, Aphelion

Point A is perihelion and C is aphelion.
Clearly, Vo, > Vg >V

GM

¥

(a) As we know, orbital speed, Vg, =

i od T 2nr  27r
1me perio = T 7=
P Vory NGM

I

Squarring both sides,
2
- 2mrr ) _4112 3
=\Jor | “om
T? 4n’
- ——=——=K
rr GM
= GMK =4n°
(b) According to Kepler’s law, the areal

velocity of a planet around the sun always
remains constant.

SCD : A|— t; (areal velocity constant)
SAB:A,—t,

(given A, =2A,)
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2A,
- t2 .
Ay
=2t
The area covered by radius vector in df seconds =
lw‘zdﬂ
2
R lrgde 1 2, (._mdej
= = — = —F . I
a velocity = 57— 5 "
= _rv (" v=or)

It follows that speed of the planet is maximum when
it is closest to the sun and is minimum when the
planet is farthest from the sun.

4.  (a) Let T, and Tgbe time period of 4 and B
about sun.

T,=8T,

T
=8 ()
B

According to Kepler’s Law, 72 o /2

T 3 3
_A_(rA) = [2] g = 2:2

Tg (13 )3 ) s
5. (c¢) T2« R3 (According to Kepler’s law)
le - (1013)3 and T22 - (1012)3

2
T
—T12 =(10)* or L =10410
T h

2
6. (d) Also, 72 o« T3,

ﬂ Time period does not depend on the mass.

7. (c) 7% R? (Kepler’s law)

2 (10%) 7
Lol = =1 _10410

7,2 (102 T
8. (c¢) Applying the properties of ellipse, we have
2.1 1 4%%
R n n nn
Instant position
of satellite

F 3
el N

= rl DiE r2 >l

2
R=l2

n+n

9. (a) Both the astronauts are in the condition

of weightlessness. Gravitational force between
them pulls towards each other. Hence
Astronauts move towards each other under
mutual gravitional force.

10. (b) Let the distance moved by spherical body
of mass M is x| and by spherical body of mass
Smis x,

Before collision At the time of collision

M 5M
M M
- 12R-3R=9R .
D= )G
) 12R -

As their C.M. will remain stationary

So, (M) (x;) = (5M) (x,) or, x| = 5x,

x; +x, =9R

So, x;=7.5R

11. (a) Gravitational attraction force on particle
B

& (Dpl2)

Acceleration of particle due to gravity

o g _AGMp

m D}

12. (c¢) Gravitational force is independent of
medium, Hence, this will remain same.

. MM, .
Since, /=G 7 therefore the affecting factor

are:
(i) Mass of the two bodies i.e., f oo M;M, When
mass increases gravitational force increase.

(ii) The distance between thier centers; i.e., f o

1
—5 when the distance increases gravitational force
d

decreases.
GM;
13. (d) Weknow that mg=——"
R
GM R?
& =5 = M= -
R G

14. (a) Weight ofabody on the surface of the earth,
Wg=mgs=T2N
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Acceleration due to gravity, g varies with height,

R
h== (given)
mgs 72 72
Wy = 2 2~ 2
h R/2 (3/2)
I+— I+——
R R
_4 x72=32N
9
15. (c¢) Above earth surface | Below earth
surface

_ 1_& _ 1 d
g,= 8 R, g, & R,

According to question, g, = g

{2t

Clearly,
d=2h =2km

Graph of g, R and d:
(1) g at surface of earth is maximum
(ii) g at centre of earth is zero

(iii) g is maximum at poles and minimum at the
equator.

N
T___Sl“faf'i__
. %
@'ﬁf %‘e
5 g
%
<€—Depth R Altitude—i
16. (c) GMmzzlGM;,
(R+h)” 16R
_ 1 o
(R+h)* 16R*
o R
(R+h) 4
— R+h:4
R
= h=3R
17. (a) For the riders to experience

weightlessness at the top of the hill, the weight
of the rider must be balanced by the centripetal
force.

18.

mvzf’R

mv2

R

> v=,/gR = 10x20 = 14.1 ms~!

Hence, the speed of the car should be between
14ms!and 15 ms1.

(d) We know that

4 3}
G| —mR
GM [ 3 P4
R? R 3
g depends on radius of the planet
£:£:3—R:3 [As G & p are constants]
g R R

3g

i.e., mg =

r

S g

ﬂ If the radius of a planet decreases by n%, keeping

19,

20.

its mass unchanged, the acceleration due to gravity
on its surface increases by 2n%

A_g _ 2AR
g a R
= -2(-n)
= 2n%
GM

_ 4 _p3
a) 8= . Also, M =px—nR
(a) R2 ; px3m
g=Gipn:R.
3
4 .
At the surface of planet, &, = EG(QP)T'?R )

4
At the surface of the earth 8¢ = §GPRR

gezngpR=2pR' =>R'=R/2
(¢) Applying conservation of total mechanical
energy principle

%mv2 =mg 4hy =mgghy

= g4hy= gphp
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zhﬂz(g—AJhA =9x2=18m
g5

The velocity of the mass while reaching the surface
of both the planets will be same.

= J2¢'n =\2gh
= 2gh’ =\2x9gx2
= 2h'=36=>h=18m

21. (a) Weknow that effective gravity g" at depth
below earth surface is given by

- (-4

Here, d= 100 km, R = 6400 km,

g = 9.8[1 —%) =9.65 m/s?
22. (a) mg=T72N (body weight on the surface)
~GM
S

Ataheight H = %’
GM

_4GM
9 R?

r

g:

) . R
Body weight at height H = >
mg' = mx [ GM.
g 9l &2

= mMX—Xg=—m
9 g g

9
:ix72=32N
9
23. (d) T=2mJl/g. When the rocket

accelerates upwards g increases to (g + a).
24. (c¢) Mass to be raised = m

(=

PHYSICS

Potential energy at the surface of the earth
—GMm
Usurface = TR

Potential energy at a height from the
surface of the earth #=R

—GMm
2R

According to work-energy theorem, work
done = change in PE
" W= Upeight = Usurface

—-GMm GMm

2R _[_ R J
_ GMm _ gR2m _ mgR
2R 2R 2
GMm
r

@B, = - L (PE), -

Uheight =

2

(=~ GM =gR?)

25. (¢) AsU=—

~ GMm
R+h
AU= (PE)g - (PE),
~ GMm N GMm _ GMmh
~ R+h R (R)R+h)
26. (a) As we know, gravitational potential (V)
and acceleration due to gravity (g) with height

~ (R+h)
%:6
(R+h)
Dividing (1) by (2)

—-GM

(R+h) —5.4x10
:> =

GM 6

(R+h)?
54x107
(R+h)
= (R + h)=9000 km so, 4 = 2600 km

27. (b) Firstwhen (r<R)E «rand then when r>

=-54x107 ..(1)

and g= ..(2)

= 6

R E Lz Hence graph (b) correctly dipicts.
T

The field strength of uniform solid sphere within it

ﬂ decreases linearly with ‘»’ and becomes zero as
we reach at the centre of the sphere.
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o —GMm
28. (a) InitialP.E., U;= R
-GM
Final PE., U= — " [~ R'=R+2R=3R]
.. Change in potential energy,
AU = —-GMm N GMm
3R R
_ GMm[l_lj_gGMm 2 e
R 3)73 R 3™
[ _GMm :ng]
R

h
1+—
R
By placing the value of 7 = 2R we get

AU = %ng.

Work done against gravitational forces in taking a
body of mass m from the surface of earth to a
height /4 is the change in potential energy of the
body and is given by

GMmh
A= R(R*h)
GMmh
(a) ifh<<R,then W= R(R+h)
GMm 1
(b) ifh=R,thenW=F=Em8h
29. (¢)
 2kg 2kg  2kg ‘
o 1 2 3 4 5 6 7 8m
—Gm

Gravitational potential V=

r
Gx2 Gx2 Gx2 Gx2

1 2 4 8

VOI_
1+1+1+l+ o0
Vo=-2G ST

-

2 2
30. (b) The Gravitational field due to a thin
spherical shell of radius R at distance r.

Vy=—2G x m —_2G x % -_4G.

GM
E=—3-(Ifr>R)
¥V

31.

[»]

For r=R i.e., on the surface of the shell

GM

R2
For r <R i.e., inside the shell
E=0

%

R2
(®)  Vp=Vherical shett T Vparticle
_ GM N GM _3GM

a al2 a
M

At every point, inside a spherical shell of radius R,
the gravitational potential is same as that on that

32.

33.

surface of the shell, i.e.,

V= ———
R

(a) Potential at the given point = Potential at
the point due to the shell + Potential due to the
particle

_GM 2GM  3GM

a a a

. . GMm
(a) Potential energy at height R = R

Ifm be the mass of a body which is thrown with

velocity v, so that it goes out of gravitational
field from distance R, then

1 2 GM ’GM
My, =——— M DDV, =, [——
2 2R R
or, v, = +/gR

Now, v=/2gR, So, v=+2v,
Y
2

Comparing it with given equation, f =

or, v, =

-
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34. (b) Gravitational potential energy (GPE) on

the surface of earth,

R
GM,
GPE at 3R, Ey = —————" =
(R+3R)
.. Change in GPE
:Ez—EI:—GMm+GMm _
4R
3g R?
= g m [..' g =
4R
3
= —mgR
28

35. (c) Mass of the satellite = m and height of
satellite from earth (4) = 6.4 x 105 m
We know that gravitational potential energy of
the satellite at height h,

GM,m gRgm

GPE =—

__ S8R Sigr,

2

(where, GM,=gR ?and h=R))
36. (a) From oonservation of energy

1 5 GMm _

2 R

= u

R,+h 2R,

» 2GM 2GM _GM

R 2R

GM
—uU=,—
R

Use v2 = 2l

( h)

1+—

R

GM
= _R: _—
& R

37. (b) 1?2 ecs?

o« (R + h)3

fiz _ (Rg+ 6RE)3
T3 (Rp+2.5Rgp)

127
2 (77

)
T,=62h

where h = R

PHYSICS

(b) As we know, escape velocity,

2GM _ [2G | R3

Re [ Pe
2R, \ 2p,

Ratio Ve _ 1: 22
VP

(¢) The gravitational force on the satellite will
be aiming towards the centre of the earth so
acceleration of the satellite will also be aiming
towards the centre of the earth.
(d) Given: Height of the satellite from the
earth's surface h = 0.25 x 10°m
Radius of the earth R = 6.38 x 10°m
Acceleration due to gravity g = 9.8 m/s?
Orbital velocity, v, =?

GM |GM R?
Yo~ (R+h):¢ R2 (R+h)
9.8%6.38x6.38
"\ 6.63x10°
GM
=7.76 km/s {— = g]

(¢) From question,
Escape velocity
2GM

s speed of light

2GM

o2

2x6.6x1071 x5.98x10%4
(3 x10%)

- R=

=102 m
(c¢) Escape velocity,

_ [2GMg _ 26[4 RSy J:R\/gmpg
Ry Rp\3 3

V. R
=> V,xR = L_"PF_>
V. R

= Vp=2V
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43. (b) As we know, the minimum speed with
which a body is projected so that it does not
return back is called escape speed.

JZGM JZGM 2GM

R+h
= —GM (~h=3R)
2R
44. (c) According to Kelpner’s law of period
T2 cR3

iR _(6R) _
7 R (3R)
24x24
R

2

12 24X

2GM GM
45 (d) ve=\Tp 2=y "0

Ve = \/EVD

The orbital velocity of a satellite at a height A
above the surface of earth,

_ | oM ng .. — oR2
VO‘\}(R+h) "\ (R+h) (7 GM=gR%)

Here, M = mass of earth,

R =radius of earth,

g = acceleration due to If the satellite is very
close to the surrface of earth gravity earth on
surface of then h =0

gk
o\ TR

46. (b) Angular momentum is conserved
~ Ly =L,
f— m.rl\"l = mr2V2
= IV T,V

=T72=36x2

M_n
V2.
47. (a) The velocity u should be equal to the
escape velocity. That is,

2gR

48.

49.

50.

51.

GM
Butg=

’ GM 26M

(b) Orbital velomty of a satellite in a circular
orbit of radius a is given by

GM
v= [
a
‘F
= VoL,
a
2. [
= v \a

’41{’
vy =V, ? =2v1=6V

(b) Since orbital velocity of satellite is

GM
v=,[—, it does not depend upon the mass
F

of the satellite.
Therefore, both satellites will move with same
speed.

(a) K.E. ofsatellite moving in an orbit around
the earth is

2
, 1 [ [6M)\" GMm

K= —mv:-=—m =
2 2 r 2r
P.E. of satellite and earth system is
GMm
U_GMm :)EZ 2r :l
T, GMm 2
F
2GM,
(a) Vearth = Re
N 2GM,, :JzaMe B JSGME
anes =
P R, R,/4 R,
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R, 2GM,
“ Viplanet = 2 x Vearth = 2x11.2=22.4km/s
52. (b) Escape velocity is the minimum velocity
with which a body is projected to escape from

earth's gravitational field

1o, GMm __ [2GM
2" TR T TR,

53. (b) Escape velcocity
2GM, | 2GM,
ve = » vV € = i
Re Re
Ve M, R,
o=
Ve Me R'e

R
Given M) =2M, and R, 27"

Vearth

X
v M, R,/2

e

v, =2y, =2x11.2=22.4 km/s

54. (b) The orbital speed of satellite is
independent of mass of satellite, so the ball will
behave as a satellite and will continue to move

with the same speed in the original orbit. 59.

55. (a) Escape velocity on surface of earth

26M,  [M,
Ve =aT 0 Fulm -
R, R, 60.

Ve _ M. Ry
VP Re MP
_ P, PR 1,
R, \3M, 1
or. VP:VE.

]

61.
56. (¢) F= [dﬂ}v =a? { i—ﬂj = OWJ
dt 62.
) . -F ow2
.. Retardation = v M

57.
Vplanet :\/SGMe XJ R, )

v'e: 2Me R, :ﬁzz 58.

(b) Escape velocity does not depend on the

angle of projection.

The value of escape velocity is given by

2GM
V= 1/ n

Here, M =mass of earth, G= gravitational constant
R = radius of earth

2GM
R
R2xG_4_.; ( 4 3)
X —TR M=—nR
R* 3 P 3P
’8nGp
Ve=R T

Thus, value of escape velocity depends upon the
mass M, density p and radius R of earth/planet
from which the body is projected and independent
of angle of projection.

V=

3/2
@ T E 2mr 2nr _ 2_1'c

v (gR*/n)? g2 ©

2 2
a2 VER 38R

Hence, r°'“ = or ' =75
® ®

or, r = (gR%/w*)153

PE
(d) Total energy=—-K E= >

-1 2
KE= 2 my
(¢) In a circular or elliptical orbital motion,
torque is always acting parallel to displacement
or velocity. So, angular momentum is
conserved. In attractive field, potential energy
is negative. Kinetic energy changes as velocity
increase when distance is less. So, option (c)
is correct.
2

(b)y F= :T.HencevocRo

k
R
(a) Since, escape velocity (ve = JZg_Re ) is
independent of angle of projection, so it will
not change.
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‘\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns.|LOD |Qns.|LOD|Qns.| LOD
Hooke's Law & Young's Hooke's Law & Young’s
Modulus of Elasticity Modulus and Stress-strain | 1 E 1 A 1 A
Curve
Bulk and Rig}idit\;r Moc!ulus & . Bulk Modulus 1 A
Work Done in Stretching a Wire

Topic 1: Hooke's Law & Young's Modulus of

1.

Elasticity
A wire of length L, area of cross section A is
hanging from a fixed support. The length of
the wire changes to L, when mass M is
suspended from its free end. The expression

for Young's modulus is : [2020]
Mg(L;-L) Mgl

@ —ar (b) AL
Mgl o) Mely

(©) A€, -D) @ ~AL

The stress-strain curves are drawn for two
different materials X and Y. It is observed that
the ultimate strength point and the fracture
point are close to each other for material X
but are far apart for material Y.

We can say that materials X and Y are likely to
be (respectively), [NEET Odisha 2019]
(a) Plastic and ductile

(b) Ductile and brittle

(¢) Brittle and ductile

(d) Brittle and plastic

Two wires are made of the same material and
have the same volume. The first wire has cross-
sectional area A and the second wire has cross-

sectional area 3A. Ifthe length of the first wire
is increased by Al on applying a force F, how
much force is needed to stretch the second

wire by the same amount? [2018]
(a) 9F (b) 6F
(c) F (d) 4F

The Young's modulus of steel is twice that of
brass. Two wires of same length and of same
area of cross section, one of steel and another
of brass are suspended from the same roof. If
we want the lower ends of the wires to be at the
same level, then the weights added to the steel
and brass wires must be in the ratio of :

[2015 RS]
(ay 2:1 (by 4:1
(c) 1:1 (dy 1:2
Copper of fixed volume “V; is drawn into wire
of length “/’. When this wire is subjected to a
constant force ‘F’, the extension produced in

the wireis ‘Al’. Which of the following graphs
is a straight line? [2014]

1
(a) Al versus - (b) Al versus />

1
(c) Al versus 1_2 (d) Al versus/
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The following four wires are made of the same
material. Which of these will have the largest
extension when the same tension is applied ?

[2013]

(a) Length =100 c¢m, diameter = 1 mm
(b) Length =200 cm, diameter = 2 mm
(¢c) Length =300 cm, diameter = 3 mm
(d) Length =50 cm, diameter = 0.5 mm

If the ratio of diameters, lengths and Young’s
modulus of steel and copper wires shown in
the figure are p, ¢ and s respectively, then the
corresponding ratio of increase in their lengths

would be [NEET Kar. 2013]
@ = .

(5sp) Steel

5q
® 797 B o

’q Co

pper

© G
o 2 .5m
() (5sp)

Two wires A and B are of the same material.

PHYSICS
by the same force, then increase in length will
be in the ratio [1988]
(a) 2:1 (by 1:4
(c) 1:8 (d) 8:1

Topic 2: Bulk and Rigidity Modulus & Work

10.

11.

Done in Stretching a Wire

When a block of mass M is suspended by a long
wire of length L, the length of the wire becomes
(L + I). The elastic potential energy stored in

the extended wire 1s : [2019]
(a) Mgl (b) MgL

1 1

— Mg/ d) —MgL
(¢) Mg (d) 5 Mg

The bulk modulus of a spherical object is 'B'". If
it is subjected to uniform pressure 'p', the

fractional decrease in radius is [2017]
—_— b =
@ 3 ()
P b
© 3g @ 5

When an elastic material with Young’s modulus
Y is subjected to stretching stress S, elastic
energy stored per unit volume of the material
is

Their lengths are in the ratio 1 : 2 and the (a) YS/2 (b) S2Y/2  [1989]
diameter are in the ratio 2 : 1. Ifthey are pulled (c) 2/9Y (d) S/2Y
ANSWER KEY
1 ()] 3 @l 5 || 7 )] 9 (¢) | 11 | (c)
2 | (© (a) (d) () | 10 | (¢)

1.

Hints & Solutions

(c) Stress = forc‘e = Me
cross-section area A
. change in length AL L, —L
Strain = ==

original length L L

stress Mgl

Young’s modulus, ¥y = =
strain ~ A(L, —L)

(¢) Fracture point and ultimate strength point
is close for material X, hence X is brittle in
nature and both points are far apart for material
Y hence it is ductile.

=B=—>F

H &)
(a) Wire 1: A3

s
—|— 3¢
se-(47)

6


http://www.jeebooks.in

105

Mechanical Properties of Solids

Wire 2: Q —=—>F'
ire AL
F’ h B
Al= 347 ) ...(ii)

From equation (i) & (ii),

sy oo

W
4. (a) Young's modulusY = a —!
WM_W
i Y

[+ A, [, Al same for both brass and steel]

Y U
A, LAl LA, Al
YZ Y-I
Brass Steel
Wi - Yy -2 [Y gteet Yirass = 2 given]
W, Y,
F
A F/
5. (b) As Y:%:}M:E
1

\Y
But V=A/soA= 7

F?
Therefore Al = — o/
VY

Hence graph of A/ versus /2 will give a straight
line.

YA
6. (d) F=

x AL

S A L L
0, extension, AL« — o« —&
* A D?

[+ FandY are constant]

100 200
ALy 5 =« 100 and AL, x5 =350
1 2

ALycﬂoc% and ALy > 200

4

L
The ratio of — is maximum for case (d).
D

Hence, option (d) is correct.
7.  (c¢) From formula,

Increase in length AL=——=

2
AL _F(D ) YL 7 (1Y(1
AL. F.\Dg) Y, L. 5 \p s )

8

~
S
~

__Tq
(5sp®)

ﬁ Ifa wire of length / s suspended from a rigid support

and A is the area of cross—section of the wire, then
mass of the wire, m = A/p. Then extension in the
wire due to its own weight can be find as follows.

12
Young Modulus, ¥ = % x Q

Al
Here, L = //2 because the weight of wire acts at
the mid point of wire.
. Extension in the wire due to its own weight
2
_Ipe
2Y
8. (c¢) Weknow that Young’s modulus
F L
Y= — X
nre L

Since Y, F are same for both the wires, we have,

fo-c£
1‘2
«{] 1'22XL1 (D2’|{2)2XL1
or, —— = =
fz rl )<]_‘2 (le2)2><L2
2 2
or, f_l:D2XLl_ D2 XL2 .

1
{2 DixL, (2Dy> 2L 8

So, (;:{,=1:8


http://www.jeebooks.in

106

10.

PHYSICS

(¢) Here, T _ AR p
Kxo =Mg R 3B
where K = force constant L
1 If the object of mass m and radius r is sorrounded
AE = —Kx2 by a liquid in a cylindrical container
? I AR _1aV .
I1Mg »,  mmmeeees R 3V o(0)
=——=XXg
X0 AP
? Bulk modulus, K =-V—
1 AV
=3 Me Mg A8 _mg (o ppom)
Stored elastic potential energy in extended Vo K 4K A
1 oL L _ :
wire, = EMg{ [here Xo= (] YR 34K (Here A = area of object)

(¢) Bulk modulus is given by

p AV _p

= —: or
av v
Vv

AR p

AR
3—=— (here, 2 - fractional decreases in

R B
radius)

1. (c) Energy stored per unit volume

X gtress X strain

1
2

|
5 x stress x (stress/Young’s modulus)

2

1 S
e 2 ? - —
5 > (stress)*/(Young’s modulus) Y
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\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns.|LOD |Qns.|LOD|Qns.|LOD | Qns.| LOD
Pressure, Density, Pascal's Fluid Pressure 1 A
Law & Archimedes' Principle Pressure Density &
. et 1 A
Archimedes’ Principle
Fluid Flow, Reyonld's Number
& Bernoulli's Principle
Viscosity & Terminal Stoke’s Formula & Terminal 1 A
Velocity Velocity
Velocity of Efflux 1 A
Surface Tension, Surface Pressure Inside Soap Bubble| 1 A 1 A
Energy & Capillarity Capillary Action 1 A
LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Pressure, Density Pascal's Law &

Archimedes' Principle

In a u-tube as shown in the fig. water and oil are
in the left side and right side of the tube
respectively. The heights from the bottom for
water and oil columns are 15 cm and 20 cm
respectively. The density of the oil is

[take 7 water = 1000kg/m>] [NEET Odisha 2019]

20 cm

water oil
(a) 1333 kg/m3 (b) 1200 kg/m3
(¢) 750 kg/m3 (d) 1000 kg/m?3
A U tube with both ends open to the atmosphere,
is partially filled with water. Oil, which is
immiscible with water, is poured into one side
until it stands at a distance of 10 mm above the
water level on the other side. Meanwhile the

water rises by 65 mm from its original level
(see diagram). The density of the oil is
[2017]

10 mm
Final water level

QOil ..
— Initial water level

(a) 425kgm™ (b) 800 kg m™>

(c) 928 kgm™ (d) 650 kgm™

Two non-mixing liquids of densities p and np

(n> 1l)are put in a container. The height of each

liquid is h. A solid cylinder of length L and

density d is put in this container. The cylinder

floats with its axis vertical and length pL(p< 1)

in the denser liquid. The density d is equal to :
[2016]
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(@) {I1+@m+Dpip (b) {2+ (n+ pjp
(© {2+@-Dpip (d) {I+m-TD)pip
The approximate depth of an ocean is 2700 m.
The compressibility of wateris45.4 x 1011 pa~!
and density of water is 103 kg/m3. What
fractional compression of water will be obtained

at the bottom of the ocean ? [2015]
(a) 1.0 x 1072 (b) 1.2 x 102
(¢) 1.4x1072 (d) 0.8 x 1072

In rising from the bottom of a lake, to the top,
the temperature of an air bubble remains
unchanged, but its diameter gets doubled. If A
is the barometric height (expressed in m of
mercury of relative density p) at the surface of

the lake, the depth of the lake is [1994]
(a) 8phm (b) 7phm
(¢) 9phm (d) 12 phm

The compressibility of water is 4 x 107 per
unit atmospheric pressure. The decrease in
volume of 100 ¢cm? of water under a pressure

of 100 atmosphere will be [1990]
(a) 0.4cm’ (b) 4x107° em?
© 0.025cm? (d) 0.004cm’

Topic 2: Fluid Flow, Reyonld's Number &

Bernoulli's Principle
A small hole of area of cross-section 2 mm? is
present near the bottom of a fully filled open
tank of height 2 m. Taking g = 10 m/s2, the rate
of flow of water through the open hole would be
nearly: [2019]
(@) 12.6 10°m3/s (b) 8.9 10%m’/s
(¢) 223 109 mi/s (d) 6.4 10°m¥/s
A wind with speed 40 m/s blows parallel to the
roof of a house. The area of the roof is 250 m?2,
Assuming that the pressure inside the house is
atmosphere pressure, the force exterted by the
wind on the roof and the direction of the force
will be (p,; = 1.2 kg/m?) [2015]
(a) 4.8 x 105N, upwards
(b) 2.4 x 105N, upwards
(¢) 2.4x10°N, downwards
(d) 4.8 x 10° N, downwards
The cylindrical tube of a spray pump has radius,
R, one end of which has n fine holes, each of
radius r. If the speed of the liquid in the tube is V,

10.

11.

12,

13.

PHYSICS
the speed of the ejection of the liquid through
the holes is : [2015 RS]
© VR? o VR?

a) ——
2 n3 r2
2 2
VR VR
© d 53
nr n°r

A fluid is in streamline flow across a horizontal
pipe of variable area of cross section. For this
which of the following statements is correct?
[NEET Kar. 2013]
(a) The velocity is minimum at the narrowest
part of the pipe and the pressure is
minimum at the widest part of the pipe
The velocity is maximum at the narrowest
part of the pipe and pressure is maximum
at the widest part of the pipe
Velocity and pressure both are maximum
at the narrowest part of the pipe
Velocity and pressure both are maximum
at the widest part of the pipe

(b)

(c)
(d)

Topic 8: Viscosity & Terminal Velocity

Two small spherical metal balls, having equal
masses, are made from materials of densities p,
and p, (p; = 8p,) and have radii of | mm and 2
mm, respectively, they are made to fall vertically
(from rest) in a viscous medium whose coefficient
of viscosity equals 1 and whose density is 0.1p,.
The ratio of their terminal velocities would be,

[NEET Odisha 2019]

b 79 19 q 39
@ 3, ®— (©3 @
A small sphere of radius ‘r’ falls from restin a
viscous liquid. As a result, heat is produced due
to viscous force. The rate of production of heat
when the sphere attains its terminal velocity,

79

is proportional to [2018]
(@@ r’ (b) r?
(c) r* @ r’

The terminal velocity v, of a small steel ball of
radius r falling under gravity through a column
of a viscous liquid of coefficient of viscosity
1 depends on mass of the ball m, acceleration
due to gravity g, coefficient of viscosity n and
radius ». Which of the following relations is
dimensionally correct? [1992]
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mgr

(a) Vp % n (b) V. mgmnr
mg nmg

() Vr - (d) v, =< B

Topic 4: Surface Tension, Surface
Energy & Capillarity

14. A capillary tube of radius r is immersed in water

15.

and water rises in it to a height h. The mass of
the water in the capillary is 5 g. Another
capillary tube of radius 2r is immersed in
water. The mass of water that will rise in this

tube is : [2020]
(@) 5.0g (b) 10.0g
(c) 200g (d) 25¢g

A soap bubble, having radius of | mm, is blown
from a detergent solution having a surface
tension 0f2.5 10-2 N/m. The pressure inside
the bubble equals at a point Z, below the free
surface of water in a container. Taking
g =10 m/s?, density of water = 105 kg/mj,, the

value of Z is : [2019]
(a) 100cm (b) 10cm
(¢c) 1em (d) 0.5 cm

16. Water rises to a height 'h' in a capillary tube. If

the length of capillary tube above the surface

of water 1s made less than 'h' then : /2015 RS]

(a) water rises upto the top of capillary tube
and stays there without overflowing

17.

18.

19.

(b) water rises upto a point a little below the
top and stays there

(c) water does not rise at all.

(d) Water rises upto the tip of capillary tube
and then starts overflowing like fountain.

A certain number of spherical drops of a liquid

of radius ‘r’ coalesce to form a single drop of

radius ‘R’ and volume “V’. If ‘T" is the surface

tension of the liquid, then : [2014]

1 1

(a) energy = 4VT[— ——] is released
r R
L1y,

(b) energy = 3VT (_JFE] is absorbed
r

11
(¢) energy = 3VT(; _EJ is released

(d) energy is neither released nor absorbed

The wetability of a surface by a liquid depends

primarily on [2013]

(a) surface tension

(b) density

(c¢) angle of contact between the surface and
the liquid

(d) viscosity

The angle of contact between pure water and

pure glass, is [1996]
(a) 0° (b) 45°
(c) 90° (d) 135°

Qla|O]l7|@[10|®][13]©]|16]@|19]@)
©]S5]1O)8 101l |@]|4]bG]17]©
D6 ]l@]9|@]|12|@d[15] @) [18] ()

Hints & Solutions

1.

(¢) Pressure at A = Pressure at B.
P +0.15x 103 x g=P +020xd,¢g
~0.15x10°

b =0.75 x 10% = 750 kg/m?
0.20
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5.

6.

7.

(c) Here, h g xpoit X =hyater X Pwater X8
Pog * 140 x 1073 = P8 x 130 x 1073
Dy = %xm” ~928kg /m’

[ p,, = 1 kgm™]
(d) Aswe know,
Pressure P = Vdg

0 (1-plL

np

pL

Here, LAdg=(pL)A(mp)g+(1-p)LApg
= d=({-pptpnp=[1+(@n-1)p]p
When a body of volume ¥ floats in a liquid then
Weight of the body = up thrust
= Vpg= Vin 6g
Here, V = volume of body
p = density of body
G = density of liquid
V., = volume of the body immersed in liquid
(b) Compressibility of water,
K =454 x 1011 pa!
density of water P = 103 kg/m?
depth of ocean, h =2700 m

AV
We have to find v =7

As we know, compressibility,

1 (AV/V)
- p (P=peh)

So, (AV/V)=Kpgh
=454 % 1071 x 103 x 10 x 2700 = 1.2258 x 102

4 4
(b) (hpg+H x1x g)gm‘a = hpg x 511:(2;-)3

This gives H= 7hp
1 AV/V
K_ = —=
@ K=o
K=4x10"5 and V=100 cm?.
Hence, AV = 0.4 cm?
(a) Volumetric flow rate of liquid

Q=au=a,/2gh

. Here, P = 100 atm,

10.

11.

12,

PHYSICS

2m

= 2x10°m? x2x10x 2 m/s
=2x2x3.14x10°%m’/s
=12.56 x 10°° m?¥/s
=12.6 x 10°m?/s
(b) According to Bernoulli’s theorem,

P+]2pv2:P0+0

So, AP=~py?

o, = 5PV
1 >
F=APA=pvA L .
| A A

=5 x 1.2 x 40 x 40 x 250 fpo

=2.4x 10° N (upwards)  [TITITITITITITIIIITONT
(a) Inflow rate of volume of the liquid =
Outflow rate of volume of the liquid

2V VR?
nRZV = nmrl(v) > v= 3 =3

nmr nr
(b) According to Bernoulli’s theorem,

1
P+ > pv® = constant and Av = constant

If A is minimum, v is maximum, P is minimum.
(a) Terminal velocity V= (p—0)g

2x(1)?

Vy = ~0.1

T on (P Py)g
2x1

Vn= "9y (82— 0.1py)g
2x(2)?

V = p—

T, on (P, —0.1py)g

Vi 79 79
Ve,  4(0.9) 36
(d) Power = rate of production of heat = F.V
= 6mnr V. - V.= 6mnrV, 2
(- F=6mnV, r stoke’s formula)

Vo r?
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2r%(p-0)
9 o ¢
Power o« 19
13. (c) Note that according to Stoke's law
6mnrv, = mg
Hence, the valid relation is v, o mg/im
14. (b) Force of surface tension balances the
weight of water in capillary tube.

V=

Fg =2nrT cos® = mg

Here, T and 0 are constant.

So, mecr

Let m, and m, be the mass of water in two
capillary tube.

.M h
Ty
my  2r
50 -
> m,=100¢g
15. (c¢) Pressure inside the soap bubble

4T
OTR

(v ry=2r)

And pressure at a point below the surface of
water = pgZ, + P,

[where P, = atmospheric pressure]
By equating these pressure we get,

4T
Py +E=P0 +pgZy

4T
ZO =
Rxpg
4%2.5%1072
ZO = 3
1073 x1000%10
Z(}: l cm

16. (a) Water rises upto the top of capillary tube
and stays there without overflowing.

ﬂ In case of capillary of insufficient length i.e. L./ the
liquid will neither overflow from the upper end like a
fountain nor it will tickle along the vertical sides of the
tube. The liquid after reaching the upper end will
increase the radius of its meniscus without changing

nature such that

hr=Lr (Here, r is the intial radius
~L<h of tube and #' is the new
A - radius)

111
4_3)_4 53
17. (¢) Volumesame = n 51-cr :EER
R3
= n=—
r3

Change in energy = TAA = T[4nR? — n4nr?]

11

:3VT[E——] (R>r)

r

=3VT [1 —l] isreleased
r R

Energy released when » drops of radius r coalesec
to form a body drop of radius R,
1-1

Energy released = 4?‘5R37’[ 5 }
B

If this energy get converted into kinetic energy of
big drop, then

1 1-1
—mv? = anR3T| -
2 r R

1[4 1-1
= —[—m@d] y2 = 47:R3T[——}
213 r R

6T[1—1}
2=—| ——
d|lr R

. ) 6T (1-1
= Velocity of big drop V' =, [— (— —)
d \r R

(Where, d = density of big liquid drop)

18. (c) Wetability of a surface by a liquid primarily
depends on angle of contact between the
surface and liquid.

Ifangle of contact is acute liquids wet the solid
and vice-versa.

19. (a) We know that angle of contact is the angle
between the tangent to liquid surface at the
point of contact and solid surface inside the
liquid. In case of pure water and pure glass, the
angle of contact is zero.

=V
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\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016

Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns. LOD Qns./LOD|Qns.| LOD
Thermometry & Thermal Linear expansion of solids 1 A 1 A
Expansion
Calorimetry & Heat Transfer | Heat Supplied through solids 1| A

Wein's & Stefan's law 1 A 1 A 1 A
Principle of Calorimetry A
Newton's Law of Cooling

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Thermometry
& Thermal Expansion

I. A copper rod of 88 cm and an aluminium rod of
unknown length have their increase in length
independent of increase in temperature. The
length of aluminium rod s : (o, = 1.7 % 10° K1

and o, | =2.2 x 105K 1) [2019]
(@) 68cm (b) 113.9cm
(c) 88cm (d) 68cm

2. Coefficient of linear expansion of brass and steel
rods are o, and a,,. Lengths of brass and steel
rods are {; and [, respectively. If ({, — () is
maintained same at all temperatures, which one
of the following relations holds good?

[2016, 1999, 1995]
(a) Otl-fzz 20(2512 (b) ayfy =0yl
(¢) ayly =0l (d) oyfy=ayl;
3. The value of coefficient of volume expansion

of glycerine is 5 x 1074 K~!. The fractional
change in the density of glycerine for a rise of

40°C in its temperature, is: [2015 RS]
(a) 0.020 (b) 0.025
(c) 0.010 (d) 0.015

4.

The density of water at 20°C is 998 kg/m? and
at 40°C 992 kg/m3. The coefficient of volume
expansion of water is [NEET Kar. 2013]
(a) 107%°C (b) 3 x1074°C

(¢) 2x1074°C (d) 6x1074°C

On a new scale of temperature (which is linear)
and called the W scale, the freezing and boiling
points of water are 39° W and 239° W
respectively. What will be the temperature on
the new scale, corresponding to a temperature

of 39° C on the Celsius scale? [2008]
(a) 78° W (b) 117° W
(c) 200° W (d) 139°W

If the cold junction of a thermo-couple is kept
at 0°C and the hot junction is kept at T°C then
the relation between neutral temperature (7))
and temperature of inversion (7,) is  [2007]

(a) T,=2T, (by T,=T,-T

(¢c) T,=T;+T dy 7,=T/2

The temperature of inversion of a thermo-
couple is 620°C and the neutral temperature
is 300°C. What is the temperature of cold
junction? [2005]
(a) 320°C (b) 20°C

(c) =20°C (d) 40°C
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8.

10.

11.

12,

113

Mercury thermometer can be used to measure

temperature upto [1992]
(a) 260°C (b) 100°C
(¢) 357°C (d) 500°C

A centigrade and a Fahrenheit thermometer are
dipped in boiling water. The water temperature
is lowered until the Fahrenheit thermometer
registers 140°. What is the fall in temperature
as registered by the Centigrade thermometer?
(a) 80° (b) 60° [1990]
(c) 40° (d) 30°

Topic 2: Calorimetry & Heat Transfer

A deep rectangular pond of surface area A,
containing water (density = p), specific heat
(capacity = s), is located in a region where the
outside air temperature is at a steady value of
—26°C. The thickness of the frozen ice layer
in this pond, at a certain instant is x.
Taking the thermal conductivity of ice as K,
and its specific latent heat of fusion as L, the
rate of increase of the thickness of ice layer,
at this instant, would be given by

[NEET Odisha 2019]
(a) 26K/px(L+4s) (b) 26K/px(L—4s)
(c) 26K/(px’L) (d) 26K/(pxL)
The power radiated by a black body is P and it
radiates maximum energy at wavelength, A, If
the temperature of the black body is now
changed so that it radiates maximum energy at

3
wavelength Zlo, the power radiated by it

becomes nP. The value of i is [2018]
3 4

@ ® 3
81 256

© S5 @ <7

Two rods A and B of different materials are
welded together as shown in figure. Their
thermal conductivities are K; and K,. The
thermal conductivity of the composite rod will
be : [2017]

13.

14,

15.

16.

17.

@ B )k ek,
() 2(K,+K,) () %

A spherical black body with a radius of 12 cm
radiates 450 watt power at 500 K. If the radius
were halved and the temperature doubled, the

power radiated in watt would be : [2017]
(a) 450 (b) 1000
(c) 1800 (d) 225

A black body is at a temperature of 5760 K.
The energy of radiation emitted by the body at
wavelength 250 nm is U, at wavelength 500
nm is U, and that at 1000 nm is U;. Wien's
constant, b = 2.88 x 10 nmK. Which of the

following is correct? [2016]
(a) U =0 (b)y Uz;=0
(¢) U, >0, (d U,>U,

A piece of ice falls from a height /4 so that it
melts completely. Only one-quarter of the heat
produced is absorbed by the ice and all energy
of ice gets converted into heat during its fall.
The value of i is : [2016]
[Latent heat of ice is 3.4 x 10° J/kkgand g=10 N/

kg]
(a) 34 km (b) 544 km
(c) 136 km (d) 68 km

On observing light from three different stars
P, Q and R, it was found that intensity of violet
colour is maximum in the spectrum of P, the
intensity of green colour is maximum in the
spectrum of R and the intensity of red colour
is maximum in the spectrum of Q. If T, TQ and
Ty are the respective absolute temperature of
P, Q and R, then it can be concluded from the
above observations that [2015]

(a) Tp>Tr> TQ (b) Tp<Tg< TQ
(c) Tp< TQ<TR (d) TP>TQ>TR
The two ends of a metal rod are maintained at

temperatures 100°C and 110°C. The rate of heat
flow in the rod is found to be 4.0 J/s. If the

ends are maintained at temperatures 200°C and

210°C, the rate of heat flow will be  [2015]
(a) 16.8 /s (b) 8.0 J/s
(c) 4.01J/s (d) 44.0 /s
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18.

19.

20.

21.

PHYSICS

Steam at 100°C is passed into 20 g of water at
10°C. When water acquires a temperature of
80°C, the mass of water present will be: [2014]
[Take specific heat of water = 1 cal g~! °C~!
and latent heat of steam = 540 cal g~1]
(a) 24¢g (b) 315¢
(c) 425¢ (d) 225¢
A piece ofiron is heated in a flame. It first becomes
dull red then becomes reddish yellow and finally
turns to white hot. The correct explanation for the
above observation is possible by using (2013}
(a) Wien’s displacement law
(b) Kirchoff’s law
(c) Newton’s law of cooling
(d) Stefan’slaw
Two metal rods 1 and 2 of same lengths have
same temperature difference between their
ends. Their thermal conductivities are K| and
K, and cross sectional areas 4, and 4,,
respectively. If the rate of heat conduction in
rod 1 is four times that in rod 2, then

[NEET Kar. 2013]
(a) Ki4,=K,4, (b) K,4,=4K,4,
(c) K4,=2K,4, (d) 4K,4,=K,4,
If the radius of a star is R and it acts as a black
body, what would be the temperature of the star,
in which the rate of energy production is 07

[2012]

(a) Q/4nR’c (b) (Q/4nR2c)"1/2
(¢c) @nR*Qo)*  (d) (QAnR%s)'
(o stands for Stefan’S constant)
Liquid oxygen at 50 K is heated to 300 K at constant
pressure of 1 atm. The rate of heating is constant.
Which one of'the following graphs represents the

variation of temperature with time? [2012]
g 2
g g
@ & W) g
= =
Time Time
[ b ]
2 2
g 5
(c) e d e
:
Time Time

23.

24,

A slab of stone of area 0.36 m? and thickness
0.1 mis exposed on the lower surface to steam at
100°C. A block of ice at 0°C rests on the upper
surface of the slab. In one hour 4.8 kg of ice is
melted. The thermal conductivity of slab is :

(Given latent heat of fusion of ice = 3.36 x

103 Tkg™L): [2012M]
(a) 1.24 J/m/s/°C  (b) 1.29 J/m/s/°C
(¢) 2.05J/m/s/°C (d) 1.02J/m/s/°C

A cylindrical metallic rod in therrnal contact with
two reservoirs of heat at its two ends conducts
an amount ofheat Qin time . The metallic rod is
melted and the material is formed into a rod of
half the radius of the original rod. What is the
amount of heat conducted by the new rod, when
placed in thermal contact with the two reservoirs

in time #? [2010]
0 Q

@ ) 1o

(c) 20 (d) %

The total radiant energy per unit area, normal to
the direction ofincidence, received at a distance
R from the centre of a star of radius r, whose
outer surface radiates as a black body at a

temperature 7 K is given by: [2010]
orir? or’T?

@ —3 ®) 3
orirt 4ncrT?

© —3 @ —F

(where G is Stefan's constant)

The two ends of arod of length L and a uniform
cross-sectional area A are kept at two
temperatures T, and T, (T, > T,). The rate of

d
heat transfer, ?? through the rod in a steady

state is given by: [2009]
@ Q_KOi-Ty
dt LA
d
) S2-kam -1y
dQ kA (T, -Ty)
© g~ L

dQ kL (T;~Ty)

@ & A
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27.

29.

30.

3L

32.

33.
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A black body at 227°C radiates heat at the rate
of 7 cals/cm?s. At a temperature of 727°C,
the rate of heat radiated in the same units will

be: [2009]
(a) 50 (b) 112
(c) 80 (d) 60

An electric kettle takes 4A current at 220 V. How
much time will it take to boil 1 kg of water from
temperature 20° C? The temperature of boiling

water is 100° C. [2008]
(@) 63min (b) 84min
(¢) 12.6min (d) 42min

A black body is at 727° C. It emits energy at a
rate which is proportional to [2007]
(a) (1000)* (b) (1000)2

© 727" d (7277

Assuming the sun to have a spherical outer
surface of radius r, radiating like a black body
at temperature t°C, the power received by a unit
surface, (normal to the incident rays) at a
distance R from the centre of the sun is [2007]

r2o(t+273) 16n°r%ct*
(@) 4nR? R?

r2o(t+273)* 4mrlort
© @ T

where o is the Stefan’s constant.

A black body at 1227°C emits radiations with
maximum intensity at a wavelength of S000A. If
the temperature of the body is increased by
1000°C, the maximum intensity will be observed

at [2006]
(@) 5000A (b) 6000A
(¢) 3000A (d) 4000A

Which of the following circular rods (given radius
r and length /), each made of the same material
and whose ends are maintained at the same
temperature will conduct most heat? — [2005]
(a) r=ryl=1, (b) r=2ryl=1,
(c) r=ryl=2l, (d) r=2ryl1=2l,
If &, denotes the wavelength at which the
radiative emission from a black body at a
temperature 7 K is maximum, then  [2004]
(a) A, oc T

(b) A, T

(¢) A, is independent of T

(d A,=<T

34,

35.

36.

37.

38.

39.

Consider a compound slab consisting of two
different materials having equal thicknesses and
thermal conductivities K and 2K, respectively.
The equivalent thermal conductivity of the slab

is [2003]
4 2

(a) §K (b) EK

() 3K d) 3K

Wien’s law 1s concerned with [2002]

(a) relation between emissivity and
absorptivity of a radiating surface

(b) total radiation, emitted by a hot surface

(c¢) an expression for spectral distribution of
energy of a radiation from any source

(d) a relation between the temperature of a
black body and the wavelength at which
there is maximum radiant energy per unit
wavelength

Radiation from which ofthe following sources,

approximates black body radiation best? [2002]

(a) A tungsten lamp

(b) Sodium flame

(¢) Hot lamp black

(d) Ahole in a cavity, maintained at constant
temperature

Tworods of thermal conductivities K; and K, cross-

sections 4 and 4, and specificheats S| and S, are

of equal lengths. The temperatures of two ends of

each rod are 7', and 7,. The rate of flow of heat at

the steady state will be equal iff2002]

K K

(a) E =4S, (b) K4,=K,4,

(¢) K\$,=K,S, (d) 4,5,=4,S,

A black body has maximum wavelength A, at

temperature 2000 K. Its corresponding
wavelength at temperature 3000 K will bef2001]

@ 3 A (b) glm
4 9
© 3 A (d) zlm

A cylindrical rod having temperature 7 and 7,
at its end. The rate of flow of heat is O, cal/
sec. If all the linear dimensions are doubled
keeping temperature constant, then the rate of
flow of heat O, will be [2001]
(a) 40,

(¢) 0,/4

(b) 29,
d 0,2
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40.

41.

42,

43.

45.

PHYSICS

The presence of gravitational field is required
for the heat transfer by [2000]
(a) conduction

(b) stirring of liquids

(¢) natural convection

(d) radiation

If1 g of steam is mixed with 1 g ofiice, then the
resultant temperature of the mixture is  [71999]
(a) 270°C (b) 230°C

(c) 100°C (d) 50C

The radiant energy from the sun, incident
normally at the surface of earth is 20 k cal/m?
min. What would have been the radiant energy,
incident normally on the earth, if the sun had a
temperature, twice of the present one?/1998]
(a) 160k cal/m? min (b) 40 k cal/m? min
(¢) 320kcal/m’min  (d) 80k cal/m?min

A black body is at temperature of 500 K. It emits
energy at rate which is proportional to [1997]
(@) (500" (b) (500

(© (5000 (d) 300

Ifthe temperature of the sun is doubled, the rate
ofenergy received on earth will be increased by

a factor of [1993]
@ 2 (b) 4

(c) 8 (d) 16

Thermal capacity of 40 g of aluminium (s =0.2
cal /gK)is [1990]
(a) 168 joule/°C (b) 672joule/°C

(c) 840 joule/°C (d) 33.6 joule/°C
10 gm of ice cubes at 0°C are released in a
tumbler (water equivalent 55 g) at 40°C.

47.

48.

49.

50.

Assuming that negligible heat is taken from the
surroundings, the temperature of water in the
tumbler becomes nearly (L = 80 cal/g)[1988]
(a) 31°C (b) 22°C
(c) 19°C (d) 15°C

Topic 3: Newton's Law of Cooling

An object kept in a large room having air
temperature of 25°C takes 12 minutes to cool
from 80°C to 70°C.

The time taken to cool for the same object from
70°C to 60°C would be nearly.

[NEET Odisha 2019]
@ 15min (b) 10min
(¢) 12min (d) 20min

Certain quantity of water cools from 70°C to 60°C
in the first 5 minutes and to 54°C in the next 5
minutes. The temperature of the surroundings

is: [2014]
(a) 45°C (b) 20°C
(c) 42°C (d)y 10°C

A beaker full of hot water is kept in a room. Ifit
cools from 80°C to 75°C in #; minutes, from 75° C
to 70°C in £, minutes and from 70°Ct0 65°C in 1,
minutes, then [1995]
(a) f{,=t,=13 (b) 1,<t,=1,

(©) {1<t,<ty ) t,>t,>1

A body cools from 50.0°C to 48°C in 5s. How
long will it take to cool from 40.0°C to 39°C?
Assume the temperature of surroundings to be
30.0°C and Newton’s law of cooling to be valid.
(a) 25s (b) 10s [1994]
(c) 20s (d)y 5s

ANSWER KEY

1|l@l 7lolBlolv]lalzslolsilolzzlola]lals]©
2 @] sloluul@l2o]wm]2o32]o]38]0 4] @]s50] o
3|l@lololislolalaml27lolaz]lel3|o]4s]| @
4 ol |@lw6]l@ 2@ 28| @ [3|@| 4] c]46] b
slolnlolr]olas]leolw|@]3s]|alalo]47] @
6 ||l 2@l B8[@l2am 30 [36]a]2]0]|8]a@
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Hints & Solutions

L (@) Fgy=ley (140, AT)
AECu = ‘?Cu Aoy AT
I'y= 1y (1+a,, AT)

Since, change in length is independent of
temperature

" Ooyley = Aarlal
= 1.7x107° x88em=2.2 %107 x1,,

1.7x88

:>IM= =68cm

2. (d) Fromquestion, ({,—(,)is maintained same
at all temperatures hence change in length for
both rods should be same
ie., Aly=Al,

As we know, coefficient of linear expansion,

A

(AT
£,04AT = [,0,AT
Loy = Lo,

3. (a) Fromquestion,

Rise in temperature At =40°C
Coefficient of volume expansion
y=5x 104K

ol

Fractional change in the density ap _Po~Pr

Po Po
PT=Py (I—yAt)

A —
— 2P _POTPT AT (5% 1074)40)=0.020
Po Po
Most substances (solid & liquid) expand when
they are heated, so volume of a given mass of a
substance increases on heating so density

decreases as
- 4 14
PEY = ¥V " vsar
v 1
T V+yVA0 T 1+7A6
4.  (b) Given
T,=20°C, T,=40°C

Pyg =998 kg/m?3, P40 =992 kg/m?3

Pr1  _ P11
1+yAT 1+y(-T,)
_ 998

1+7(40-20)

L o386

992 992

= y:ixi: 3x1074/°C
992 20
5. (b) For different temperature scales, we have
x—LFEP

UFP.—-LEF.P.
Where L.F.P= Lower Fixed point
U.H.F. = Upper fixed point

where x 1s the measurement at that scale. Here, if
C and W be the measurements on Celsius and
W scale then,

As P2 =

998

992 =
1+20y

= constant

W WEg (- C=39°C)
100-0 239-39
= =32290 3978430 1170w
. T,+T,
6. (d) Since T, = —5 - Neutral temperature
;G40 _ T,
"2 2
[T, = 0°C =temperature of cold junction]|
6,.+6,
7 () 8, - C; i

- 8,=26,-6,=2(300)-620=-20°C
8 (c) Mercury thermometer is based on the
principle of change of volume with rise of

temperature and can measure temperatures
ranging from—30°C to 357°C.

_ F-32 C
9. (c¢) Using 180 100
140-32  C
180 100
=C=60

Temperature of boiling water = 100°C
We get, fall in temperature = 100— 60 =40°C
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Centigrade (c) Fahrenheit (F) and Kelvin (K) scales
of temperature are related as

C-0 F-32
100 ~ 212-32
K-273.15

T 373.15-273.15

10. (d) We assume that at any instant thickness of
ice is x. And time taken to form additional
thickness (dx) is dt.

[T &

KA [26— (}]dt

X
= (Adx)pL =

g dx 26K
Ot xpL
11. (d) From Wien’s law
Apmax T = constant

ie,h, Ty=A_ T,

? max) max-

KA (26)dt

3%0 o
— lo T= TT
4
o T'= ST
Power radiated P oc T*

P, [T'T (4]“ 256
So, ==n=|—| =|7| =——

R T 3 81
12. (d) Equivalent thermal conductivity of the

composite rod in parallel combination will be,

K= KIA(T - Ty) | KA(T - Ty)

d d
KEQ 2A(Ty-Ty) _ A(Ty-Ty)
d

d
Hence equivalent thermal conductivities for two
rods of equal area is given by

(K +K,]

13. (¢) Givenr;=12cm,r,=6cm
T,=500K and T, =2 x 500 = 1000 K
P, =450 watt
Rate of power loss P oc r2T4
B _AT

15 "22 Tz4

Solving we get, P, = 1800 watt
14.  (d) According to Wein's displacement law,
maximum amount of emitted radiation

b
corresponding to A, = —

T
_ 2.88x10°nmK 00

mo 5760k
Y R

U Ul..
Emitted U, |-.
(radiation)

: ' 5 wave length A
250 nm 1000 nm
500 nm

From the graph U, <U, > U,
ﬂ At a given temperature, intensity of heat radiation

increases with wavelength, reaches a maximum at
a particular wavelength and with further increase
in wavelength it decreases.

15. (¢) According to question only one-quarter of
the heat produced by falling piece of ice is
absorbed in the melting of ice.

mgh
T4
4L 4x3.4x10°
> h=—=—"
g

16. (a) From Wein’s displacement law
A, x T = constant
P—max. intensity is at violet
= A, is minimum = temp maximum
R —max. intensity is at green
= A, is moderate = temp moderate
Q- max. intensityis at red => A is maximum =
temp. minimum  ie., TIJ >Tp> TQ

17.  (c) As the temperature difference AT = 10°C
as well as the thermal resistance is same for both
the cases, so thermal current or rate of heat flow
will also be same for both the cases.

18.  (d) According to the principle of calorimetry.
Heat lost = Heat gained
mL +ms A6=m_s A6
= mx540+mx1x(100—80)
= 20x1x(80-10)
= m=25g
Therefore total mass of water at 80°C

=(20+2.5)g=225¢g

ie. mL

=136 km.
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(a) Wein’s displacement law
According to this law
1

A max T
or, A .. *T=constant
So, as the temperature increases A decreases.
(b)  Q;=40,(Given)
- Ky4Ar 4 Ky A)At

L

(d) Stefan’s law for black body radiation
O=ceAT*

1/4
|0
[5(41:132)}

Heree=1

= K4, =4K,4,.

A=4nR?
(a) Initially liquid oxygen will gain the
temperature up to its boiling temperature then it
change its state to gas. After this again its
temperature will increase, so corresponding
graph will be graph (a).
(a) According to condition,

nis e ice 0°C

0.1m A=0.36 m?

100°C (steam)

Rate of heat given by steam = Rate of heat
taken by ice
where K = Thermal conductivity of the slab
m = Mass of the ice
L = Latent heat of melting/fusion
A = Area of the slab

dQ _ KA(100-0) _ dL

dt 1 dt
K x100x0.36  4.8x3.36x10°
0.1 - 60x60

K=1.24]J/m/s/°C

ﬂ In electrical conduction
dg V-V, cA

dt R
In thermal conduction,
=R _ 8% M,
T

K = Thermal conductivity of conductor.

24,

27.

(b) The rate of heat flow is given by

AT
Q =K.A. —
t {
Area of Original rod A =R,
2
R
Area of newrod A’ = ET
a=2
4

Volume of original rod will be equal to the volume
of new rod.

So, A'l"'=A(
m;
2
R
2p=m|—| {
wete- (3
¢ R?
— = =4
= 2
4
g_A4Lt_ 111
O A0 44 16
£33
0= 16
4mr
(a) E="0T*= T
0 4nR
2
:G%T“
© dQ _kA(h 1))
dt L

[(T;—T,)is the temperature difference]

Rate of heat flow is called heat current,

_do _(I-5)
= dt and H = R

H
- )
and thermal resistance, R = A
(b) According to Stefan’s law E = T4,
T,=500K
T,=1000K

E (1) (1000 4_16
E \ry) (500)

E2=16><7=112ca1!cm23
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28. (a) Heat required to raise the temperature of
lkg water from 20°C to 100°C is given by _Iy-T;
Q=msAB = (1x 4200 x 80) J ﬂ We know that @ = =%
Power of kettle (P) = VI= (220 x 4)W N T b e . et
’ KA Kmr?

i ey = 2 _ 1X420080
R e Y

=381.81 sec = 6.36 min
29. (a) According to Stefan's law,
Eoc T#

Eoc(t+273)*K [727°C=(727+273)K]
Eoc(7274+273)*K
E o (1000)*K

30. (c¢) Power radiated by the sun at t°C
=o(t+273)* 4m?
Power received by a unit surface

Co(t+273)4m? ro(r+273)*
4nR? R?
31. (¢) Applying Wein’s displacement law,
A, T = constant
5000 A x (1227 +273)= (2227 +273) x 1,
50001500

" 1000
32. (b) From given option
(i) r=2ry, =2,
P 2L, _ Ly
Kn (2r, )2 2K:rcr02

=3000A

f{] ‘{0
T Kn@n) 4K
(i) r=ry, [=2I,
e 2(02 2,
Knry® Knr

(V) r=ry, =1,

Lre_to _ L

Kn 7‘02 K TT?’02

It is clear that for option (b) resistance is
minimum, hence, heat flow will be maximum.
(1) Rate of heat flow is directly proportional to
area
(ii) inversely proportional to length.
.. Heat flow will be maximum when »is maximum
and {is minimum.

Heat flow will be maximum when thermal
resistance is minimum.
33. (a) From Wein’s displacement law
A, T = constant
— lm o« T!
34. (a) Inseries, equivalent thermal conductivity
_ 2Kk,
K +K,
or, K. = 2x Kx2K :iK
« K+2K 3

In electricity equivalent resistance in series
grouping R =R, + Ry + R; ...+ R,
In heat-thermal resistance in series R, = R, + R, +

Ry...+R,
£i+Lly+..L, _ £ N £y - £,
Ks K4 K,A K, A

For n no. of rods of equal length

35. (d) According to Wein's displacement law; product
of wavelength belonging to maximum intensityand
temperature is constant i.e., A 7= constant.

36. (d)

37. (b) Rate of heat flow for one rod

_KAG D) (Z' —h) (d — Length)
Rate of heat flow for other rod

_ K4 -1)
d
K4 (T, - T
In steady state, K4i-T)
_ K40 -1)

d
38. (b) According to Wein's displacement law,
A, T=2.88x1073

When T=2000K,
A, (2000)=2.88 < 103 ...(1)
When T =3000K,

A (3000)=2.88% 1073 ..(2)
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Dividing (1) by (2),
A A

g_mzl o _m:i jl'nglm

3N, A, 2 3
KA®, —6,)

() 0=

Rate of heat flow,
KA(6, -0 A

H:gzi( } 2) e, H o<

Dimensions of area 4 = [L2], dimensions of
distance /=[L]

H

L HelL 3—22222332 = 2H,
H,

(c) Natural convection

the vertical direction and not in the horizontal

ﬂ In convection, the temperature gradient exists in

41.

42.

43.

45.

47.

direction. So, up and down movement of particles
takes place which depends on the weight or gravity.

(c) Heat required by ice at 0°C to reach a
temperature of 100°C = mL + mcAB
=1x80+1x1x(100—0)= 180 cal

Heat available with 1 g steam to condense into
1 g of water at 100°C = 536 cal.

Obviously the whole steam will not be
condensed and ice will attain a temperature of
100°C; so the temperature of mixture = 100°C.
(¢c) According to Stefan’s law, £ o< T#

E T 20 1
E, T24 or E, A
= E,=320kcal/m?. min.
(a) According to Stefan’s Law E = ceAT?
E o« T%; so0, E o (500)*
(d) Amount of energy radiated o 74
(d) Thermal capacity=ms =40 x(0.2=8 cal/°C
=4.2x8J=33.6joules/°C
(b) Letthe final temperature be T
Heat gained by ice =mL+m x s x (T—-0)
=10x80+10x1xT
Heat lost by water =55 x 1x (40-T)
By using law of calorimetery,
800+10T=55x(40-T)
= T=21.54°C=22°C
(a) According to Newton’s law of cooling

(h-T) _ (TL+T
‘ :K[ l2 2_T°)

48

49.

50.

(80—70)
12

(70— 60) )
= K(65-25) ..(ii)

= t'=12x=15min
(a) Let the temperature of surroundings be 6,
By Newton's law of cooling

91 —82 :kl:el +92 —BO:|

( 2
70-60 [70+60
—k| == g,
5 2
= 2 =K[65-6] (i)
60—54:k[60;54_90}

= K(75-25) ..(i)

—

Similarly,

6
o 3 =k [57-6,] (i)
By dividing (i) by (ii) we have
10 65-6,
6 576
() Let 0, be the temperature of the
surrounding. Then

8075 :k(8°+75_90]
4 2

0, =45

5
or, —=k(77.5-0)

h
5
H=—— (1
b k(77.5-8,) ®
5
- N
Similarly, f> 1(712.5—69) ...(2)
and 1, 5 .(3)
k(67.5—6,)

From (1), (2) &(3), itis obvious that
LH<t,<t 3
(b) Rate of cooling o« temperature difference
between system and surrounding.
As the temperature difference is halved, so the
rate of cooling will also be halved.
So time taken will be doubled
t=2x5sec.= 10 sec.
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\ Trend Analysis with Important Topics & Sub-Topics f

Thermodynamic Processes

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD |(Qns. LOD |Qns.|LOD |Qns.| LOD|Qns.| LOD
First Law of Ist Law of Thermodynamics 1 E
Thermodynamics
Specific Heat Capacity & ThermodynamicProcesses | 1 | A | 1 | E 11 al 1l E]l 11| E

Carnot Engine, Refrigerator
& Second Law of
Thermodynamics

LOD - Level of Difficulty

Efficiency of Heat Engine

1 E 1 E

COP of Refrigerator

E - Easy

Topic 1: First Law of Thermodynamics

1 g of water, of volume 1 ecm3 at 100°C, is
converted into steam at same temperature under
normal atmospheric pressure (» 1 x 10° Pa). The
volume of steam formed equals 1671 cm?. Ifthe
specific latent heat of vaporisation of water is
2256 J/g, the change in internal energy is,

[NEET Odisha 2019]
(@) 2256] (b) 2423]
(c) 2089] d) 167]

A sample of 0.1 g of water at 100°C and normal
pressure (1.013 x 10° Nm2) requires 54 cal of heat
energy to convert to steam at 100°C. Ifthe volume
of the steam produced is 167.1 cc, the change in

internal energy of the sample, is [2019]
(a) 104.3) (b) 208.7J
(c) 845] (d) 422]

A system is taken from state a to state ¢ by two
paths adc and abc as shown in the figure. The
internal energyatais U, = 10]J. Along the path
adc the amount of heat absorbed 80, =50 J and
the work done 8/, = 20 J whereas along the

1 A

path abc the heat absorbed 80, = 36 J. The
amount of work done along the path abe is
[NEET Kar. 2013]

d R C
}I r 3 »
a b
V—>
(a) 6J (b)y 10J
(c) 1211 (d) 361

An ideal gas goes from state A to state B via
three different processes as indicated in the P-V

diagram : [2012M]
F 9
A
T
3 B

v

| i
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10.

11.

If Oy, O,, Oy indicate the heat a absorbed by the
gas along the three processes and AU, AU,,
AUj indicate the change in internal energy along
the three processes respectively, then

@) 0,> 0,> Qyand AU, = AU,=AU;

(b) O3> 0,> 0, and AU=AU,=AU;

(d) 03>0,>0Q,and AU> AU, > AU;

The internal energy change in a system that has
absorbed 2 kcals of heat and done 500 J of

work is: [2009]
(a) 6400J (b) 5400J
(c) 7900 ] (d) 8900 J

110 joules of heat is added to a gaseous system
whose internal energy is 40J. Then the amount

of external work done is [1993]
(@) 150J (b) 701J
(c) 1101 (d) 401

Which of the following is not thermodynamical
function ? [1993]
(a) Enthalpy (b) Work done

(¢) Gibb's energy (d) Internal energy
First law of thermodynamics is consequence

of conservation of [1988]
(a) work (b) energy
(c) heat (d) all ofthese

Topic 2: Specific Heat Capacity
& Thermodynamic Processes
Two cylinders A and B of equal capacity are
connected to each other via a stop cock. A
contains an ideal gas at standard temperature and
pressure. B is completely evacuated. The entire
system is thermally insulated. The stop cock is
suddenly opened. The process is : [2020]
(a) adiabatic (b) 1isochoric
(c) isobaric (d) isothermal
In which of the following processes, heat is
neither absorbed nor released by a system ?
[2019]

(b) adiabatic
(c) isobaric (d) 1isochoric
The volume (V) of a monatomic gas varies with
its temperature (T), as shown in the graph. The
ratio of work done by the gas, to the heat
absorbed by it, when it undergoes a change
from state A to state B, is [2018]

(a) isothermal

12,

13.

123
\Y%
1 B
A
0 —T
2 2
@ 3 ®) 3
2 1
() 7 d 3

Thermodynamic processes are indicated in the

following diagram : [2017]
Match the following
Column-1 Column-2
P. Process 1 A. Adiabatic
Q. Process II B Isobaric
R, Process III C. Isochoric
S.  Process IV D. Isothermal

(a) P->C,Q>A,R—>D,S—>B

) P-C,Q—>D,R—B,S—A

(¢c) P>D,Q—=B,R—A,S—>C

(d P—-AQ—>C,R—>D,S—>B

A gasis compressed isothermally to half'its initial

volume. The same gas is compressed separately

through an adiabatic process until its volume is

again reduced to half. Then : [2016]

(a) Compressing the gas isothermally will
require more work to be done.

(b) Compressing the gas through adiabatic
process will require more work to be done.

(¢) Compressing the gas isothermally or
adiabatically will require the same amount
of work.

(d) Which of the case (whether compression
through isothermal or through adiabatic
process) requires more work will depend
upon the atomicity of the gas.
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14.

15.

16.

17.

18.

Figure below shows two paths that may be taken
by a gas to go from a state A to a state C.

I)“
B
6x10* Pa —
"
2x10*Pa
Al

2x103m? 4% 103 m?
V=
In process AB, 400 J of heat is added to the
system and in process BC, 100 J of heat is added
to the system. The heat absorbed by the system

in the process AC will be [2015]
(@) 5001J (b) 460J
(c) 300J (d) 380J

An ideal gas is compressed to half its initial
volume by means of several processes. Which
of'the process results in the maximum work done
on the gas? [2015 RS}
(a) Isobaric (b) Isochoric

(¢) Isothermal (d) Adiabatic

A monoatomic gas at a pressure P, having a
volume V expands isothermally to a volume 2V
and then adiabatically to a volume 16V. The final

5
pressure of the gas is : (takey= =

) 12014
(a) 4P (b) 32P

L d) 16P
© o @

A thermodynamic system undergoes cyclic
process ABCDA as shown in fig. The work done

by the system in the cycle is : [2014]
@ PyV, a4
3Py|----- c B
(b) 2P OVO i H
2P,
PoVo
© -5 Pof-----p: D
(d) Zero Vo 2Vo V>

A gas is taken through the cycle A>B - C—
A, as shown in figure. What is the net work done
by the gas? [2013]

19.

20.

21.

PHYSICS

AP (10° Pa)

7

6

5

4

3

2

1

- >V (10° m)

(a) 1000J (b) zero
©) —2000] d 2000J

During an adiabatic process, the pressure of a
gas is found to be proportional to the cube of

C
its temperature. The ratio of C—p for the gas is
v

[2013]
5
(@) 2 ) 3
3 4
© 3 @ 5

Which of the following relations does not give
the equation of an adiabatic process, where
terms have their usual meaning?

(a) P'T'Y =constant  [NEET Kar. 2013]
(b) P™' TY = constant
(c) PVY = constant

(d) TV! = constant

A thermodynamic system is taken through the
cycle ABCD as shown in figure. Heat rejected
by the gas during the cyclic process is :/2012]

D _ C

3

Pressure —»
=

--P {4 - B
L I
V 3V
Volume —»
(a) 2PV (b) 4PV
1
(c) ) PV (d PV
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22. One mole of an ideal gas goes from an initial | 25. IfAUand AWrepresent the increase in internal
state 4 to final state B via two processes : It energy and work done by the system
first undergoes isothermal expansion from respectively in a thermodynamical process,
volume V to 3V and then its volume is reduced which of the following is true? 2010, 1998]
from 3V to V at constant pressure. The correct (a) AU=-AW, in an adiabatic process
J_D -V diagram representing the two pro;sjzes (b) AU= AW, in an isothermal process
1 5 [ / (¢c) AU= AW, in an adiabatic process
(@) T (d) AU=-AW, in an isothermal process
» 26. In thermodynamic processes which of the
A > following statements is not true? [2009]
(a) In an isochoric process pressure remains
v — 37 constant
4 (b) In an isothermal process the temperature
(b) remains constant
T (¢) Inan adiabatic process PVY = constant
» (d) In an adiabatic process the system is
insulated from the surroundings
27. If Q, E and W denote respectively the heat
added, change in internal energy and the work
done in a closed cyclic process, then: [2008]
(c) 4 (a) W=0 (b) Q=W=0
! (¢) E=0 @ Q=0
P YA\ 28. One mole of an ideal gas at an initial
temperature of 7 K does 6R joules of work
adiabatically. If the ratio of specific heats of
V. —3y 3
4 this gas at constant pressure and at constant
(d) 4 volume is 5/3, the final temperature of gas will
T be [2004]
P ‘ (a) (T-4HK by (T+24)K
i (¢) (T—2.4) K d) (T+4)K
y — 37 29. An ideal gas at 27°C is compressed
v
23. During an isothermal expansion, a confined adiabatically to % of’its original volume. The
ideal gas does —150 J of work against its
surroundings. This implies that [2011] rise in temperature is [Y :ij [1999]
(a) 150 J heat has been removed from the gas 3
(b) 300 J of heat has been added to the gas (a) 475°C (b) 402°C
(¢) no heat is transferred because the process (c) 275°C (d) 175°C
is isothermal 30. [Ifthe ratio of specific heat of a gas at constant

24,

(d) 150 J of heat has been added to the gas
A mass of diatomic gas (y = 1.4) at a pressure
of 2 atmospheres is compressed adiabatically
so that its temperature rises from 27°C to
927°C. The pressure of the gas in final state is

[2011M]
(b) 68.7 atm

(d) 8atm

(a) 28 atm
(c) 256 atm

pressure to that at constant volume is y, the
change in internal energy of a mass of gas, when
the volume changes from V to 2} at constant

pressure P, is [1998]
R

@ Gop (b) PV
PV ; Yy PV

© 4o @ &
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31.

32.

33.

34,

35.

36.

A sample of gas expands from volume V; to V.
The amount of work done by the gas is greatest,

when the expansion is [1997]
(a) adiabatic (b) isobaric
(c¢) isothermal (d) equal in all cases

An ideal gas undergoing adiabatic change has
the following pressure-temperature
relationship [1996]
(a) Pr1TY=constant
(b) P'T'-!=constant
(¢) PYTY' = constant
(d) P77 =constant
A diatomic gas initially at 18°C is compressed
adiabatically to one eighth of its original

volume. The temperature after compression
will be

(a) 18°C (b) 668.4°K [1996]
(c) 395.4°C (d) 144°C

An ideal gas 4 and a real gas B have their
volumes increased from V to 2V under
isothermal conditions. The increase in internal
energy [1993]
(a) will be same in both 4 and B

(b) will be zero in both the gases

(¢) of B will be more than that of 4

(d) of 4 will be more than that of B

A thermodynamic system is taken from state A
to B along ACB and is brought back to A along
BDA as shown in the PV diagram. The net work
done during the complete cycle is given by the

area [1992]
Pll
B
P, p
P, D
A
A' B ;';
(a) PACBP,P, (b)y ACBB'A'A
(¢) ACBDA (dy ADBB'A'A

A thermodynamic process is shown in the
figure. The pressures and volumes
corresponding to some points in the figure are

Plk
B_, C

-~ r 3

< ¥

PHYSICS
P,=3x10*Pa
V,=2x10%m?
Py=8x10%Pa

Vp=5x102m’.
In process AB, 600 J of heat is added to the
system and in process BC, 200 J of heat is
added to the system. The change in internal
energy of the system in process AC would be
[1991]

(a) 5601 (b) 8001J
(c) 6001 (d) 6401

37. At 27° C a gas is compressed suddenly such
that its pressure becomes (1/8) of original
pressure. Final temperature will be (y = 5/3)
(a) 420 K (b) 300K  [1989]
(c) — 142°C (d) 327°C

Topic 3: Carnot Engine, Refrigerator &
Second Law of Thermodynamics

38. Theefficiency of an ideal heat engine working
between the freezing point and boiling point of

water, 18 [2018]
(a) 26.8% (b) 20%
(c) 12.5% (d) 6.25%

1
39. A carnot engine having an efficiency of 10

heat engine, is used as a refrigerator. Ifthe work
done on the system is 10 J, the amount of energy
absorbed from the reservoir at lower temperature

is : [2017, 2015]
(a) 901 (b) 991
(c) 1001 (d 1]

40. A refrigerator works between 4°C and 30°C. It
is required to remove 600 calories of heat
every second in order to keep the temperature
of the refrigerated space constant. The power
required is:

(Take 1 cal = 4.2 joules) [2016]
(a) 2365 W (b) 23.65W
(c¢) 2365 W (d) 2365 W

41. The coefficient of performance of a refrigerator
is 5. If the inside temperature of freezer is —20°C,
then the temperature of the surroundings to
which it rejects heat is [2015 RS]
(a) 41°C (b)y 11°C
(c¢) 21°C (d) 31°C
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45.

47.

48.

127

Two Carnot engines 4 and B are operated in
series. The engine A receives heat from the
source at temperature 7; and rejects the heat
to the sink at temperature 7. The second engine
B receives the heat at temperature 7 and rejects
to its sink at temperature 7. For what value of
T the efficiencies of the two engines are equal?

[NEET Kar. 2013]
I +1, I -1
(a) 5 (b) 5
(o T\T, (d 4%

When 1 kg ofice at 0°C melts to water at 0°C, the
resulting change in its entropy, taking latent heat
of ice to be 80 cal/°C, is [2011]
(a) 273 cal/K (b) 8 x 104 cal/K
(c) 80 cal/K (d) 293 cal/K

An engine has an efficiency of 1/6. When the
temperature of sink is reduced by 62°C, its
efficiency is doubled. Temperature ofthe source is
(a) 37°C (b) 62°C [2007]
() 99°C (d) 124°C

A Carnot engine whose sink is at 300 K has an
efficiency of 40%. By how much should the
temperature of source be increased so as to
increase, its efficiency by 50% of original

efficiency ? [2006]
(a) 325K (b) 250K
(c) 380K (d) 275K

Which of the following processes is
reversible? [2005]
(a) Transfer of heat by conduction

(b) Transfer of heat by radiation

(¢) Isothermal compression

(d) Electrical heating of a nichrome wire
An ideal gas heat engine operates in Carnot
cycle between 227°C and 127°C. It absorbs
6 x 10* cals of heat at higher temperature.
Amount of heat converted to work 1s [2005]
(a) 4.8 x 10%cals (b) 6 x 10* cals

(¢) 2.4 x 10%cals (d) 1.2 x 10*cals
A Carnot engine whose efficiency is 50% has
an exhaust temperature of 500 K. If the

49.

50.

51

52,

53.

efficiency is to be 60% with the same intake
temperature, the exhaust temperature must be

(in K) [2002]
(a) 800 (b) 200
(c) 400 (d) 600

An ideal gas heat engine operates in a Carnot
cycle between 227°C and 127°C. It absorbs 6
kcal at the higher temperature. The amount of
heat (in kcal) converted into work is equal to

[2002]
(a) 1.2 (b) 4.8
(c) 3.5 (d) 1.6
The temperature of source and sink of a heat

engine are 127°C and 27°C respectively. An
inventor claims its efficiency to be 26%, then:

(a) itisimpossible [2001]
(b) itispossible with high probability

(c) itispossible with low probability

(d) data are insufficient.

A reversible engine converts one-sixth of the
heat input into work. When the temperature of
the sink is reduced by 62°C, the efficiency of the
engine is doubled. The temperatures of the

source and sink are [2000]
(a) 99°C,37°C (b) 80°C,37°C
(c) 95°C,37°C (d)y 90°C,37°C

The efficiency of a Carnot engine operating
between the temperatures of 100°C and —23°C

will be [1997]
100 +23 10023
(@) il (b)
100 100
373-250
© 373+ 250 (d)
373 373

An ideal carnot engine, whose efficiency is 40%
receives heat at 500 K. If its efficiency is 50%,
then the intake temperature for the same exhaust

temperature is [1995]
(a) 600K (b) 700K
(c) 800K (d) 900K
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Hints & Solutions

(c) AQ=12256 x1=2256)
AW=P[ V team — Vwater] [~ dw= pdv]
=1x105[1671-1]x106=167]
AsAQ=AU+ AW
2256 = AU+ 167
AU =2089 ]
(b) Using first law of thermodynamics equation,
AQ=AU+AW
= 54x4.18
=AU + 1.013 x 10%(167.1 x 10-% - 0)
(" AW =PAV)
= AU=208.71J
(a) From first law of thermodynamics

Qadc = AUadc + Wad{:
500) = AUadc +201]
AU, .= 307
Agﬂiﬂ, Qabc‘ = AUabC + wfabc
abe Qahc‘ B AU‘abc
= Q{;hc‘ - AUadc‘
= 36J-301)
= 6

(a) Initial and final condition is same for all
process

AU, = AU, =AU,

from first law of thermodynamics
AQ=AU+ AW

Work done

AW, > AW, > AW, (Area of P.V. graph)
SoAQ, > AQ, > AQ,
(¢c) According to
thermodynamics
Q=AU+W
AU=Q-W

=2 x 4.2 x 1000 — 500 = 8400 —500
= 7900 J

first law of

6.

(b) AQ=AU+AW
S AW=A0 -AU=110-40=70]

(b) Work done is not a thermodynamical
function.

The fundamental thermodynamic equations follow
from five primary thermodynamic definitions and

10.

11.

12.

describe internal energy, enthalpy, Helmholtz
energy and Gibb's energy.

(b) The first law of thermodynamics is just a
conservation of energy.

(a) Entire system is thermally insulated. So,
no heat exchange with surrounding will take
place. Hence, process will be adiabatic.

(b) In adiabatic process, there is no exchange
of heat, with the surroundings.

5
(a) Gas is monatomic, so Cp = ER

Given process is isobaric
dQ=n Cp dT

5
= n|—R|dT
= 4 (2 ]
dW=PdV=nRdT
dw  nRdT 2
g n(ER]dT >
2
(a) Process I volume is constant hence, it is
isochoric
In process IV, pressure is constant hence, it is
isobaric

Required ratio =
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13. (b) Wm = negativ.e of area with volume-axis PV PV
W(adiabatic) > W(isothermal) B 0
P 1 18. (a) W, =Areaoftriangle ABC
|
|\ Adiabatic =5 ACxBC
I
! |
i =5x5x1tr3x4x105=100m
I
| Isothermal | 19. (c) According to question P oc T3
0 [ I _ But as we know for an adiabatic process the
Vi 2V, \Y% e
14. (b) Incyclic process ABCA pressure P oc 1
Qcyc]e a chcle y 3 C 3
1 - v
+400 + 100+ Q. = 5(2 x 1073) (4 x 10%)  20. (a) Adiabatic equations of state are
_ _ PV = constant TV¥-1 = constant
15 (:d>) %C_)A__%OJ = Quoemr460) P7ITY = constant.

4 When a thermodynamic system undergoes a
change in such a way that to exchange of heat takes
place between system and surroundings, then the

Isothermal | Adiabatic process is adiabatic process. In this process P, V'
I and T change but AQ = 0.
TAYAE 21. (a) - Internal energy is the state function.
: In cyclie process; AU =0
I According to Ist law of thermodynamics
| >V AQ=AU+W
Since area under the curve is maximum for So heat absorbed
adiabatic process so, work done (W = PdV) on AQ = W= Area under the curve
the gas will be maximum for adiabatic process. =-(2V) (P)=-2PV
_ So heat rejected = 2PV
16. (¢) For isothermal process PV, = P,V, 22. (d) Istprocessis isothermal expansion which
PV=P.OV p— P is only correct shown in option (d)
= =P2V) = P,= 2 2nd process is isobaric compression which is
For adiabatic process correctly shown in option (d)
PV = poVY 23. _(d)_ According to quest:ion_ work_ done by gas
272 773713 is given —150J so that according to it answer will
= 2] v =6y be (d)
B -3 4. (c) T,=273+27=300K
5/3 T,=273+927=1200K
31y P For adiabatic process,
= b= 2\8 64 P!V TY = constant
17.  (d) Work done by the system in the cycle = PIIHYTIY: le_y T,

= Area under P-V curve and V-axis

1
= E(ZPO _PO)(ZVCI — Vo) =+

{_(3 (3P — 2Py)(2V, — Vo)]

-y ¥ -y ¥
(&) (L) oA _|&
A 5 I, n

1-1.4 1.4 -0.4
" i :[@] " i :(4)1 4
P 300 P,
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26.

27.

0.4
P.
N (_2] 4

Py
1.4 7
— P =P, 4(‘3‘_“J _p, 4[5)
= P, (27)=2x 128 =256 atm
(a) By firstlaw of thermodynamics,
AQ =AU+ AW
In adiabatic process, AQ =0

AU =-AW
In isothermal process, AU =0

AQ =AW
(a) In an isochoric process volume remains
constant whereas pressure remains constant in
isobaric process.
(¢) In a cyclic process, the initial state
coincides with the final state. Hence, the change
in internal energy is zero, as it depends only on
the initial and final states.

In case of cyclic process, u,=u; .. Au=u,—u,=0
And also Au =< AT . AT=0

28.

29.

(@) T,=T.W=6Rjoules, y = g

,_ RW=BV, nRT,—nRI,

y-1 y-1
_ nR(G-Ty)
!
R(T-T,)
= =T—=>—=-"=6R
n l,Tl T 5/3_1
=T, =(T4K
(b) T=27°C=300K
5 8 h_27
=— Vo=—V,- ——=—
Y 3: 2 2? 1 V2 8

From adiabatic process we know that

-1 -1
L =Ty

5
-1 2
5 (K _[EJa :
no\n) TR
L9 -2 = 2x300-675k
T, 4 4 4
T,=675-273°C=402°C

30.

3L

32.

33.

34,

PHYSICS

(c¢) Change in internal energy is equal to work
done in adiabatic system
AW=-AU (Expansion in the system)

1
= —E(HVI -BV5)

1
AU =—— (B, —R)
1-y
Here, V] =V.,V, =2V

AU =——[px2y - Pr]=L2
I-y I-y
= aU=-22
y-1

(b) Inthermodynamics for same change in volume,
the work done is maximum in isobaric process
because in P— V graph, area enclosed by curve and
volumeaxis is maximum in isobaric process.
(d) We know that in adiabatic process,
PV! = constant A1)
From ideal gas equation, we know that
PV=nRT

nRT

V="> +(2)

Puttingt the value from equation (2) in
equation (1),

nRT\"
Pl—| = tant
[P] constan

P17 TY = constant
(b) Initial temperature (7,) = 18°C =291 K

Let Initial volume (V)= V

%
Final volume (V)= 3

According to adiabatic process,
TVr =1 = constant

According to question, ;7' o1 vy -

!
2
=T, =293 {—’]
£
T
— T2 — 293(8)5 =203 x2.297=668.4K

C
For diatomic gas y = P _ 1}
c, s

(b) Under isothermal conditions, there is no
change in internal energy.
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(¢) Work done = Area under curve ACBDA
(a) BCis isobaric process,

s W=Ppx(Vp=V,)=240]
AQ=600+200=800]

Using AQ=AU+ AW

=S AU=AQ-AW=800-240=5601]

Since 4B is an isochoric process i.e., AV'= 0 so, no
work is done.

37.

38

39.

(C) Tl'r RI—T _ TZT le—'r

_(n)Y (R

) ~B)

1-y
(B

>T,=T.] L =300 x (8) 5= 142°C

2=1 LP2J (8)

5

(a) Efficiencyofideal heatengine, = _?1

Sink temperature, T, =100°C=100+273=373K
Source temperature, T, =0°C=0+273=273K

122 15100
g

273 100
=122 1x100 = | — |x100 =26.8¢
[ 373}( (373) 26.8%

Percentage efficiency, %m = [

1
(a) Given, efficiency of engine, 1= 10

work done on system W = 10]
Coefficient of performance of refrigerator

LI
B:&:_l_n_ 10:&_9
w on L 1
10 10
Energy absorbed from reservoir
Q,=BpW Q,=9x10=90J

a heat engine.

ﬁ A refrigerator works along the reverse direction of

40.

(¢c) Given: T,=4°C=4+273=277K
T,=30°C=30+273=303K
QT
W T -T,
_600x42 277
W 303-277
= W=236.5joule

41.

42,

43.

45.

W 236.5joule

Power P= — = —————— =236.5 watt.
t Isec
(d) Coefficient of performance,
T.
Cop= 2
h-T;
273-20 253

T,—(273-20) T, - 253
ST, — (5% 253) =253
5T, =253+ (5 x 253)=1518
1518
Ty= =5 =3036
or, T, =303.6-273=30.6=31°C

T
(d) Efficiency ofengine 4, M, :l—?,

1

T
Efficiency of engine B, Ny =1— =2

T
Here, n =",
r.nh
g T T =2 T=Jhh
(d) Change in entropy is given by
dQ AQ mlg
AS= o T 273
AS= 100080 =293cal/K.
273
. . . 5
(c) Since efficiency of engineis M=1- T
1
According to problem,
1 T,
ng—?l e (1)

When the temperature of the sink is reduced by
62°C, its efficiency is doubled

2[%} =1- T21t162 e (2)

Solving (1) and (2) T,=372K
T, =99°C = Temperature of source.
(b) Weknow that efficiency of Carnot Engine

_L-T
4
where, T is temp. of source and 7, is temp. of sink
040 12300 T; =300 = 0.40T;

1
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0.6T; =300 =T :%:%:5{)01{

Now efficiency to be increased by 50%
7; =300

1

0.60 = = 7,-300 = 0.67;

300 300x10
047, =300 = 7 ===~ .
Increase in temp = 750-500=250K
(c) Isothermal process occur very slowly so it
is quasi-static and hence it is reversible.

=750

The conditions for reversibility
* Must take place infinitely slowly

47.

48.

49.

* The temperature of the system must not differ
appreciably
+ There must be complete absence of dissipative
forces such as friction, viscosity, electric
resistance, etc.
(d) We know that
efficiency of carnot engine
L | 400 1
1 500 5
[ T, =(273 +227)K = 500 K
and 7, = (273 + 127)K = 400 K]

_ ) Work output
Efficiency of Heat engine = m
or, 1 _ work output

5 6x107
= work output = 1.2 x 10* cal

T 50 500
—1--2 by
() T T 100 T
= 1, =1000 K
Also, _j 2 1 400 K
* 100 1000 ~ 27
L-T

(a) Efficiency = T
1

T, =227 +273 =500 K

T, =127 +273 =400 K
500-400 1

rl:i:

500 5
Hence, output work

ﬂ Efficiency of heat engine: 7 =

50.

51

52.

53.

PHYSICS

= (1) x Heat input = % x6=1.2 kcal

Work done ( W)
Heat in put (Ql )

_1_300_100 1 1  00_os0
@ N=17500 200 4 N7 00=2%

Hence, it is not possible to have efficiency more
than 25%.

(a) [Initially the efficiency of the engine was

|
— which increases to 5 when the sink

6
temperature reduces by 62° C.
n= 1 =1- ) , when 7, = sink temperature
6 7

5
T, =source temperature = 15 = 5 LI

Secondly,

7, —-62 T.
i:l_izl_—z.pQ:]_E_FQ
3 T L 6§

or, ;=62 x6=372K=372-273=99°C
&Tzzgx 372=310K=310-273=37°C

T
—1--L
@ n=l-7
=-23°C=250K, 7,=100°C=373K
250 _ 373-250
373 373
(a) Efficiency of carnot engine (1,) = 40%
= 0.4; Initial intake temperature (7)) = 500K and
new efficiency (n,)=50% =0.5.

T- T-
Efficienc =1-2 or 22 -1_nq.
y () T T n

T-
Therefore in first case, 2 -1-04=06.
500

= T,=0.6%500=300K

And in second case, @ =1-05=0.5

h
300

= [ ="——=600K
0.5


http://www.jeebooks.in

Kinetic Theory

\ Trend Analysis with Important Topics & Sub-Topics f

Topic Sub-Topic

2020 2019 2018 2017 2016

Qns.

LOD |Qns. LOD |Qns. LOD Qns.|LOD|Qns. LOD

Kinetic Theory of an Ideal

Gas & Gas Laws Ideal Gas Equation

1

A

Heat Capacity & Mean Free Energy, Degree of Freedom

Speeds of Gas, Pressure & Pressure, Kinetic Energy 1 E
Kinetic Energy RMS Speed Formula 1| D 1| A
Degree of Freedom, Specific | Law of Equipartition of

1 A

Path
@ Mean Free Path Formula

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Kinetic Theory of an Ideal Gas &
Gas Laws

l. A cylinder contains hydrogen gas at pressure
0f249 kPa and temperature 27°C. [2020]
Its densityis : (R=8.3 Jmol ' K™)
(a) 02kgm? (b) 0.1kg/m?
(¢) 0.02kg/m? (d) 0.5kg/m?

2. Two vessels separately contain two ideal gases
A and B at the same temperature. The pressure
of A being twice that of B. Under such conditions,

the density of A is found to be 1.5 times the
density of B. The ratio of molecular weight of A

and Bis: [2015 RS]
3
7 2
L ) =
© @ 3
3. Inthegiven (V—T) diagram, what is the relation
between pressure P; and P, ? naizi
(a) P,>P,

(b) P,<P,
(¢) Cannot be predicted
(d P,=P,

At 10° C the value of the density of a fixed mass
of an ideal gas divided by its pressure is x. At

110°C this ratiois: [2008]
383
(@ x (b) 523~
10 283
10 4 =22
© 10" @ 53"

When volume of system is increased twice and
temperature is decreased half of its initial
temperature, then pressure becomes

(a) 2times (b) 4times
1 . 1 .
(c) E times (d) Z times

The equation of state for 5 g of oxygen at a
pressure P and temperature T, when occupying
a volume V, will be [2004]
(a) PV=(5/16)RT

(b) PV=(5/32)RT

(c) PV=S5RT

(d) PV=(52)RT

(where R is the gas constant).
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10.

11.

12,

13.

PHYSICS

A gas at 27°C temperature and 30 atmospheric
pressure is allowed to expand to the atmospheric
pressure. If the volume becomes 10 times its
initial volume, then the final temperature becomes

(@ 100°C (b) 173°C [2001]
(c) 273°C (d) -173°C

The equation of state, corresponding to 8g of
0O,is [1994]
(@) PV=8RT (b)y PV=RT/4

(c) PV=RT (d) PV=RT2

According to kinetic theory of gases, at absolute

zero temperature [1990]

(a) water freezes

(b) liquid helium freezes

(¢c) molecular motion stops

(d) liquid hydrogen freezes

At constant volume, temperature is increased

then [1989]

(a) collision on walls will be less

(b) number of collisions per unit time will
increase

(c) collisions will be in straight lines

(d) collisions will not change.

Topic 2: Speeds of Gas, Pressure
& Kinetic Energy

Increase in temperature of a gas filled in a

container would lead to: [2019]

(a) increase in its mass

(b) increase in its kinetic energy

(c) decrease in its pressure

(d) decrease in intermolecular distance

At what temperature will the rms speed of

oxygen molecules become just sufficient for

escaping from the Earth’s atmosphere?

(Given:

Mass of oxygen molecule (m)=2.76 x 102kg

Boltzmann’s constant ky = 1.38 x 1072 JK™)
[2018]

(a) 2.508x10*K (b) 8.360x 10°K

(c) 1254x10*K (d) 5.016 x 10°K

The molecules of a given mass of a gas have

r.m.s. velocity of 200 ms™! at 27°Cand 1.0 x 10°

Nm~2 pressure. When the temperature and

pressure of the gas are respectively, 127°C and

0.05 x 105 Nm2, the r.m.s. velocity of its

molecules inms™! is : [2016]

@) 1002 (b)
10072

©

@ 5

14.

15.

16.

17.

18.

19.

20.

In a vessel, the gas is at a pressure P. [fthe mass

of all the molecules is halved and their speed is

doubled, then the resultant pressure will be
[NEET Kar. 2013]

(a) 4P (b) 2P

(c) P (d) P2

At 0 K, which of the following properties of a

gas will be zero? [1996]

(a) Kineticenergy (b) Potential energy

(¢) Density (d) Mass

The temperature of a gas is raised from 27°C to

927°C. The root mean square speed is  [1994]

(a) 4/(927/27) times the earlier value

(b) remain the same

(c) gets halved

(d) get doubled

If C, be the velocity of sound in air and Cbe the

r.m.s velocity, then [1994]
(@ C,<C (b) C;=C
(o C,= C(y/3)'2 (d) none of these
Relation between pressure (P) and energy (£)
of a gas is [1991]

2 1

P==F P=—E

(@ P=3E () Py

1
(c) PZEE (d) P=3E

Three containers of the same volume contain
three different gases. The masses of the
molecules are m,, m, and m, and the number of
molecules in their respective containers are Ny,
N, and N;. The gas pressure in the containers
are P\, P, and P, respectively. All the gases are
now mixed and put in one of these containers.
The pressure P of the mixture willbe ~ [1991]
(@) P<(P+P,+P,)

3

() P=P +P,+P

(d P>(P+P,+P,)

N molecules each of mass m of a gas 4 and 2N
molecules each of mass 2m of gas B are contained
in the same vessel which is maintained at
temperature T. The mean square velocity of
molecules of B type is v and the mean square
rectangular component of the velocity of 4 type

is denoted by ®?. Then @?/v? [1991]
(@) 2 (b) 1
(c) 173 (d) 2/3
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Two containers A and B are partly filled with
water and closed. The volume of A is twice that
of B and it contains half'the amount of water in
B. Ifboth are at the same temperature, the water
vapour in the containers will have pressure in

the ratio of [1988]
(@ 1:2 by 1:1
(c) 2:1 (d) 4:1

Topic 3: Degree of Freedom, Specific Heat

2.

24,

Capacity & Mean Free Path

The mean free path for a gas, with molecular
diameter d and number density n can be

expressed as : [2020]
_1 1
@ onnd? ®) 22
1 1
© S22 D Gund

C
The value of y = [C_P}’ for hydrogen, helium
and another ideal diatomic gas X (whose
molecules are not rigid but have an additional
vibrational mode), are respectively equal to,

[NEET Odisha 2019]
757 759
@ 335 O3
579 57 7
© 337 @353

A gas mixture consists of 2 moles of O, and 4
moles of Ar at temperature T. Neglecting all
vibrational modes, the total internal energy of

the system is :- [2017]
(@) 15RT (b) 9RT
(c) 11RT (d) 4RT

One mole of an ideal diatomic gas undergoes a
transition from A to B along a path AB as shown
in the figure.

!

P(inkPa) 2 B

5

4 6
V(inm®) —»

26.

27.

28.

29.

30.

The change in internal energy ofthe gas during

the transition is: [2015]
(a) —-20kJ (b) 201J
(c) —12kJ (d) 20kJ

C
The ratio of the specific heats C—P =7 interms

of degrees of freedom (n) is given by  [2015]

(a) (1+%) (b) [1+§J
() (1+%J (d) [1+ﬁ}

4.0 g of a gas occupies 22.4 litres at NTP. The
specific heat capacity of the gas at constant
volume is 5.0JK~!. Ifthe speed of sound in this
gas at NTP is 952 ms~!, then the heat capacity
at constant pressure is (Take gas constant R =
8.3 JK~! mol™) [2015 RS]
(@ 7.5JK mol™! (b) 7.0JK ! mol™!

(¢) 8.5JK'mol!(d) 8.0JK!mol!

The mean free path of molecules of a gas, (radius

‘r") is inversely proportional to : [2014]
@ r ®) r?
© r @ r

The amount of heat energy required to raise the
temperature of 1g of Helium at NTP, from T K to
T,Kis [2013]

3
(a) 5 N kg(T,-T))

3
(b) 1 N kg(T,-T))
3 T,
¢ — Nk, —=
( ) 4 8 B Tl
3
(d) ENakB(TZ_TI)
The molar specific heats of an ideal gas at
constant pressure and volume are denoted by

C
Cp and C, respectively. If y = ?P and Ris the

v

universal gas constant, then C,, is equal to
[2013]
(r-1)

R
(a) m (b) "R

+¥

1
© R @5z
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32,

33

34,

35.

The molar specific heat at constant pressure of
anideal gas is (7/2) R. The ratio of specific heat at
constant pressure to that at constant volume is
(a) 87 (b) 5/7 [2006]
(c) 9/7 (d) 7/5

Ify be the ratio of specific heats of a perfect gas,
the number of degrees of freedom of a molecule

of the gas is [2000]
25 3y-1
(@) 7(7_]) (b) 2y-1
2 91
The degree of freedom of a molecule of a triatomic
gas is [1999]
(@ 2 (b) 4
(© 6 (d 8

The number of translational degrees of freedom

for a diatomic gasis [1993]
(@) 2 (b) 3
(© 5 (d) 6
If for a gas, R _ 0.67 > the gas is made up of

molecules which are

(a) diatomic

(b) mixture of diatomic and polyatomic
molecules

11992]

36.

37.

38.

39.

PHYSICS

(c) monoatomic

(d) polyatomic

For hydrogen gas, C b C, = a and for oxygen
gas, Cp— C,= b, sotherelation between a and b

is given by [1991]
(@ a=16b (b) 16 b=a
(¢) a=4b (d) a=b

For a certain gas the ratio of specific heats is

given to be y=1.5. For this gas [1990]
(a) Cp=3RM (b) Cp=3R/
(c) Cp=5R/] (d)y Cp=5R/]

One mole of an ideal monoatomic gas requires
207 J heat toraise the temperature by 10 K when
heated at constant pressure. If the same gas is
heated at constant volume to raise the
temperature by the same 10 K, the heat
required is

[Given the gas constant R =8.3 J/ mol. K] [1990]
(a) 198.7] (b) 291

(¢c) 2153] (d) 124)

A polyatomic gas with n degrees of freedom has
a mean energy per molecule given by  [1989]

nkT b T
@ ®) 5y
nkT 3kT
© @ =

Ll@lelwm|[n|lm]liel @2t | |26 | w31 [36] @
2 @l 7 l@le{wmlizlol2|@|27]@]|32]c|37]on
3wl 8 lwm|lwlwmlisl @23 w28 ]33]« |38] @
4 l@]lol@la|lmlio]l @24 [ @]20] @ ]34]m]39] 0
5 @l ]lwmlis|@l20]@]25[@]30] @]35]

Hints & Solutions

(a) Given : Pressure P=249 k Pa

=249 x 10° N/m?
Mass of hydrogen, M=2g=2x 103 kg
Temperature, T=27+273=300K
Using, ideal gas equation, PV = nRT

PM [ M]
PM=pRT > p=""2 |wp=—"
P P="r p="

2.

(249x10°)(2x107)

8.3x300
(a) From PV =nRT

=0.2 kg/m’.

= m and Pg = M
RT RT
From question,

Pa
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Po_pPaMy_, My 3
Pg pgMg Mg 2
M 3

S0, My "3

B
(b) P,>P,

P2
V / /Pl

As 'V =constant > P T
Hence from V-T graph P, > P,

From the Gay - Lussac's law, volume remain
constant, the pressure of a given mass of a gas is
directly proportional to its absolute temperature.

S PecT

P P_P
— =constant = —L=—%
T T, T,
(d) Let the mass of the gas be m.

At a fixed temperature and pressure, volume is
fixed.

Density of the gas, p = %

Now P m _ m

m .
— —— =x (By question
RT (Byq )
= xT = constant = X, T1 = :'(2T2

Given
>x,= XF‘[—TI = % 1 = 283K
2 T, = 383K
(d)
(b) n:i - PV:iRT [ =~ PV=nRT]
32 32

(d) Given : Initial temperature of gas
(T,)=27°C=300K

Initial pressure (P) = 30 atm

Initial volume (V) =V

Final pressure (P,) = 1 atm

Final volume (V,) =10 V.

We know from the general gas equation that

11.

12,

13.

14.

15.

16.

BV, BRJ, 30V 1x10V
%% 300 T,

or, T, = 100 K = -173°C.

(b) 8g of oxygen is equivalent to (1/4) mole.

1
SO, PV= ZRT

(c)
(b) As the temperature increases, the average
velocity increases. So, the collisions are faster.

(b) U= gnRT

AsUxT

Increase in temperature would lead to the
increase in kinetic energy of gas.
(b) Let at temperature T rms speed of oxygen
molecules become just sufficient for escaping
from the Earth’s atmosphere

Vv = 11200 m/s

escape

3kgT
Also, V_ =V = 11200 m/s

escape - mo,

Putting value of K; and "p, we get,

T=8360x 10*K

(b) Here v, =200 m/s;

temperature T, =27°C =27 +273=300k
temperature T, =127°C=127+273=400k, v, =?

R.M.S. Velocity, vec \JT

Vo _ [400
200 300
200x2 400
> wm=" m/s vafmfs
I mN 2
o p=_""
®) 3y

where m = mass of each molecules
N = total number of molecules
V = volume of the gas
When mass is halved and speed is doubled then

g l>< n XE(2v )
Resultant pressure, P = 37\ g )y s

=2P
(a) At 0 K, molecular motion stops. Hence,
kinetic energy of molecules becomes zero.

() Vimgee T
As temperature increases from 300 K to 1200 K
that is four times, so, v, will be doubled.
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’ P
17. (¢) Velocity of sound (Cy) = %

’BP
R.M.S. velocity of gas molecules (C) = F

G _ EXL:JE
c \p 3 \3
2

1 5 [ ] , 2
——Nmc* == x| =N ~ZKE
8. (a) P=gNme™="x|JNmjc" =2

19. (c) According to Dalton’s law of partial
pressures, we have P=P +P,+ P,

20. (d) The mean square velocity of A type
molecules = @? + @+ @ = 30?

=, =Cx T
3
1

Dalton's law will be valid only if the gases
contained are non reacting.

For n non-reacting gases, P= P+ P, + P +.. P,
Here P = Pressure exerted by mixture

Py, Py, Py ..... P = Partial pressure of component
gas.

1 1
Therefore, 5m(30)2) = 5(2»:1)1»2

This gives o?/v? =2/3

21.  (b) Vapour pressure does not depend on the
amount of substance. It depends on the
temperature alone.

Mean kinetic energy of the two types of molecules
should be equal.

1
22. (a) Mean free path foragas A, = ————
\‘Enﬂ:a’2

Here, d = diameter of a gas molecule and, n =
molecular density.
23. (b) For Hydrogen f=5
For Helium /=3
For gas X
=1

24.  (c) Internal energy of the system is given by

f
U= —nRT
2

25.

PHYSICS

Degree of freedom
F 5

diatomic

fl‘l‘lﬂl‘loal(}mic =3
and, number of moles

n(0,) =2
n(Ar) =4

5 3
U E(Z)RT 3 (4)RT = [|RT

total

(a) Change in internal energy from A - B
f f
AU= 5 nRAT = 5 nR(T~T)
5
) PV P Vi
5
=3 {2x103x6-5x10°x4}

= > 12-20} x 103J=5 x(4)x 103]
2
AU=-20K]

ﬂ (As gas is diatomic .. /= 5)

26.

27.

28

(b) Let ‘n’ be thedegree of freedom

e, [%)R [ nJ

(d) Molar mass of the gas = 4g/mol
Speed of sound

YRT
V=3 =>952=
m
1

=5 }'=1.6=E=§

G ¥

Also, y= a_g

yx3.3x273
4x1073

=8JK 'mol!
[Cy=5.0 JK! given]

8x5
So, CP:T

1
Mean freepathA,_ = ———

®) P m -\En d%n

where d = diameter of molecule and d =2r

Ao —
m r2
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30.

3L

32

33.

35.

139

(d) From first law of thermodynamics,

3 1
AQZAU-I-AW: E ZR(TZ_TI)+0

3 R
= ENaKB(Tz_Tl) [K:E]
(a) CP—CVZRDCPZCV+R
o Cp _G+R Gy
) Y CV CV CV

R
C\-"

7 7 5
d) Cp==R; Cp=Cp—R=—R-R=2R
@ Cp 2 reer 2 2

Cp _7/2R 7
C, 5/2R 5
(¢) We know that ratio of specific heats,
| 2
y=1l+—or n=——
n vy -1
[where n= Degree of freedom]
(¢) No. of degree of freedom=3 K- N
where K is no. of atom and N is the number of
relations between atoms. For triatomic gas,

K=3,N=3C,=3

No. of degree of freedom=3 (3)-3=6
(b) Number of translational degrees of
freedom are same for all types of gases.

(c) Since R =0.67=Cp = ER, hence gas
C 2

V
1S monoatomic.

36.

37.

38.

39.

For a gas having f'degree of freedom specific heat

1 .
at constant volume, C, = B /R specific heat at
constant pressure,

S
C,= (E+1JR

where, R =universal gas constant

(d) Both are diatomic gases and Cp -C,=R
for all gases.

Cp 15 3 2
P _2_C o ¢
®) ¥ c, 10 2V 37°F
R
DQZE:,CP_E
J J

5 3
(d) CP:ER and CVZER
Weknow that O, =nC, ATand O =nC,AT

o _3
DQP 5 -

Given 0, =2071= Q, =124 J

(¢) According to law of equipartition of
energy, the energy per degree of freedom is

! kT .
2
For a polyatomic gas with n degrees of freedom,

1
the mean energy per molecule = 3 nkT
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\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns. LOD |Qns.|LOD Qns. LOD|Qns. LOD|Qns.|LOD
Displacement, Phase Phase difference between 1| a 1 c
. ' iy displacement and acceleration
Velocity & Acceleration L N !
of SHM y projection of radius vector
Average velocity, amplitude 5 A
in one vibration
Energy in Simple Harmonic
Motion
Time Period, Frequency, Time period, T = 21t/ ® 1 E 1 E
Simple Pendulum & Spring | Spring constant, spring conne-
Pendulum cted in series and parallel - D
Damped SHM, Forced
Ocillations & Resonance
LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Displacement, Phase, Velocity &

Acceleration of SHM

The phase difference between displacement
and acceleration of a particle in a simple

harmonic motion 1s : [2020]
3n T
—rad —rad

@ 5 ®) 3

(c) zero (d) mrad

The radius of circle, the period of revolution,
initial position and sense of revolution are
indicated in the fig. [2019]

y
P(t=0)

y - projection of the radius vector of rotating
particle Pis:
(a) y(t)=-3cos2nt, wherey in m

mt
(b) »(t) =4 sin [7), where yin m

3nt
(c) ¥»(t)=3 T )2 cos whereyinm

it
(d) »(t)=3 cos [?] » where y in m

Average velocity of a particle executing SHM in

one complete vibration is: [2019]
Ao

(a) BN (b) Ao
Aw?

© ;’ (d) zero

The displacement of a particle executing simple
harmonic motion is given by

y=A,tAsinot + B cosot. [2019]
Then the amplitude of'its oscillation is given by:

(@) A, ++/A?+B? (b) (A?+B?
(©) /Ag + (A +B)? (d) A+B
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The distance covered by a particle undergoing

SHM in one time period is (amplitude = A),
[NEET Odisha 2019]

(a) 4A (b) Zero

(c) A (d) 2A

When two displacements represented by

y; = a sin(ot) and y, = b cos(®t) are super-

imposed the motion is: [2015]

a
(a) simple harmonic with amplitude b

(b)  simple harmonic with amplitude /a2 + b2
(a+b)

(c) simple harmonic with amplitude

(d) nota simple harmonic
The oscillation of a body on a smooth horizontal
surface is represented by the equation,

X=A cos (ot)
where X=displacement at time t

o = frequency of oscillation
Which one of the following graphs shows
correctly the variation of ‘a’ with ‘t’?  [2014]

f

a

N\ /]
@ 7 1t i—
!
®  ol—Z N
T t—»

® -

(c) (9] /.\

® -

d o

T t—»

A particle of mass m oscillates along x-axis
according to equation x = a sin ot. The nature of
the graph between momentum and displacement
ofthe particle is [NEET Kar. 2013]
(a) straight line passing through origin

(b) circle

10.

(¢) hyperbola

(d) ellipse

The equation of a simple harmonic wave is given
by

y:?:sing(ﬁ()t—x)

Where x and y are in meters and ¢is in seconds.
The ratio of maximum particle velocity to the

wave velocity is [2012M]
3

@ 2 () S
2

© 3 @ 37

A particle of mass m is released from rest

and follows a parabolic path as shown.

Assuming that the displacement of the mass from

the origin is small, which graph correctly

depicts the position of the particle as a function

of time [2011]
V(x) (m

®
RG

C\ /\ >t
4

(@)

\x(t)

‘X(t)

Do A

©

Ax(t)

@ 0
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11.

12,

13.

14.

15.

16.

PHYSICS

Out of the following functions, representing
motion of a particle, which represents SHM?

(A) y=sinot—cosot [2011]
(B) y=sin’ ot

(C) y=5cos [%—qu

(D) y:1+mt+m2t2

(@) Only(A)

(b) Only (D) does not represent SHM

(¢) Only(A)and(C)

(d) Only(A)and(B)

Two particles are oscillating along two close
parallel straight lines side by side, with the same
frequency and amplitudes. They pass each other,
moving in opposite directions when their
displacement is half of the amplitude. The mean
positions of the two particles lie on a straight
line perpendicular to the paths of the two

particles. The phase difference is [2011M]
(@ o0 (b) 2m3
¢ = (d) w6

The displacement of a particle along the x-axis is
given by x =a sin’ @¢. Themotion of the particle
corresponds to: J2010]

(a) simple harmonic motion of frequency ¢/ =

(b) simple harmonic motion of frequency
30/2n

(¢) non simple harmonic motion

(d) simple harmonic motion of frequency ¢/ 27

Which one of the following equations of motion
represents simple harmonic motion?  [2009]

(a) Acceleration= —k(x+a)
(b)  Acceleration =k(x +a)

(c) Acceleration =kx

(d) Acceleration =—kx +k x>

wherek, kg, k; and a are all postive.
Two simple harmonic motions of angular
frequency 100 and 1000 rad s™! have the same
displacement amplitude. The ratio of their

maximum accelerations is: [2008]
(@ 1:10 (b) 1:10%
() 1:10° (d) 1:10%
The phase difference between the

instantaneous velocity and acceleration of a
particle executing simple harmonic motion is
@ = (b)y 0.707= [2007]
(c) zero (d 05=

17.

18.

19.

20.

21

A particle executing simple harmonic
motion of amplitude 5 cm has maximum
speed of 31.4 cm/s. Its oscillation per second

(a) 4 (b) 3

(¢) 2 (d) 1

Which one of the following statements is true

for the speed v and the acceleration a of a

particle executing simple harmonic motion ?

(a) When vis maximum, ais zero  [2004]

(b)  When vis maximum, @ is maximum

(¢c) Value of a is zero, whatever may be the
value of v

(d) When vis zero, a is zero

Two simple harmonic motions act on a particle.

These harmonic motions are x =4 cos (ot +d),

[2005]

y=4 cos (ot+ o) when 6:a+g,theresulting

motion is [2000]

(a) acircle and the actual motion is clockwise

(b) an ellipse and the actual motion is
counterclockwise

(¢) an elllipse and the actual motion is
clockwise

(d) a circle and the actual motion is counter
clockwise

A particle executing S.H.M. has amplitude 0.01m
and frequency 60 Hz. The maximum acceleration

of the particle is [1999]
(@) 144 m/s? (b) 120 ™ m/s?
(¢) 80mm/s? (d) 602 m/s?

Two simple harmonic motions with the same
frequency act on a particle at right angles i.e.,
along x and y axis. If the two amplitudes are
equal and the phase difference is m/2, the
resultant motion will be [1997]
(a) acircle

(b) an ellipse with the major axis along y-axis
(c) an ellipse with the major axis along x-axis
(d) astraight line inclined at 45° to the x-axis
A particle starts simple harmonic motion from
the mean position. Its amplitude is A and time
period is T.What is its displacement when its
speed is halfofits maximum speed [1996]

REIN By
3 2

2

\/?_)A

(@) (b)

(c) (d)

S
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24,
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Which one of the following is a simple

harmonic motion? [1994]

(a) Ball bouncing between two rigid vertical
walls

(b) Particle moving in a circle with uniform
speed

(¢c) Wavemoving through a string fixed at both
ends

(d) Earth spinning about its own axis.

A particle is subjected to two mutually per-
pendicular simple harmonic motions such that
its x and y coordinates are given by

. T
x=2sinor, ¥=2sin mt+z

The path of the particle will be

(a) astraightline (b) acircle

(c) anellipse (d) aparabola
The composition of two simple harmonic
motions of equal periods at right angle to each
other and with a phase difference of 7 results in
the displacement of the particle along [1990]
(a) circle (b) figures of eight

(c) straightline  (d) ellipse

A particle moving along the X-axis, executes
simple harmonic motion then the force acting
on it is given by [1988]
(a) —Akx (b) A cos (kx)

(c) Aexp(—kx) (d) Akx

where, 4 and k are positive constants.

[1994]

Topic 2: Energy in Simple Harmonic Motion

27.

29.

The particle executing simple harmonic motion

has a kinetic energy K, c052 ot - The maximum

values of the potential energy and the total
energy are respectively [2007]
(a) Ky2andK, (b) K and2K,

(¢) K,and K, (d) Oand2K,

The potential energy of a long spring when
stretched by 2 em is U. If the spring is stretched
by 8 cm, the potential energy stored in it is

(a) 8U (b) 16U [2006]
(c) U/4 (d 4U

A particle of mass m oscillates with simple
harmonic motion between points x; and x,, the
equilibrium position being O. Its potential
energy is plotted. It will be as given below in
the graph. [2003]

30.

3L

32.

33.

34,

35.

(a) x1~7|04~x2(b) K,-X(J)/-x2
© x, .élol.xz R

The potential energy of a simple harmonic
oscillator when the particle is half way to its end

point is [2003]
1 2

@ -E ®) E
1 1

(© EE (d) ZE

where £ is the total energy

A particle is executing a simple harmonic motion
of amplitude 'a'. Its potential energy is maximum
when the displacement from the position of the

maximum kinetic energy is [2002]
@ 0 (b) *a
(¢) +al/2 d) —al2

There is a body having mass m and performing
S.H.M. with amplitude a. There is a restoring
force F=—kx. The total energy of body depends

upon [2001]
@ kx (b) k a
(¢) k,a,x (d) ka,v

In a simple harmonic motion, when the
displacement is one-half the amplitude, what

fraction of the total energy is kinetic? [1996/
1
@ 0 (b)) —
4
1 3
— d -
© 5 @ -

A linear harmonic oscillator of force constant
2 % 10% N/m and amplitude 0.01 m has a total
mechanical energy of 160 J. Its [1996]
(a) potential energyis 160 ]
(b) potential energyis 100 ]
(c) potential energy is zero
(d) potential energyis 120]
Abody executes S.H.M with an amplitude A. At
what displacement from the mean position is the
potential energy of the body is one fourth of its

total energy ? [1993]
(a) A/4 (b)y A2
(c) 3AM4

(d) Some other fraction of A.
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36.

The angular velocity and the amplitude of a
simple pendulum is ® and a respectively. At a
displacement x from the mean position if its
kinetic energy is T and potential energy is V.

then the ratio of T'to Vis [1991)]

(az _x20?) “o?
(a) T 20 (b) (@ —20?)

.c:f2 - rz x2
(©) % (d)

X (a® —x?)

Topic 3: Time Period, Frequency, Simple

37.

38.

39.

Pendulum & Spring Pendulum

A truck is stationary and has a bob suspended
by a light string, in a frame attached to the truck.
The truck suddenly moves to the right with an
acceleration of a. The pendulum will tilt

[NEET Odisha 2019]

(a) to the left and angle of inclination of the
)
pendulum with the vertical is tan™1{
(b) to the left and angle of inclination of the
pendulum with the vertical is sin~! (;)
(c) tothe left and angle of inclination of the
a
pendulum with the vertical is tan™! g
(d) to the left and angle of inclination of the

a
pendulum with the vertical is sin™! [E]

A mass falls from a height “/’ and its time of fall
‘t" is recorded in terms of time period 7 ofa simple
pendulum. On the surface of earth it is found
that t = 27. The entire set up is taken on the
surface of another planet whose mass is half of
that of earth and radius the same. Same
experiment is repeated and corresponding times
notedas¢’and 7.

Then we can say [NEET Odisha 2019]
(@) ¢'=2T" (b)y t'=T'
(c) ¢'=21" (d) ¢'<27"

A pendulum is hung from the roof of a sufficiently
high building and is moving freely to and fro
like a simple harmonic oscillator. The
acceleration of the bob of the pendulum is 20

41.

42,

43.

PHYSICS

m/s? at a distance of 5 m from the mean position.
The time period of oscillation is

[2018]
(a) 2ms (by ms
(c) 1s (d) 2s
A particle executes linear simple harmonic motion
with an amplitude of 3 cm. When the particle is
at 2 cm from the mean position, the magnitude
of'its velocity is equal to that of'its acceleration.
Then its time period in seconds is [2017]

v5

@ > ®
2 5
© 5 @ L

A spring of force constant k is cut into lengths
ofratio 1 : 2: 3. They are connected in series and
the new force constant is k'. Then they are
connected in parallel and force constant is k'’ .

Thenk': k" is [2017]
(a 1:9 (by 1:11
(c) 1:14 (d 1:6

A particle is executing SHM along a straight line.
Its velocities at distances x; and x, from the
mean position are V, and V,, respectively. Its

time period is [2015]
% — Xlz (b) 2 V1 + VZ
12 - sz X1 + Kz
() 2m|-L—2 (@) 2n ﬁ
Xlz - Xz Vl - Vz

A particle is executing a simple harmonic motion.
Its maximum acceleration is a and maximum
velocity is b. [2015 RS}
Then its time period of vibration will be :

@ B
@ 5 o =
2 2
© = @

The period of oscillation of a mass M suspended
from a spring of negligible mass is T. If along
with it another mass M is also suspended, the

period of oscillation will now be [2010]
(@ T (b T/42
(¢) 2T @ 2T
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45. A simple pendulum performs simple harmonic | 51. The time period of a mass suspended from a
motion about x = 0 with an amplitude a and time spring is 7. If the spring is cut into four equal
a .
iod T.Th dofth dul tx= —will parts and the same mass is suspended from one
pefio ¢speed ot fiependuiumatx= -, wi of the parts, then the new time period will be
be: [2009] T
2 (a) 2T (b) — [2003]
na 3na 4
@ = (b) ;
! ! © 2 @ 5
:rl:a\/g na\ﬁ 2 . .
(c) T (d) T 52. A bodyofmass M, executes vertical SHM with
46. Ablock of mass M is attached to the lower end periods 7, and 7,, when separately attached to
of a vertical spring. The spring is hung from a spring A and spring B respectively. The period
ceiling and has force constant value k. The mass of SHM, when the body executes SHM, as
is released from rest with the spring initially shown in the figure is 7). Then [2002]
unstretched. The maximum extension produced
in the length of the spring will be: [2009]
(@) 2Mgk (b) 4Mg/k g P
(¢) Mg/2k (d) Mgk
47. A point performs simple harmonic oscillation of M
period T and the equation of motion is given by
EZ? sin 1(‘01?;1 +t?':f6). Af_’[e; ttille eleipse_tof \;l&ilt (a) to" = tl“ + tz" (b) (=1,+4
action of the time period the velocity of the 5 2.2 2.
point will be equal to halfof'its maximum velocity? © =0t nt () (t= Tt
(@) T/8 (b) T/6 [2008] | 53. Theamplitude of a pendulum executing simple
(c) T/3 _ (d) T/12 harmonic motion falls to 1/3 the original value
48. Amass of2.0 kg is put on a flat pan attached to after 100 oscillations. The amplitude falls to S
a vertical spring fixed on the ground as shown times the original value after 200 oscillations,
in the ﬁg_ul_'e. The mass of the spring _and the pan where S'is [2002]
is negligible. When pressed slightly and
. . (@ 19 (b) 12
released the mass executes a simple harmonic ”n O 16
motion. The spring constant is 200 N/m. What 54 E‘? ol dul h( ) 1 bob. which i
should be the minimum amplitude of the motion : Simplc pendulum has a metal bob, W 1chi1s
so that the mass gets detached from the pan negatively charged. If it is allowed to oscillate
(take g =10 m/s%)? 12007] above a positively charged metallic plate, then
(@ 100cm m its time period will [2001]
(b) anyvalue less than 12.0 cm (a) increase (b) decrease
(¢) 4.0cm (¢) becomezero (d) remain the same
(d) 80cm 55. Masses M, and My hanging from the ends of
49. A particle executes simple harmonic oscillation lslt:rlngs o_flengt_hs Ly f;lt(}ili'.g irre execu?mg sunplf
with an amplitude a. The period of oscillation is armonic motions. eir frequencies are f, =
T. The minimum time taken by the particle to 2fp> then [2000]
travel half of the amplitude from the equilibrium @ L,;=2Lzgand M, =My2
position is [2007] (b) L,=4Lgregardless of masses
(a) T8 (b) 7712 (¢) L,=Lpy/4regardless of masses
() 712 (d) 74 (d) L,=2Lgand M,=2M,
50.  Two springs of spring constants k, and k, are | 56. The time period of a simple pendulum is 2

joined in series. The effective spring constant
of the combination is given by [2004]

(@) ki /(k,+hy) (b) kiky
() (k+k) 2 () k+k

seconds. If its length is increased by 4-times,

then its period becomes [1999]
(a) 16s (b) 12
(¢) 8s (d) 4s
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57.

8.

59.

6l.

62.

PHYSICS

Two simple pendulums of length 5m and 20m
respectively are given small linear displacement
in one direction at the same time. They will again
be in the phase when the pendulum of shorter
length has completed ....... oscillations [1998/
@ 5 (b) 1

(c) 2 (d) 3

A mass m is vertically suspended from a spring
of negligible mass; the system oscillates with a
frequency n. What will be the frequency of the
system, if a mass 4 m is suspended from the

same spring? [1998]
@ 5 () 4

n
© 3 @ 2n

Ifthe length of a simple pendulum is increased
by 2%, then the time period [1997]
(a) increases by 2%

(b) decreases by 2%

(c) increases by 1%

(d) decreases by 1%

A hollow sphere is filled with water. It is hung by
a long thread. As the water flows out ofa hole at
the bottom, the period of oscillation will [1997]
(a) first increase and then decrease

(b) first decrease and then increase

(c) goonincreasing

(d) go on decreasing

If a simple harmonic oscillator has got a
displacement of 0.02 m and acceleration equal
to 2.0 m/s? at any time, the angular frequency of

the oscillator is equal to [1992]
(a) 10rad/s (b) 0.lrad/s
(¢c) 100rad/s (d) 1rad/s

A simple harmonic oscillator has an amplitude A
and time period T. The time required by it to

travel romx=Atox=A4/21s [1992]
(@) T/6 (b)y T/4
(c) T3 (d)y T2

A body is executing S.H.M. When the
displacements from the mean position are 4cm
and 5 cm, the corresponding velocities of the
body are 10 cm per sec and 8 cm per sec. Then

the time period of the body is [1991]
(a) 2msec (b)y m/2sec
(c) msec (d) (3m/2)sec

A simple pendulum is suspended from the roof
of a trolley which moves in a horizontal direction

with an acceleration a, then the time period is

given by T'=2n./(// g) , where g is equal to

[1991]
(@ g b) g-a
(c) gta (d) (g’ +a")

A mass m is suspended from a two coupled
springs, connected in series. The force constant
for springs are k| and k,. The time period of the

suspended mass will be [1990]
m
(a) T=2m Kk
(b) T'=2mn Liklh
kl + kz
m
T=2m
© Ty + ky

ﬁm(k +k5)
(d) T=2m kllik;

Topic 4: Damped SHM, Forced Ocillations

66.

67.

68.

& Resonance

The damping force on an oscillator is directly
proportional to the velocity. The unit of the

constant of proportionality is: [2012]
(a) kgms! (b) kgms2
© kgs! (d) kgs

In case of a forced vibration, the resonance wave

becomes very sharp when the [2003]
(a) quality factor is small

(b) damping force is small

(c) restoring force is small

(d) applied periodic force is small

Resonance is an example of [1999]

(a) tuning fork (b) forced vibration

(c) freevibration (d) damped vibration
A particle, with restoring force proportional to
displacement and resistve force proportional to
velocity is subjected to a force F sin @, If the
amplitude of the particle is maximum for ® =,
and the energy of the particle is maximum for
® = @,, then [1989]

(@ o,=0,and ®, = o,
(b) ©,=0,and ®, =0,
(¢) o,#0)and ®, =0,
(d) o,#0,and o, = o,
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ANSWER KEY

tlols|olz|lols]lolaslo|lalv]e]lov]ls7]o]es]|
2 l@lw]|@|18|@|26|@ |34l [42]@]50] @]|58]@]|66]
3|llunleolw|@|27le35| o |83 @51]|@][59]©]67]n
4 oyl nlm]20|@|28|w 36| @4 @]|52]@][60] @] 68] b
s l@lBleol2ztlol2w|ow]37lo]ls|{co]53]@er]e@]|e6] ©
6 |[m)|lual@]|2|w]|30|@]|38]| @46 | @ |[54] b ]|62]
7 lols|lol2|ol3t|low]39|o]4a7]@]s55] 6] ©
8 16|24 |32 w40 |48 @]56] @] 64] )

Hints & Solutions

(d) Displacement equation of a SHM
y = Asin(ot + )

-~ Velocity, v= o Awmcos(or + )

] dv
Acceleration, a =—-
dt

or, g = —An’ sin(of + ¢)

s a= Ao’ sin(of + ¢+ 1)

Hence, phase difference between displacement
and acceleration is .

(d) Att=0,y=3, which is maximum displacement
so equation will be cosine function.

m:—:E:Emdfs (- T=45)
4 2

s
y=acosot > y= 30055t

(d) Displacement of the particle in one complete
vibration is zero, so, average velocity in one
complete vibration will be

_ Displacement  yr —y;

= = = 0
Time interval T

4.

6.

(b) B
Fi
A% 4P

> A

Given equation
y=A,+Asin ot + B sin ot
Now assume (y—A ) =y
y—A,=Asin ot + B sin ot
y=Asin ot + B cos ot

— A2 g2 sin(ot+¢)
which is S.H.M.
where cos

B
and sin ¢ — m

so, resultant amplitude

~VA? +B?

(a) In one time period total distance travelled
by the particle is 4A.

(b) The two displacements equations are
y, = a sin(ot)

and y, = b cos(®t) = b sin [mt + %]

Yeq=Y1 T V2
= a sinot + b cosmt
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10.

11.

T
= asinot + b sin (mt + E)

Since the frequencies for both SHMs are same,
resultant motion will be SHM.

T
Now amplitude, A, = \/az +b% +2ab cos 5

= Aeq = «}az +b?

(c) Displacement, x =A cos (ot) (given)

d .
Velocity, v = d_}t( =— Ao sin (ot)

) dv b
Acceleration, a = P An” cos ot

Hence graph (c) correctly dipicts the variation
ofa with t.

2 2
v
d As —5— +_y2 =1 This is the equation
a a

of ellipse. Hence the graph is an ellipse. P versus
x graph is similar to v versus x graph.

b) y= 3sing(50t —x)

. n
y=3sin (ZSM—EXJ on comparing with the

standard wave equation
y=a sin (ot — kx)

o 257

Wave velocity v =— =—— =50 m/sec.
k m/2
The velocity of particle
R
v, =—="T5mcos| 25t ——
Por 2"
Vp max = 75m
v 757t 3
v 50 2

(a) The given velocity-position graph depicts
that the motion of the particle is SHM.
InSHM, att=0,v=0andx=x__

So, option (a) is correct.

(c) Only functions given in (A) & (C) represent
SHM.

PHYSICS

ﬂ y = A sinot + B cosot = y = a sin (ot + ¢). This
is also a equation of S.H.M where ¢ = V A2 + 82

12,

13.

14.

15.

B
A =acos ¢, B=asing and 6 = tan™! ”

(b) Equation of SHM is given by
x=Asin (ot+J)
(ot + d) is called phase.

A 1
When x = E,thensin(mt+8)= 2

::»c::.t+6:E
6

L
or ¢y =—
b1 ;
For second particle,
I —A
|
2[ x=AR2
x=0
T Sm
by =7~ 576
SO=0 =@
4= _2=n
6 3

(a) x=asin’ot= g (1 —cos 2mt)

&g sin2
- o 2osin ot
d*x  4e’a
o> —5 = rcos2mt
dt
This represents an S. H. M. of frequency
_o
n

(a) acceleration,a=—-kX, where, X=x +a.
In simple harmonic motion acceleration is
directly proportional to the displacement from
the mean position. Also the acceleration is in
the opposite direction of displacement.

(b) Maximum acceleration of a particle in the
simple harmonic motion is directly proportional
to the square of angular frequency i.e.,

. 2
ie,apw
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a _of _ (100 1

“ay; o (1000 100
:>a1:a2=1:102.
16. (d) Lety=Asinor

d
Vinst = F’j = Ao cos ot = Ao sin(of+m/2)

Acceleration = —Am2 sin ¢
= Aw?sin(n + of)
b
SLO0=—=0.57
¢ 2
=4 o=A4(2nrf)

max
vV,

17. (d) InS.H.M.,v
e 314

S = ™ 2(3.14)x5
18 (a) When vis maximum, ais zero
v=oyA>—x2; a=o’x
Vyax atx=0,butatx=0,a=0
19. (d) x= Acos(ot+3)
y=A cos(of +a.) wal(1)

=1 oscillation per sec.

When 6z0t+E
2

x=A cos[g+mt+a]

x=—4 sin(ot+a) w(2)
Squaring (1) and (2) and then adding
x2+ 2= A2 [cos? (of + o) + sin? (ot + a1)]
or x2 +y?= A2, which is the equation of a circle.
The present motion is anticlockwise.

20. (a) Amplitude (A)=0.01 m, Frequency=60 Hz
Maximum acceleration

= Ao’ =0.01x (27n)?

= 0.01x41% x60x60 — 14472 m/sec?
21.  (a) Equation oftwo simple harmonic motions

y = Asin(ot + ) (1)
xX= Asin[mt+¢+%}

= x = Acos(ot+ ) (2)

On squaring and adding equations (1) and (2),
242 =A2

This is an equation of a circle. Hence, resulting
motion will be a circular motion.

v Ao
22, (b) v, =A® when V=Tmax=—

2
v:m\fAz—yz
DATmzm,/AZ—yZ = yzi%A

The displacement at which the speed is n times
the maximum speed is given by |, — a1- n?
23. (c¢) A wave moving through a string fixed at
both ends, is a transverse wave formed as a result
of simple harmonic motion of particles of the
string.

L
24.  (c) As phase difference =7 the resultant

path of particle is an ellipse.
25. (¢) x=asinot
and y = b sin (of + 1) =— b sin ot
b
or, S A y=-—x
a b a
It is an equation of a straight line.

If two mutually perpendicular S.H.M's of same
frequency be x =9, sinot and y = a, sin (ot + ¢)
then general equation of Lissajous figure is

2
2 .
x_2+y_2_ ald cos¢=sm2¢
ay ay dpdp
2 2
2 .
For ¢ = nx—2+y—2—icos(n):sm2(n)

al (}'2 [ ]az

XY 0

X
al 02 a a al
26. (a) Forsimple harmonic motion, F=—Kx.
Here, K= Ak.
27. (¢) Wehave, U+K=F
where, U= potential energy, K = Kinetic energy,
E =Total energy.
Also, we know that, in S.H.M., when potential
energy is maximum, K.E. is zero and vice-versa.
AUpax T0=E DU =F
Further,

1
K.E = Emm2a2 0052 ot
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28.

29.

30.

3L

32.

But by question, K.E. = K, cos? of

KO = 5???0)202

1
Hence, total energy, £ = Emmza2 =Ky

Umax:KO &EZKo.

. _ 1 5
(b) The potential energy of a spring = > kx

U=Ltr@?=axli
2 2

Forx=8 cm,

1 1
Energy stored = 5 k.(l‘i)2 =64 x Ek

—eaxZ —16U
4

(b) Potential energy o« (Amplitude)?

o (Displacement)?
P.E.is maximum at maximum distance.
P.E. is zero at equilibrium point.
P.E. curve is parabolic.

|
(d) PE.— Ekxz —E

At half way
1.
2 —kx
P.E.:lk[fj _2_ _E
2 \2 4 4
(b) P.E. of particle executing S.H.M.
L)
= —mo X
2

. . X 1
Atx=a,PE.1smaximumi.c. = 5 mo’a’

KE.= %mmz (a®~ %)

Atx =0, K.E. is maximum. Hence, displacement
from position of maximum Kinetic energy = + a.
(b) Total Energy of body performing simple

1
harmonic motion = Emmza2 = Ekaz

where k = mo?

ﬂ T.E.=KE.+PE.= %m(az %)l +%mm2x2

Hence energy depends upon amplitude and &
(spring constant).

33.

35.

36.

37.

38.

PHYSICS

(d) Total energy of particle executing S.H.M.
ofamplitude (A).

1
E= —mo*4?
2

K.E.of the particle

( 2)
:lmmz A? —A— [when xzij
2 L 4 J 2
— —mo’ x EA[2 = l>< EmmzA2
2 4 2 4
Clearly, KE 3

Total Energy T4

(b) Force constant k=2 x 106 N/m
Amplitude (x)=0.01 m

Potential Energy = % o

:%x (2x10%) % (0.01)> =100

(b)

1
PE= Emmzxz_

Total energy E = %mmzAz

1 I 22 1 5 5
=—F = —mo =—mn- A4
PE. 4 2m X 8m
.'.x:lA.
2

(¢) PE,V= %mm X

(¢c) TsinB=ma
Tcosb =mg

a
tanB= —

1 [a] fp=ma
O=tan"' |
T \g

(a) At surface of earth time taken in falling h
distance.

t=.
4
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/
and T=2n‘j:
g

Given t=2T
t
—=2
T
For surface of other planet
_g
§=3
Time taken in falling h distance
{ = 2—{! =J2f
g
and T'=2m,|— =2T
cre T '\/ET o 42,
t'=2T

(b) From question, acceleration, a =20 m/s?,
and displacement, y=5m

la| = @%y
> 20=0%5)
= o=2radls

Time period of pendulum,

2n  2m

T= o o T
(b) Given, Amplitude A=3 cm
When particleis atx=2 cm
According to question, magnitude of velocity
= acceleration

(::"\J'Az—mz:)m:)2
[32_ (2 _of 2"
3 -2 —2[T]

4n

4n
_ " - — 43,
’\/_ =T '\/g

T
(b) Let { be the complete length of the spring.
Length when cut inratio, 1 : 2 : 3 are
[

—,—and£
6 3 2

1
length (£)
Spring constant for given segments
k, =6k, k, =3kand k; =2k

Spring constant (k) ¢

When they are connected in series
11 1 1

- = —
k' 6k 3k 2k

- 1_6

k' 6k
.. Force constant k'=k
And when they are connected in parallel
k"=6k+3k+2k
= k"=11k
Then the ratios
E_1, k':k"=1:11
" 11 le, k':k"=1:

If a spring of force constant X is divided into »
equal parts then spring constant of each part

will become nk and if these » parts connected
in parallel then ko= n’ k.

(a) Asweknow, for particle undergoing SHM,

V= mquz -X?
Vi =0 (A? —x?)
Vi =’ (A* —x3)
Substracting we get,
2 2
=2
()]

2 2
[0

VE-V: 5

[0)
2 2
o | —Vs
= 2 2
Xy — X
2 2
X7 — X
~ T=2m, 27X
Vi =V,

(c) As, weknow, in SHM
Maximum acceleration of the particle, o.= Aw?
Maximum velocity, p =A®

o
= o=

B
an _ 2np [
. :

2n]
0=
o T
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M
44. (d) T=2 ,/—
(d) AT
L M
T, ~\\ M,
B My 2M
T,=T, M, =T, v

T,=T,2 =2 T(where T, =T)

Ifthe spring has a mass M and mass m is suspended
_ ) o M
from it, effective mass is given by m = m+ ?
If the two mass m; and m, are connected by a
spring and made to oscillate on horizontal surface,
1 1 1

reduced mass — =—+—

m,. ml m2

~. Time period 7= 215’%
45. (c¢) Speedv=0 \faz 2 x=

FELEL

46. (d) Restoring force, f'=—kx

a
2
n 3naJ_

where x is the extension produced in the spring.

Weight of the mass acting downward = Mg.
In equilibrium

Mg
kx=Mg or X=—

47. (d) Wehave x =asin [cot +%]

. dx T
- Velocity, v=—=awmcos| ot+—
dt 6

Maximum velocity = a®
According to question,

am [ :«'r]
— =amCcos| Ot+—
2 6

or, cos(mt +g] = % = cos 60° or cosB

48.

49.

50.

51

52.

PHYSICS

2
or, P = b = t= 1
6 12
(a) Mass gets detached at the upper extreme
position when pan returns to its mean position.

At that point, R = mg— mo?a =0

ie.g=w%a
:)a:gf'm2 =mg/k
2x10 2k
—a= As=0" =—
200 m

= a=1/10m=10cm
(b) Displacement from the mean position

—asin[z—n]r
I T

According to problem y = a/2

al2 = asin [2?“]:

332[2_“];:”:;/12

6 T

This is the minimum time taken by the particle to
travel half of the amplitude from the equilibrium

position.

11 11 Ktk

@ bk E T kE

eq 1 2 eq 142
kyky
e_kl-l-kz

d T= ZR\/;

When a spring is cut into n parts
Spring constant for each part = nk

Here,n=4
T
4k 2

(d) The time period of spring mass system,
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m
ty =2m, /E ..... (ii)

When springs are connected in parallel then
Kg=k, tk,

So, to =2m ’ = 2n i)
l+k2

from (i), — _ >< i §
2 2
t 4r
11 § k,
from(ii), ,2  4-2 m
t5 4n m
1 (k] =+ k2 )
from (iii), —5 = 4n 7111

0
from above expressions,

1_1 .1
27 2772
ty 1 1,

‘m
k

53.

= k=Const.r™2
Here the springs are joined in parallel. So
where k, is resultant force constant

. Const.fy? = Const. ;% + Const. 5

2 _ 2, 2
o, f*=H*+h

(a) In harmonic oscillator, amplitude falls
exponentially.

|
After 100 oscillations amplitude falls to 3 times.

. After next 100 oscillations i.e., after 200

2
1
oscillations amplitude falls to (EJ iy times.
(b) We know that the time period (T)

Ve' g
Since the negatively charged bob is attracted
by the positively charged plate, therefore

acceleration due to gravity will increase and time
period will decrease.

| o
8 = Beffective

55.

56.

57.

58.

59.

f_A_L/ixz Lp
Sarp 2n\ Ly g
—2= L_B :>4ZL_B
L ]
A 4

regardless of mass.

(d) It‘“:ZJI\/E T <l
g

If ¢ is increased by 4 times, time period will
increase by two times.

(c) Let the pendulums be in phase after # sec
of start. Within this time, if the bigger pendulum
executes » oscillations, the smaller one will have
executed (n+ 1) oscillations.

Now, the time of n oscillation= 27 ’E X n

g
& the time of (n+ 1) oscillation

=27 2 x(n+1)

To be in phase

nJ:xn Zn‘j:x(n+1)

or, 2n=n+1

o, n=1

Hence, the no. of oscillations executed by shorter
pendulum=n+1=1+1=2

1 [k
© n=o"

\/472211\/7

On putting the value of n we get n'= g

(¢) We know that 7= 27 JE
g

£><100:lA—l><
T 21

If length is increased by 2%., time period
increases by 1%.

100

ﬂ (i) If g is constant and length varies by 7 %. Then
AT n
% change in time period — %100 = E%
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6l.

62.

PHYSICS

(ii) If 7 is constant and g varies by n %. Then %

AT n
change in time period ?X 100 = 5%
Valid only for percentage less than 10%.
(a) Time period of simple pendulum

T=2n [iJ oc A/l where /is effective length.
g

[i.e distance between centre of suspension and
centre of gravity of bob]

Initially, centre of gravity is at the centre of
sphere. When water leaks the centre of gravity
goes down until itis half filled; then it begins to
go up and finally it again goes at the centre.
That is effective length first increases and then

decreases. As T ocﬂ, so time period first
increases and then decreases.
, acceleration 2.0
@ @ = displacement T 0.02
®? =100 or ®= 10rad/s

. [ 27
(a) ForS.HM., x=4sin -

Whenx=4, A=A sin [2?7:{]

) (Zn J
sin| —u| =1
T

2n

Siﬂi— sin (2_11: j =
or, 6 T or t=(T/12)

Now, time taken to travel from x = 4 to
x=A21is (T14-T/12)=T/6
(¢c) ForS.H.M., Velocity,

v = ova? — x2 atdisplacement x.

210=oya? —16 - 1)
and 8 = oNa? —25 ....(2)

Dividing 3.2 @16 _25
M T2 s 16

or, 164 —256 = 25a% — 625 = 94> =369

64.

5 369
Y O =—

9
Putting this value in equation (2) mentioned

above,

0=w 369—16 >l0=0 ,’225
9 9

10x3 .
or, ® = 1)5< = 2 radian/sec.
2n 2
Tlmepenod——n:—n:ﬂ:sec.
®

(d) The effective value of acceleration due to

gravity is , /(az + gz)

If a simple pendulum is suspended from a trolley
that is moving with constant speed v around a

66.

67.

68.

circle of radius » T'=27

springs in series; K = kaky
ey + ky
Time period,
T —9n J: m(ky +ky)
kyky
(¢) Fcv > F=kv
F kgms™
k=— > [k]—[g ]=kgs_1
v [ms

(b) The resonance wave becomes very sharp
when damping force is small.

(b) We know that if frequency of an external
forced oscillation is equal to the natural frequency
ofthe body, then amplitude of the forced oscillation
ofthe body becomes very large. This phenomenon
is known as resonant vibration. Therefore,
resonance is an example of forced vibration.

(c) Atmaximum energy of the particle, velocity
resonance takes place, which occurs when
frequency of external periodic force is equal to
natural frequency of undamped vibrations, i.e.
©, = 0.

Further, amplitude resonance takes place at a
frequency of external force which is less than
the frequency of undamped natural vibrations,

ie., @ # 0.
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\ Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

Topic 1: Basic of Mechanical Waves,
Progressive & Stationary Waves

E - Easy

1. A wave travelling in the +ve x-direction having

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD |(Qns.|LOD Qns. LOD Qns. LOD|Qns.|LOD

Basic of Mechanical Waves,
Progressive & Stationary Waves
Vibration of String & Resonance Produced at Air 1 A
Organ Pipe Open and Closed Organ Pipe D| 1| A | 1]|E
Beats, Interference & Beat Frequency 1 A
Superposition of Waves
Musical Sound & Doppler's Doppler Effect Formula 1 E 1 A
Effect

D - Difficult Qns - No. of Questions

displacement along y-direction as lm,

|
wavelength 27 m and frequency = Hz is

represented by [2013]

(a) y=sin (2nx —2mt)
(b) y=sin(10mx—20mt)
(c) y=sin (2mx+ 2mt)
(d) y=sin(x-2t)

Two waves are represented by the equations
y; =asin (ot + kx + 0.57) m and y, = a cos (ot
+ kx) m, where x is in meter and t in sec. The

phase difference between them is [2011]
(a) l.0radian (b) 1.25radian
(¢) 1.57radian (d) 0.57radian

Sound waves travel at 350 m/s through a warm
air and at 3500 m/s through brass. The
wavelength of a 700 Hz acoustic wave as it
enters brass from warm air [2011]

(a) decreases by a factor 10
(b) increases by a factor 20
(c¢) increases by a factor 10
(d) decreases by a factor 20
4. A transverse wave is represented by y = A sin
(ot — kx). For what value of the wavelength is
the wave velocity equal to the maximum particle
velocity? [2010]
A
@) == (b) 7A
2
(¢) 2mA d A
5. A wavein a string has an amplitude of 2 cm.

The wave travels in the + ve direction of x axis
with a speed of 128 m/sec and it is noted that
5 complete waves fit in 4 m length of the string.
The equation describing the wave is

[2009]
(a) y=(0.02) m sin (15.7x — 2010t)
(b) y=(0.02) m sin (15.7x + 2010%)
(¢) y=(0.02) m sin (7.85x — 1005t)

(d) y=(0.02) m sin (7.85x + 1005t)
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10.

11.

PHYSICS

The wave described by y = 0.25 sin (10mx —

2mt),

where x and y are in meters and t in seconds, is

a wave travelling along the: [2008]

(a) —vex direction with frequency 1 Hz.

(b) +ve x direction with frequency m Hz and

wavelength A =0.2m.

(c) +ve x direction with frequency 1 Hz and

wavelength A=0.2m

—ve x direction with amplitude 0.25 m and

wavelength A=0.2m

Which one of the following statements is true ?
[2006]

The sound waves in air are longitudinal

while the light waves are transverse

Both light and sound waves in air are

longitudinal

(c) Both light and sound waves can travel in

vacuum

Both light and sound waves in air are

transverse

A transverse wave propagating along x-axis is

(d)

(a)
(b)

(d)

represented by v(x,7) = 8.0sin(0.5mx — 4wt — %)

where x is in metres and ¢ is in seconds. The

speed of the wave is [2006]
T

(a) 0.5mm/s (b) —m/s

(c) 8m/s (d) 4nnvs

The time of reverberation of a room A is one
second. What will be the time (in seconds) of
reverberation of a room, having all the
dimensions double of those of room A? [2006]

@) 4 ® 5
(© 1 @ 2

A point source emits sound equally in all
directions in a non—absorbing medium. Two
points Pand Q are at distances of 2 m and 3 m
respectively from the source. The ratio of the
intensities of the waves at P and Q is/2005]
(a) 3:2 (b 2:3

(c) 9:4 (dy 4:9

The phase difference between two waves,
represented by

;=106 sin{100 7 + (x/50) + 0.5} m

12.

13.

14,

15.

16.

¥, =107 cos{100 ¢ + (x/50)} m

where x is expressed in metres and ¢ is
expressed in seconds, is approximately [2004]
(a) l.5radians (b) 1.07radians

(¢) 2.07radians (d) 0.5radians

The equation for a transverse wave travelling
along the positive x-axis with amplitude 0.2 m,
velocity v =360 ms~! and wavelength A = 60 m
can be written as [2002]

(a) »=02sin _Zn[6t——]]
(b) y=02sin 6t+— }
(¢) y=02sin 6t - }
(d)y y=02sin {6t+ ;)]]

The equation of a wave is represented by:

, X
y=10""sin [IOOt —E} . The velocity of the

wave will be [2001]
@ 100m/s (b) 250m/s
() 750m/s ) 1000m/s

A transverse wave is represented by the

) . 2m
equation y = ) sin T(vt —X)

For what value of A is the maximum particle
velocity equal to two times the wave velocity?

[1998]
(@) A=2my, (b) A= %
(@) A==L @ *=m,

A standing wave having 3 nodes and 2 antinodes
is formed between two atoms having a distance
1.21 A between them. The wavelength of the

standing wave is [1998]
(a) 1.21A (b) 242 A
(c) 6.05A (d) 3.63A

In a sinusoidal wave, the time required for a
particular point to move from maximum
displacement to zero displacement is 0.170
sec. The frequency of the wave is [1998]
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(a) 147 Hz (b) 0.36 Hz (a) 13.8m (b) 253 m
(¢) 0.73Hz (d) 294Hz (¢c) 41.5m (d) 572m
17. The speed of a wave in a medium is 960 m/s. If | 25. A hospital uses an ultrasonic scanner to locate
3600 waves are passing through a point in the tumours in a tissue. The operating frequency of
medium in I min., then the wavelength of the the scanner is 4.2 MHz. The speed of sound in a
wave is [1997] tissue is 1.7 km/s. The wavelength of sound in
(a) 8m (b) 12Zm tissue is close to [1995]
(¢ l6m (d) 20m (a) 4x10%m (b) 8x10%m
18. The&quaﬂo;;ggfa tgavellmg wave is (c) 4x103m d) 8x103m
i;here C;) Slsf in ;nicr?ns, ¢t in second and x in 26. A standing wave is represented by y = As_jn
metres. The ratio of maximum particle velocity (1_00_") cos (O:OIx), where y ar_'fd A arc i
to velocity of wave propagation is ~ [/1997] mllllrpetre, t in fseconds and x is in metre.
(a) 3.6 (b) 3.6x 104 Velocity of wave is [1994]
(c) 3.6x10° (d) 3.6x101 (a) 10* m/s
19.  Two sound waves having a phase difference of (b) 1 m/s
60° have path difference of [1996] (c) 107 m/s
(a) 2\ (b) * (d) not derivable from above data
N 72: 27. Which of the following equations represent a
(¢) 3 (d) < wave? [1994]
20. What is the effect of humidity on sound waves (;) y :in sin g
when humidity increases? [1996] (b) y= cos
(a) speed of sound waves is more (¢) y =4 sin (af - bx + c)
(b) speed of sound waves is less (d) y=4 (o= kx)
(c) speed of sound waves remains same 28. A wave of frequency 100 Hz is sent along a
(d) speed of sound waves becomes zero string towards a fixed end. When this wave
21. The equation of a sound wave is given as: travels back after reflection, a node is formed
1=0.0015 sin (62.4 x + 316 7). The wavelength of at a distance of 10 cm from the fixed end of
this wave is [1996] the string. The speeds of incident (and
(a) 0.4 unit (b) 0.3 unit reflected) waves are [1994]
(¢) 0.2 unit (d) 0.1 unit (@) 5m/s (b) 10 m/s
Con (c¢) 20 m/s (d) 40 m/s
22. Froma waveequation: y = 0.5 Slng(ﬁ‘h‘ —x), | 29. The temperature at which the speed of sound
the frequency of the wave is ' [1995] becomesodouble as was at 27°0C s [1993]
(@) SHz (b) 15Hz (a) 27"3o C (by 0°C .
(¢ 20Hz (d) 25Hz (c? 927° C _ (d) 102_7 C
23, Two waves are approaching each other with a 30.  With the propaga_tlon Off_l longitudinal wave
velocity of 20 m/s and frequency n. The tthgl_l a rpatenal medlu.m, t:!le q_uantltles
distance between two consecutive nodes is transmitted in the propagation direction are
[1995] (a) Energy, momentum and mass  [1992]
20 10 (b) Energy
(a) — (by — (¢) Energyand mass
" n (d) Energyand linear momentum
(¢) 3 (d) i 31. The frequency of sinusoidal wave y = 0.40 cos
_ 10 [2000 7 + 0.80] would be [1992]
24. The speed of a wave in a medium is 760 m/s. If (a) 1000 7 Hz (b) 2000 Hz
3600 waves are passing through a point in the
medium in 2 min, then their wavelength is (c) 20 Hz (d) @ Hz

[1995]
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32.

33.

34,

35.

36.

PHYSICS

Velocity of sound waves in air is 330 m/s. For
a particular sound wave in air, a path difference
of 40 cm is equivalent to phase difference of

1.6 m. The frequency of this wave is  [1990]
(a) 165 Hz (b) 150 Hz
(c) 660 Hz (d) 330 Hz

The transverse wave represented by the equation

y = 4sin [%] sin (3x—15¢) has
(a)

(b)
(c)

(d)

When sound waves travel from air to water,

which of the following remains constant?
[1989]

(a) Velocity (b) Wavelength

(¢) Frequency (d) All of the above

Equation of a progressive wave is given by

y=4sin (i—ij | &
5.9/ 6

Then which of the following is correct? [1988]
(a) v=5cm (by A=18cm

(c) a=0.04cm (d) f=50Hz

The velocity of sound in any gas depends
upon [1988]
(a) wavelength of sound only

(b) density and elasticity of gas

(c) intensity of sound waves only

(d) amplitude and frequency of sound

[1990]

amplitude = 4

n
wavelength =4 3

speed of propagation = 5

s
eriod =—
P 15

Topic 2: Vibration of String & Organ Pipe

37.

38.

In a guitar, two strings A and B made of same
material are slightly out of tune and produce
beats of frequency 6 Hz. When tension in B is
slightly decreased, the beat frequency increases
to 7 Hz. If the frequency of A is 530 Hz, the

original frequency of B will be [2020]
(a) 524 Hz (b) 536 Hz
(c) 537 Hz (d) 523 Hz

A tuning fork with frequency 800 Hz produces
resonance in a resonance column tube with
upper end open and lower end closed by water
surface. Successive resonance are observed at

39.

40.

41.

42.

43.

lengths 9.75 cm, 31.25 c¢m and 52.75 ecm. The
speed of sound in air is, [NEET Odisha 2019}
(a) 172 m/s (b) 500 m/s

(c) 156 m/s (d) 344 m/s

A tuning fork is used to produce resonance in a
glass tube. The length of the air column in this
tube can be adjusted by a variable piston. At
room temperature of 27°C two successive
resonances are produced at 20 cm and 73 cm
of column length. Ifthe frequency of the tuning
fork is 320 Hz, the velocity of sound in air at

27°C is [2018]
(a) 330 m/s (b) 339 m/s
(c) 300 m/s (d) 350 m/s

The fundamental frequency in an open organ
pipe is equal to the third harmonic of a closed
organ pipe. If the length of the closed organ
pipe is 20 cm, the length of the open organ

pipe is [2018]
(a) 13.2 cm (b) 8cm
(¢c) 16 cm (d) 12.5 cm

The two nearest harmonics of a tube closed at
one end and open at other end are 220 Hz and
260 Hz. What is the fundamental frequency of

the system? [2017]
(a) 20 Hz (b) 30 Hz
(c) 40 Hz (d) 10 Hz

An air column, closed at one end and open at
the other, resonates with a tuning fork when the
smallest length of the column is 50 ¢m. The
next larger length of the column resonating with

the same tuning fork is : [2016]
(a) 66.7 cm (b) 100 cm
(c) 150 cm (d) 200 cm

A uniform rope of length L and mass m, hangs
vertically from a rigid support. A block of mass
m, is attached to the free end of the rope. A
transverse pulse of wavelength A, is produced
at the lower end of the rope. The wavelength of
the pulse when it reaches the top of the rope is

A, theratio A,/A, is [2016]
ﬂ my + 1y

@ ®
ms my + 1y

© A @ "
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44, The fundamental frequency of a closed organ 1500 2000
pipe of length 20 c¢m is equal to the second (@) 93 cm,?
overtone of an organ pipe open at both the ends. 1500 500
The length of organ pipe open at both the ends (b)) ——cm,~—cm
is [2015] 23 23
(a) 100 cm (b) 120 cm © ﬂcm @cm
(c) 140 cm (d)y 80 cm 23 23
45. A string is stretched between two fixed points 300 1500
separated by 75.0 cm. It is observed to have (d) ——cm,——cm
resonant frequencies of 420 Hz and 315 Hz. 23 23
There are no other resonant frequencies | 50. Astring of 7m length has amass 0f0.035 kg. If
between these two. The lowest resonant tension in the string is 60.5 N, then speed of a
frequency for this string is : [2015 RS] wave on the string is 12001, 1989]
(a) 205 Hz (b) 10.5 Hz () 77ms (b) 102m/s
(c) 105 Hz @ 15Hz © 110m/s ) 165m/s
46. Ifny, n, andn are the fundamental frequencies | s, =\ oy ine P closed at one end vibrating in
ofthree segments into which a string is divided, o gan pipe . g
then the original fundamental frequency n of its first ovel.'tone. anq apothe_r pipe Py, open at
the string is given by : 12014, 2012, 2000] both ends v1l:_)rat1ng_ in its th.lrd overtone are 1_n
resonance with a given tuning fork. The ratio
(a) 1 — 1 n 1 4 1 of lengths of P, and P, respectively are given
n ny ny ns b Y 11997]
| | 1 1 . .
b) ——— . N (a) 1:2 (b)y 1:3
R N TN TN N (© 3:8 @) 3:4
_ 52.  Acylindrical resonance tube open at both ends,
© Vo - \/a " Ja N \/E has a fundamental frequency, 'f" in air. Ifhalfof
(d) n=n;+n,+n; o the length is dipped vertically in water, the
47. The number of possible natural oscillation of fundamental frequency of the air column will
air column in a pipe closed at one end of length be
85 em whose frequencies lie below 1250 Hz
are : (velocity of sound = 340 s 1y 12014] @ 2f (b) 372 [1997]
(a) 4 (b) 5 (c) f (d) 12
(c) 7 (d) 6 53. A stretched string resonates with tuning fork
48. If we study the vibration of a pipe open at both frequency 512 Hz when length of the string is
_ends, then which of the following statements 0.5 m. The length of the string required to
is not true ? _ [2013] vibrate resonantly with a tuning fork of
(a) Odd harm9n1cs of the fundamental frequency 256 Hz would be [1993]
frequency will be generated
(b) All harmonics of the fundamental (@ 025m (b) 0.5m
frequency will be generated (¢) Im (d 2m
(¢) Pressure change will be maximumatboth | 54 A closed organ pipe (closed at one end) is
ends _ excited to support the third overtone. It is found
(d) Antinode will be at open end that air in the pipe has [1991]
49. The length of the wire between two ends of a

sonometer is 100 cm. What should be the
positions of two bridges below the wire so that
the three segments of the wire have their

fundamental frequencies in the ratio of
1:3:5? [NEET Kar. 2013]

(a) three nodes and three antinodes
(b) three nodes and four antinodes
(¢) four nodes and three antinodes
(d) four nodes and four antinodes
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55.

56.

57.

58.

59.

PHYSICS

Topic 3: Beats, Interference &
Superposition of Waves

A source of unknown frequency gives 4 beats/s,
when sounded with a source of known
frequency 250 Hz. The second harmonic of the
source of unknown frequency gives five beats
per second, when sounded with a source of
frequency 513 Hz. The unknown frequency is
[2013]
(a) 246 Hz (b) 240 Hz
(¢) 260 Hz (d) 254 Hz
Two sources P and Q produce notes of
frequency 660 Hz each. A listener moves from
P to O with a speed of 1 ms™!. If the speed of
sound is 330 m/s, then the number of beats
heard by the listener per second will be
[NEET Kar. 2013]
(a) zero (b)y 4
(¢c) 8 (d 2
Two sources of sound placed close to each
other are emitting progressive waves given by
y, = 4 sin 600 iz and y, = 5 sin 608 nz. An
observer located near these two sources of
sound will hear : [2012]
(a) 4 beats per second with intensity ratio
25 : 16 between waxing and waning.
(b) 8 beats per second with intensity ratio
25 : 16 between waxing and waning
(c) 8 beats per second with intensity ratio
81 : 1 between waxing and waning
(d) 4 beats per second with intensity ratio
81 : 1 between waxing and waning
Two identical piano wires kept under the same
tension T have a fundamental frequency of 600
Hz. The fractional increase in the tension of
one of the wires which will lead to occurrence
of 6 beats/s when both the wires oscillate

together would be [2011M]
(a) 0.02 (b) 0.03
(c) 0.04 (d) 0.01

A tuning fork of freqgency 512 Hz makes 4
beats per second with the vibrating string of a
piano. The beat frequency decreases to 2 beats
per sec when the tension in the piano string is
slightly increased. The frequency of the piano
string before increasing the tension was [2010]
(a) 510 Hz (b) 514 Hz

(¢) 516 Hz (d) 508 Hz

60.

61.

62.

63.

64.

65.

66.

Each of the two strings of length 51.6 cm and
49.1 cm are tensioned separately by 20 N
force. Mass per unit length of both the strings
is same and equal to 1 g/m. When both the
strings vibrate simultaneously the number of

beats is [2009]
(@ 7 (b) 8
(c) 3 (d 5

Two sound waves with wavelengths 5.0 m and
5.5m respectively, each propagate in a gas with
velocity 330 m/s. We expect the following number

of beats per second [2006]
(@ 0 (b) 1
(c) 6 (d) 12

Two vibrating tuning forks produce
progressive waves given by y, =4 sin 500 it
and y, = 2 sin 506 wt. Number of beats

produced per minute is [2005]
(a) 360 (b) 180
(¢) 60 (dy 3

Two sound sources emitting sound each of
wavelength A are fixed at a given distance apart.
A listener moves with a velocity u along the line
joining the two sources. The number of beats

heard by him per second is [2000]
2u
@ = (b) =~
u U
(c) o (d) i

Two waves of lengths 50 cm and 51 ¢cm produce
12 beats per sec. The velocity of sound is [1999]
(a) 306 m/s (b) 331 m/s

(c) 340 m/s (d) 360 m/s

Two waves of the same frequency and intensity
superimpose each other in opposite phases.
After the superposition, the intensity and
frequency of waves will [1996]
(a) increase (b) decrease

(¢) remain constant (d) become zero

A source of sound gives 5 beats per second,
when sounded with another source of
frequency 100/sec. The second harmonic of the
source, together with a source of frequency
205/sec gives 5 beats per second. What is the

frequency of the source? [1995]
(a) 95 sec’! (b) 100 sec™!
(c) 105 sec™! (d) 205 sec!
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For production of beats the two sources must

have [1992]

(a) different frequencies and same amplitude

(b) different frequencies

(c) different frequencies, same amplitude and

same phase

(d) different frequencies and same phase

A wave has S.H.M whose period is 4 seconds

while another wave which also possess SHM

has its period 3 seconds. If both are combined,

then the resultant wave will have the period equal

to [1993]

(a) 4 seconds (b) 5 seconds

(c) 12 seconds (d) 3 seconds

If the amplitude of sound is doubled and the

frequency is reduced to one fourth, the

intensity of sound at the same point will be
[1989]

(a) increasing by a factor of 2

(b) decreasing by a factor of 2

(¢) decreasing by a factor of 4

(d) unchanged

Topic 4: Musical Sound & Doppler's Effect

70.

71.

72.

Two cars moving in opposite directions
approach each other with speed of 22 m/s and
16.5 m/s respectively. The driver of the first
car blows a horn having a frequency 400 Hz.
The frequency heard by the driver of the second

car is [velocity of sound 340 m/s] : [2017]
(a) 361 Hz (b) 411 Hz
(c) 448 Hz (d) 350 Hz

A siren emitting a sound of frequency 800 Hz
moves away from an observer towards a cliff
at a speed of 15ms™!. Then, the frequency of
sound that the observer hears in the echo
reflected from the cliff is : [2016]
(Take velocity of sound in air = 330 ms™!)
(a) 765 Hz (b) 800 Hz
(c) 838 Hz (b) 885 Hz
A source of sound S emitting waves of
frequency 100 Hz and an observor O are located
at some distance from each other. The source
is moving with a speed of 19.4 ms~! at an angle
of 60° with the source observer line as shown
in the figure. The observor is at rest. The
apparent frequency observed by the observer
is (velocity of sound in air 330 ms~!)

[2015 RS]

73.

74.

75.

76.

7.

600

>0
(a) 103 Hz (b) 106 Hz
(c) 97 Hz (d) 100 Hz

A speeding motorcyclist sees trafic jam ahead
of him. He slows down to 36 km/hour. He finds
that traffic has eased and a car moving ahead of
him at 18 km/hour is honking at a frequency of
1392 Hz. If the speeds of sound is 343 m/s,
the frequency of the honk as heard by him will

be : [2014]
(a) 1332 Hz (b) 1372 Hz
(c) 1412 Hz (d) 1464 Hz

A train moving at a speed of 220 ms~! towards
a stationary object, emits a sound of frequency
1000 Hz. Some ofthe sound reaching the object
gets reflected back to the train as echo. The
frequency of the echo as detected by the driver
of the train is : [2012M]
(speed of sound in air is 330 ms™!)

(a) 3500 Hz (b) 4000 Hz

(¢) 5000 Hz (d) 3000 Hz

The driver of a car travelling with speed
30 m/sec towards a hill sounds a horn of
frequency 600 Hz. If the velocity of sound in
air is 330 m/s, the frequency of reflected

sound as heard by driver is [2009]
(a) 555.5 Hz (b) 720 Hz
(¢) 500 Hz (d) 550 Hz

A car is moving towards a high cliff. The car
driver sounds a horn of frequency f. The
reflected sound heard by the driver has
frequency 2f. If v be the velocity of sound, then
the velocity of the car, in the same velocity

units, will be [2004]
(a) v/2 (b) v A2
(c) v/3 d) v/4

An observer moves towards a stationary source
of sound with a speed 1/5th of the speed of
sound. The wavelength and frequency of the
sound emitted are A and f respectively. The
apparent frequency and wavelength recorded by
the observer are respectively. [2003]
(a) 0.8f, 0.81 (b)y 1.2f, 124

(c) 1.2£ d) f 121
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78.

79.

80.

A whistle of frequency 385 Hz rotates in a
horizontal circle of radius 50 ¢m at an angular
speed of 20 radians s1. The lowest frequency
heard by a listener a long distance away at rest
with respect to the centre of the circle, given
velocity of sound equal to 340 ms™!, is /2002]
(a) 396 Hz (b) 363 Hz

(¢) 374 Hz (d) 385 Hz

A source and an observer move away from each
other, with a velocity of 10m/s with respect to
ground. If the observer finds the frequency of
sound coming from the source as 1950 Hz, then
original frequency of source is (velocity of

sound in air = 340 m/s) [2001]
(a) 1950 Hz (b) 2068 Hz
(¢c) 2132 Hz (d) 2486 Hz

A vehicle, with a horn of frequency » is moving
with a velocity of 30 m/s in a direction
perpendicular to the straight line joining the
observer and the vehicle. The observer

g1.

82.

PHYSICS

perceives the sound to have a frequency n + n,.

Then (if the sound velocity in air is 300 m/s)
[1998]

(a) n,=10n (b) n, =0

(¢) n,=0.1n (d n =-0.1n

A star, which is emitting radiation at a

wavelength of 5000 A, is approaching the earth

with a velocity of 1.50 x 10® m/s. The change

in wavelength of the radiation as received on

the earth is [1996]
(a) 0.25A (b)y 25A
(c) 25A (d) 250 A

Two trains move towards each other with the
same speed. The speed of sound is 340 m/s. If
the height of the tone of the whistle of one of
them heard on the other changes 9/8 times, then
the speed of each train should be [1991]
(a) 20 m/s (b) 2 m/s

(¢) 200 m/s (d) 2000 m/s

ANSWER KEY
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Hints & Solutions

(d) The standard equation of a wave travelling
along x-axis (+ve direction) is given by,
Y = A sin (kx — ot) where,

angular frequency, © = 2nf

2 _ _1
= - [~ f= - ]
2n 2n
angular wave number, k= = — =1

A 2n

2.

Y =1sin (x—2¢) [~ Amplitude, A=1m]

If the sign between ¢ and x terms is negative the
wave is propagating along +(ve) X-axis and if the
sign is positive then wave moves in —(ve) X-axis
direction.

(a) Here, y, = asin (of + kx + 0.57)

so, §; =0.57

and y, = a cos (o + kx)
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P 7. (a) Sound waves in air are longitudinal and the
=g sin [E + (oot + kx )] light waves are transverse.
50, §, = m/2 Soelg;d w;vefh are longitud@al waves and require
. tion.
Phase difference, Ap = ¢,— ¢, TSI fof Fer propagation

I 3.14
=——057 = ——-057 =1.57-0.57
2 2

= | radian
(¢c) Wehave, v=nk
= v o A (as n remains constant)
Thus, as v increases 10 times, A also increases
10 times.
(¢) y=4 sin (of — kx)
Particle velocity,

_ Y _ .
V< = A ocos (of — kx)
. %mﬂ=Am

. ®
wave velocity = T

o &
=%

e, AAASLA FT

re., v ut £k = 2\
r=2nAd

(c) A =2cm, % =128 ms!, 5L =4, A =

4

Sm

y=Asin (kx — of),

2 2mxS 314
A 4 4

¥ =0.02 m sin (7.85x — 1005 7)

o =128 x 7.85 = 1005

(¢) y=10.25 sin (10 mx — 2m¢)

Comparing this equation with the standard wave
equation

y=asin (kx — of)

We get, k=10

2r
= T=1Uﬂ —A=02m

And ®=2mor, 2nv =21 = v = 1Hz
The sign inside the bracket is negative, hence
the wave travels in +ve x-direction.

10.

11.

12.

Light waves i.e., electromagnetic waves are
transverse in nature and do not require medium
for their propagation.

(c) Speed of a wave represented by the
equation

v(x, £) = Asin (kx — of + ¢) is v:%

By comparison, ® = 4m; k= 0.5n

4
vzgz—n:Smfsec
k  0.5m

(d) The time gap between the initial direct
note and the reflected note upto the minimum
andibility level is called reverberation time.

Sabine has shown that standard reverberation
time for an auditorium is given by the formula

-
TR =K—
R as
Where, V'is volume of the auditorium, S is the
K.V
surface area. So, T, = —— =1(given)
a S
K.P
Tp = 5
6ol
(Assuming auditorium to be cubic in shape)
K
60
So, Tl

If dimension is doubled, reverberation time ¢
will be doubled. So, New Ty, = 2 sec.
(¢) Intensity = Energy/sec/unit area
Area o 12 = [ oc 1/52
h_n 39
(b) y,= 1076 sin (100 £ + x/50 + 0.5)m
=106 cos (100 t + x/50 — /2 +
0.5)m
Vy = 1076 cos (100 7 + x/50)m
¢=7/2-0.5=1.07 rad
(a) As we know that, velocity v = nk

360
= frequency, n:i:_zﬁ
4 Y A 60
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14,

15.

16.

17.

18.

PHYSICS

Amplitude, a=0.2
For a wave travelling along positive x-axis
y = a sin (of — kx)

n{2n =22
= asin| 2nnt ——
A

_ asin2n [m—ij _ 0.2sin2m [61 —iJ
A 60

d) »y= 1074 sin [l 00¢ —%}

_(100) o,
frequency, n = Py RO A=2nl0 m
100
velocity v = An = (E]@nx 10)= 1000 m/s
. 27
(d) y=» SlnT(w‘—x)

Particle velocity,

dy 27 2n
- = X —V cos—(Vvi—Xx
dr 0% 3 V1)

) ) . 2my
Maximum particle velocity = yg x T
Wave velocity = v [given]

2nv
So x ——=2v
» Yo N
l =T yo

(a) Let { be length of string
2

Hence, the wave length of standing wave
o> A=(=121A
(a) Time taken to move from maximum to

T
zero displacement = 7

. Time period T'=4 x 0.170 second

1

T 4x0.170
(¢) Given speed of wave (v) = 960m/s
Frequency of wave (f) = 3600/ min

. Frequency, n= =147 Hz

3600
=760 rev/sec = 60 rev per sec.
v 960
Wavelength of waves (1) =7 =60 l6m.

(b) y =60 cos (180 — 6x) (1)

19.

20.

21.

22,

27
0)=180,k=6:>T=6

Wave velocity,

_o 2 A 180 50w
k T 2m 6
Differentiating (1) w.r.t. ¢,
Particle velocity,

v

v, = _ 60180 sin(180r — 6x)
dt

Vp max = 60 x 180 um/s

= 10800 pm/s = 0.0108 m/s
Vpmax _ 0.0108
v 30
Wave velocity (v) is the distance travelled by the
disturbance in one second. It only depends on the

properties of the medium and is independent of
time and position.

=3.6x1074

pop ok ok @
T T o Tk

T
(d) Phase difference = 60° = 3
. A .
Path difference = o (phase diff.)
Aoom A
_ — ¥ — = —
2 3 6

RT
(a) Velocity of sound = ’Y?

When water vapour are present in air, average
molecular weight of air decreases and hence
velocity increases.

(d) y=0.0015 sin (62.4x + 316¢)
On comparing with y = A4 sin (of + kx)
®=316,k=62.4

:k:%:62.4:>k=0.1unit

(c) Given, y=0.5 sin 32’—;(64t—x)

Standard equation of the wave is :

y=asin 2%(1’1—1‘)

Comparing the given equation with the standard
equation, we get v=64 and A =3.2. Therefore,

frequency = % =20Hz.
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23. (b) Distance between two successive nodes 2000 1000
» v 20 10 v o Hz
—=— = —=— [where l:—] 2n n
2 2n 2n  n n A
24. (b) Speed of the wave (v) = 760 m/s; 32. () From Ax=—-—A¢,
Number of waves = 3600 Ax  27(0.4)
and time taken (7) = 2 min = 120 sec. A= Z?TA— = T =0.5m
Frequecny of waves 230 O
3600 _ V2
(n):?:30:’sec. f A 05 660 Hz
_ 760
-.wavelength of waves (A) = —= S0 - —253m 33 (¢) Giveny= 431“[6}5“1 (3x-15t)
n . . P
25. (a) Frequency (n)=4.2 MHz =4.2 x 106 Hz Compare the given equation with standard form
and speed of sound (v)= 1.7 km/s = 1.7 x 103 m/ y 2mx  2m
s. Wave length of sound in tissue, y=4sn N T
3
v  1.7x10 _4 21 2n 2n
A=—=———=4x10"m =— ==
n 42x10° where, — A =3L= 3 and 7 =15
26. (a) The wave equation is y = Asin (®f)cos "
(kx); 15
¢ = o/k=100/0.01 = 10* m/s. Speed of propagation,
27. (c¢) y=4Asin(at— bx + c) represents a wave, A 2n/3
where a may correspond to ® and b may ST 2m’15
correspond to K. 34, (c)
28. (c) Asfixed endisanode, therefore, distance 35 (b) The standard equation of a progressive
between two consecutive nodes wave is
2 _
=—=10cm. o ( ! x}
=asin| 2w| ——— |+
A —2 20em=10.2 ) L AT A ﬂ
As_v ~ 21;1 _ v-=ri100 % 0.2 = 20 /s The given_equation can be written as
29. (¢) Wehave ¢ /T y = 4sin QE[L_1)+E
i | \10 18/ 6
C
o= ?‘ " a=4cm, T=10s,L =18 cmand = /6
! 2 Hence, (b) is correct.
¢ (27+273)k 36. (b) .Velocity of s.mfnd in any gas depends upon
— = density and elasticity of gas.
2C2 T2
1 T
= T, = 1200 k= 927°C 37. (a) Frequency of string, f = —\/:
30. (b) With the propagation of a longitudinal 20\ m

wave, energy alone is propagated.

Energy is propagated along with the wave motion
without any net transport of the matter.

31.

(d) Given y =0.40 cos [20007 + 0.80]
Comparing with the standard equation
v = A cos(2nvt + ¢)

We get angular frequency, 2nv = 2000

Frequency oc JTension

Difference of f; and f5 is 6 Hz.

If tension decreases, fp decreases and becomes
/s

Now, difference of /, and /"5
So, 14> /3

fy—Jg=6Hz

= f4 =330 Hz = fz = 524 Hz (original)

=7 Hz (increases)
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38. (d) 7, =9.75 em

39.

40.

41.

l,=31.25 cm

Iy =52.75 cm

e = end correction

A :
1 +e=9.75cm (1)
3 o e=3125em ..(i)
30 A

22 =31.25-9.75

A

3 =21.5

A =43 cm

v=AXf

v = 34400 x 1072

v =344 ms™!

(b) Two successive resonance are produced
at 20 cm and 73 cm of column length

A

5 = (73-20)x 102 m

= A=2x (73 -20) x 102
Velocity of sound, v = nhA
=2x320[73-20] x 1072

=339.2 ms!
(a) For closed organ pipe, third harmonic
n= GOV VN
40 40
For open organ pipe, fundamental frequenty
NV 3
n—y— E('.‘N—l)
: . v
According to question, TR
LA 20 2x20
= (= 2 3 3 =13.33 cm
(a) Difference in two successive frequencies

of closed pipe,

2v
— = 260-220=40Hz

4]

2V 40H
T

— Y _20Hz
4(

Which is the fundamental frequency of system
of closed organ pipe.

42.
=

43.

44,

45.

PHYSICS

(¢) For a closed organ pipe first minimum
resonating length

A
Ll: ZzSOCm

Next or second resonating length, L,
3h =150 cm
4

If an open pipe is half submerged in water, it will
become a closed organ pipe of length half that of
a open pipe. It’s fundamental frequency will
become

v

r _

n'=—7;
)

2
(b) From figure, tension T; =m,g

T2 = (rnI + mz)g
As we know

Velocity « /T

So, A < /T

= M_Jh
A T,

v
ey equal to that of open pipe.

Rigid support

lz y ml +m2
- ﬂ B 3
(b) Fundamental frequency of closed organ
pipe,
_ A
\"c = E
Fundamental frequency of open organ pipe
A
Vo= 2—10

Second overtone frequency of open organ pipe
_ 3V
21,
From question, Y 3v
41, 21,
= 1y=6l,=6x20=120 cm
(c¢) Resonant frequencies, for a string fixed
at both ends, will be

nv
fy =— where,n=1,2,3.....
2L

The difference between two consecutive
resonant frequency is,
(n+hv nv v

Ap =f. 1 —f. =
fn = "+l ™0 2L 2L 2L
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which is also the lowest resonant frequency
n=1).

Thus, for the given string the lowest resonant
frequency will be

=420 Hz - 315 Hz

=105 Hz

75 cm

The difference between any two successive
frequencies will be 'n'

According to question,n =420-315=105 Hz
So the lowest frequency of the string is
105 Hz.

In a stretched string all multiples of frequencies
can be obtained i.e., if fundamental frequency is n

46.

47.

then higher frequencies will be 2n, 3n, 4n ...

LN\ L N/ 5\
@) \_A_M
1 |T
n=—,|—
21\ m

1
or, n<« 7 or n/ = constant, K
sl =K,
nyl, =K, nyl; =K
Also, I=1; + 1, +i;

K K K K
or, —=—+—+—

n nl n2 n3

I 1 1 1
Or. — =t —+—

noom ny My
(d) In case of closed organ pipe frequency,
vV
f,=02n+1) 1l
for n=0, f,=100 Hz
n=1,f =300 Hz
n=2,f =500 Hz
n=3, f; =700 Hz
n=4,1f, =900 Hz

4
n=>5,f;=1100 Hz
n =6, f;=1300 Hz
Hence possible natural oscillation whose

frequencies < 1250 Hz=6(n=0, 1, 2, 3, 4, 5)

48.

49.

50.

51.

(¢) Pressure change will be minimum at both
ends. In fact, pressure variation is maximum at
£/2 because the displacement node is pressure
antinode.

(a) From formula, f _1 ‘jz
x\m
1

= f -
fs'

S 11:32']3:

11 1
h L S
=hhihfihh

[Given: f) : f5:f3=1:3:5]
=15:5:3
Therefore the positions of two bridges below
the wire are

15%100 15x100+5x100
—————cman cm
I5+5+3 15+5+3
. 1500 2000
Le., ,——<cm

23 23

(¢) Given: Length ()=7m
Mass (M) = 0.035 kg and tension (T) = 60.5 N.
Therefore, mass of string per unit length (m) =

&;’5 =0.005 kg/m

speed of wave, = JE
m

ﬁzlmmﬁs

0.005
(c) We know that the length of pipe closed at

3
one end for first overtone (/) = 7

and length of the open pipe for third overtone
4

L)y=—=2x.

(1) g

Therefore, the ratio of lengths i = 4 = 2]

Iy 2\ 8
0r11:12=3:8.

In an open pipe all harmonics are present whereas
in a closed organ pipe only alternate harmonies of

52.

frequencies are present. Hence musical sound
produced by an open organ pipe is sweeter than
that produced by a closed organ pipe.

(¢) Fundamental frequency of open pipe,

)
=%


http://www.jeebooks.in

168

53.

54.

55.

56.

57.

58.

PHYSICS

When half of tube is filled with water, then the

/
length of air column becomes half (f': EJ and

the pipe becomes closed.
So, new fundamental frequency

v v

ECE

Clearly f' = f.

1
T |2

(d) f:i — | . When f is halved, the
27| 1

length is doubled.

(d) Third overtone has a frequency 7 n, which

A
means L =5 " three full loops + one half

loop, which would make four nodes and four
antinodes.

(d) When sounded with a source of known
frequency fundamental frequency

=250 +4 Hz = 254 Hz or 246 Hz

2" harmonic if unknown frequency (sup-
pose) 254 Hz = 2 x 254 = 508 Hz

As it gives 5 beats

. 508 +5=1513 Hz

Hence, unknown frequency is 254 Hz

A v
by LY
f c
(Beats)/2 _v

3——77— -
2P _y
(d) 2mf, =600m
/=300

2n f, = 608
f,=304

[f] = /51 = 4 beats

I _(A1+A2) (5+4) _ 81
I (4+4) (-4 1

where 4, 4, are amplitudes of given two sound
wave.

— Beats =

(1)
- (2)

min

T

(a) For fundamental mode, f= 2\ m

Taking logarithm on both sides, we get

59.

60.

1 T
= 1 lo +lo
oe/= g(%] g(\m
= lo i +llo Z
& 20) 2 & i

1 1
or log /= log (2(] +5[logT—logp]

Differentiating both sides, we get

df 1dT
- = ST (as ( and p are constants)

dT df
=>—=2x
T f
Here df =6
f=600 Hz
. dT 2x6
T 600
(d) The frequency of the piano string
=512 £4 =516 or 508. When the tension is
increased, beat frequency decreases to 2, it
means that frequency of the string is 508 as
frequency of string increases with tension.
(a) The frequency of vibration of a string is

=0.02

T
givenby, f= — where m is mass per unit

21
length

fi mlv ’ 25‘J_
b i ((ll—lz)
27 m 1]12
/20
J_ 0 V2 x10%= 1 414 x 100

= 1414

-1

_ (51.6-49.1)x10?
L

51.6x 49.1
25x10° 1

T 50x50 10

1><141.4><i =7 beats
2 10

f-f=
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61. (c¢) Frequencies of sound waves are

330 330

22V and 22—

5 55

i.e., 66 Hz and 60 Hz

Frequency of beat = 66 — 60 = 6 per second

Beat frequency is the number of beats produced
per second.

N=Hy~Hy
62. (b) Equation of progressive wave is given by
y=Asin2nuf't
Given y; = 4sin500 77 and y, = 2sin5067z.
Comparing the given equations with equation
of progressive wave, we get
2f, =500= f, =250
2f, =506 = f, =253
Beats = f,— f| = 253 — 250 = 3 beats/sec
=3 x 60 = 180 beats/minute.
63. (b) Frequency received by listener from the

rear source,
, vV—u vV—u vV v—u
n = xn = X— =
v v A A
Frequency received by listener from the front
source,
v _V+tu v v+u
v A A

No. of beats = n'"' — '

v+u v—u v+u—v+u 2u
A A A A
64. (a) Given: Wavelength of first wave (A ,)
=50ecm=0.5m
Wavelength of second wave (1,)
=51 em=0.51m

frequency of beats per sec (n) = 12.
We know that the frequency of beats,
v v

M A
ooy L L

05 051
=[2-1.9608] = v x 0.0392

12
or, v=
0.0392

n=12

=306 m/s

[where, v = velocity of sound]
65. (c) After the superposition, frequency and
intensity of waves will remain constant.

66.

67.

68.

(¢) Frequency of first source with 5 beats/ sec
= 100 Hz and frequency of second source with 5
beats/sec = 205 Hz. The frequency of the first
source = 100 = 5 = 105 or 95 Hz. Therefore,
frequency of second harmonic of source =210
Hz or 190 Hz. As the second harmonic gives 5
beats/ second with the sound of frequency 205
Hz, therefore, frequency of second harmonic
source should be 210 Hz or frequency of source
=105 Hz.

(b) For production of beats different
frequencies are essential. The different
amplitudes affect the minimum and maximum
amplitude of the beats and different phases
affect the time of occurrence of minimum and
maximum.

(¢) Beats are produced. Frequency of beats

willbe 1_1 = 1 Hence time period = 12 s.

3 4 12

Beat period (T) is the time interval between two
successive beats.

69.

70.

71.

1 1
" Beatfrequency  n —n,

T

(c) Intensity is proportional to (amplitude)?
and also intensity o. (frequency)?. Therefore,

mtensity becomes 42 4

(c) As we known from Doppler’s Effect

. _ £ V+Vg _ 400 340+16.5
apprent V=V 340-22

fapprent = 448 Hz
v.=22m/s vi=16.5 m/s

A o— > = B
f=400 Hz

(¢) According to Doppler's effect in sound

Apparent frequency,
v
n'= 0y
V- \"s
330

_ (800) = 330x800
330-15 315

=838 Hz
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72.

73.

74.

The frequency of sound observer hears in the
echo reflected from the cliff is 838 Hz.

(a) Here, original frequency of sound, f;, = 100
Hz

Speed of source V= 19.4 cos 60° = 9.7

194

ale

60°

S pm====p 0
19.4 cos 60° =9.7

From Doppler's formula

V-V,
- fo( V¥ ]

_V-0

f =100 V_(49.7)
¢~ 100 \Y ~ 100

i

Vv 330

= 103Hz
Apparent frequency ff= 103 Hz
(¢) According to Doppler’s effect
Apparent frequency,
o= n V+V, :1392{343+10].

V+ Vg 343+5

= 1412 Hz

(¢) Frequency of the echo detected by the
driver of the train is
(According to Doppler effect in sound)

. [v+u
=y
vV—u
where = original frequency of source of sound
f'" = Apparent frequency of source because of

the relative motion between source and
observer.

f'= [M] 1000 = 5000 Hz

330-220
Velocity of sound direction is always taken from
source to observer. All the velocities in the
direction of v are positive and in the opposite
direction of v are taken negative.

75.

76.

7.

78.

79.

80.

PHYSICS

(b) From the given condition

f —>—-->|f' f"@—) <«
g 30ms” 30 ms

f' is the apparent frequency received by an

observer at the hill. ' is the frequency of the
reflected sound as heard by driver.

f'= f
v_30 and
po V30, v+30. 360
v v—-30 300
=720 Hz

(c¢) Let /" be the frequency of sound heard by
cliff.

f=‘:fv (1)

Now, for the reflected wave, cliff acts as a
source,

P 2f = f’("”") (2)
)y S
:>2v—2vc= v+ or %ZVC

(c) Wavelength remains constant (unchanged)
in this case.

f— [u+u!5]f Ly

(¢) Velocity of source, v, = ro
=0.50 x 20 =10 ms™!

n,:[ v )n:340x385:374ﬂz
Vv

340+10
(b) According to Doppler’s effect

O B R [340 10] :@ 1950
V-V 340+10 350
="068 Hz
(b) As the source is not moving towards or
away from the observer in a straight line, so the

Doppler’s effect will not be observed by the
observer.

If source and observer both are relatively at rest
and if speed of sound is increased then frequency
heard by observer will not change.
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(¢) Given : Wavelength (1) = 5000 A
velocity of star (v) = 1.5 x 10% m/s.
We know that wavelength of the approaching

star (1) = 7{%}

A oe—v y
or, —= =1-—
C C

or, Do M _AA A

R U W)

6
Therefore, Ax:1x3:5000x1'5“2 —254
c 3x10

82.

[where AL = Change in the wavelength]

, 9
(a) Here, v =§V

Source and observer are moving in opposite
direction, therefore, apparent frequency

v':vx—(v+u)
(v—u)

9 [340+;;)
—V =V

8 340 —u
=9 %340 —9u =8 x 340 + 8u

:>17u:340x1:>u:%:20 m/sec.
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Electric Charges
and Fields

\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD (Qns. LOD Qns.LOD |Qns. LOD|Qns.|LOD
Charges & Coulomb's Law Coulomb’s Law 1| A 1| D
Electrostatic Force 1 D 1 A
Electric Field, Electric Field Electric Field 1 A 1 A
Lines & Dipole
Electric Flux & Gauss's Law Gauss’s Law 1 E
Topic 1: Charges & Coulomb's Law 3. Suppose the charge of a proton and an electron

Two point charges A and B, having charges +Q
and —Q respectively, are placed at certain
distance apart and force acting between them is
F. If 25% charge of A is transferred to B, then

force between the charges becomes :  [2019]
9F
(@) F (b) —
16F 4F
(©) 5~ d) =

Two metal spheres, one of radius R and the other
of radius 2R respectively have the same surface
charge density 6. They are brought in contact
and separated. What will be the new surface

charge densities on them? [NEET Odisha 2019]

5 5
(a) o, = 30,022 EG
5
(b) o, = EG, ,= 50O
5 5
(¢c) o,= 50,02=EG
5 5
(d) o, = 50, c,= EG

differ slightly. One of them is — e, the other is
(e + Ae). If the net of electrostatic force and
gravitational force between two hydrogen atoms
placed at a distance d (much greater than atomic
size) apart is zero, then Ae is of the order of
[Given mass of hydrogen m; =1.67 x 1027 kg]
[2017]
(@ 1073C (b)y 107°37C
() 107%¢C (d 1020C
Two identical charged spheres suspended from
a common point by two massless strings of
lengths /, are initially at a distance d (d << /)
apart because of their mutual repulsion. The
charges begin to leak from both the spheres ata
constant rate. As a result, the spheres approach
each other with a velocity v. Then v varies as a
function of the distance x between the spheres,

as: [2016]
1
(@) vex? (b) vecx
1
(¢) vex 2 (d) voex!

Two pith balls carrying equal charges are
suspended from a common point by strings of
equal length. The equilibrium separation
between them is r. Now the strings are rigidly


http://www.jeebooks.in

Electric Charges and Fields

173

clamped at half the height. The equilibrium
separation between the balls now become
[2013]

LLLLLLLLLI

Lyl

@ w0
© [27} @ [f]

A charge ‘g’ is placed at the centre of the line
joining two equal charges ‘Q’. The system of
the three charges will be in equilibrium if ‘g’ is

equal to [NEET Kar. 2013, 1995]
(@ 02 (b) -0/
(c) 04 (d -072

Two metallic spheres of radii 1 cm and 3 cm
are given charges of —1x10~2 Cand 5x1072 C,
respectively. If these are connected by a
conducting wire, the final charge on the bigger

sphere is : [2012M]
(a) 2x102C (b) 3x102C
() 4x102C d 1x102C

Two positive ions, each carrying a charge g, are
separated by a distance d. If F is the force of
repulsion between the ions, the number of
electrons missing from each ion will be (e being

the charge of an electron) [2010]
4me Fd? 4me Fe?
@ —>5 b 72—
e d
2 2
4ney Fd dne Fd
© 2 (d) 7

An electron is moving round the nucleus of a
hydrogen atom in a circular orbit of radius r. The

Coulomb force F between the twois [2003]
2 2
(@) K57 (b) K57
", "y
(c) —Ke—3f~ (d) —Ke—3 F
¥ r
(where K= L)
L dneg, J

10.

11.

12,

13.

14,

When air is replaced by a dielectric medium
of force constant K, the maximum force of
attraction between two charges, separated by a
distance [1999]
(a) decreases K-times

(b) increases K-times

(¢c) remains unchanged

1
(d) becomesF times

Point charges + 4g, —q and +4q are kept on the
X-axis at points x =0, x =a and x =2a respectively.
Then [1988]
(a) only—g isin stable equilibrium

(b) none of the charges is in equilibrium

(c) allthe chargesare in unstable equilibrium
(d) all the charges are in stable equilibrium.

Topic 2: Electric Field, Electric Field
Lines & Dipole

A spherical conductor of radius 10 cm has a

charge of 3.2 x 107 C distributed uniformly.

What is the magnitude of electric field at a point
15 cm from the centre of the sphere?  [2020]

[ : :9x109Nm2;’C2J

dn e,

(a) 1.28 x 10° N/C (b) 1.28 x 10°N/C
(¢) 1.28 x 107 N/C (d) 1.28 x 10*N/C
Two parallel infinite line charges with linear
charge densities +A C/m and —A C/m are placed

at a distance of 2R in free space. What is the
electric field mid-way between the two line

charges? [2019]
21
N/C
(@) zero ® To g
(c) » Nie (d) LIS
ne, R 2meg R

A hollow metal sphere of radius R is uniformly

charged. The electric field due to the sphere at

a distance r from the centre : [2019]

(a) increases as r increases for r < R and for
r>R

(b) zero as r increases for r < R, decreases as
r increases for r > R

(c) zero as r increases for r < R, increases as
r increases for r > R

(d) decreases as r increases for r <R and forr >R
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16.

17.

18.

19.

PHYSICS

An electron falls from rest through a vertical
distance h in a uniform and vertically upward
directed electric field E. The direction of
electric field is now reversed, keeping its
magnitude the same. A proton is allowed to fall
from rest in it through the same vertical
distance h. The time of fall of the electron, in
comparison to the time of fall of the proton is
[2018]
(a) smaller (b) 5 times greater
(¢) equal (d) 10 times greater
A toy car with charge q moves on a frictionless
horizontal plane surface under the influence
of a uniform electric field E . Due to the force
q E , its velocity increases from 0 to 6 m/s in
one second duration. At that instant the
direction of the field is reversed. The car
continues to move for two more seconds under
the influence of'this field. The average velocity
and the average speed of the toy car between 0
to 3 seconds are respectively [2018]
(a) 2m/s, 4 m/s (b) 1m/s, 3 m/s
(¢) 15m/s,3m/s (d) 1m/s,3.5m/s
An electric dipole of dipole moment p is
aligned parallel to a uniform electric field E.
The energy required to rotate the dipole by 90°

is [NEET Kar. 2013}
(a) pE? (b) pE
(¢c) pE (d) infinity

An electric dipole of moment ‘p” is placed in
an electric field of intensity "E’. The dipole
acquires a position such that the axis of the
dipole makes an angle 6 with the direction of
the field. Assuming that the potential energy
of the dipole to be zero when = 90°, the torque
and the potential energy of the dipole will
respectively be : [2012]
(a) pEsin®,—pEcosb

(by pEsin®,-2pEcosb

(¢c) pEsin®,2pEcosb

(dy pEcos6,—pEcosB

The electric potential V at any point (X, vy, z),
all in meters in space is given by V = 4x2 volt.
The electric field at the point (1, 0, 2) in volt/
meter is [2011M]
(a) 8 along positive X-axis

(b) 16 along negative X-axis

(c) 16 along positive X-axis

20.

21.

(d) 8alongnegative X-axis

3R
The electric field at a distance 7 from the

centre of a charged conducting spherical shell
ofradius R is E. The electric field at a distance

R
B from the centre of the sphere is  [2010]
E
(a) > (b) zero
E
() E @ =

The mean free path of electrons in a metal is
4 x 1078 m. The electric field which can give on
an average 2 ¢V energy to an electron in the

metal will be in units of V/m [2009]
(a) 5x10711 (b) 8§x 10711
(c) 5x 107 (d) 8x 107

A thin conducting ring of radius R is given
a charge +Q. The electric field at the centre O
of the ring due to the charge on the part AKB
of the ring is E. The electric field at the centre
due to the charge on the part ACDB of the ring

is [2008]
A
! K
B
¢ (0]
D
(a) EalongKO (b) Ealong OK
(¢) EalongKO (d) 3 EalongOK

Three point charges +¢, —g and +¢ are placed at
points (x=0,y=a,z=0),(x=0,y=0, z=0) and
(x=a,y=0,z=0)respectively. The magnitude
and direction of the electric dipole moment
vector of this charge assembly are  [2007]

(a) qua along the line joining points

(x=0,y=0,z=0)and (x=a,y=a,z=0)

(b) ga along the line joining points (x = 0,
y=0,z=0)and (x=a,y=a,z=0)

(c) \/fqa along +ve x direction

(d) ﬁqa along +ve y direction
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24,

25.

27.

29.

30.
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The electric intensity due to a dipole of length
10 cm and having a charge of 500 pC, at a point
on the axis at a distance 20 ¢m from one of the
charges in air, is [2001]
(a) 6.25x 107 N/C (b) 9.28 x 107 N/C
(¢) 13.1x 10" N/C (d) 20.5x 107 N/C

If a dipole of dipole moment p is placed in a

uniform electric field g . then torque acting on

it is given by [2001]
@ T=pE (b) T=pxE
() T=p+E (d T=p-E

A semi-circular arc of radius ‘a’ is charged
uniformly and the charge per unit length isA. The

electric field at the centre of thisarcis  [2000]
A A

@) 2nega () 2me a®
A 22

© 4Tc2£0a d) 2negga

A hollow insulated conduction sphere is given
a positive charge of 10 pC. What will be the
electric field at the centre of the sphere if its

radius is 2 metres? [1998]
(a) zero (b) 5pCm2
(¢) 20pCm32 (d) 8uCm=

A point Q lies on the perpendicular bisector of
an electrical dipole of dipole moment p. If the
distance of Q from the dipole is » (much larger
than the size of the dipole), then the electric

field at Qis pro]zmrtional to [1998]
(a plandr (b) pandr?
(¢) p*andr3 (d) pandr3

From a point charge, thereis a fixed point A. At
A, there is an electric field of 500 V/m and
potential difference of 3000 V. Distance between

point charge and A will be [1997]
(a) 6m (b) 12Zm
(¢) lém (d) 24m

Intensity of an electric field (£) depends on
distance r, due to a dipole, is related as  [1996]

1

@ Ex (b) Ex—
1 1

() B @ E=—3

The formation of a dipole is due to two equal
and dissimilar point charges placed at a [1996]
(a) short distance  (b) long distance
(c) above each other (d) none of these

32.

33.

34,

35.

36.

37.

38.

An electric dipole, consisting of two opposite
charges of 2 x 107% C ecach separated by a
distance 3 cm is placed in an electric field of
2 x 10° N/C. Torque acting on the dipole is

[1995]
(a) 12x10"Nm (b) 12x 1072 Nm
(¢) 12x103Nm (d) 12x 104 Nm

There is an electric field E in x-direction. Ifthe
work done on moving a charge of 0.2 C through
a distance of 2 m along a line making an angle
60° with x-axis is 4J, then what is the value of

E? [1995]
(a) 3N/C (b) 4N/C
(¢) SN/C (d) 20 N/C

Topic 3: Electric Flux & Gauss's Law

A sphere encloses an electric dipole with charges
+ 3 x 10° C. What is the total electric flux
across the sphere? [NEET Odisha 2019]
(a) 6x10°Nm*C (b) -3 x 10° Nm*C
(¢) Zero (d) 3x10°Nm?*C

The electric field in a certain region is acting
radially outward and is given by E = Aa. A
charge contained in a sphere of radius 'a' centred
at the origin of the field, will be given byf2015]

(a) Agya? (b) 4me,Aa’
(c) gyAa’ (d) 4me,Aa’
What is the flux through a cube of side 'a' if a
point charge of ¢ is at one of its corner : [2012]

2
@ o ) e
© o @ 3o

A charge Q is enclosed by a Gaussian spherical
surface of radius R. If the radius is doubled, then
the outward electric flux will [2011]
(a) increase four times

(b) bereduced to half

(c) remain the same

(d) be doubled

A square surface of side L meter in the plane of
the paper is placed in a uniform electric field £
(volt/m) acting along the same plane at an angle
6 with the horizontal side of the square as
shown in Figure. The electric flux linked to the
surface, in units of volt. m, is [2010]
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39.

/S

Ko

/"
//?

(a) EL? (b) ELZcos0

(¢) ELZsing (d) zero

A hollow cylinder has a charge ¢ coulomb within
it. If ¢ is the electric flux in units of voltmeter

associated with the curved surface B, the flux
linked with the plane surface 4 in units of

voltmeter will be [2007]

9

/
/

B

@ 3 b &
€0 3
l(q )
© 5 @ 3\

A square surface of side L metres is in the plane

of the paper. A uniform electric field E (volt/

m), also in the plane of the paper, is limited
only to the lower half of the square surface (see
figure). The electric flux in SI units associated
with the surface is [2006]

41.

42,

43

PHYSICS
> > > E"
S
(a) EL%2 (b) zero
() EIL? (d) EL?/(2gy)

A charge ¢ is located at the centre of a cube.

The electric flux through any faceis (2003}
2ng
@ G(aney) ® Sane,)
4mg g
©  g(aney) @ Gane,)

A charge Q nCis placed at the centre of a cube,
the flux coming out from any surface will be

12001]
9O 106 9 1073

@) b¢g, 10 (b) b¢g, 10
0 0

©  24¢, @ ge,

A charge Q is placed at the corner of a cube.
The electric flux through all the six faces of the

cube is [2000]
@ 0/3g, (b) 0O/6g,
© 0O/8g, d) O/g,

A point charge +g¢ is placed at mid point of a
cube of side ‘L’. The electric flux emerging from

the cube is [1996]
2
9 6gL
(a) & (b) &
©) : (d)
C Zero
6%,

ANSWER KEY

Ll lm]le w116 |21 ]|26]|@/[31]@]36]wm]41] @
2 @l 7 |lwm|le]leoliz|lol2z2|oml27]|l@|32]@l37]0©/|42] @
3 (s |l@lnBlolis|l@l|23]| @28 [@][33[@]38]@]43]@©
4 OOl l@lalwmlivslwl2a] @129 @ [|34]@)]39] @] 44| 2
5 l@lwl@lis]l@l2]lwml25]|m|30[@]|35]m®]40 ] ®
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Hints & Solutions

1. (b) Weknow that,

kQ? A B
F=—o . — .
S HQe————<—— -0
1£25% of charges of A transfer to B then
Q 3Q 3Q
=Q-——=—and =Q+=—=——
qa =Q 14 qg =-Q 1 4
qA= T :qB
k
F = qA;lB
T
2
k[ﬂ) 9 kQ OF
g \4) 9Kk 9F
2 16 2 16
2. (a) Ql=G4TI:R12=G4TI:R2
0,= G4m(2R)? = 16nR?
After redistribution
O R _ o oy
0, 2R 0, =20,
0, +0; =2007R? (i)

From eq. (i) and (ii)

o 20 5
[0 :?u:r:n:}?2 = o) :EG

40
sz_

onR? DG&Z%G

3. (b)Netcharge on one Hatom ="e+(e+Ae)=Ae
According to question, the net electrostatic force

(Fg) = gravitational force (F)
Fg=Fg
1 Ae? B Gm?

4mey §2 Y

G 1 o
_ |G —k=9x10
DAe—m\/; [4“0 J
6.67x107 1
=1.67x10727 \|[=————5—
9%10

Ae~1.436x10737C

4.

(¢) From figure T cos 6=mg

mg
ka2
tan 6= 2q
x“mg
. . X
As B issmalltan 6 ~sinB = E
kq2 X
x’mg 2(

or x3cg? ...(1)
or x3¥«cq ..(2)
Differentiating eq. (1) w.r.t. time

32d—x 2d—qbtd—q‘ tant
X“4f < 2q7; but - is constan

s0 X2(V) < q
Replace q fromeq. (2)
x2(v)cx32 or veex12

(@)

mg
T cos 0 =mg
Tsin0=F

tan{-]:i
mg

From figure, tan 6= g
ka®
r/2 42
y mg
qu

[+ F=—3— from coulomb’s law]
r
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= P y
When string is clamped at half the height

13 y
- oC
2

Dividing the above two equations, we have
r' 1 T

P )
6.  (b) The system of three charges will be in
equilibrium.
A q B

Q¢—r—0«—r —>é

For this, force between charge at 4 and B + force
between charge at point O and either at 4 or B is
ZEro.

2
e, A KQq_,,
o 2 2
@r)= ()
By solving we get,
__9
q 4
7. (b) Atequilibrium potential of both sphere
becomes same if charge of sphere one x and
other sphere (O —x) then
where 0=4x107%2C
V="
kx  k(Q-x)

+

lem  3cm
Ix=Q0-x = 4x=0

-2
x=%:74“0 C=1x1072

0'=Q-x=3x10"2C

ﬁ Charge given to a conductor always resides on its
outer surface. If surface is uniform the charge
distributes uniformly on the surface and for

irregular surface the distribution of charge i.e.,

charge density is not uniform. Itis maximum where
the radius of curvature is maximum and vice-versa

. 1
ie, G —,
R

8  (c) Letnbethe number of electrons missing.
&
dngy 42

= q:.,[47|:80d2F =ne

4Tc£0Fd2
n= "72
e

If the charge of an electron (= 1.6 x 1071° C) is
taken as elementary unit i.e., quanta of charge,
the charge on any body will be some integral
multiple of e

ie, Q=+newheren=1,2,3....

9. (d) Charges (—e) on electron and (e) on
proton exert a force of attraction given by
Force= (K)—3 3

sl F)
r r : L _MJ

Magnitude of Coulomb force is given by
I 99

o), ke |

47580 r2
but in vector form F = 1 992 ;
4ngy 3
1 g9,

10. (a) Inair, F; = dmey 2

I 949

4me, Kl

Inmedium, F, =

. F_m — i - F = _—air, .
F. K m= (decreases K-times)
1. (c) Net force on each of the charge due to the
other charges is zero. However, disturbance in
any direction other than along the line on which
the charges lie, will not make the charges return.
12, (a) If the charge on a spherical conductor of

radius R is O, then electric field at distance »

from centre is
E=0 (if rZR)

1 0
E:4TE€0F_2 (if r=R)
Electric field at a distance 15 cm from the centre
of sphere will be

9x10° x3.2x1077
E:
225x107*

—0.128x10° =1.28x10° N/C
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13. (c) Electric field due to line charge (1)

E = A iNve
2negR
Electric field due to line charge (2)

B ine @ 1y
2mgR + E |-
- - - + [
Enet:El"'EZ tle—— .|~
+T R B2 |-
l < l T + o
= i+ i -
2negR - 2mggR i -

iNve <
negR

ﬂ Both E, and E, are in the same direction.

Electric field at a point due to +ve charge (+q)
acts away from the charge and due to negative
charge (—¢) it acts towards the charge.

14. (b) Charge Q will be distributed over the surface
ofhollow metal sphere.
(i) Forr<R(inside)
[At a point inside the hollow sphere]

+ . \p

By Gauss’s law, Cﬁﬁin dS = 1& =0

As enclosed charge is =0 ’

So, E, = 0 the electric field inside the hollow
sphere is always zero.

(i) For r > R (outside)

[At a point outside hollow sphere]

-

'''''

By Gauss’s law, (ﬁﬁoﬂ_s':iﬂ Qq,=Q
0

15.

17.

EJ\
E04nr2 = Q

€0

: 1
1 1—»’@”—
= Ey x— E,=0:

r

O]l r<R R r>R ‘
(a) Asweknow,F=qE=ma

E
— a:q_
m
I9E >
— —t
h 2m

2hm
= qE

i.e., time foc Jm as ‘q’ is same for electron
and proton.

Since, electron has smaller mass so it will take
smaller time.

=3 _];i
v=-6 ms
. v—u_ 6-0

Acceleration, a = P

=6ms2
Fort=0tot=1s,

1

S, = §x6(1)2 =3m  .()

Fort=1s=tot=2s,

1 2 .
S,= 6.1—E><6(1) =3m ..(ii)
Fort=2stot=3s,

1 2
S3=0—§><6(1) =-3m (ii)
Total displacement S=8, +S,+85,=3m

Average velocity = 3 =1 ms™!

Total distance travelled=9m

9
Average speed = 3 =3 ms™!

(¢) When electric dipole is aligned parallel
0 = 0° and the dipole is rotated by 90° i.e.,
0=90°.

Energy required to rotate the dipole

W::gﬁ_ U; = (-pE cos 90°) — (-pE cos 0°)
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18. (a) The torque on the dipole is given as
t=pEsin 6
The potential energy of the dipole in the electric
field is given as

U=- pEcosH
- dvV. dv. dV -
19 d E=-|—i+—j+—k
(d) LX ay ) dz]
Given, V= 4x2 ,
p__dEx%)
dx

= _8xi volt/meter
E(I,O,Z] =-8iV/m

20. (b) Electric field at a point inside a charged
conducting spherical shell is zero.

2l.  (c¢) Energy=2eV
= eV, =2V = V =2volt

poVe 2
d 4x1078

=0.5x10%= 5x107 vm™!

22.  (b) Bythe symmetry of the figure, the electric
fields at O due to the portions AC and BD are
equal in magnitude and opposite in direction.
So, they cancel each other.

Similarly, the field at O due to CD and AKB
are equal in magnitude but opposite in direction.
Therefore, the electric field at the centre due to
the charge on the part ACDB is E along OK.

23. (a) Three point charges +¢g, —2¢ and +q are
placed at points B (x=0,y=a,z=0),
O(x=0,y=0,z=0)and A(x=a,y=0,z=0)
The system consists of two dipole moment
vectors due to (+¢ and —¢) and again due to (+¢
and —g) charges having equal magnitudes ga
units — one along OA4 and other along OB .
Hence, net dipole moment,

24,

Pret = \J(qa)2 +(ga)* =+/2ga along OP at

an angle 45° with positive X-axis.

2 4,
0,0,0/0 +¢(a,0,0)

Z

(a) Given : Length of the dipole (2/) = 10cm
=0.lmor/=0.05m

Charge on the dipole (q) = 500 pC = 500 x
1070 C and distance of the point on the axis from
the mid-point of the dipole (r)=20+5=25cm=
0.25 m. We know that the electric field intensity
due to dipole on the given point (E) =

1 2(g.2hr
X523
@ -1%)
—6
0109 x 2(500x107° x0.1)x 0.25
[(0.25)2 —(0.05)1?

4me

_ 225x10°

- - —625%x10" N/C
3.6x10”

; 1 ;
The dipole field £ « —- decreases much rapidly

ﬂ i

25,

1
as compared to the field of a point charge £ « —
-

(b) Given : Dipole moment of the dipole = p
and uniform electric field = E . We know that

dipole moment (p) = q.a (where ¢ is the charge
and a is dipole length). And when a dipole of

dipole moment p isplaced in a uniform electric
field E , then Torque (t) = Either force x
Perpendicular distance between the two forces =

gaEsin® or T= pEsin® or T=px E (vector

form)
(a) A =linear charge density;
Charge on elementary portion dx =X dx.

A dE

oﬁ,

\f
dx

A
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Adx

411:80a2

Horizontal electric field, i.e., perpendicular to
AO, will be cancelled.

Hence, net electric field = addition of all electrical
fields in direction of 40

Electric field at O, dE =

=XdE cos 6
= F = j A 3 cosB
4rega

dx
Also,dE):j or dx=add

n/2

A cosB6d0 A . am/2
E= I = [sm@ /2
2 4neya dnega
A A
=7 [1-(=D] =
TEGa 2negga

27. (a) Charge resides on the outer surface of a
conducting hollow sphere of radius R. We
consider a spherical surface of radius r <R.

By Gauss's theorem,

(j.jE ds = = x charge enclosed
€0

o, Edm?=Lx0=>E=0
€0
i.e. electric field inside a hollow sphere is zero.
Electric field inside the charged conducting sphere
or shell, £, =0
And for uniformly charged non-conducting
sphere,

1 O

i~ 4re, R

28. (d) Electric field at equatorial point

lp
Eeq =
4nE, (r* +1%)3?

29.

30.

31.

32

33.

35.

P
4neg.r

E:

3 [For r>=>1]

| -
Apparently, £ < p and E°C_3°C’” 3.

I
(a) Given : Electric field (E) = 500 V/m
and potential difference (V)= 3000 V.
We know that electric field

E—SOO—K d——3000—
(E)=300= 7 or d="555 =
[where d = Distance between point charge
and A]

6m

(c) Intensity of electric field due to a Dipole

P 1

E= 4megr V3cos?6+1 = Eocr—3

(a) Dipole is formed when two equal and
unlike charges are placed at a short distance.

(c) Charges(q)=2x107°C,
Distance
(dy=3cm=3x102mand

electric field (E)

=2x 105N/C.

Torque (1) =pE=qdE

T=(2x1070) x (3 x 1072) x (2 x 10%)
=12x 103 N-m.

(d) Charge(q)=0.2C;

Distance (d) =2m; Angle 6 = 60° and work done
(W)=4J.

Work done in moving the charge (W)
=F.dcos 6 =gEdcos 0

w 4 4
Or:v E = = =
qgdcosB 0.2x2xcos60° 0.4x0.5

=20N/C.

q
©) = et
0

_0
b=, =

(b) Net flux emitted from a spherical surface
of radius a according to Gauss’s theorem

q,
Dpet :E—];
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or, (Aa)(4ma?)= din
€p

= 3
So, q;,=4mg Aa
Electric flux is equal to the product of an area
element A and the perpendicular component of
electric field £ integrated over a surface.

o0=E.A cos 0

36. (b) FEightidentical cubes are required to arrange
so that this charge is at centre of the cube formed

so flux.
F=_49
860
q I L/
a
2a /
" |
< 2a =
37. (c) ByGauss’s theorem,
Qin

0
Thus, the net flux depends only on the charge
enclosed by the surface. Hence, there will be no
effect on the net flux if the radius of the surface
is doubled.

38 (d) Electric flux, ¢= EA cos 0, where 0
= angle between E and normal to the surface.

Here 6=

2

= ¢=0
39. (@) Since i = by +0p +0c =,
0

where ¢ is the total charge.

Asshown in the figure, flux associated with the
curved surface Bis ¢ = ¢,

Letus assume flux linked with the plane surfaces
A and Cbe

b=0c=1¢
Therefore,

L =295 =20"0
€0

PHYSICS

e
=0 _2[80 ¢]

40. (b) Flux=E . A
E is electric field vector & A 1S area vector.
Here, angle between E & A is90°.

So, E.A=0; Flux=0
41. (c¢) Cubehas 6 faces. Flux through any face is
given by

_4 __ 94T
O 6e,  6(dney)

ﬂ If charge (Q) is kept at the centre of cube
_9 _9
botal = ¢ 7+ Oace = g,

9 Q

Peomer = ge > Bedee ™ g,
42.  (a) Total flux out ofall six faces as per Gauss's

0 x 107
theorem shouldbe =

Therefore, flux coming out of each face

-2 0t c
6 &
43.  (c¢) Accordingto Gauss's theorem, electric flux
through a closed surface :g where ¢ is
€o

charge enclosed by the surface.
The charge is kept at a corner of a cube so it can
be visualised as being at the centre of § cubes.

|
The flux through each cube will be 3 of

0
the flux —
E

Q

. )
Flux through all six faces = SE

Q

4. (a) ByGausstheorem
Total charge inside cube

Total electric flux=
=0]
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Electrostatic Potential
and Capacitance

% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns.|LOD |Qns.|LOD|Qns.| LOD | Qns.| LOD
Electrostatic Potential & Electrostatic pot. & field 1 E
Equipotential Surfaces Electrostatic pot. and dipole 1 E
Equipotential Surfaces 1 E
Electric Potential Energy &
Work Done in Carrying a Charge
Capacitors, Capacitance, Capacitance of Capacitor 1 A
Grouping of Capacitors & Electrostatic Force between
Energy Stored in a Capacitor |Isolated Parallel Plates 1 A
Grouping of Capacitors
Energy stored in a capacitor 1 A 1 A
Topic 1: Electrostatic Potential & oo - BN
Equipotential Surfaces .
1. In a certain region of space with volume 0.2 (c) A B @ b
m?, the electric potential is found to be 5 V 10V
throughout. The magnitude of electric field in 20V 40V
this region is : [2020] A positive charge is moved from A to B in each
(a) 0.5N/C (b) IN/C diagram.
(¢) 5N/C (d) zero (@) Inall the four cases the work done is the same
2. Ashort electric dipole has a dipole moment of (b) Minimum work is required to move q in
16 x 10~ C m. The electric potential due to the figure (a)
dipole at a point at a distance of 0.6 m from the (¢) Maximum work is required to move q in
centre of the dipole, situated on a line making figure (b)
an angle of 60° with the dipole axis is : /2020] (d) Maximum work is required to move q in
- figure (c)
I _ 9x10°Nm?2 /2 4. Ifpotential (in volts) in a region is expressed as
4mn e V(X, y, z) = 6 Xy — y + 2yz, the electric field
(@) 200V (b) 400V (inN/C)at point (1, 1,0)1s: [2015 RS]
(c) zero (d) 50V (@) —(6i+5j+2k) (b) —(2i+3j+k)
3. The diagrams below show regions of A A A A A A
equipotentials. [2017] (© —(61+9j+k) (d) —(3i+5j+3k)
20V 40V 5. In a region, the potential is represented by
V(x, ¥, z) = 6x— 8xy— 8y+ 6yz, where Vis in volts
A B A B and x, y, z are in metres. The electric force
(a) (b) experienced by a charge of 2 coulomb situated at
point (1,1, I)is: [2014]
10V 30V 1oV 30V
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(a) 65 N (b) 30 N
(¢) 24N (d) 435 N

A conducting sphere of radius R is given a
charge Q. The electric potential and the electric
field at the centre of the sphere respectively are:

[2014]
(a) Zeroand m
(b) 411:(30R and Zero
© 41120R and 4m ;Rz

(d) Both are zero
A, Band C are three points in a uniform electric

field. The electric potential is [2013]
oA i
B —
* > E
o(C X
(a) maximumatB
(b) maximumatC
(c) same at all the three points A, B and C
(d) maximumatA

Four point charges —0, —¢, 2q and 2Q are placed,
one at each corner of the square. The relation
between Q and ¢ for which the potential at the

centre of the square is zero is : [2012]
(@ O=-¢ (b) O=——
q
1
() O=g¢ (d) 0= J

Four electric charges +q, +q, —q and — q are
placed at the corners of a square of side 2L (see
figure). The electric potential at point A, midway
between the two charges +q and +q, is [2011]

+q —q

+q —q

10.

11.

12.

13.

14.

PHYSICS

—(1 +/5)

@) 4negy L

1 2q 1
(b 4n60f[1+f]

1 2q[ 1 ]
© 4n g, L Js
(d) zero
Three concentric spherical shells haveradii a, b
and ¢ (a < b < ¢) and have surface charge
densitiess ,— o and o respectively. IfV,, Vg
and V. denotes the potentials of the three

shells, then for ¢ =a + b, we have [2009]
() Ve=Vp=V, (d) Ve=V, = Vg

The electric potential at a point (x, y, z) is given

V =— x2y—xz3 + 4. The electric field E at that
y
point is [2009]

@@ E=i2xy+jx>+y?)+k(G3xz—vy?)

b) E=iz Jrjxyz+f{z2
(c) E=i(2xy—z3)+jxy2+l;3z2x

(d) E=i(2xy+z3)+jx2+1;3x22

The electric potential at a point in free space

due to a charge Q coulomb is Q x 10! volts.

The electric field at that point is [2008]

(a) 4me,Qxl1 022 volt/m

(b)y 12 TESO Qx10% volt/m

(¢) 4me,Qxl1 02% volt/m

d 12 rcso Qx10%2 volt/m

A solid spherical conductor is given a charge.

The electrostatic potential of the conductor is

(a) constant throughout the conductor

(b) largest at the centre [2002]

(c) largest on the surface

(d) largest somewhere between the centre and
the surface

A hollow metal sphere of radius 10 cm is charged

such that the potential on its surface is 80 V. The

potential at the centre of the sphere is  [1994]

(a) zero (b) 80V

(c) 800V (d) 8V
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Topic 2: Electric Potential Energy & Work

15.

16.

17.

18.

Done in Carrying a Charge
The potential energy of particle in a force field

A
is U=—- P where A4 and B are positive
Fr

constants and r is the distance of particle from
the centre of the field. For stable equilibrium,
the distance of the particle is : [2012]
(a) B/24 (b) 24/B

(c) A/B (d) B/ 4

Three charges, each +q, are placed at the corners
of an isosceles triangle ABC of sides BC, AC
and AB. D and E are the mid points of BC and
CA. The work done in taking a charge Q from D

toEis [2011M]
A
E

B b C

3qQ qQ
(@) 8plga (b) 4plga

39Q

(c) zero d 7 piga

Charges +g and —g are placed at points 4 and B
respectively which are a distance 2L apart, C'is
the midpoint between A4 and B. The work done
in moving a charge +Q along the semicircle CRD

is [2007]
R
A C B D
qQ qQ
@) 2negL (b) 6megL
90 qQ
© 6meggL (d) 4menL

As per the diagram, a point charge +¢ is placed
atthe origin O. Work done in taking another point
charge — Q from the point 4 [coordinates (0, a)]
to another point B [coordinates (a, 0)] along the
straight path AB is: [2005]

19.

20.

21

22,

9) B X

(
(b)(qgljfa

4ng, g*

(a) zero

1) a
© L4ns a_J \/_ (d) L4?‘[£0 J\/_a

Two charges ¢, and g, are placed 30 cm apart, as
shown in the figure. A third charge ¢, is moved
along the arc of a circle of radius 40 cm from C'to
D. The change in the potential energy of the

. q3 k .
system is e »where k is [2005]
Coi.....
40 cm ..""-.__\
\
q; G
A 30em B D
(a) 8q, (b) 64,
(©) 8q, (d) 64,

An electric dipole has the magnitude ofits charge
as q and its dipole moment is p. It is placed in
uniform electric field E. If its dipole moment is
along the direction of the field, the force on it
and its potential energy are respectively/2004]
(a) g¢.Eandmax. (b) 2 ¢.Eandmin.

(¢) g.Eandp.E (d) zeroand min.

A bullet of mass2 gishavinga chargeof 2uC.
Through what potential difference must it be
accelerated, starting from rest, to acquire a

speed of 10 m/s? [2004]
(a) 50V (b) 5kV
(c) S0kV (d) 5V

Each corner of a cube of side / has a negative
charge, —¢. The electrostatic potential energy
ofa charge q at the centre of the cube is [2002]

B 4q° V34
@) \/E:rcsof (b) 4megyl
4q2 B 4q2
© \E:rcsof (d) «ﬁnsol
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23.

PHYSICS

A particle of mass m and charge ¢ is placed at
rest in a uniform electric field £ and then
released. The kinetic energy attained by the

particle after moving a distance yis ~ [1998]
@ qEy? () ¢Ey
(© qEy d) g Ey

Topic 3: Capacitors, Capacitance, Grouping

24,

25.

26.

27.

of Capacitors & Energy Stored in a
Capacitor.

The capacitance of a parallel plate capacitor

with air as medium is 6 pF. With the

introduction of a dielectric medium, the

capacitance becomes 30 pF. The permittivity

of the medium is : [2020]

(€90 =8.85x102C*N'm?)

(a) 1.77 x 102 C2 N m?

(b) 0.44x 101°C2N"1m2

(c) 5.00C*N'm?

(d) 0.44 x 103 C*N'm?

Two identical capacitors C| and C, of equal

capacitance are connected as shown in the

circuit. Terminals a and b of the key k are

connected to charge capacitor C| using battery

of emf V volt. Now disconnecting @ and b the

terminals b and ¢ are connected. Due to this,

what will be the percentage loss of energy?
[NEET QOdisha 2019]

k
a C

VT _‘_cl Tec,
(@) 25% (b) 75%
(c) 0% (d) 50%

The electrostatic force between the metal plates

ofan isolated parallel plate capacitor C having a

charge Q and area A, is [2018]

(a) independentofthe distance between the plates

(b) linearly proportional to the distance
between the plates

(c) inversely proportional to the distance
between the plates

(d) proportional to the square root of the
distance between the plates

A capacitor is charged by a battery. The battery

is removed and another identical uncharged

28.

29.

30.

31.

capacitor is connected in parallel. The total
electrostatic energy of resulting system : [2017]

(a) decreases by a factor of 2
(b) remains the same
(c) increases by a factor of 2
(d) increases by a factor of 4
1 2
o o

T 2HT [ 8uF

A capacitor of 2pF is charged as shown in the
diagram. When the switch S is turned to position
2, the percentage of its stored energy dissipated
is: [2016]
(@) 0% (b) 20%

() 75% (d) 80%

A parallel plate air capacitor of capacitance C
is connected to a cell of emf V and then
disconnected from it. A dielectric slab of
dielectric constant K, which can just fill the air
gap ofthe capacitor, is now inserted in it. Which
ofthe following is incorrect ? [2015]
(a) The energy stored in the capacitor

decreases K times.
(b) The chance in energy stored is

lCv2 [1—1]
2 K

The charge on the capacitor is not
conserved.

The potential difference between the plates
decreases K times.

A parallel plate air capacitor has capacity 'C'
distance of separation between plates is 'd' and
potential difference 'V' is applied between the
plates. Force ofattraction between the plates of

©
(d)

the parallel plate air capacitoris: [2015 RS/
2 2
CcV CcvV
a) —— b) ——
@ — (®) =
2V2 ; C2V2
c
© — 2 @ =2

Two thin dielectric slabs of dielectric constants
K, and K, (K, <K,) are inserted between plates
of a parallel plate capacitor, as shown in the
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figure. The variation of electric field ‘E’
between the plates with distance ‘d” as measured
from plate P is correctly shown by :  [2014]
Q

d—»

(d)

]
]

0 d—

A parallel plate capacitor has a uniform electric
field E in the space between the plates. If the
distance between the plates is d and area of each
plate is 4, the energy stored in the capacitor is :
[2012M, 2011, 2008]

1
a) —egoE? E24ds
2 0

|
(c) §8°E2Ad (d) e EAd

A series combination of n; capacitors, each of
value C,, is charged by a source of potential
difference 4 V. When another parallel
combination of n, capacitors, each of value C,,
is charged by a source of potential difference V,
it has the same (total) energy stored in it, as the
first combination has. The value of C,, in terms
of Cy, is then [2010]

34,

35.

36.

37.

38.

2Cl n2
l6—=C
@ () 1676
Hy 16C
2—=C,
(0 2,°6 @ om

Two parallel metal plates having charges + Q
and —Q face each other at a certain distance
between them. If the plates are now dipped in
kerosene oil tank, the electric field between the
plates will [2010]
(a) remainsame (b) become zero

(¢) increases (d) decrease

Three capacitors each of capacitance C and of
breakdown voltage V are joined in series. The
capacitance and breakdown voltage of the

combination will be [2009]
3C v b ¢ 3V
@ 3C, (b) 5
CcCV
(¢) 3C,3V (d) 373

Two condensers, one of capacity C and other
of capacity C/2 are connected to a V-volt
battery, as shown. [2007]

|EV J-C —=CP2
L[ ]

The work done in charging fully both the

condensers is [2007]
1 2 3
—CV —CV

@ o ® -
[

(c) ECV (d) 2CV2.

A parallel plate air capacitor is charged to a
potential difference of V wvolts. After
disconnecting the charging battery the distance
between the plates of the capacitor is increased
using an insulating handle. As a result the

potential difference between the plates [2006]
(a) does not change (b) becomes zero
(¢) increases (d) decreases

A network of four capacitors of capacity equal
toC,=C, C,=2C,Cy=3Cand C;=4C are
connected to a battery as shown in the figure.
The ratio ofthe charges on C, and C, is: [2005]
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39.

40.

41.

42.

PHYSICS
| } 43. Energy stored in a capacitor is [2001]
G, 1 1 2
a) —OV (b) OV (¢) — (d)—
1o oL @ 70 OO © 5 @
C 44. A capacitor is charged to store an energy U.
Ny The charging battery is disconnected. An
H identical capacitor is now connected to the first
— IVi capacitor in parallel. The energy in each of the
4 3 capacitor is [2000]
(a) — (b) — (a) U/2 (b) 3U/2
7 22 () U ) U/4
(c) 7 (d) 2 45. A parallel plate condenser with oil between the
4 3 plates (dielectric constant of oil K = 2) has a
Three capacitors each of capacity 4uF are to be capacitance C. If the oil is removed, then
connected in such a way that the effective capacitance of the capacitor becomes
capacitance is 6 [LF. This can be done by [2003]
(a) connecting two in parallel and one in @) ‘EC (b) 2C (1999, 97]
series < d C
(b) connecting all of them in series (© J2 (d) 2
(¢) connecting them in parallel 46. What is the effective capacitance between
(d) connecting two in series and one in points X and ¥? [1999]
parallel C,=6UF
A capacitor C, is charged to a potential i(i: S P
difference V. The charging battery is then C;=61F Cs=20iF] Cy=6p
removed and the capacitor is connected to an X'_A_"_C_IIFLEI_'I_).Y
uncharged capacitor C,. The potential oll
difference across the combination is  [2002] (a) 24pF (b) 18pF
v, (¢ () 12pF (d) 6pF _
(a) m (b) V Ll + FJ 47. Ifthe pot_entlal of a capacitor having capacity
172 1 6 pF is increased from 10 V to 20 V, then
[ ) Ve increase in its energy will be [1995]
Vil+—- —2
© "U'"e,) @ groy @  4x107 (b) 4x107*J
In a parallel plate capacitor, the distance (c) 9x107*J (d) 12x1070J
between the plates is d and potential difference | 48. The four capacitors, each of 25u F are
across the plates is V. Energy stored per unit connected as shown in fig. The dc voltmeter
volume between the plates of capacitor is reads 200 V. The charge on each plate of
[2001] capacitor is [1994]
0? . 1,V ©
@ 2 2 () 7803 Sl =l
LV 1 v? et -t
(c) 5 e (d) S8
The capacity of a parallel plate condenser is
10 puF when the distance between its plates is (a) +2x1073C (b) +5x1073C
8 cm. If the distance between tht.a plates {s (©) inlO_zc d) + 5%10-2C
reduced to 4 cm then the capacity of this | 49 = A 4yF conductor is charged to 400 volts and
parallel plate condenser will be [2001]
(a) SpF (b) 10 pF
(¢) 20 pF (d) 40 pF

then its plates are joined through a resistance of
1 kQ. The heat produced in the resistance is

(a) 0.16J (b) 1.28] [1989]
(c) 0.641 (d) 0.32]
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1 | D] 7@ |13 @ [|19])]25][31[()]37]()]|43]| (]| 49| ()
2 (@] 8 |(@ |14 ]| () [20](d)]26] @ [32]()]38] (|44 ] ()
3|1 @]9 1@[15| |21 ]|©]|27T]| (@ [33[@D]|39]|(@]|45]

4 [ (@10 ] (d)[16 | (c)[22](d) |28 |(d) |34 ](d)]40] (a) | 46 | (d
5 | (@11 ()17 [(c)] 23 |(c)]29[(c)|35[(b)] 41| (b)] 47 | (¢)
6 [(b) |12 ] ()] 18 [(a)[24 (b |30 ]| (a]|36] ()] 42 ] (c)] 48 | (b)

Hints & Solutions

(d) Since, electric potential is constant
throughout the volume, hence electric field,

(a) Given,

Dipole moment of short electric dipole,

p=16x10°Cm.

Distance from centre of dipole, »=0.6 m
kp cos©

Electric potential, V' = 2

9x10” x16x10™ x cos 60
0.36

(a) As the regions are of equipotentials, so
Work done W= gAV
AV is same in all the cases hence work - done
will also be same in all the cases.
(a) Potential in a region is given by,
V=6xy—y+2yz
As we know the relation between electric
potential and electric field is

— [avf oV - aan
=—| —i+—j+—k
ox oy~ oz
where V =6xy—y+2yz

E = _[(6)& +(6x—1+22)j+ (2y)f<]

— =200V

—dv
ﬂ With the help of formula E:—d , potential
7

difference between any two point in an electric
field can be determined by knowing the boundary

) ]
conditions dV = —I Edr= —I E.drcos6

n n

@ B V5 Vi
ox oy~ oz

where V(x, y, z) = 6x— 8xy—8y+ 6yz

= [(6-8y)i+(-8x =8+ 62)j+ (6y)k]

At(1,1,1), E = 2i +10j =6k

= (B)=4(2)2 +(10)? +(-6)* =120 =235
F= qE:2x2\/§:4\/ﬁ

(b) Due to conducting sphere
At centre, electric field E =0

. : Q
but electric potential, V =
4n ey R
(a) Potential at B, Vg is maximum

Vg>Ve>V,
As in the direction of electric field potential
decreases.
(a) Let the side length of square be 'a' then
potential at centre O is

AC:BD:\J'a2+a2 :aﬁ

04=0B=0C=0p="Y%2_ 9
2 2
R ¢
NG
/’/ N\.
20V N g
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,_KCO) k) k2 kO

(_J a a  a
2) 2 V2 2
(Given)
:_Q_q+2g+2Q:0:>Q+g:0
= 0=-¢
(¢c) Distance of point A from the two +q
charges=1L.
Distance of point A from the two —q

charges = \ L+ (ZL)Z = 5L arn | a®c b’c oc?
c| > ’_qﬂ 4nE,| ¢ c c
’,ff" _oc 1 0><411:b2+ 1 ox4ma’®
A ’:,” oL ¢ gy 4mgy ¢ 4ng, ¢
S~a. 2 .2
e :g{c_u]
~o ~ 5 J =) c
+
(e S
q q 0
Y :[—XZ)—[ ><2]
AL V5L Va=Vc=Vp
2K 1
Tq{ —T] 1. (d) The electric field at a point is equal to
5 negative of potential gradient at that point.
1 2q ( 1 ]
= = A Y oV : éV . 0V -
nsy LU 5 E"E{‘a“al‘ak]
(d c=a+b. o X
__1 [gA aB qC =[f2xy+z3)i+jx2+k3xz2]
AT amE e Y 12. (a) Giventhat,V=Qx IQ“ volts
~ Electric potential at point is given by
| 41'ca2c5 41'cb20 4nc20' 1 0 1 Q
= - + V= = or,Q x 10! = —
4nE, | @ b c dney r dney r
_4n _azc_bZGJrczc o r:#.lo_”m
AnE,| a b ¢ 4y
_ r|__oxio
:>VA=@_0_b+E=£[c—(b—a)] As \E\=7=17_“
€0 80 80 €p E 10
.. 1 g4 gB qC
Slmllarly VB = E‘:?-F? + ? = 47 < Q % 1022 volt m—l-
13.  (a) Electric potential is constant
1 | 4ncd® 4nch® 4ncc? @ P
e S c kq 1
o i (equal to R ,where k= in g )
Vg = —ob N 1 s 4ma”  oc within or on the surface of conductor.
gy 4mg b €0
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14. (b) Potential at the centre of the sphere According to question,
= potential on the surface =80 V. 1 (+¢9)(-0) 1 Og
15.  (b) forequilibrium Us=an & P = _4R80 a0
du —24 B 0 24
=0 = =0 = L (0 _ 1 0q
r r ¥ and — =_
for stable equilibrium B 4n g a 4ney a
J2U AU=UgzU,=0
— should be positive for the value of r. We know that for conservative force,
dr W=-AU=0
d*U 64 2B 19.  (c) We know that potential energy of discrete
Here a2 A 38 *ve value for system of charges is given by
24
L_24 1 {QIQZ+Q293+Q3QI}
B dneg\ iy ny 1y

After displacing a charged particle from its
equilibrium position, if it return back then it is

said to be in stable equilibrium. If U is the potential

dU
energy then in case of stable equilibrium ﬁ is
positive 7.e., U is minimum.
16. (¢) AC=BC qA
Vb= Vg
We have, E
W=Q(Vy-Vp) q
>W=0 @ ) s
17. (c¢)

q

A -------
Potentialat C= V=0
Potentialat D=V,

— 2 ki
_ k[_ﬂ kg _ 2k

L 3L 3L 20.
Potential difference

2k _ ;[_E 2]
"p=Ve= 3L Taneg\ 3L
= Work done=Q (V,— V)
_ 2,1 90 40
3 4mey L bmegyl 21.

18 (a) We know that potential energy of two
charge system is given by
v L @
dnegy, r

Here, r\,=AB=0.3m,ry =AC=0.4m
According to question,

1
U [QI% CPLE +q3q1]
initial ~ 41 = 03 0.5 0.4

13 =(0.3)2 +(0.4)% = 0.5m

When the charge moved to point D
ri=0.3m
ry3=0.1m
r3; =04m

1 [9192 , 20 +Q39’])

U= 4n L0301~ 04
I (@92 D@9
Utinal = Unnitial = ¢ Go[ 01 05

1 93
ym [ 49293 fh?s] Arc. (847)

When we use the formula of potential energy of
system of charges, then we consider that potential

energy of the system at infinity is zero.

(d) When the dipole is in the direction of field
then net forceis gE+ (—gE)=0

—-q a
O

and its potential energy is minimum
=—PE.=—qaF

>E
q
O

1 2
C V=—my
(©) ¢ D)

—2x100xV = 1

2 x10x10
00
s V=50kV
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22.

23.
24,

25;
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(d) Length of body diagonal = \/5 {
*. Distance of centre of cube from each corner
3
r= £f
2
P.E. at centre
=8 x Potential Energy of the charge (+q) due to
charge (—q) at one corner

Kq x(—q)
o Baxt=q)
I

=8
1 —4q2
e X2X g X () =l
4n£0\/§ [ \/511:301
(¢) K.E.=Force x distance =gE.y
(b) Capacitance of a parallel plate capacitor with
airis

= 8x

c- % )
Here, 4 =area of plates of capacitor,

d = distance between the plates
Capacitance of a same parallel plate capacitor
with introduction of dielectric medium of
dielectric constant K is

C'ZKE;A ... (1)
Dividing (ii) by (i)
DQ:KDQ:KDK:S

c 6

=
€p
—¢e=Keg, =5x8.85x107"

= 0.44 x 10719 C2N-Im~2
(d) -

ﬁ

e

T R B
__qu-l-t i
1

U= 5 CI2

On switching key at point ¢
do—49 4

c C
2g=gq,

26.

27.

qo
0= (2)
1[(;0)2 1 1[%]2 1
= —| — H—t— — W —
Ur=315 c 2\2 C
1
_ 2
U= CV

loss = 50%

(a) Electrostatic force between the metal
plates
F = —Q2

plate 2 AEO
For isolated capacitor Q = constant
Clearly, F is independent of the distance between
plates.
(a) When battery is replaced by another
uncharged capacitor

CI Iq
i
] L
i
C
As uncharged capacitor is connected parallel
So, C'=2C
9 92
and Ve=Tc e,
v - q+0  CVv B
c“Cc:iC C+Cc ImaT
v
- Vc_ 5

1
Initial Energy of system, U, = ECV2 .. (1)

2
1 Vv
Final energy of system, U, = E(ZC) (3]

_ Loy [l]
2 2

From equation (i) and (ii)

1

...(ii)

i.e., Total electrostatic energy of resulting
system decreases by a factor of 2
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(d) When S and 1 are connected
The 2pF capacitor gets charged. The potential
difference across its plates will be V.
The potential energy stored in 2 uF capacitor

U, =Lep? —Lioxp? —p2

2 2
When S and 2 are connected
The 8uF capacitor also gets charged. During
this charging process current flows in the wire
and some amount of energy is dissipated as heat.
The energy loss is

- —V.
AU=50 0, ")
Here, C, =2uF, C, =8 uF, V=V, V,=0
1 2x8
AU ==x =2 -0)* ==2
2 2+38 5
The percentage of the energy dissipated
4.2
-V
= AU 100 =3 %100 =80%
U; V2

(¢) Capacitance of the capacitor, i = %

After inserting the dielectric, new capacitance
C'=KC
New potential difference

.V
V=X

U—lcvz—Qz =C
=5CVi=S5 (2Q=CV)
v - 0_.2_0"‘?2_(&}
F72c 2kc 2kc K

AU=U,-U,= Loy {l— }
) K

As the capacitor is isolated, so charge will
remain conserved and p.d. between two plates
of the capacitor

_Q.V

~KC K

When the battery remains connected, the capacity
of capacitor and charge stored is changed. When
the battery disconnected, charge remains same but
potential and capacitance are changed.

V’!

30.

(a) Force of attraction between the plates,
F=qE

% [8)
=q 260
_q- Y g O
2A € 2E,
¢ vt ov?
z(eodAj Lq 204 2d

A
Here, C:EDT, q=CV, A=area

we use the concept that work done in displacing

ﬂ To find the force of attraction between the plates,

31.

32.

33.

the plates against the force is equal to the increase
in energy of the capacitor.

1
(¢) Electric field, E <

AsK, <K,soE, >E,

Hence graph (c) correctly dipicts the variation
of electric field E with distance d.

(c¢) The energy stored by a capacitor

1
U= ECVZ (i)

Vis the p.d. between two plates of the capacitor

potential difference F=E.d.
The capacitance of the parallel plate capacitor

o 40
d
Substituting the value of C in equation (i)

_lASO 1

2 2
U= Ed) =—AsE°d
2d( ) 5 480

. G
(d) In series, C 4= n—l
Energy stored,

= — = V
Es = CopVs =37

G,
—gp2-L
m

Inparallel, C =n, C,
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34,

35.

36.

37.

38.

|
S 2
Energy stored, Ep =3 n,C,V
According to question E; = Ep

8V2C
1 = %P?2CZV2

m
116G
mny
(d) Electric field between two parallel plates
placed in vacuum
c_ 0

E=—

g, As,

&)

In a medium of dielectric constant K
— G_

- E,K

For kerosene K > 1, . E'<E

(b) In series combination of capacitors
Vg =V+V+V=3V

EF

1 11 1
C
— C = —
eff 3

Thus, the capacitance and breakdown voltage

C
of the combination will be ? and 3V.

(b) Work done = Change in energy

2
e )r 1)

2 2 2\ 2 4
(c¢) If we increase the distance between the
plates its capacity decreases resulting in higher
potential as we know Q= CV. Since O is constant

(battery has been disconnected), on decreasing
C, V will increase.

®  — —HHH
C, c, C G
—-C C - = .
i R
— Ivi 1] v

Equivalent capacitance for three capacitors
(€}, C, & C3) in series is given by

39.

PHYSICS
1 _L+L+L_ C2C3 +C3C1 +C]C2
Cyg. G G G GGG
= Gy - GGG
C1C2 +C2C3 +C3Cl
I C(20)(30) 6

0T C(20)+(2C)3C)+(3C)C 11

—> Charge on capacitors (C}, C, & C3) in

series

6C

=C, V=—VFV

. 11
Charge on capacitor C,=C,V=4CV

6C %

ChargeonC; 1] 6 L3

Chargeon Cy 4CV 114 2
(d) For series, C':C] xCy :4X4:2}1F
G+C, 4+4

For parallel, Coq = C'+ (3 =2+4=6puF

— —
A._| c:l C, |——eB
I—

C,

If Cp is the effective capacity when » identical
capacitors are connected in parallel and C_ is their

40.

41.

42.

effective capacity when connected in series then
Cp _

(a) ChargeQ=CV
Total capacity of combination (parallel)
Q_ Gr

C=C+C, PD.===
¢ @G,

(b) Energy stored per unit volume

2 2
P | Gq 1 E;[HE_K]
=i EgEl ] S g Ty

(¢) C=10pF d=8cm
c'=? d'=4cm

Ag 1
C=—— o Cx—

d d

1f d is halved then C will be doubled.
Hence, C'=2C=2 x 10 pF =20 uF
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Electrostatic Potential and Capacitance
43. (a) Energy stored in capacitor
1 2 10 » |
——CVP ===y —CV) = =0V
y Y (¢ ) =59

44. (d) In first case, when capacitor C connected
with battery.

2
lcv2 _1Q°
2 2 C
When battery is disconnected and another
capacitor of same capacity is connected in
parallel to first capacitor, then

C,= C'=2C

Energy stored, u, =

Q

Voltage across each capacitor, V'= o
2

1
Energy stored, V, = ECV2

() 112

el

2 \2C 4
45. (d) When oil is placed between space of
plates
2A£0 KASO .
- 270 WC T = » S M=
C (1) { 4 ]

When oil is removed (' = Agg .(2)
d

On comparing both equations, we get C' = C/2

When dielectric is partially filled between the plates
of a parallel plate capacitor then its capacitance
increases but potential difference decreases. To
maintain the capacitance and potential difference
of capacitor as before separatoin betweeen the
plates has to be increased by d. In such case

f

k= —d (Here, ¢ = seperation between plates.)
46. (d) From given circuit,
C, 6uF
1
X e 5 I

Cy
I

OuF

47.

48.

49.

Equivalent circuit

Cﬁ‘yy uF

X T=20pF Y
G 6uF
ﬁuF,\ ﬁlt n
¢ C
Here, -2
G G
Hence, no charge will flow through 20puF
G G
—
X
—
C!
=X Y

C, and C, are in series, also C; and C, are in
series.

Hence, C'=3 pF, C"=3uF

C'and C" are in parallel.

Hence net capacitance=C' + C"'=3 +3

=6 uF
(¢) Capacitance of capacitor (C) =6 pF =6
x 1076 F; Initial potential (V,)=10V and final
potential (V,) =20 V.

The increase in energy (AU)

1
= EC(Vf ~)

:%x(ﬁxlo_s)x[(ﬂ))z—(10)2]

=(3x107%)x300=9x10"47J.
(b) Charge on each plate of each capacitor
0 =+CV =+25x10"°x200
—+5x107°C
(d) The energy stored in the capacitor

- %c;ﬂ :% x 4x107° x (400)> =032 ]

This energy will be converted into heat in the
resistor.
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Current Electricity

LOD - Level of Difficulty

I.  Which of the following graph represents the
variation of resistivity (p) with temperature (T)

for copper?
@ "

T
)

i b
© "

E - Easy

12020]

Topic 1: Electric Current, Drift of Electrons,
Ohm's Law, Resistance & Resistivity

2020 2019 2018 2017 2016
Topic Sub-Topic Qns. LOD |Qns.|LOD Qns.LOD Qns. LOD|Qns. LOD
Electric Current, Drift of Resistivity vs temperature 1
Electrons, Ohm's Law, Colour code of resistor E 1 E
Resist & Resistivit - - -
esistance esistivity Mobility & Drift velocity E

Re5|st?nce & Temp. coeff. 1 E 1 E

of resistance
Combination of Resistances
Kirchhoff's Laws, Cells, Kirchhoff's rule & Grouping 1 A
Thermo emf & Electrolysis of resistances
Heating Effects of Current Heating effect of current 1 A 1
Wheatstone Bridge & Different|Meter bridge & other 1 A 1 £
Measuring Instruments measuring instrument

1 E 1 A
Qns - No. of Questions

D - Difficult

(d)

T
The solids which have the negative temperature

coefficient of resistance are: [2020]
(a) insulators only

(b) semiconductors only

(c) insulators and semiconductors

(d) metals

The color code of a resistance is given below

Yellow Violet Brown Gold
The values of resistance and tolerance,
respectively, are [2020]

@) 47kQ,10%
() 4700,5%

(b) 4.7k, 5%
(d) 470k, 5%
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4. A charged particle having drift velocity of | 10. A wire of a certain material is stretched slowly
7.5 x 10#m s 'in an electric field of 3 x 10717 by ten per cent. Its new resistance and specific
Vm!, has a mobilityinm2V-1slof: [2020] resistance become respectively: [2008]
(a) 2.5x10° (b) 2.5x10°6 (a) 1.2times, 1.3 times
(©) 225x10715  (d) 2.25x 10 (b) 121 times, same
5. Acarbon resistor of (47 +4.7) k2 is to be marked © bOth_ remarn th.e same
with rings of different colours for its (d) 1L.1ltimes, L.1times
identification. The colour code sequence willbe | 11.  The electricresistance ofa certain wire ofiron is
[2018] R. Ifits length and radius are both doubled, then
(a) Violet—Yellow— Orange — Silver (a) the resistance and the specific resistance,
(b) Yellow— Violet—Orange — Silver will both remain unchanged [2004]
(¢) Green—Orange— Violet—Gold (b) the resistance will be doubled and the
(d) Ye-_llow— Green - V_iolet —Gold - specific resistance will be halved
6. Theresistance ofa wire is jR' ol}n?. Ifitis meltfed (c) the resistance will be halved and the
and stretched to 'n' times its original length, its . . . .
new resistance will be - 12017] speclﬁc.resmtance .wlll remain unchanged
(d) the resistance will be halved and the
() — (b) n2R specific resistance will be doubled
" 12. A 6 volt battery is connected to the terminals of
© % (d) nR the three metre long wire of uniform thickness
n and resistance of 100 ohm. The difference of
7. Across a metallic conductor of non-uniform potential between two points on the wire
cross section a constant potential difference is separated by a distance of 50 em will be/2004]
applied. The quantity which remains constant
along the conductor is : [2015] @) 1.3volt (b) 3 volt
(a) current (b) drift velocity (c) 3volt (d) 1volt
(c) electric field (d) current density 13.  The resistivity (specific resistance) of a copper
8. Awireofresistance 4 Q is stretched to twice its wire [2002]
original length. The resistance of stretched wire (a) increases with increase in its temperature
would be [2013] (b) decreases with increase in its cross-section
(a) 4Q (b_) 8 Q (9 1602 (d) 20 (c) increases with increase in its length
9 g;{z;ogjoif élgéﬁzfl:;frg f;;%_g? iﬁ%ﬁﬁtﬁ (d) increases with increase in its cross-section
1 meter long. One rod is of copper with a 14.  Siand Cu are cooled to a temperature of 300 K,
resistivity of 1.7 x 107 ohm-centimeter, the other then resistivity? [2001]
is of iron with a resistivity of 107> ohm- (a) For Si increases and for Cu decreases
centimeter. . .
How much voltage is required to produce a (b) For Cu increases and. for Si decreases
current of 1 ampere in the rods? (c) Decreases for both Siand Cu
% [NEET Kar. 2013] (d) Increases for both Si and Cu
1] 4 15. A wire has a resistance of 3.1Q at 30°C and a
resistance 4.5Q at 100°C. The temperature
coefficient of resistance of the wire [2001]
(a) 0.008°C! (b) 0.0034°C!
—{ VI (¢) 0.0025°C! (d) 0.0012°C!
Cu Fe 16.  The resistance of a discharge tube is  [1999]
(@ 0117V (b) 0.00145V (a) zero (b) ohmic
(c) 00145V () 1.7x10°V (¢) non-ohmic (d) infinity
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18.

19.

20.

21.

PHYSICS

Thereare three copper wires of length and cross

1 1
sectional area (L, A), QL’EA) \ (EL,2A) In
which case is the resistance minimum? [1997]
(a) Itisthe samein all three cases

(b) Wire of cross-sectional area 24
(c) Wire of cross-sectional area A4

(d)
If the resistance of a conductor is 5 Q at 50°C
and 7Q) at 100°C, then the mean temperature

coefficient of resistance (of the material) is
[1996]

1
Wire of cross-sectional area E A

(a) 0.001~C (b) 0.004/°C

(c) 0.006/°C (d) 0.008°C
Ifanegligibly small current is passed through a
wire of length 15 m and of resistance 5€) having
uniform cross-section of 6 x 1077 m? , then
coefficient of resistivity of material, is  [71996]
(@ 1x107Q-m (b) 2% 107Q-m

(¢) 3x107Q-m (d) 4x107Q-m

If a wire of resistance R is melted and recasted
to half of its length, then the new resistance of

the wire will be [1995]
(@) R/4 (b) R/2
(© R (d) 2R

The velocity of charge carriers of current (about
1 amp) in a metal under normal conditions is of
the order of [1991]
(a) afraction of mm/sec

(b) wvelocity of light

(c) several thousand metres/second

(d) a few hundred metres per second

The masses of the three wires of copper are in
theratio of 1 : 3 : 5 and their lengths are in the
ratio of 5 : 3 : 1. The ratio of their electrical

resistance is [1988]
(a) 1:3:5 (b) 5:3:1
() 1:25:125 (d) 125:15:1

Topic 2: Combination of Resistances

A set of 'n' equal resistors, of value 'R' each,are
connected in series to a battery of emf 'E' and
internal resistance 'R'. The current drawn is I.
Now, the 'n' resistors are connected in parallel to
the same battery. Then the current drawn from
battery becomes 10 I. The value of'n'is [2018]
(a) 10 (b) 11

(¢ 9 (d) 20

24,

27.

A, B and C are voltmeters of resistance R, 1.5 R
and 3R respectively as shown in the figure.
When some potential difference is applied
between X and Y, the voltmeter readings are V ,,

Vg and V. respectively. Then [2015]
®
.—@— —
X Q) Y
O

(@) Vpa=Vp=V¢ (b) VA=Vp=V,
(c) VA;tVB;tVC (d) VA:VB:VC
Two metal wires of identical dimension are
connected in series. If ¢; and o, are the
conductivities of the metal wires respectively,
the effective conductivity of the combination

is: 12015 RS}
G| +0>y G| +6,
@) 26,6, (b G0y
G0y 26,0,
© G| +0>y @ G|+ 0y

A 12 cm wire is given a shape of a right angled
triangle ABC having sides 3 cm, 4 cm and 5 cm
as shown in the figure. The resistance between
two ends (4B, BC, CA) of the respective sides
are measured one by one by a multi-meter. The
resistances will be in the ratio of

[NEET Kar. 2013]
A
3cm 5 cm
4 cm
(a) 3:4:5 (b) 9:16:25
(c) 27:32:35 (d) 21:24:25

A ring is made of a wire having a resistance
R, =12 Q. Find the points 4 and B as shown in
the figure, at which a current carrying conductor
should be connected so that the resistance R of
the sub-circuit between these points is equal

8
to=Q .

2 [2012]
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30.
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Current Electricity 199
h 32.  Thecurrent in the following circuitis 1997}
A
4 B 2v{ SQE 539
1 B3Q c
2
L (a) 14 (b) EA
@ =2 ®) L=
L 8 L 3 2 1
(c) —4 (d -4
L 3 L1 9 8
© 5L 8 (d) L 2 33.  What will be the equivalent resistance of circuit
A wire of resistance 12 ohms per meter is bent shown in figure between two points A and D
to form a complete circle of radius 10 cm. The [1996]
resistance between its two diametrically 10Q 10Q 10Q
opposite points, A and B as shown in the figure, A W/ 9 B
is [2009]
10 Q 10Q
B C W VA D
10 Q 10Q 10Q
(a) 10Q (b) 20Q2
(c) 30Q (d) 40Q
(a) 30 (b) 6TQ 34.  Two wires of the same metal have same length,
but their cross-sections are in the ratio 3:1. They
(© 69 ) _(d) 0.6% ] are joined in series. The resistance of thicker
IWhenh al erg of _umform crf)ss].j—sect}on 9 wire is 10Q. The total resistance of the
engt an re31sFance R 1s bent into a combination will be [1995]
complete circle, resistance between any two 100 200
of di:lmetrically opposite points will be [2005] 8; 100 8; 1000
(a) — (b)4R 35.  In the circuit shown in Fig, the current in 4 Q
4 resistance is 1.2 4. What is the potential
© R (d) R difference between B and C. [1994]
8 2
Resistances n, each of r ohm, when connected
in parallel give an equivalent resistance of R
ohm. If these resistances were connected in
series, the combination would have a resistance
in ohms, equal to [2004]
(a) nR (b) n*R
(c) R/n? (d) R/n (a) 3.6volt (b) 6.3 volt
The current (I) in the given circuitis ~ [1999] (¢) 1.8volt (d) 2.4 volt
36. Three resistances each of 4 Q) are connected to

48V

@ 1.6A (b) 2.0A
(©) 032A

form a triangle. The resistance between any two

terminals is [1993]
(a) 12Q (b)y 2Q
(c) 6Q (d) 8/3Q
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37.

38.

39.

41.

PHYSICS

Current through 3 Q resistor is

I |
0.8 amp., then potential drop through 4Q resistor is

(a) 9.6V (b) 26V
(c) 48V (d) 1.2V
You are given several identical resistances each
ofvalue R=10Q and each capable of carrying a
maximum current of one ampere. It is required to
make a suitable combination of these resistances
of 5Q which can carry a current of 4 ampere.
The minimum number of resistances of the type
R that will be required for this jobis  [1990]
(@ 4 (b) 10

© 8 (d) 20

In the network shown in the Fig, each resistance
is 1Q). The effective resistance between 4 and B

[1993]

is [1990]
10
10 10
A 1Q 10 B
4 3
—-Q -Q
@ 3 ®) 3
8
© 70 @ -2

n equal resistors are first connected in series
and then connected in parallel. What is the ratio
of the maximum to the minimum resistance ?
[1989]
(a) n (b) 1/n?
(c) n? (d) U/n
Two batteries of emf 4 V and 8V with internal
resistance 1 Q2 and 2 Q are connected in a circuit
with a resistance of 9 Q as shown in figure. The
current and potential difference between the
points P and Q are [1988]

1Q 4v 8V 20
PAMWW——]—\WWW— 0

r r

9Q

1 1
(a) EA and3V (b) gA and4V

1 1
© 34 ad9V (&) 74 and12V

Topic 3: Kirchhoff's Laws, Cells, Thermo emf &

42,

43.

45.

Electrolysis

The internal resistance ofa 2.1V cell which gives

acurrent of 0.2 A through aresistance of 10 Q is
[2013]

(a) 05Q (b) 0.8Q2

() 1.0Q (d) 020

Cell having an emf € and internal resistance r is

connected across a variable external resistance

R. As the resistance R is increased, the plot of

potential difference } across R is given by :

[2012M]

R

A current of 2A flows through a 2Q resistor
when connected across a battery. The same
battery supplies a current of 0.5 A when
connected across a 9Q resistor. The internal

resistance of the battery is [2011]
(a) 0.5Q (b) 1/3Q
(c) 1/4Q (d 1Q

The rate of increase of thermo—e.m.f. with
temperature at the neutral temperature of a
thermocouple [2011]

(a) 1is positive
(b) iszero

(¢c) depends upon the choice of the two
materials of the thermocouple

(d) is negative
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46.

47.

49.

50.

201

A thermocouple of negligible resistance
produces an e.m.f. of 40 pV/°C in the linear range
oftemperature. A galvanometer of resistance 10
ohm whose sensitivity is 1nA/div, is employed
with the termocouple. The smallest value of
temperature difference that can be detected by

the system will be [2011M]
(a) 05°C (b) 1°C
(c) 0.1°C (d) 0.25°C

In the circuit shown in the figure, if potential at

point A is taken to be zero, the potential at point

Bis [2011M]
R, p 2V

1A ——]| B

R, % 2A

>

A il

A C A
@ -1V (b) +2V
() 2V (d) +1V

In producing chlorine by electrolysis 100 &IV
power at 125 V'is being consumed. How much
chlorine per minute is liberated? (E.C.E. of
chlorine is 0.367x10~%kg /C) [2010]
(@) 1.76x102kg (b) 9.67x 107 kg

(c) 17.61x1023kg (d) 3.67x 103 kg
Consider the following two statements:

(A) Kirchhoff's junction law follows from the

conservation of charge.

(B) Kirchhoff's loop law follows from the
conservation of energy.
Which of the following is correct?

(a) Both (A)and(B) are wrong

(b) (a)iscorrect and (B)is wrong
(¢) (a)is wrong and (B) is correct
(d) Both (A)and (B)are correct

The thermo e.m.f E in volts of a certain
thermocouple is found to vary with temperature
difference 0 in °C between the two junctions
according to the relation [2010]

E:309—£
15

12010]

The neutral temperature for the thermocouple
will be

(a) 30°C
(c) 400°C

(b) 450°C
(d) 225°C

51

52,

53.

55.

See the electric circuit shown in the figure.

R
AWWWY

i

—A\W\ 1
I, €,

Which of the following equations is a correct

equation for it? [2009]

(@) & —iyry—g —i; =0

(b) —&—(i; +i,)R+i, r,=0

(© &-@G+i,)R+i =0

(d) & -G, +iy)R-i; r;=0

A student measures the terminal potential

difference (V) of a cell (of emf E and internal

resistance r) as a function of the current (I)

flowing through it. The slope and intercept, of

the graph between V and L then, respectively,

equal: [2009]
(a) —randE (b) rand—E
(¢c) —Eandr (d) Eand—r

A cell can be balanced against 110 ¢cm and 100
cm of potentiometer wire, respectively with and
without being short circuited through a
resistance of 10Q. Its internal resistance is
[2008]
(a) 1.0ohm (b) 0.50hm
(¢) 2.0ohm (d) zero
A steady current of 1.5 amp flows through a
copper voltameter for 10 minutes. If the
electrochemical equivalent of copper is
30 x 10 g coulomb™!, the mass of copper

deposited on the electrode will be [2007]
(a) 050g (b) 0.67¢g
(c) 027¢g (d) 0.40¢.

In producing chlorine through electrolysis, 100
watt power at 125 V is being consumed. How
much chlorine per minute is liberated? E.C.E. of
chlorineis 0.367 x 10%kg/ coulomb.  [2006]
(a) 213mg (b) 243 mg

(¢) 13.6mg (d) 17.6mg
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57.

58.

59.

PHYSICS

Kirchhoff’s first and second laws for electrical

circuits are consequences of [2006]

(a) conservation of electric charge and energy
respectively

(b) conservation of electric charge

(c) conservation of energy and electric charge
respectively

(d) conservation of energy

Two cells, having the same e.m.f., are connected

in series through an external resistance R. Cells

have internal resistances r; and r, (r; > r,)

respectively. When the circuit is closed, the

potential difference across the first cell is zero.

The value of R is [2006]
n+tn n—n
@ - ®)
© rn+n d r—n
Two batteries, one of emf 18 volt and internal
(V)
V)
20
ETAY
1Q,
"12v

resistance 2Q) and the other of emf 12 volt and
internal resistance 1€, are connected as shown.
The voltmeter V will record a reading of

(a) 30 volt (b) 18 volt [2005]
(c) 15 volt (d) 14 volt

A battery is charged at a potential of 15V for 8
hours when the current flowing is 10A. The
battery on discharge supplies a current of SA
for 15 hours. The mean terminal voltage during
discharge is 14V. The “watt-hour” efficiency of

the battery is [2004]
(a) 87.5% (b) 82.5%
(© 80% (d) 90%

The potential difference between the terminals
ofacell in an open circuit is 2.2 V. When a resistor
of 5Q) is connected across the terminals of the
cell, the potential difference between the
terminals of the cell is found to be 1.8 V. The

internal resistance of the cell is [2002]
7 10
—Q —Q
@ ®) 5
9 12

© 1% (d)

6l.

62.

67.

In electrolysis, the amount of mass deposited or
liberated at an electrode is directly proportional
to [2000]
(a) square of electric charge

(b) amount of charge

(c) square of current

(d) concentration of electrolyte

A car battery has e.m.f. 12 volt and internal
resistance 5 x 102 ohm. Ifit draws 60 amp current,
the terminal voltage of the battery will be [2000]
(a) 15volt (b) 3 volt

(¢c) Swvolt (d) 9 volt

Ifnearly 10° coulombs liberate 1 gm-equivalent
of aluminium, then the amount of aluminium
(equivalent weight 9), deposited through
electrolysis in 20 minutes by a current of 50 amp.

will be [1998]
@@ 0.6gm (b) 0.09 gm
(c) 54gm (d) 10.8 gm

Kirchoff’s first law, i.e. £i=0 at a junction, deals
with the conservation of [1992, 1997]
(a) charge (b) energy

(¢) momentum (d) angular momentum
Direct current is passed through a copper
sulphate solution using platinum electrodes. The
elements liberated at the electrodes are [1993]
(a) copper at anode and sulphur at cathode
(b) sulphur at anode and copper at cathode
(c) oxygen at anode and copper at cathode
(d) copper at anode and oxygen at cathode
Faraday’s laws are consequence of conservation
of [1991]
(a) energy

(b) energy and magnetic field

(c) charge

(d) magnetic field

Topic 4: Heating Effects of Current

Six similar bulbs are . R
connected as shown in A

the figure with a DC
source of emf E, and
Zero internal
resistance.

The ratio of power
consumption by the
bulbs when (i) all are
glowing and (ii) in the
situation when two
from section A and one

W
|
P

from section B are E
glowing, will be:

(@ 4:9 (b) 9:4 [2019]
(c) 1:2 (d 2:1
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68.

70.

71.

73.

203

The charge flowing through a resistance R varies
with time t as Q = at — bt2, where a and b are
positive constants. The total heat produced in

Ris: [2016]
a3R a3R

(a) b (b) .
a3R a3R
2= d) ==

(© b (d) 5

Two cities are 150 km apart. Electric power is
sent from one city to another city through
copper wires. The fall of potential per km is 8
volt and the average resistance per km is 0.5 Q.

The power loss in the wires is : [2014]
(a) 192W (b) 19.2kW
(c) 19.2]) (d) 122kW

Ten identical cells connected in series are
needed to heat a wire of length one meter and
radius ‘#’ by 10°C in time ‘. How many cells will
be required to heat the wire of length two meter
of the same radius by the same temperature in

time 7’7 [NEET Kar. 2013}
(@) 10 (b) 20
() 30 (d) 40

If voltage across a bulb rated 220 Volt-100 Watt
drops by 2.5% ofits rated value, the percentage
of the rated value by which the power would

decrease 1s : 12012
(a) 20% (b) 2.5%
(c) 5% (d) 10%

The power dissipated in the circuit shown in the
figure is 30 Watts. The value of R is: [2012M]
R

MA
Yy

AAAA
ARAALS

I
II
10V
(a) 20Q (b) 15Q

(cp 10Q (d) 30Q

If power dissipated in the 9-Q resistor in the
circuit shown is 36 watt, the potential difference
across the 2-Q resistor is [2011]

9Q
—MWW—

74.

5.

76.

7.

(a) 4volt (b) 8 volt
(¢) 10volt (d) 2 volt
A current of 3 amp flows through the 2Q
resistor shown in the circuit. The power

dissipated in the 5-Q resistor is: [2008]
20
— MWWW—————
40
WWW
AWM — W\~
10 50
| I
| I
(a) 4 watt (b) 2 watt
(¢) 1 watt (d) 5 watt
The total power dissipated in watts in the circuit
shown here is [2007]
'l'
6Q
3Q
—ww—I|H
4l 18V
@@ 40 (b) >4
(c) 4 (d) 16

Power dissipated across the 82 resistor in the
circuit shown here is 2 watt. The power dissipated
in watt units across the 3Q resistor is

10 30§
—WWW—VWWW< )
1
— e
MWW —
8Q2 i)
@ 10 (b) 05 [2006]
© 30 (d) 20

A S5—ampere fuse wire can withstand a
maximum power of 1 watt in the circuit. The

resistance of the fuse wire is [2005]
(a) 0.04 ohm (b) 0.2 ohm
(c) 5 ohm (d) 0.4 ohm
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79.

81.

82.

PHYSICS

When three identical bulbs of 60 watt, 200 volt
rating are connected in series to a 200 volt
supply, the power drawn by them will be

(a) 20 watt (b) 60 watt [2004]
(c) 180 watt (d) 10 watt

In India electricity is supplied for domestic use
at 220 V. It is supplied at 110 V in USA. If the
resistance of a 60 W bulb for use in India is R,
the resistance of a 60 W bulb for use in USA

will be [2004]
(a) R2 (b) R
(© 2R (d) R/4

An electric kettle has two heating coils. When
one of the coils is connected to an a.c. source,
the water in the kettle boils in 10 minutes. When
the other coil is used, the water boils in 40
minutes. If both the coils are connected in
parallel, the time taken by the same quantity of

water to boil will be [2003]
(a) 15min (b) 8min
(¢) 4min (d) 25min

Two 220 volt, 100 watt bulbs are connected first

in series and then in parallel. Each time the

combination is connected to a 220 volt a.c.

supply line. The power drawn by the

combination in each case respectively will be
[2003]

(a) 50 watt, 200 watt (b) 50 watt, 100 watt

(c) 100 watt, 50 watt (d) 200 watt, 150 watt

Fuse wire is a wire of [2003]

(a) low resistance and high melting point

(b) high resistance and high melting point

(¢) highresistance and low melting point

(d) low resistance and low melting point

If 25W, 220 V and 100 W, 220 V bulbs are

connected in series across a 440 V line, then
[2001]

(a) only25W bulb will fuse

(b) only 100W bulb will fuse

(c) both bulbs will fuse

(d) none of these

A battery of 10 V and internal resistance 0.5 is

connected across a variable resistance R. The

value of R for which the power delivered is

maximum is equal to [2001, 1992}

(a) 0.25Q

(c) L.0Q

(b) 0.5Q
(d) 2.0Q

87.

88.

89.

91.

Two electric bulbs, one of 200 V, 40W and other

of 200 V, 100W are connected in a domestic

circuit. Then [2000]

(a) they have equal resistance

(b) the resistance of 40W bulb is more than
100W bulb

(c) the resistance of 100W bulb is more than
40 W bulb

(d) they have equal current through them

Three equal resistors connected across a source

of e.m.f. together dissipate 10 watt of power.

What will be the power dissipated in watts if the

same resistors are connected in parallel across

the same source of e.m.f.? [1998]
10

@ 10 ®) 5

(c) 30 (d) %

A 5°C rise in temperature is observed in a
conductor by passing a current. When the
current is doubled the rise in temperature will be

approximately [1998]
(a) 10°C (b) 16°C
(c) 20°C (d) 12°C

A (100 W, 200 V) bulb is connected to a 160V

power supply. The power consumption would be
[1997]

(a) 125W (b) 100W

(c) 80W (d) 64 W

A heating coil is labelled 100 W, 220 V. The coil

is cut in half and the two pieces are joined in

parallel to the same source. The energy now

liberated per second is [1995]
(a) 25] (b) 50J
(c) 200J (d) 400J

A 4 pF capacitor is charged to 400 volts and
then its plates are joined through a resistance of
1k Q. The heat produced in the resistance is
[1994]
(a) 0.16] (b) 1.28]
(b) 0.64] (d) 0.32]
Two identical batteries each of e.m.f 2V and
internal resistance 1€ are available to produce
heat in an external resistance by passing a current
through it. The maximum power that can be
developed across R using these batteries is
[1990]
(@) 32W (b) 20W

) 128W () %W
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92.  Forty electric bulbs are connected in series across
a 220 V supply. After one bulb is fused the
remaining 39 are connected again in series
across the same supply. The illumination will be

[1989]
(a) more with 40 bulbs than with 39
(b) more with 39 bulbs than with 40
(c) equal in both the cases
(d) inthe ratio 402 : 392

93. A current of 2 A, passing through a conductor
produces 80 J of heat in 10 seconds. The
resistance of the conductor in ohm is  [1989/
(a) 05 (b) 2
(c) 4 (d) 20

Topic 5: Wheatstone Bridge & Different
Measuring Instruments

94. A resistance wire connected in the left gap ofa
metre bridge balances a 10 Q resistance in the
right gap at a point which divides the bridge
wire in the ratio 3 : 2. If the length of the
resistance wire is 1.5 m, then the length of 1 Q
of the resistance wire is : [12020]
(@ 1.0x10'm (b) 1.5x10'm
(¢) 1.5x102m (d) 1.0x102m

95.  In the circuits shown below, the readings of the
voltmeters and the ammeters will be :  [2019]

10Q2 iy 100 I
AAAAAA »
10Q
T
O () W @)
| |
I |
10V 10V
Circuit 1 Circuit 2

(@ V,>V, andi =i,
(b) V,=V,andi >i,
(¢ V,=V,andi =i
(d V,>V andi >i

96. The reading of an ideal voltmeter in the circuit

shown 1is, INEET Odisha 2019}
200 30Q2
300 200
I

1L
2V

98.

100.

101.

(a) 04V (b) 0.6V

() OV (d) 0.5V

The metre bridge shown is in balance position
P

with 5 L Ifwe now interchange the position
2

of galvanometer and cell, will the bridge work? If
yes, what will be balance condition?

INEET Odisha 2019}
I
b "
«— | L, >
(@) yes, E—g (b) yes, 0 = L +1,

. P I
(¢) no, nonull point (d) yes, Ezl_
1

A potentiometer is an accurate and versatile

device to make electrical measurements of E.MLF.

because the method involves [2017]

(a) Potential gradients

(b) A condition of no current flow through the
galvanometer

(¢c) A combination of cells, galvanometer and
resistances

(d) Cells

A potentiometer wire is 100 cm long and a

constant potential difference is maintained

across it. Two cells are connected in series first

to support one another and then in opposite

direction. The balance points are obtained at 50

cm and 10 cm from the positive end of the wire in

the two cases. The ratio ofemf'sis:  [2016]

(@ 5:1 (b) 5:4

(c) 3:4 (d) 3:2

A potentiometer wire has length 4 m and

resistance 8Q). The resistance that must be

connected in series with the wire and an

accumulator of e.m.f. 2V, so as to get a potential

gradient 1 mV per cm on the wire is [2015]

(a) 40Q (b)y 44Q

(c) 48Q (d) 32Q

A potentiometer wire of length L and a resistance

r are connected in series with a battery of e.m.f.

E, and aresistance r|. An unknown e.m.f. E is
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balanced at a length / of the potentiometer wire.

The e.m.f. E will be given by : [2015 RS]
Egr L Eyl

@) (r+1) L (b) BN
LEor LEor

© reny @ T

The resistances in the two arms of the meter
bridge are 5Q and RQ, respectively. When the
resistance R is shunted with an equal resistance,
the new balance point is at 1.6 /;. The resistance

Ris: [2014]
——
50 RQ
Al B
1, 1001/,
@ 10Q (b) 15Q
(© 20Q (d) 25Q

A potentiometer circuit has been set up for
finding the internal resistance of a given cell.
The main battery used across the potentiometer
wire, has an emfof2.0 Vand a negligible internal
resistance. The potentiometer wire itselfis 4m
long, When the resistace R, connected across
the given cell, has values of

(1) infinity (i1)9.5Q
The balancing lengths’, on the potentiometer

wire are found tobe 3 m and 2.85 m, respectively.
The value of internal resistance of the cell is

[2014]
@ 0250 (b) 0.95Q
(© 050 (d) 0.75Q

The resistance of the four arms P, Q, R and S in
a Wheatstone’s bridge are 10 ohm, 30 ohm, 30
ohm and 90 ohm, respectively. The e.m.f. and
internal resistance of the cell are 7 volt and 5
ohm respectively. If the galvanometer resistance
s 50 ohm, the current drawn from the cell will

be [2013]
@ 02A b) 0.1A
(©) 2.0A (d) 1.0A

105.

106.

107.

In the circuit shown the cells 4 and B have
negligible resistances. For V= 12V, R; = 500Q2
and R = 100Q the galvanometer (G) shows no

deflection. The value of Vyis : [2012]
Rl
-'.'.'-'.'.' @
S R —,
(a) 4V by 2V
(c) 12V (d 6V

A potentiometer circuit is set up as shown. The
potential gradient, across the potentiometer wire,
is & volt/cm and the ammeter, present in the
circuit, reads 1.0 4 when two way key is switched
off. The balance points, when the key between
the terminals (i) 1 and 2 (ii) 1 and 3, is plugged
in, are found to be at lengths /; cm and /, cm
respectively. The magnitudes, of the resistors R
and X, in ohms, are then, equal, respectively,
to [2010]

—+|III_—~'\/\HI—(')—

2 3
WY VYW
— R X

11ty A
I”' \*/
@ k(l,—1,)andkl,
() kil andk(l,—1,)
© k(1) andkl,
d ki andkl,

Three resistances P, O, R each of 2€2 and an
unknown resistance S form the four arms of a
Wheatstone bridge circuit. When a resistance
of 6Q) is connected in parallel to § the bridge
gets balanced. What is the value of 57

@ 3Q (b) 6Q
© 10 (d) 20

[2007]
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109.

110.

In the circuit shown, if a conducting wire is
connected between points A and B, the current
in this wire will [2006]

(a) flow in the direction which will be decided
by the value of V

(b) be zero
(c) flow from Bto A
(d) flow from Ato B

For the network shown in the Fig. the value
of the current 1 is [2005]

4Q

oV 18V 5V q 5V
@5 O O @
Five equal resistances each of resistance R are
connected as shown in the figure. A battery of
V volts is connected between A4 and B. The

current flowing in AFCEB will be [2004]

111

112.

113.

114.

115.

207
bl 3V

(a) 3 (b) Rz
v v

(©) R (d) R

In a Wheatstone’s bridge all the four arms have
equal resistance R. If the resistance of the
galvanometer arm is also R, the equivalent
resistance of the combination as seen by the

battery is [2003]
R
@ 2R )
R
© 5 @ R

If specific resistance of a potentiometer wire is
107 Qm, the current flow through it is 0.1 Aand
the cross-sectional area of wire is 107 m? then
potential gradient will be [2001]
(a) 102 volt/m (b) 104 volt/m
(¢) 107%volt/m (d) 1078 volt/m
Potentiometer measures potential more
accurately because [2000]
(a) itmeasures potential in the open circuit
(b) it uses sensitive galvanometer for null
deflection
(c) ituses high resistance potentiometer wire
(d) it measures potential in the closed circuit
Five resistances have been connected as shown
in the figure. The effective resistance between

AandBis [2000]
30 4Q

A B
6Q2 8Q

@ 590 ® 50

(c) 14Q (d) 21Q

In a metre-bridge, the balancing length from the
left end when standard resistance of 1 Q is in
right gap is found to be 20 cm. The value of

unknown resistance is [1999]
(a) 025Q (b) 0.4Q
(c) 05Q (d) 40
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ANSWER KEY

1 ([ [15|@[20]@ 43|57 @]|71 ]85 |m®]99] @ [113] (2
2 @ 16| |[30|m 44| |58 @ /|72 |86]@|100]| @) [114] (a)
3 |1tz |m |3t |m 45| ®)[59]@ 73] |87 |[101]| (@ [115] (a)
4 (@18 @ ([32]|@|46 | @|[60]|@® |74 |@]|88]|@]|102] ®
5 || |wm|[3|eol47]| @6 |m |75 m |89 | @[103] (0
6 |20 @ [34])|48]|(c)|62] @@ |76 ]| ]|9 |@]104] (a)
7 | @ |21 @ [35]| @ 49| @ |63 | |77 ]| @ |91 ] ®][105] v
8 |ofl2|@w[36]@|[s0]|@|es]| @ |78 @ ][9] ®m 106 ®
9 (@23 | @ |37 @ |51 |@[65]|@)|79]|@ ]93] ® |107] (a
10 | () | 24 | (@) |38 | () |52 |(a) |66 | (a)|80 | ()| 94| (a) |108] ()
11| @ |25 | @ |39 @ |53 @ |67]|@®m |8 @]9 | /|109] @
12 | (d) | 26 | (c) | 40 | (o) |54 | c) | 68 | (a) | 82 | (c) | 96 | (a) | 110 (9
13 | @ |27 | @ |41 | @ |55 @ |69 | |8 |@]|97]| @/|111] @
14 | () | 28 |(d) |42 | @ |56 | (@ |70 | ) | 84 | (b) | 98 | (b) |112] ()

Hints & Solutions

(b) For metals like copper, at temperature much
lower than 0°C, graph deviates considerably from
a straight line.
(¢) For metals temperature coefficient of
resistance is positive while for insulators and
semiconductors, temperature coefficient of
resistance is negative.
(¢) According to colour coding -

Yellow Violet Brown Gold

4 7 1 5%

First colour gives first digit, second colour gives
the second digit and third colour gives the
multiplier and fourth colour gives tolerance.
.. Resistance,
R =47x10" +5% = 470 £ 5%Q
(a) Given,
Drift velocity of charged particle,
V,=75x10"* m/s
Electric field, £=3x107"" Vm™

Mopili v, 75x107
obility, L=—"=
AT

—25x10°m*V s

6.

(b) Colour code for carbon resistor

0 Black

[a—y

Brown Tolerance :

Red

+5% Gold
+ 10% Silver

Orange +20% No colour

Yellow

Green

Blue

Violet

Grey

White
@7+4.7)kQ=47x103£10%
Yellow - Violet - Orange - Silver

4
(b) Weknow that, R = %

=R B e R I N I o

pl?

- — R o (2
Volume
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According to question [, =n(,
Ry, n2112
R

o, R2 —n?
1
= R,=n’R,

7. (a) Here, metallic conductor can be considered
as the combination of various conductors
connected in series. And in series combination
current remains same.

8. (c) Resistance R= % =4Q

=24
On stretching, volume of wire remains constant
S LAT =LA
alA
5 5
2(
SR P A =4R=4x4Q=16Q = (A=2(A'
2
Therefore the resistance of new wire becomes
16 Q2
9. (a) Copperrodand ironrodarejoined in series.
{ (
S R=Re, + Rp.=(py 1 py) 1 [ R= p;]

From ohm’s law V'= R/
=(1.7x100x 102+ 103 x 1072)

= 0.01 x 107 volt
=0.117 volt (-~ I=1A)

10. (b) Resistance of a wire is given by R =r !

a
If the length is increased by 10% then new
length /"= f+i = El

10 10
In that case, area of cross-section of wire would
decrease by 10%
. New area of cross-section
A=a-A2
10 10

11
T
R'=r—=r 9
A 2
10
R'—Hri '
9'R R =121R

The new resistance increases by 1.21 times. The
specific resistance (resistivity) remains
unchanged as it depends on the nature of the
material of the wire.

After stretching if length of a conductor increases
by x% then resistance will increase by 2x%
(Valid only if x < 10%)

1. (© R=PY nowet,=2t,
Al
Ay=n(r)}=n2r)?=4nr2=44,

Rzzp(ﬂl)_p_ﬁ:R

44, 24, 2

.. Resistance is halved, but specific resistance
remains the same.

12. (d) Rec/
For300 cm, R=100Q
For 50 cm, R':@XSO :EQ
300 3
~IR=6
DJR’ZEXRFZLXQZIVOUL.
R 100 3

13.  (a) Resistivity of copper wire increases with

increase in temprature as p, = py(1+ o)

Copper being a metal has positive coefficient of
resistivity.

14.  (a) Formetals P, =P (l+<.t)
So resistivity of copper decreases with decrease
in temperature. whereas of semiconductor or si
increases with decreases in temperature.

15. (@) R;=3.1Qatr=30°C
R,=45Qatt=100°C
We have, R=R; (1 + ar)
s Ry =Ry [1+a(30)]
R,=Ry[1+ 0 (100)]
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&_ 1+ 300
R, 1+100a

o3 1+30a o 0.008°C™!
45 1+100a

(c) Indischarge tube the current is due to flow
of positive ions and electrons. Moreover,
secondary emission of electrons is also possible.
So V-I curve is non-linear; hence resistance is
non-ohmic.

) R=p

R =p= ()
Ry=p2Ex2 e
Ry=p—— =52 -0)

= R3<R, <R,
(d) Resistance of a material at two different
temperatures, T, and T, such that T, > T, are
related as
Ry, =Rp [1+a(T-T)]
Using this relation for the present case, we get
Rigo =Rso[1+ a (100-50)]
= 7=5[1+a(50)]
o= =5 _ 0.008/°C
(b) Given : Length of wire (/)= 15m
Area (A)=6x 10~ m?2
Resistance (R) =5Q.
We know that resistance of the wire material

Reol
= 5=px :2.5x107p
6x1077
—p=—"r=2x10"Q-m
2.5x10

[where p = coefficient of resistivity]

(a) Initial resistance (R,)= R; Initial length is
{,and final length ({,) = 0.5 {. Volume of a
wire= (. A. Since the volume of the wire remains

the same after recasting, therefore (. 4, = (,
4,

LA L Ay A
{, 4 050 4, 4
We also know that resistance of a wire (R)

{ L
=pX— . ;Rx—
R=p R y
O I S
R, ([, 4 05¢

R R
Ry=—1=

2 .

4 4"
When wires are drawn from same volume but

ﬁ with different area of cross-section, then
1

R

or

E

(Area of CFOSS-SCCtiOn)Z

2. (a)

/
2. (d) Rzp—z.Buthnrzld ==

bi9a Id
2
1°d ply"d
AR=2ES R=—
m i

phd

3

B ply*d

iy

R

Ry

L2
‘RI:R2:‘R3:1_:2_.3_
my
R :Ry:R —25'9'1—125'15'1
l. 2 3— 1 .35— . .
(a) In series grouping equivalent resistance

Ryes = 1R
In parallel grouping equivalent resistance
R
Rparallel = 3,
E
" nR+R

I ()

101 £ (if)
= = L1
£+ R
n
Dividing eq. (ii) by (i),
(n+1)R
10= 1
(— + l)R
n

Solving we get, n=10
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24, (d) Effective resistance of B and C
: : RiRy, (xl)(xl,)
. 2 equivalent resistance R =—12 1A
_Ry-Re _LSRx3R _45R* o R+ Ry xh+al,
Rz +Re 15R+3R  45R
i.e., equal to resistance of voltmeter A. - 8 _ N hiy
1.5R 3 L+
B 8 /
A S _ 1 .
o— AW I 37, ~®)
R C I
3R also Ry=xl| +x1,
In parallel potential difference is same so, 12=x(l;+ 1)
Vg = Vand in series current is same ; A .
= x| —+ -
S0, V,=Vp=V¢ 12 = X L -.(i1)
25. (d) In figure, two metal wires of identical
dimension are connected in series xly
8 h +1
A ) Rp) @ _ 3 _ \h _ 4
i) 12 1 BV
/ I rok{g fz(l—”l}
2
Roo L leq
‘4 0lA G3A  GggAeq L 2 8 1,
- X —=%
2] ! [G] +O'2] Iz 36 Iz
CegA A\ 0102 o }
2 - =1
26,0, (v +1+2y)><£—y(wherey—]2)
Lo =T
0] +0; 82+ 8+ 16y =36y
26. (c) Resistanceisdirectly proportional to length, = 82-20y+8=0
LT _@+95+3 = 22-5y+2=0
Ry 3 4+5  (3)(4+5) > 22 —4y-y+2=0
3x(4+5) 27 = y(y-2)-1ry-2)=0
AB ™ 3+(4+5):E = (2y—1)(y—2):0
. /
Similarly, — y=h Ll
_ 4x(3+5) 32 L 2
BC 44345 12 28 (d)
_oxB+4) 35 TR
ACT 5.(3+4) 12
S Ryp:RpeiRy-=27:32:35
27.  (d) Letx istheresistance per unit length then A B

R,=x1

A<::>B

R,=x1,

Length of wire=2mr=2m(0.1)=0.2mm
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Resistances of complete circle/wire =12 x 0.2w
=241Q

.. Resistance of each semi-circle=1.2nQ
Hence, equivalent resistance,

RAB:%:Oan
R/2
50— )
R/2
33
_ R|R,y _ 2°2 R
“ R+R, R R Rq=7

22
If a wire of resistance R is bent in the form of
circle, the effective resistance between the ends
of diameter is R/4

30, () R=—>r=nR
n

When connected in series, R = nr
=n(nR)=n2R ¥
31 (b) Incircuit, Rpand R arein series, so, R =
6+ 6=12Q. This 12 Q resistance is in parallel
withR,=3Q,
So, equivalent resistance of circuit
3x12 36 12

T3412 15 5

v
- Current in circuit, / = 2

4.8 _ 4.8%x5 _9A

B (12) 12
5
32. (a) Resistanceof ACB, R'=3Q+3Q=6Q.
For net resistance between 4 and B; R'= 6Q and

3Q are in parallel.
3x6 18
7346 9

Current in circuit (/) = £ = 2 =14

10Q2 10Q2
3. (©) A 9 F

AN AW
IOQ% %IOQ
G E
C AW AW AWy D
10Q

35.

36.

Equivalent Circuit

Equivalent Resistance of circuit,

20%20
20+20

(c) Length ofeach wire = (; Area of thick wire
(4,) = 3A; Area of thin wire (4,) = 4 and
resistance of thick wire (R) = 10 Q. Resistance

=10Q+ +10=10+10+10=30Q

1
(R)= p; oc V] (if £ is constant)

R _4H 41
R, 4 34 3

or, R, =3R;=3x10=30Q
The equivalent resistance of these two resistors
in series
=R, +R,=30+10=40Q.
(a) The potential difference across 4Q
resistance is given by
V=4xi=4x12=48volt

So, the potential across 8Q resistance is also
4.8 volt.

Current i, = % = % =0.6amp

Current in 2Q resistance i = i; + 1,

S i=1.2+0.6=1.8amp

Potential difference across 20 resistance
Vge=1.8x2=3.6volts

(d) The two resistances are connected in
series and the resultant is connected in parallel
with the third resistance.

CR=40+40-80 and —— 1,13
ST T A TR

8 4 Q
R"=-Q
or 3

40
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ﬂ If three identical resistors each of resistance R are
connected in the form of a triangle, the equivalent
resistance between the ends of a side is equal to
)
3 )

37. (c) Voltage across 3 Q resistance =3 x 0.8 =
24V This voltage is the same across 6 Q
resistance. Hence current through this resistance
i= 4 = E =0.4amp

R 6
Total current in the circuit
=0.8+04=12amp
Voltage across 4 Q2 resistance
=4x1.2=4.8volts

38. (c) To carry a current of 4 ampere, we need
four paths, each carrying a current of one ampere.
Let r be the resistance of each path. These are

connected in parallel. Hence, their equivalent
resistance will be r/4. According to the given

problem 52 5 orr=20Q,

For this propose two resistances should be
connected. There are four such combinations.
Hence, the total number of resistance =4 x 2 =8,
39. (d) AtAcurrentisdistributed and at B currents
are collected. Between 4 and B, the distribution
is symmetrical. It has been shown in the figure.
It appears that current in A0 and OB remains
same. At O, current i, returns back without any
change. If we detach O from 4B there will not be
any change in distribution.
Now, CO & OD will be in series hence its total
resistance = 2Q)
Itisin parallel with CD, so, equivalent resistance
_ 2x1 _ E 0
2+1 3
This equivalent resistance is in series with AC
& DB, so, total resistance

= g+1+1:§Q
3 3

ﬂ 7 - A
r

41.

42,

. E 02= 2.1
= F+R:> )

8
Now EQ is parallel to 4B, that is, 2Q), so total

resistance

C8/3x2 16/3 16 8

T8/3+2 14/3 14 7

re

A rn O ry B
Between C & D, the equivalent resistance is given
by
lfr=L+ ! :l+l:i
n (rg+rs) 2 2
Equivalent resistance along

2 8
=l+=+1==
ACDB 3 3

.. Effective resistance between 4 and B is

(c) Inseries, R =nR

In parallel, L:l+l+...n terms
P

. — 2 /1 =42

..RSpr—n /l=n
8-4 4 1

I: :—:—A-
@ 1+2+9 12 37

VP—VQ:4—%X3:3V0“

(a) Given:emfe=2.1V
[=0.2A,R=10Q

Internal resistancer="?
From formula.
e—Ir=V=IR
2.1-02r=0.2x10
2.1-02r=2 or 0.2r=0.1

- = =050
02

1
=21=02r+2 = r= 3 =05Q
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(¢) The current through the resistance R

()

The potential difference across R

V:IR:( & )R
R+r

R=o, V=¢ R
Thus V increases as R increases upto certain
limit, but it does not increase further.
(b) Let the internal resistance of the battery
ber. Then the current flowing through the circuit
is given by

E

R+t
In first case,

E

2+r
In second case,

i
(D)

05= 2
~ 9+4r

From (1) &(2),
4+2r=45+05r

Q)

1
= 1.5r=0.5:>r=§ Q.

If 7} be the current in a circuit with an external
resistance R, and 7, be the current in the circuit
with external resistance R, then internal resistance
of cell can be find using

i 2R2 -1 IRI

T 11_12

45.

47.

49.

50.

(b) We have, e = at + bt?
3@: a+2bt
dt

Atneutral temperature,
a

2b

2y
dt

(d) 1division=1pA

40
Current for 1°C= ———

t=

1
InA = 2°C =025°C.

(d) CurrentfromDtoC=1A
S Vp=V=2x1=2V

VAZO A VC:].V, . VD—VC:2
>Vp-1=2 . Vp=3V
5 Vp—Vp=2 . 3-Vg=2 . Vg=1V
P 100x10° 10°
J=—=—" A=— 4
© % 125 60

E.C.E.=0367 %105 kg C!
Charge per minute= (I x 60) C
_10°x60 . _6x10°
o125 125

C

x10°

. Mass liberated, = x0.367x107°
_ 6x1000%0.367x107
125
=17.616x 1073 kg
(d) Junction law follows from conservation of

charge and loop law is the conservation of
energy

6
@) E=300-—

dE

=20
" de

For neutral temperature

2
0= 30 T 0
S 0=15x%15
=225°C
Hence, neutral temperature is 225°C.
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51, (d) 55. (d) Power=VxI
R
a MWWV b I = Power _ 100
ity 4 A X
. f, Y E.C.E. of chlorine is 0.367 x 107 kg/coulomb
1
f p—t— F————AMWN——c o _ 100
h ! i Charge passing in one minute = - 60
&
=48 coulomb
el—e—AW\ | d Chlorine precipitated =0.367 x 1076 x 48
e B & =17.6 x 10%kg
Applying Kirchhoff ’s rule in loop abefa =17.6 mg
g, —(i; +iy) R—i; r,; =0. 56. (a) Kirchhoff ' s first law deals with
52.  (a) The terminal potential difference of a cell conservation ofelectrlca! charge and. the second
isgiven by V+Ir=E law deals with conservation of electrical energy.
V=V,-Vg 57.  (d) Currentin the circuit
or V=E-Ir _ E+E 2F
dv . R+n+R K+ +R
—>——=-r1, Alsofor, i=0thenV=E
dI ) P.D. across first cell = E—ir,
slope = —r, intercept =E
2E xR
ER =L
53. (a) Here E >R—+, hence the lengths 110 cm (n+n)+R
r
and 100 cm are interchanged. N AL oS _
Without being short-circuited through R, (5+r)+R
only the battery E is balanced. 2En
% v —E=———>22=r+n+R
E="—xl; =—x110.....(i) n+n+R
L L , R=r-r
When R is connected across E, Ri = N xh In series grouping of cells their emf's are additive
or subtractive while their internal resistances are
R E _ v «100.....(if) always additive. If dissimilar plates of cells are
or, R+r) L connected together their emf's are added to each
Dividing (i) by (i), we get other while if their similar plates are connected
’ together their emf's are subtractive.
Rer_110 E L
R 100 | Ll
or, I00R+100r=110R E,,=E +E, E, E,
or, OR=100r Tog=T1 11 E,,=E —E,(E >E))
erORZIOXIO(:.R:mQ) Tog=T1H 1
100 100
54. (c) Wehave, m=ZIt ?+; >t T
where, Z is the electrochemical equivalent of 58. (d) V= 1 11 14V
copper. i -
PP i R

S m=30x107 x1.5x10x 60
=0.27 gm.

(Since the cells are in parallel).
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6l.

62.

63.

65.

67.

PHYSICS
o E?  3E?
(a) Efficiencyis givenby n= olutput Power (P;) = =— .0
input Reg 2R
When two from section A and one from section
S5x15x14 .
=—=08750r 87.5% B are glowing, then
10x8x15 i/2 R
= 4+ ~_ _AAAAA,
(by E=V 1;' AN R ;
. — ANVW——
22=18+ 5%,
5 —>—"\NW—
10 / i2 R
r=—2Q |
9
(b) By Faraday's Ist Law L
Amount deposited (m) =Zit = Zq
o R 3R
me-q Ry =—+R="—
Amount deposited is directly proportional to 2 2
charge. 2E? .
@@ E=V-Ir Power (Pg) =1~ (i)
= 2 L . .
ig - 5_ go x5 x 107 Dividing equation (i) by (ii) we get
- 2
= V=15volt L 3E73R =9:4
() m=Zit, 9=2x105, Z=9x 107 P 2R 2E?
Again,

m=Zit=9x 107> x50 x 20 x 60=5.4gm

(@) We know from the Kirchhoff 's first law
that the algebraic sum of the current meeting at
any junction in the circuit is zero (i.e. Zi=0) or
the total charge remains constant. Therefore,
Kirchhoff's first law at a junction deals with the
conservation of charge.

(¢c) In the electrolysis of CuSO,, oxygen is
liberated at anode and copper is deposited at
cathode.

(a) Faraday’s laws are based on the
conversion of electrical energy into mechanical
energy; which is in accordance with the law of
conservation of energy.

(b) When all bulbs are glowing

R i3 R i3
> AW ——T—— AW
R i3 R i3
S>—AMW— >
R i3 R i3
L L—ww
[
Il
E
R _R_R_2R

68.

70.

(a) Given: Charge Q =at—bt?

8Q: a—2bt

Current i= E

_a
t_zb}

From joule's law of heating, heat produced
dH=i’Rdt
a/2b
He I (a—2bt)° Rdt
0

ffori=0 =

a
H= (a—2bt)3 R‘zb B a’R
3x2b | 6b
(b) Total resistance R = (0.5 Q/km) x (150 km)

=75Q
Total voltage drop=(8 V/km) x (150 km)= 1200V

2 2
(AV)® _ (1200
R 75

=19200 W=19.2kW

(b) Resistance is directly proportionl to length
of the wire. As length is doubled so mass is
doubled and resistance is doubled.

Power loss =
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We have V2
73. (¢) Wehave, P=—
2 2 s
OEY , _ ST, Now YEVL_ apmysar R
2R V2
=36=—
n’E* 107 E% 9
2R 7 R >V=18V
—n=20 Current passing through the 9€2 resistor is
71.  (c¢) Resistance of bulb is constant .V 18 -~
y2 _ Dp_2DV DR TR 9
P= ? = p oy R The 9Q) and 6Q) resistors are in parallel, therefore
: 6 .
%=2x2.5+0=5% R,
72 (c) Thepower dissipated in the circuit. where i is the current delivered by the battery.
p? ni= 22 s
P=o ) 6 .
us, potential difference across resistor 1s
Req Thus, p 1 diff 20
V=10 volt V=iR
=5x2
Lt 1 _5+R —10V
Rgq R 5 SR 74.  (d) Clearly, 2Q,4Q and (1 +5) Qresistorsare
in parallel. Hence, potential difference is same
( SR ] across each of them
R, = .
4 \5+R s x2=1x4=1%6
Substituting the values in equation (i) SIAMA
5 MRARALALS
30= 19 40
( 5R J —>—AMWW\
5+R L
SELITY 14 MWW
5+R I; 10 50
I5R =50+ 10R
SR=50
R=10Q | |
For a given voltage V, if resistance is changed Givenl, =3A S x2=13x6
R Given I, =3A.
from R to [;] . Power consumed changes from . 1, x2 =15 % 6 provides
Ptoer:. 13:l]><2:3><2:1A.
o 6 6
TR Now, the potential across the 5Q resistor is
, R V=13 x5=1x5=5V.
when R'=— .. the power dissipated in the 5Q resistor
v:  np? 2 g2
then P'= Sy ="p =" P=_ =2 —swan
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76.

78.

81.

PHYSICS

(b) Power dissipiated = P

2 2
R 6

(c) Power=V.I=IR

= Power |2 l_lA
2"k 3 V12
1

Potential over 8Q2 = Ri, =8x 5 =4V

This is the potential over parallel branch. So,
4

.I'IZZ:lA
Powerof 3Q=i2R=1x1x3=3W
P 1
@) R=—=--=004Q
I 25
11 1 1 1 3
@ 5 —ptpthy o=
Fq R B B Ly 60
:)Peq=20watt.
2 vZ o (22002 4(110)2
@ P:—:R:—:( )" _4110)
R P 60 60
o 1107 R
60 4
. 10x40 400 .
(b) Time = =——=8min
10+40 50

(a) Power «c———
Resistance

In series combination, resistance doubles.
Hence, power will be halved.

In parallel combination, resistance halves.
Hence, power will be doubled.

(c) Fuse wire : It is used in a circuit to control
the maximum current flowing in circuit. It isa thin
wire having high resistance and is made up ofa
material with low melting point.

(a) Asforan electricappliance R = (VS2 W),
so for same specified voltage V

Rys 100

Rgy 25

Now in series potential divides in proportion to
resistance.

&4.

Ry
So, " V

’ (R +Ry)
4
Le., st = E x 440 =352V

A T
and V2 =
(R +Ry)

1
i, Vigp =5 x440=88

From this, it is clear that voltage across 100 W
bulb (= 88 V) is lesser than specified
(220 V) while across 25 W bulb (=352 V) is greater
than specified (220 V), so, 25 W bulb will fuse.

(b) Power is maximum when r=R, R=r=0.5Q).

If a cell of internal resistance r and emf E is
connected to an external resistance of radius R,

E
th t g I, /= ——
en current given by cell, Rtr
Power dissipated in external resistance (load)
P=VI=(R)I=PR

2
E
= \P= R
[Rﬁ-r}

when R=r
E2

Power, P = . (Maximum)

V2 200% 200

R = =
1 A 20 1000Q

(b)

R V2200200
2p T 100 400Q
= R, (for 40W) > R, (for 100 1¥)
(d) Inseries, Equivalent resistance = 3R

2 2
Power:V— = 10:V—:> 12=30R
3R 3R

1 11
=—+—+—
In parallel, R RR

3
R

. . , R
. Equivalent resistance R’ = 3

vZ  30R
== =90W

.. Power = =
R" R/3
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If voltage V remains same, then power consumed
by a n equal resistors in parallel is #? times that

87.

88.

89.

9l

93.

of power consumed in series.

(¢) Since H o 2, doubling the current will
produce 4 times heat. Hence, the rise in
temperature will also be 4 times i.e., rise in
temperature=4 x 5 =20°C.

(d) Power=100W, Voltage=200V
Resistance of bulb

_ V2 200x200
P 100
When bulb is applied across 160V,

160
—A4
400

=400

Current in bulb =

Power consumption = VI= 160x % =64W

(d) Power ofheating coil = 100 W and voltage
(V) =220 volts. When the heating coil is cut
into two equal parts and these parts are joined
in parallel, then the resistance of the coil is
reduced to one-fourth of the previous value.
Therefore energy liberated per second becomes
4 timesi.e., 4% 100=4001.

(d) The energy stored in the capacitor

:%Clﬂ :%x4x10‘4 x 400 x 400 = 0.32]

This energy will be converted into heat in the
resistor.

(b) For maximum current, the two batteries
should be connected in series. The current will
be maximum when external resistance is equal to
the total internal resistance of cells i.e. 2Q).
Hence power devloped across the resistacne R
will be

2
IQR:[ 2k ] R =[ﬁ]x2=2W
R+ 2r 2+2

(b) Since, the voltage is same for the two

combinations, therefore H o % . Hence, the
combination 0f 39 bulbs will glow more.
(b) H=1IRt

80
=20

or R= = =
(%) (2% x10)

95.

(a) Let R, be the resistance of resistance wire.

R, C 100

From the balancing condition of metre bridge,

R !

B_4_3 R, _9_ 150
10 ¢, 2 2

Length of 15€2 resistance wire is 1.5 m.
. Length of | Q resistance wire

L5 -1
=—=0Im=10x10" m
15

(¢c) Resistance for ideal voltmeter = =

Resistance for ideal ammeter =0
For I8t circuit,

1
V; =4 xlO:—Oxl():lO volt
10
For 11" ¢ircuit,

10
V2 =iz x10=—=x10 =10 volt

lOV—lA

— i ::i = =
V,=V,and, 1] =13 100

2
(a) Currentin first branch = 30 A

2
Current in second branch = 5 A
AV fromAtoP

2
AV, =2-55%20

20Q p 300

AAAMAA AAAAAA
LAAA AL VVYYYY

AAAAAA
VYYYYY

30Q
It

2V

AAAAAA
YVYYYY

200
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98.

100.

PHYSICS

AV fromAtoQ

2
AV,=2 50 % 30
= Voltage difference=0.4V
(a) For Balanced Bridge
P_h

Q b

On interchanging galvanometer and battery
positions, the balance condition remains
unchanged.

(b) Reading of potentiometer is accurate
because during taking reading it does not draw
any current from the circuit.

(d) When two cells are connected in seriesi.e.,
(E, + E,) the balance point is at 50 cm. And
when two cells are connected in opposite
direction i.e., (E; —E,) the balance point is at 10
cm. According to principle of potential

E{+E, 50
E,-E, 10
2El 50+10 El 3

= 2E, 50-10 — E, 2
(d) Total potential difference across
potentiometer wire
= 1073 x 400 volt = 0.4 volt

(ential gradient =
potential gradient = ~_

A\
=103 viem=10"1

101.

102.

103.

104.

Let resistance of RQ) connected in series.

ZVII
i
+0.4V
RQ 8Q
2 10" x4 1
S Rys 8 20

= R+8=40 or, R=320Q

A
(a) EMEFE E=K/whereK= T potential gradient

K=1 =L lrenL
So, E=KI= —2"
o5 ~ (r+n)L

(b) This is a balanced wheatstone bridge
condition,
5 £ and 5 _ 1.64,

R/2 100-1.6(,

R 1001,
= R=15Q
(c) Internal resistance of the cell,

E-V P
r:(_]R N S Y
v (,
(3-2.85
285

(a) Given:V=7V
r=5Q

]><(9.5) Q=050

A%
R - 40x120 o
eq  40+120
7
40x120
5+
40+120

\Y
l:—:
R

|

=02A.

th | —

T 5430
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105. (b)

@

ra
<

Since deflection in galvanometer is zero so
current will flow as shown in the above diagram.

Vi 12 12

current [ =—4 = ——=
R +R 500+100 600

So VB=IR=%X100:2V
106. (b) () When key between the terminals 1
and 2 is plugged in,
P.D.acrossR=IR=kl,
= R=kljasI=14

(i) When key between terminals 1 and 3 is
plugged in,

P.D.across (X+R)=IX+R)=kl,
- X+R=kl,
X=k(l,—=1})
R=klyand X=k(l,-1))
107. (a) A balanced wheatstone bridge simply

requires
P R 2 2
0 S”2°s

Therefore, S should be 2Q2.
A resistance of 6Q2 is connected in parallel.
In parallel combination,

1 1.1

R R R

1 1.1

STty =85=30

If the resistance is connected in parallel to the

ﬁ right gap resistor in the metre bridge, then
balancing length increases and hence jockey
moves towards right.

108. (c¢) Currentwill flow from B to A
a
4Q , 400

10 2

1]
Potential drop over the resistance CA will be more
due to higher value of resistance. So potential at
A will be less as compared with at B. Hence,
current will flow from Bto A.

109. (d) Itisabalanced Wheatstone bridge. Hence
resistance 4Q can be eliminated.

_6x9 18
4 649 5
4

Ry, 18
110. (d) A balanced Wheststone’s bridge exists
between 4 & B.
- R =R
Current through circuit=V/R
Current through AFCEB =V/2R

111. (d) Since, Wheatstone's bridge is balanced,
then resistance of galvanometer will be

uneffective.
R R 2R
— AAAAA——
L AMWAA—
R R IR

Wheat stone bridge is most sensitive if all the
arms of bridge have equal resistances.

112. (a) Potential gradient = Potential fall per unit
length.
In this case resistance of unit length.
-7
R— pl _ 107" x1
4 107
Potential fall across R is

-107'Q

V=IR=0.1x10""=0.01 volt/m.

—1072 volt /m


http://www.jeebooks.in

113.

114.

PHYSICS

(a) Potentiometer measures potential current
more accurately because it measure potential in
open circuit and hence error in potential due to
internal resistance is removed.

(a) It is a balanced wheatstone bridge

3 6 . .. .
[ 1 = g) , 0 the 7Q) resistance is ineffective.

Equivalent resistance of 3Q and 4Q2 =3 + 4
=7Q (series)
Equivalent resistance of 62 and 8Q2 =6+ §
=140 (series)
Equivalent resistance of 7Q2 and 14Q (parallel)
_ 7x14 14 o)

7+14 3

115. (a) Let unknown resistance be X. Then
condition of Wheatstone's bridge gives

0w
280 where 1 is resistance of wire
per cm.
X R=1Q
TAANA 1 TAAAA 1
AL AL
v MW
P=20r Q=80r
<+« 20 cm=—p <
(100 — 20) cm

.'.X:@szlxl:O.ZSQ
80 4
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Moving Charges
and Magnetism

% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD |Qns.|LOD|Qns.|LOD | Qns. LOD
Motion of Charged Particle Radius of Circular path 1 E
in Magnetic Field & Moment
Magnetic Field, Biot-Savart's | Bentre ©f Solenoid 1| A
Law & Ampere's Circuital Law | B due to Cylindrical Wire 1 E 1 A
Force & Torque on a Current | Torque on a Current 1 E
Carrying Conductor Carrying Loop
Force on a Current Carrying 1 A 1 E 1 A
Conductor
Galvanometer and Its Current & Voltage
Conversion into Ammeter & Sensitivity of Galvanometer 1 E
Voltmeter
Topic 1: Motion of Charged Particle in energy (K) of the proton beam, produced by it,
Magnetic Field & Moment are given by : [2012]
. . . mv
1. lonized hydrogen atoms and o-particles with (a) B=-— and K=2mmn*v*R?
same momenta enters perpendicular to a Zf-cmv
constant magnetic field, B. The ratio of their (b) B= - and K = m*nvR?
radii of their paths r,, : r will be : [2019] 2mmv
(a 2:1 (b) 1:2 (¢c) B= ; and K = 2mm*v?R?
(c) 4:1 (d 1:4 my N
2. A proton and an alpha particle both enter a (d) B= Y and K=m*mvR

region of uniform magnetic field B, moving at | 4

: : ! An a-particle moves in a circular path of radius
right angles to field B. If the radius of circular

0.83 cm in the presence of a magnetic field of

orbits for both the particles is equal and the 0.25 Wb/m2. The wavelength associated with
kinetic energy acquired by proton is 1 MeV the the particle will be : [2012]
energy acquired by the alpha particle will be: (a) 1A . (by 0.1A

[2015 RS] (c) 10A (d 0.01A
(a) 0.5MeV (b) 1.5MeV

5. A proton carrying 1 MeV kinetic energy is
moving in a circular path of radius R in uniform
magnetic field. What should be the energy of
an a-particle to describe a circle of same radius
in the same field? [2012M]
(a) 2 MeV (b)y 1 MeV
(c) 0.5 MeV (d)y 4 MeV

(¢c) 1MeV (dy 4 MeV

3. An alternating electric field, of frequency v, is
applied across the dees (radius = R) of a
cyclotron that is being used to accelerate
protons (mass = m). The operating magnetic
field (B) used in the cyclotron and the kinetic
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PHYSICS

A uniform electric field and uniform magnetic
field are acting along the same direction in a
certain region. If an electron is projected in the
region such that its velocity is pointed along
the direction of fields, then the electron [2011]
(a) will turn towards right of direction of
motion
(b) speed will decrease
(c) speed will increase
(d) will turn towards left direction of motion
Two identical bar magnets are fixed with their
centres at a distance d apart. A stationary charge
0 is placed at P in between the gap of the two
magnets at a distance D from the centre O as
shown in the Figure [2010]
P
D

The force on the charge Q'is

(a) directed perpendicular to the plane of paper
(b) zero

(c) directed along OP

(d) directed along PO

The magnetic force acting on a charged particle
of charge — 2 nC in a magnetic field of 2T acting
in y direction, when the particle velocity is

(2f+3j )xlOﬁms_l, is [2009]

(a) 4 N in z direction

(b) 8 N in y direction

(c) 8 N in z direction

(d) 8 N in —z direction

Under the influence of a uniform magnetic
field, a charged particle moves with constant
speed v in a circle of radius R. The time period
of rotation of the particle: [2009]
(a) depends on R and not on v

(b) is independent of both vand R

(¢) depends on both vand R

(d) depends on v and not on R

A particle of mass m, charge Q and kinetic
energy T enters a transverse uniform magnetic
field of induction B. After 3 seconds, the
kinetic energy of the particle will be: [2008]

11.

12,

13.

14,

15.

16.

(a) 3T (b) 2T

(¢) T (d) 4T

A beam of electron passes undeflected through
mutually perpendicular electric and magnetic fields.
If the electric field is switched off, and the same
magnetic field is maintained, the electrons move
(a) in a circular orbit [2007]
(b) along a parabolic path

(c) along a straight line

(d) in an elliptical orbit.

In a mass spectrometer used for measuring the
masses of ions, the ions are initially accelerated
by an electric potential V and then made to
describe semicircular path of radius R using a
magnetic field B. If V and B are kept constant,

the ratio (Charge on the,‘““} will be
mass of the ion

proportional to [2007]

(a) 1/R2 (b) R2

(¢) R (d) /R

A charged paritcle (charge ¢) is moving in a

circle of radius R with uniform speed v. The

associated magnetic moment p is given by
[2007]

(a) gqvR? (b)  qvR2/2

(c) gvR (d)y gvR/2

Under the influence of a uniform magnetic

field a charged particle is moving in a circle of

radius R with constant speed v. The time period

of the motion [2007]

(a) depends on both R and v

(b) isindependent of both R and v

(¢c) depends on R and not on v

(d) depends on v and not on R

An electron moves in a circular orbit with a

uniform speed v. It produces a magnetic field

B at the centre of the circle. The radius of the

circle is proportional to [2005]
B B

@) = (b —
v v
v o 2

© |5 @ -

A charged particle moves through a magnetic

field in a direction perpendicular to it. Then the

(a) velocity remains unchanged [2003]

(b) speed of the particle remains unchanged

(¢) direction of the particle remains
unchanged

(d) acceleration remains unchanged
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17.

18.

19.

20.

21.

22.

225

In a certain region of space electric field E

and magnetic field B are perpendicular to each
other and an electron enters in region

perpendicular to the direction of B and E both
and moves undeflected, then velocity of

electron is [2001]
|2 -

(a) ‘ g‘ (b) ExB

(¢) @ (d E-B
£

A charged particle of charge ¢ and mass m

enters perpendicularly in a magnetic field B.
Kinetic energy of the particle is E; then

frequency of rotation is [2001]
9B 98
- b N

(@) mmn ®) 21m
gBE qB

© 2m @ e

A proton moving with a velocity 3 x 10° m/s

enters a magnetic field of 0.3 tesla at an angle

of 30° with the field. The radius of curvature

of its path will be (e/m for proton = 10% C/kg)
[2000]

(a) 2cm (b)y 0.5 cm

(c) 0.02 cm (d)y 1.25cm

When a proton is accelerated through 1 V, then

its kinetic energy will be [1999]
(a) 1840 eV (b) 13.6eV
(c) leV (d) 0.54eV

A positively charged particle moving due east

enters a region of uniform magnetic field

directed vertically upwards. The particle will

(a) continue to move due east [1997]

(b) move in a circular orbit with its speed
unchanged

(c) move in a circular orbit with its speed
increased

(d) gets deflected vertically upwards.

A 10 eV electron is circulating in a plane at

right angles to a uniform field at magnetic

induction 10°* Wb/m? (= 1.0 gauss). The

orbital radius of the electron is [1996]
(a) 12 cm (b) 16 cm
(¢c) Il em (d) 18 cm

23.

24,

25.

26.

27.

28.

A beam of electrons is moving with constant
velocity in a region having simultaneous
perpendicular electric and magnetic fields of
strength 20 Vm ™! and 0.5 T respectively at right
angles to the direction of motion of the
electrons. Then the velocity of electrons must

be [1996]
(a) 8 m/s (b) 20 m/s
(c) 40 m/s @ %m!s

An electron enters a region where magnetic
field (B) and electric field (E) are mutually
perpendicular, then [1994]
(a) it will always move in the direction of B
(b) itwill always move in the direction of E
(c) it always possesses circular motion

(d) it can go undeflected also

A charge moving with velocity v in X-direction
is subjected to a field of magnetic induction in
negative X-direction. As aresult, the charge will
(a) remain unaffected [1993]
(b) start moving in a circular path Y-Zplane
(¢) retard along X-axis

(d) move along a helical path around X-axis
A deuteron of kinetic energy 50 keV is
describing a circular orbit of radius 0.5 metre
in a plane perpendicular to the magnetic field
B. The kinetic energy of the proton that
describes a circular orbit of radius 0.5 metre

in the same plane with the same Bis [1991]
(a) 25keV (b) 50 keV
(¢) 200 keV (d) 100 keV

A uniform magnetic field acts at right angles

to the direction of motion of electron. As a

result, the electron moves in a circular path of

radius 2cm. Ifthe speed of electron is doubled,

then the radius of the circular path will be
[1991]

(a) 2.0 cm (b) 0.5cm

(¢c) 4.0cm (d) 1.0cm

A current carrying coil is subjected to a uniform

magnetic field. The coil will orient so that its

plane becomes [1988]

(a) inclined at 45° to the magnetic field

(b) inclined at any arbitrary angle to the

magnetic field
(c) parallel to the magnetic field
(d) perpendicular to the magnetic field
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Topic 2: Magnetic Field, Biot-Savart's Law &

29.

30.

31

32.

Ampere's Circuital Law

A long solenoid of 50 cm length having 100
turns carries a current of 2.5 A. The magnetic
field at the centre of the solenoid is : [2020]
(ny=4nx 107 TmA™)

(a) 3.14x10*T (b) 628x10°T
(¢) 3.14x10°T (d) 6.28x104T

A cylindrical conductor of radius R is carrying
a constant current. The plot of the magnitude
of the magnetic field, B with the distance, d,
from the centre of the conductor, is correctly

represented by the figure : [2019]
B
(a)
B
(b)
R d
B
(e) ;
R d
B 1
(d) i
R d

Two toroids 1 and 2 have total no. of turns 200
and 100 respectively with average radii 40 cm
and 20 cm respectively. If they carry same
current , the ratio of the magnetic fields along
the two loops is, [NEET Odisha 2019}

(@ 1:2 (b) 1:1

(c) 4:1 d 2:1

A straight conductor carrying current i splits
into two parts as shown in the figure. The radius
of the circular loop is R. The total magnetic

33.

34,

35.

field at the centre P of the loop is,
[NEET Odisha 2019]

(a) %%,mwmd

(b) Zero

(¢) 3p,i/32R, outward

(d) 3p,i/32R, inward

A long straight wire of radius a carries a steady

current I. The current is uniformly distributed
over its cross-section. The ratio of the magnetic

fields B and B’, at radial distances % and 2a

respectively, from the axis of the wire is :

[2016]
1
@ ®)
(c) 1 @ 4

An electron moving in a circular orbit of radius
r makes n rotations per second. The magnetic
field produced at the centre has magnitude:

[2015]
2
(a) Zero (b) fmf—f
pore Hone
(© 2r @ 27r

A wire carrying current | has the shape as shown
in adjoining figure. Linear parts of the wire are
very long and parallel to X-axis while
semicircular portion of radius R is lying in Y-Z

plane. Magnetic field at point O is :  [2015]

4

(a) Ez—i—i%(piXle)

(b) E:—E%é{ﬁ+zg


http://www.jeebooks.in

Moving Charges and Magnetism

36.

37.

38.

39.

225

S Mo T2 o
(c) B R (m Zk)

B_Mo T2 -
(d) B_Eﬁ(m+ Zk)
Two identical long conducting wires AOB and
COD are placed at right angle to each other, with
one above other such that ‘O’ is their common
point for the two. The wires carry I, and I,
currents respectively. Point ‘P’ is lying at
distance ‘d” from ‘O’ along a direction
perpendicular to the plane containing the wires.
The magnetic field at the point ‘P’ will be :

[2014]
Mo [ 1
() m[b] (b)

(© FZUP-1) (@
When a proton is released from rest in a room,
it starts with an initial acceleration a, towards
west. When it is projected towards north with
a speed v, it moves with an initial acceleration
3a, towards west. The electric and magnetic

Ho
— (L +1
an( 1+ 1)

Mo (2, ;2y12
—znd(l 7)

fields in the room are respectively  [2013]
(a) Mo west, 2mag down
e EVO
may 3may
(b) east, ey up
ma 3
(c) 0 east, 0 down
Vo
may 2may
(d) west, up
EVO

Two similar coils of radius R are lying
concentrically with their planes at right angles
to each other. The currents flowing in them are
I and 2 I, respectively. The resultant magnetic

field induction at the centre will be: 12012
@ V! ) 3po/
2R 2R
Mol kol
20 4y 2=
© S @ =

Charge q is uniformly spread on a thin ring of
radius R. The ring rotates about its axis with a
uniform frequency f Hz. The magnitude
of magnetic induction at the centre of the ring
is [2011M, 2010]

40.

41.

42.

Mg Hodf
© 2R @ SR

A particle having a mass of 102 kg carries a
charge of 5 x 1078C. The particle is given an
initial horozontal velocity of 10° ms™! in the
presence of electric field E and magnetic field
B .To keep the particle moving in a horizontal
direction, it is necessary that [2010]
(1) B should be perpendicular to the direction

of velocity and E should be along the
direction of velocity.

(2) Both B and E should be along the
direction of velocity.

(3) Both B and E are mutually perpendicular
and perpendicular to the direction of
velocity.

(@) B should be along the direction of velocity

and E should be perpendicular to the
direction of velocity.
Which one of the following pairs of statements
is possible?
(@) (2)and (4) (b) (1) and (3)
(¢) (3)and (4) (d) (2)and (3)
A current loop consists of two identical
semicircular parts each of radius R, one lying
in the x-y plane and the other in x-z plane. If
the current in the loop is i., the resultant
magnetic field due to the two semicircular parts

at their common centre is [2010]
Mol Mol
@ g SUENGT:
M o
© & @ %R

Two circular coils 1 and 2 are made from the
same wire but the radius of the 15 coil is twice
that of the 2™ coil. What potential difference
in volts should be applied across them so that
the magnetic field at their centres is the same

[2006]
(a) 4
(c) 2

(b) 6
@ 3
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44,

45.

46.

47.

48.

49.

A long solenoid carrying a current produces a
magnetic field B along its axis. If the current is
double and the number of turns per cm is halved,
the new value of the magnetic field is [2003]
(a) 4B (b) B/2
(c) B (d) 2B
A wire carries a current. Maintaining the same
current it is bent first to form a circular plane
coil of one turn which produces a magnetic field
B at the centre of the coil. The same length is
now bent more sharply to give a double loop of
smaller radius. The magnetic field at the centre
of the double loop, caused by the same current is
[2002]
(a) 4B (b) B/4
(¢) B2 (d) 2B
Two long parallel wires P and Q are both
perpendicular to the plane of the paper with
distance of 5 m between them. If P and O carry
currents of 2.5 amp and 5 amp respectively in
the same direction, then the magnetic field at a

point half-way between the wiresis ~ [2000]
3o Ho
@ >, ®) =
© Yo @ Mo
2n 2n

Magnetic field intensity at the centre of a coil
of 50 turns, radius 0.5 m and carrying a current

of 2Ais [1999]
(a) 05x105T  (b) 125x10°4T
(¢) 3x10°5T (d) 4x10°5T

If a long hollow copper pipe carries a current,
then magnetic field is produced [1999]
(a) inside the pipe only

(b) outside the pipe only

(c) both inside and outside the pipe

(b) no where

A coil of one turn is made of a wire of certain
length and then from the same length a coil of
two turns is made. Ifthe same current is passed
in both the cases, then the ratio of the magnetic

inductions at their centres will be [1998]
(@) 2:1 (by 1:4
(c) 4:1 (d 1:2

The magnetic field ( 4p ) due to a small element

(dl) at a distance () and element carrying

current 7 is [1996]

50.

51.

52.

53.

PHYSICS

(a)

o] R
(©) dB::‘_ifz(d?rxr]
(d) dB:%{d_i:F]

Two equal electric currents are flowing
perpendicular to each other as shown in the
figure. AB and CD are perpendicular to each
other and symmetrically placed with respect to
the current flow. Where do we expect the

resultant magnetic field to be zero?  [1996]
A
C A
> [

B D
(a) onAB
(b) onCD
(¢) onboth ABand CD
(d) onboth OD and BO

A straight wire of diameter 0.5 mm carrying a
current of 1 A is replaced by another wire of 1
mm diameter carrying same current. The strength
of magnetic field far awayis  [1995, 97, 99/
(a) twicethe earlier value

(b) same as the earlier value

(c) one-halfofthe earlier value

(d) one-quarter of the earlier value

At what distance from a long straight wire
carrying a current of 12 A will the magnetic field
be equal to 3 x 1075 Wb/m?2? [1995]
(a) 8x102m (by 12x102m

(¢) 18x102m (d) 24x102m

The magnetic field at a distance » from a long
wire carrying current i is 0.4 tesla. The magnetic
field at a distance 2r is [1992]
(a) 0.2 tesla (b) 0.8 tesla

(c) 0.1 tesla (d) 1.6 tesla
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The magnetic induction at a point P which is at

a distance of 4 cm from a long current carrying

wire is 1073 T. The field of induction at a

distance 12 cm from the current will be
[1990]

(a) 333x10*T (b) LI11x104T

(¢c) 3x103T (d) 9x103T

Energy in a current carrying coil is stored in

the form of [1989]

(a) electric field

(b) magnetic field

(c¢) dielectric strength

(d) heat

Tesla is the unit of

(a) magnetic flux

(b) magnetic field

(¢) magnetic induction

(d) magnetic moment

[1988]

Topic 3: Force & Torque on a Current

Carrying Conductor

A metallic rod of mass per unit length 0.5 kg
m~! is lying horizontally on a smooth inclined
plane which makes an angle of 30°with the
horizontal. The rod is not allowed to slide down
by flowing a current through it when a magnetic
field of induction 0.25 T is acting on it in the
vertical direction. The current flowing in the

rod to keep it stationary is [2018]
(a) 7.14A (b) 598 A
(¢) 11.32A (d) 1476 A

A 250-turn rectangular coil of length 2.1 cm
and width 1.25 cm carries a current of 85 pA
and subjected to magnetic field of strength 0.85
T. Work done for rotating the coil by 180°

against the torque is [2017]
(a) 4.55p] (b) 23w
(¢) L15pl (d 9.1 w

An arrangement of three parallel straight wires
placed perpendicular to plane of paper carrying
same current 'l along the same direction is
shown in fig. Magnitude of force per unit length

on the middle wire 'B' is given by [2017]
B d C
90°
d

60.

61.

62.

63.

@ 2o b Y2
d nd
2 2
Hof Hoi
d
©) ora @ S

A square loop ABCD carrying a current i, is
placed near and coplanar with a long straight
conductor XY carrying a current I, the net force

on the loop will be : [2016]
Y B C
I4 C 1 L
X A D
——)
L2 L
2pgli Loli
@ 5 - b 5
2ugliL Lolil
(© 53— @ ==

A rectangular coil of length 0.12 m and width 0.1
m having 50 turns of wire is suspended vertically
in a uniform magnetic field of strength 0.2 weber/
m?2. The coil carries a current of 2A. If the plane
of the coil is inclined at an angle of 30° with
the direction of the field, the torque required
to keep the coil in stable equilibrium will be :

[2015 RS]
(a) 0.20 Nm (b) 0.24 Nm
(¢) 0.12Nm (d) 0.15Nm
A current loop in a magnetic field [2013]

(a) can be in equilibrium in one orientation
(b) can be in equilibrium in two orientations,
both the equilibrium states are unstable
(¢) can be in equilibrium in two orientations,
one stable while the other is unstable
(d) experiences a torque whether the field is
uniform or non-uniform in all orientations
A long straight wire carries a certain current
and produces a magnetic field of 2 x 1074
weber
m2
the wire. An electron situated at 5 cm from the
wire moves with a velocity 107 m/s towards the
wire along perpendicular to it. The force
experienced by the electron will be

INEET Kar. 2013]

at a perpendicular distance of 5 cm from
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64.

65.

66.
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(charge on electron =1.6 x 10719 C)

(a) Zero (b) 32N

(¢) 32x1071N (d) 1.6x10716N

A circular coil ABCD carrying a current 7 is

placed in a uniform magnetic field. If the

magnetic force on the segment AB is F, the

force on the remaining segment BCDA is
[INEET Kar. 2013, 2010]
A

o~

C
(@ F (®) —F
(¢) 3F (d) -3F
A current carrying loop in the form of a right
angle isosceles triangle ABC is placed in a
uniform magnetic field acting along AB. If the
magnetic force on the arm BC is F, what is the

force on the arm AC? [2011]
A
B C

@ —2F b) _F

() F (d) 2F

A square loop, carrying a steady current 1, is
placed in a horizontal plane near a long straight
conductor carrying a steady current I, at a
distance d from the conductor as shown in
figure. The loop will experience  [2011M]

I
51

f

4

W

Lol Y

67.

68.

69.

(a) a net repulsive force away from the
conductor

anet torque acting upward perpendicular
to the horizontal plane

a net torque acting downward normal to
the horizontal plane

a net attractive force towards the
conductor

A closely wound solenoid of 2000 turns and
area of cross-section 1.5 x 104 m? carries a
current of 2.0 4. It suspended through its centre
and perpendicular to its length, allowing it to
turn in a horizontal plane in a uniform magnetic
field 5 x 102 tesla making an angle of 30° with
the axis of the solenoid. The torque on the

(b)
(c)
(d)

solenoid will be: [2010]
(a) 3x102N-m (b) 3x 103 N-m
(¢) 1.5x103N-m (d) 1.5x1072N-m
Q
P
_>F3
F
S R

F,

A closed loop PQRS carrying a current is placed
in a uniform magnetic field. Ifthe magnetic forces
on segments PS, SR, and RQ are F , F, and F,
respectively and are in the plane of the paper
and along the directions shown, the force on
the segment QP is [2008]
(F-F) +E

(a) F,—F-F, (b)

2
(¢) (F-FK) -F (d) F,—F+F,

When a charged particle moving with velocity
v is subjected to a magnetic field of induction

B, the force on it is non-zero. This implies
that [2006]

(a) anglebetween v and B canhave any value
other than 90°

angle between v and B canhave any value
other than zero and 180°

(b)
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(¢) angle between v and B is either zero
or 180°

(d) anglebetween v and B is necessarily 90°
A very long straight wire carries a current I.
At the instant when a charge +Q at point P

has velocity v, as shown, the force on the

charge is [2005]
: Y
........ _
: = O X
I v

(a) along OY (b) opposite to OY
(¢) along OX (d) opposite to OX
A particle having charge g moves with a velocity
v through a region in which both an electric
field £ anda magnetic field B are present . The

force on the particle is [2002]
(@) gE+q(BxV) (b) gE.(Bx¥)
(©) qi+q(ExB) (&) qE+q(vxB)

Two long parallel wires are at a distance of 1
metre. Both of them carry one ampere of current.
The force of attraction per unit length between

the two wires is [1998]
(a) 2x107N/m (b) 2x10°N/m
(¢) 5x108N/m (d) 107 N/m

A coil carrying electric current is placed in
uniform magnetic field, then [1993]
(a) torque is formed

(b) em.fis induced

(¢) both (a) and (b) are correct

(d) none of the above

A straight wire of length 0.5 metre and carrying
a current of 1.2 ampere is placed in uniform
magnetic field of induction 2 tesla. The magnetic
field is perpendicular to the length of the wire.

The force on the wire is [1992]
(a) 24N (b) 12N
(c) 3.0N (d) 20N

Topic 4: Galvanometer and Its Conversion

75.

76.

7.

78.

79.

80.

into Ammeter & Voltmeter

Current sensitivity of a moving coil
galvanometer is 5 div/mA and its voltage
sensitivity (angular deflection per unit voltage
applied) is 20 div/V. The resistance of the

galvanometer is [2018]
(a) 40 Q (b) 25Q
(c) 500 Q (d) 250 Q

A circuit contains an ammeter, a battery of 30V
and a resistance 40.8Q2 all connected in series.
If the ammeter has a coil of resistance 480Q2
and a shunt of 20Q), the reading in the ammeter

will be: [2015 RS]
(a) 025A (b) 2A
(c) 1A d) 0.5A

In an ammeter 0.2% of main current passes
through the galvanometer. If resistance of
galvanometer is G, the resistance of ammeter will

be : [2014]
1 499
— G 7
@ 299 ®) So0
| 500
L & ad
©)" S50 @ %99

A milli voltmeter of 25 milli volt range is to be

converted into an ammeter of 25 ampere range.

The value (in ohm) of necessary shunt will be :
[2012]

(a) 0.001 (b) 0.01

(c) 1 (d) 0.05

A galvanometer of resistance, G is shunted by

a resistance S ohm. To keep the main current

in the circuit unchanged, the resistance to be

put in series with the galvanometer is [2011M]

s2 SG
@ 556 ® &7

G? G
(c) S+G) (d) 5+G)

A galvanometer has a coil of resistance 100 ohm
and gives a full-scale deflection for 30 mA4
current. It is to work as a voltmeter of 30 volt
range, the resistance required to be added will

be [2010]
(a) 900 Q (b) 1800 Q
(c) 500 Q (d) 1000 Q
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A galvanometer having a coil resistance of 60
Q shows full scale deflection when a current
of 1.0 amp passes through it. It can be converted
into an ammeter to read currents upto 5.0 amp
by [2009]
(a) putting in series a resistance of 15Q

(b) putting in series a resistance of 240Q
(¢) putting in parallel a resistance of 15Q
(d) putting in parallel a resistance of 2402
A galvanometer of resistance 50 Q is connected
tobattery of 3V along with a resistance 0of 2950 Q
in series. A full scale deflection of 30 divisions is
obtained in the galvanometer. In order to reduce
this deflection to 20 divisions, the resistance in
series should be [2008]
(a) 5050 Q (b) 5550 Q

(c) 6050 Q (d) 4450 Q

The resistance of an ammeter is 13 Q and its
scale is graduated for a current upto 100 amps.
After an additional shunt has been connected
to this ammeter it becomes possible to measure
currents upto 750 amperes by this meter. The

value of shunt-resistance is [2007]
(a) 2Q (b) 0.2 Q
(c) 2kQ (d) 20 Q

A galvanometer acting as a voltmeter will have
[2004, 2002]

(a) a low resistance in series with its coil.

(b) a high resistance in parallel with its coil

85.

86.

87.

88.

(c¢) a high resistance in series with its coil
(d) alow resistance in parallel with its coil
A galvanometer of 50 ohm resistance has 25
divisions. A current of 4 x 10~* ampere gives a
deflection of one per division. To convert this
galvanometer into a voltmeter having a range
of 25 volts, it should be connected with a
resistance of [2004, 2002]
(a) 2450 Q in series(b) 2500 Q in series.
(c) 245 Q in series. (d) 2550 Q in series.
A galvanometer having a resistance of 8 ohms
is shunted by a wire of resistance 2 ohms. If
the total current is 1 amp, the part of it passing
through the shunt will be [1998]
(a) 0.25 amp (b) 0.8 amp

(¢) 0.2amp (d) 0.5amp

A galvanometer of resistance 20 € gives full
scale deflection with a current of 0.004 A. To
convert it into an ammeter of range 1 A, the
required shunt resistance should be
(a) 0.38Q (b) 0.21Q
(c) 0.08Q (d) 0.05Q
To convert a galvanometer into an ammeter, one
needs to connect a [1992]
(a) low resistance in parallel

(b) high resistance in parallel

(c) low resistance in series

(d) high resistance in series.

[1996]
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Hints & Solutions

P
1. (a) Radiusofthepath:r:ﬂ:_
gB gB

For H'ion, ry = PH
eB

For a particle
Po
b, =——
% 2eB
s
H _ eB
T P
2eB
[as given py=p,, = p]
H_2

-
I |
mv?
2. (¢) Asweknow, F=gqvB= e

_mv_ )
9B 4B

7
m
Therefore KE of a particle

2
:q_

Since R is same so, KE «

2
= —(2) =1 MeV
m 4
3. (c¢) Time period of cyclotron is

1 2
_L_2mm o dwm g mo_p
v eB e eB eB
27tmo
= p=eBR=ex R =2mmoR
2 2
2 R
KE.= P_:w =212mulR2
2m 2m
4. (d) Wavelength
h h
| =— — 1 =—,
P mv

h=plank’s constant = 6.63 x 10734 ].S
For circular motion = F, = gvB

2
mn mv
=gnB - —=
r 1 qB
my

r=— =
4B = mv =qrB

¥

2

= (2e) (0.83 x 1072) G)

6.6x107% x4

2x1.6x10719x0.83x1072
A=9.93x 1034212 0.01 A
5.  (b) According to the principal of circular
motion in a magnetic field,

mv2

l:

=qVB

6. (b) v and B are in same direction so that

magnetic force on electron becomes zero, only
electric force acts. But force on electron due
to electric field is opposite to the direction of
velocity.

() If ¥,E and B are all collinear. In this case the
magnetic force acting on the electron is zero and
only electric force will act. So, acceleration a =

F
m The electron will undeflected in a straight line
path with change in speed.
(i) When ¥,E and B are mutually perpendicular.
In this case F=F,+F, =0
Here, F, = electric force
Il = magneiqw force
F
Here, 7 = — =0
m
The particle (electron) will pass with same velocity
without any deviation in path.

7. (b) Force on a charged particle is given by F
= gvB. Here v = 0 and also resultant B is zero.

.. Force =0
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(d) The magnetic force acting on the charged
paraticle is given by

F=q(vxB)

(2% 1079)[ {21 +3j) x 10°} x (2])]
—4(2k)

= -8k
. Force is of 8N along negative z-axis.
(b) The time period of the charged particle is

) 2mm

givenby, T=——+
qB

Thus, time period is independent of both v and
R.
(¢) When a charged particle enters a
transverse magnetic field it traverse a circular
path. Its kinetic energy remains constant.
(a) If the electric field is switched off, and
the same magnetic field is maintained, the
electrons move in a circular orbit and electron
will travel a magnetic field perpendicular to its
velocity.
(a) In mass spectrometer, when ions are
accelerated through potential V

1 5
—mv- =gV
> q

As the magnetic field curves the path of the ions

in a semicircular orbit

mv? BgR
Dv=——

Bgv = )

Substituting (ii) in (i)

2
%m{@} =qV

m
q 2V
or m Bsz
Since V and B are constants,
A
m R?
(d) Magnetic moment, m = I4
qv 2, @R
= o (aR?) = =
21R 2
2nR
{.'Iziand]‘": }
T v

14

15.

16.

17.

18.

19.

Zy

(b)

A
When a test charge g, enters a magnetic field

B directed along z-axis, with a velocity v
making angles d with the z-axis. The time period
of the motion is independent of R and v.

(¢c) Magnetic field produced by moving
electron in circular path

bl
2r
Here, i = current

r = radius of circular path

q q B Distance B 211:r]

Btf:—:—v R &
" t 2mr [

- Velocity oy

v
Manetic field at centre, B= Ho , V.
2r 2mr

4nr B

(b) Magnetic force acts perpendicular to the

velocity. Hence speed remains constant.

(a) Electron moves undeflected if force exerted

due to electric field is equal to force due to

magnetic field.

dl71BE g El = V2]
| B

(b) For circular path in magnetic field,

mro? = qvB
vB
= o? =12 As v=ro
mr
B B
w2 4U®B 4B
mr m

. If v is frequency of rotation, then

ve@ — 9B
T 2nm
(b) r= mvsin© _ 3x10° sin830"
1 Be 0.3x10
3%10° x—

- 2 _05x102m =0.5cm.
3x10
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ﬂ If the change particle is moving perpendicular to
2
my

the magnetic field then ¢ VB =

-
mv

qB

If the charge particle is moving at an, angle (other
than 0°, 90°, 180°) to the field, then

m(vsin 9)2

= r=

q(vsin B)B = _ mysin 6
qB

20. (c) Potential difference (V) =1V,
K.E. acquired = ¢V
=1.6x1019x1
=1.6 x 10719 joules = 1 eV

21. (b) Inaperpendicular magnetic field, the path
of a charged particle is a circle, and the
magnetic field does not cause any change in
energy.

22. (¢) K.E. of electron = 10 eV
= %mv2 =10eV

1
= 01 x107212 =10x1.6x107"°

2 2x10x1.6x107"
9.1x107!
= 12=352x102 = v=1.88x10°m
Also, we know that for circular motion

mv2

mv
—Bey = r=—=11cm
r Be
23. (c¢) Theelectron moves with constant velocity
without deflection. Hence, force due to
magnetic field is equal and opposite to force
due to electric field.

E 20
gvB=gE > v= 2-035 =40 m/s
24. (d) When the deflection produced by electric
field is equal to the deflection produced by
magnetic field, then the electron can go

undeflected.

25. (a) The force acting on a charged particle in
magnetic field is given by

F =q(yxB)or F=qvBsin 6,
When angle between v and B is 180°,
F=0

Force, F =§(v xB) = qvB sin 0

When 6 =0°, 180° then particle will be moving
in a direction parallel or antiparallel to the field.
In such cases, the trajectory of the particle is a
straight line.

26. (d) Fora charged particle orbiting in a circular
path in a magnetic field

2
o Bgv=>v= Bar
F m

or, my? = Bgvr

Also,
I 2 1 r Bgr quzrz
Eg =—mv? =—Bqwr=Bg——-=21"_
K T Sy e T am
2272
For deuteron, E; = Bqr
2% 2m
222
For proton, E, = Bqr
2m
E, 1 _ 350kel 1
2L S F, = 100keV
E, 2 E, 2
mvy
27. (¢) r=—j orr<y

qBb
As vis doubled, the radius also becomes double.
Hence, radius =2 x 2 =4 ¢cm

28. (d) The plane of coil will orient itself so that
area vector aligns itself along the magnetic
field.

So, the plane will orient perpendicular to the
magnetic field.

29. (d) Magnetic field at the centre of solenoid,

B solenoid — Honl
Given : No. of turns / length,

N 100
n=—=———>=200 turns/ m
L 50x10

Current, /=25A
~B wonl =4mx1077 x200x 2.5

solenoid
= 628x107* T
30. (c) Inside (d<R)
Magnetic field inside conductor
B=Kd e (1)
This is straight line passing through origin
At surface (d= R)
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p=tol

2nd
Maximum at surface C%

Outside (4> R)
p-to!

md T
1 -1 H

or BOCE . Hyperbolic © R
HoN -7
31. (b) B= —/——
(b) 27R
B _NiRy 20020 _
B, NoR 10040

32. (b)

B = B1+B,
Hence, B = B, — B,

. (6 _@(2::—9]
sl—s(zn] =B, = SR -

. [2mn-0 3 Hofz(iJ
‘2_{ 2 ]332_ 2R \2m

s
0=—
Here 5

Bnet:Bl _‘82:0
33. (c) For points inside the wire i.e., (r < R)

Maptictic eid B P0"
agnenc ne =
& 211:}22

For points outside the wire (r = R)

Magnetic field, B' = Bl
’ 2R
B 2na® .
= = =1:1
B Mol

2n(2a)

d

34,

35.

36.

(¢) Radius of circular orbit = r

No. of rotations per second = n
1

e, T=—
n

Magnetic field at its centre, B, =?
As we know, current

. e _ e
T
Magnetic field at the centre of circular orbit,
5 _Moi _Hone

= en = equivalent current

<2 2r
(b) Magnetic field due to segment ‘1’

o “‘01 : o : o T
B, =——[sin90° +sin 0°] (-k
= 1K)
—pn . -
= af (k)zB;
4nR
Magnetic field due to segment 2

)6
Z

r 3

9/:3
N

. B at centre
el L1 I S
B.=Bi+B2+B3 = i (1‘51+2k)
(d) Net magnetic field, B = JBIZ +B%
2 2
_ [[Holi] ,(Hol2
2nd 2nd

B, = Mol 4 B, Holy
2nd

27nd

Ko 2,52
—JIF +1
ond V12
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37.

38.

39.

237

N

(a) W. £ E

S

When moves with an acceleration a, towards
west, electric field

F ma,
E=—=—_ (West)

q e
When moves with an acceleration 3a0 towards
east, magnetic field

2ma

0 (downward)
evy

B:

(a)
BZ

F

The magnetic field, due the coil, carrying
current / Ampere

I
Bl:“‘L

2R
The magnetic field due to the coil, carrying

current 2/ Ampere

B, = Mo
2R
The resultant B

By =\ B + B2 +2B,B, cosf, 8 =90°

21
Buet =y BL +B3 = %\/1 +4

_5uo!
2R
(a) When thering rotates about its axis with a
uniform frequency fHz, the current flowing in
the ring is

q
I = —=
e
Magnetic field at the centre of the ring is
_ Mol _ Mot/

2R 2R

40.

41.

42.

(d) Force due to electric field acts along the
direction of the electric field but force due to
the magnetic field acts along a direction per-
pendicular to both the velocity of the charged
particle and the magnetic field. Hence both
statements (2) and (3) are true. In statement (2),
magnetic force is zero, so, electric force will
keep the particle continue to move in horizon-
tal direction. In statement (3), both electric and
magnetic forces will be opposite to each other.
If their magnitudes will be equal then the par-
ticle will continue horizontal motion.

(b) Magnetic fields due to the two parts at
their common centre are respectively,

Mol Mol
B =2 B =B
y =g 40d 27 4R

Resultant field = [Bf, + Bz2

2
N2 . H ;
_ &] +[&] Y= L
( 4R 4R 4R 2\2R
(None) IfR| & R, be theradius of the circular

Ry = 2 . If same potential is applied on
R, 1

them, current in Ist will be half that in the later.

If Vpotential is applied on them, current in them

wires,

Ve
2R R _
Now magnetic field at the centre of circular
L _ !
I, =——
coil, =7
For first wire, field B, = il
’ I 2Rx2R
For second wire, field B S
WITE, 2 2R/2)xR

Given B, =B,

The given data do not provide any required
result. There is a mistake in the framing of the
question.
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43.

44,

45.

46.

47.

PHYSICS

(¢) B=pyni
n . .
B = (uo)[E] (2) = poni = B
=B, =B
(a) Let I be current and / be the length of the
wire.

Woln polxm
2r [
where 2mr=/and n =1

For Ist case : B =

o
For IInd Case : [ =2Q2m') = r = ym

g Borl B2l Apelm o
2?’ ! 2 L !
4m
(d) When the current flows in both wires in
the same direction then magnetic field at half
way due to the wire P,

1 I
B :M:ng—g (where /,;=2.5 amp)

P
Zni TS
2
The direction of B p is downward ®
P Q
, ©|6e
.5 amp c 5 amp
©1|6
—>
Sm
Magnetic field at half way due to wire QO
= _Molh _n
By =—"5="" [upward @)
211:5

[where 7, =2.5 amp. |
Net magnetic field at half way

B—Bp+Bo
Ho Mo _ Mo
= —— 4 = d
2n m  2=m (upward)
Hence, net magnetic field at midpoint = 121_0
n

(b) We know that magnetic field at the centre
of circular coil,

g Holn _4mx107 x2x50

_ —125x1074N
2r 2x0.5

(b) Inside a hollow pipe carrying current, the
magnetic field is zero, since according to
Ampere’s law, B;. 2mr =y x 0 = B;= 0.

But for external points, the current behaves as
if it was concentrated at the axis only; so,

i
outside, By = ;—O . Thus, the magnetic field is
nr

produced outside the pipe only.

48. (b) Let £ be length of wire.

Istcase: ( =2mr = r=—
2n

B Holn _ uol x27 _ o/ [ n=1]...(1)
2r 2/ L

L
. — ! yo=—
2nd Case : { =2Q2m") = in

B — “OIH _ 2“01‘”: :4(u0?ﬂ]:43 ,

{ {

4 2
49.

using (1) (where n = 2)

If a current carrying circular loop (n = 1) is turned
into a coil having » identical turns then magnetic
field at the centre of the coil becomes n? times the
previous field i.e., B, ) = Jr‘:zB[m,:]e _—

(d) According to Biot Savart law,

50.

Net magnetic field on AB is zero because
magnetic field due to both current carrying wires
is equal in magnitude but opposite in direction.

i
(b) B:% and so it is independent of

thickness.

The current is same in both the wires, hence
magnetic field induced will be same.

(a) Current (I) =12 A and magnetic field (B)
=3 x 1075 Wb/m2. Consider magnetic field

51.

52.

B at distance -

Magnetic field, B = Mo
2mr

gl (4rx107)x12
218 2xux(3x107)

r —8x107%m
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Hoi 1

53. B=—— or Bec—

(@) 27r r
When r is doubled, the magnetic field becomes

half; i.e., now the magnetic field will be 0.2 T.

1 1
54. (a) B=EC —pu-
2 r )
As the distance 1s increased to three times, the

magnetic induction reduces to one third. Hence,

1
B=2x10 3tesla = 3.33 x 10~ tesla

55. (b) Energy is stored in magnetic field.
56. (b) Tesla is the unit of magnetic field.
57. (c¢) From figure, for equilibrium, o
mg sin 30° = I/B cos 30° 3
mg

= IZEtanﬂ)

0.5%9.8 .
T 025x3

58. (d) Work done, W = MB(cos6,—os8,)
When it is rotated by angle 180° then
W = MB (cos0° — cos 180°) = MB (1 + 1)
W =2MB
W=2(NIA)B
=2 %250 x 85 x 107[1.25 x 2.1 x 1074] x 85 x
102
=901

59. (c¢) Force per unit length between two paral-
lel current carrying conductors,

_ Holii
2nd
Since same current flowing through both the
wires
L=i,=1
2
Ho!
soF, =——=
L

F,[due to wire A]

F,[due to wire C]

.. Magnitude of force per unit length on the
middle wire 'B'

-2
[(2 2 Hol
Fl'let = Fl +F2 = ﬁnd

60.

61.

(a) The direction of current in conductor

Y TFnc
B L
F - VIF
I = F A 4 -
1 L
oy
A+LT4—D
v
FAD
XY and AB is same

F,g=1(B (attractive)

Fop=iL), 22 ()= %ﬂ&—)

a0

Fgc opposite to F
Fpe (D andF,p ()

— cancels each other
Fep = (B (repulsive)

_. Kol Hol

Frn=i(L)—% (—)=20

o= i(L) ( 3L)(a) ()

2| —
2

Therefore the net force on the loop
Foet=Fap T Fect Fep + Fap
Bl il _ 2p,il
= P = T n n
(a) Here, number of turns of coil, N = 50
Current through the coil I=2A
Area A=[xb=0.12x0.1m?=0.012 m?
Magnetic field B = 0.2 W/m?

Torque required to keep the coil in stable
equilibrium.
=M x B = MB sin 60° = Ni AB sin 60°

B

= 50><2><0.12><0.1><0.2><7

= 124/3x1072=0.20784 Nm

Torque T = nIBA sin 0
Here, 6 is the angle which a normal drawn on the

plane of the coil makes with the direction of
magnetic field.
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62.

PHYSICS

(¢) A current loop in a magnetic field is in
equilibrium in two orientations one is stable and
another unstable.

T=MxB=MBsin8

ﬂ If6 = 0° = 1= 0 (stable)

63.

64.

65.

If6 = 1 = 1= 0 (unstable)

/'
e A T~a

A

.

(¢) Given:

Magnetic field B =2 x 10~% weber/m?
Velocity of electron, v =107 m/s

Lorentz force F' = gvB sin 6

=1.6 x 10719 x 107 x 2 x 1074 (- 6 =90°)
=32x10716N

(b) Here, Fyp+Fpcpy =0
= Fpepg =—Fyp =—F

(- Fyp =F)
(b) Letacurrent i be flowing in the loop ABC
in the direction shown in the figure. Ifthe length
of each of the sides AB and BC be x then
|F| =ixB
A

B C

Direction of

magnetic field

where B is the magnitude of the magnetic
force.

The direction of F will be in the direction
perpendicular to the plane of the paper and going
into it.

By Pythagorus theorem,

AC= \x2 1y = \fox

.. Magnitude of force on AC
=i.2 X Bsin 45°

66.

67.

68.

69.

:1\/5,%1-}’)(L

V2
= ixB= |F|
The direction of the force on AC is
perpendicular to the plane of the paper and going
out of it. Hence, force on AC = —F

(d) >

F.a—

F,>F,as FQCE’ and Fy and F are equal and

opposite. Hence, the net attraction force will
be towards the conductor.
(d) Torque on the solenoid is given by
T =MB sin O
where 6 is the angle between the magnetic field
and the axis of solenoid.
M=niA
-, 1 =niA Bsin 30°

:2000><2><l.5><10_4><5><10_2x%

=1.5%x102N-m
(b) According to the figure the magnitude of
force on the segment QM is F; —F, and PM is F,.

Q
—>F, —F,
F M
v
FZ
> F
& 3
S v R

I
Therefore, the magniiude of the force on
segment PQ is \|(F;— F )2 +F
(b) Force on a particle moving with velocity
v in a magnetic field Bis F =g (v x B)
Ifangle between v & B iseither zero or 180°,
then value of F will be zero as cross product of

v and B will be zero.
So option (b) is correct.
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70. (a) The direction of B is along (_;;) _ 30 —0.5A
. The magnetic force 40.8+19.2
— [ — - - - 0 1
F = 0(x B) = 0(vi) x B(—k) = OvB] 77. (¢) As 0.2% of main c;;rgent passes through
= Fisalong OY. the galvanometer hence ﬁl current through
71. (d) Force due to electric field = qE the shunt.
Force due to magnetic field = q(; X §) 9981
— - 1000
Net force experienced = gE +¢(v x B) Wy
72. (a) F= :‘—"x 2l _ o7 xw
T r —p | L =
=2 x 1077 N/m. I 21 :
[This relates to the definition of ampere] 1000
73. (a) A currentcarrying coil has magnetic dipole [ 21 ]G _ [ 9981 JS -~ g= G
moment. Hence, a torque acts on it in magnetic 1000 1000 499
field. Total resistance of Ammeter
74. (b) F=Bil=2x12x05=12N G
75. (d) Current sensitivity of moving coil _SG (499 _ G
galvanometer R= S+ G [ G ] G 500
— |+
L . 499
L= C (1) 78. (a) Galvanometer is converted into ammeter,
Voltage sensitivity of moving coil by connected a shunt, in parallel with it.
galvanometer, N
> G
_ NB4 = 7 p 4
V= —CRG ...(ii)
Dividing eqn. (i) by (ii)
Resistance of galvanometer _\/VVV\/_
I sx1 5000 5 .
8=y To0w10° 20 GS _Vg_2x10~
76. (d) From circuit diagram G+8§ I 25
20Q GS
——=0.001Q
MW G+S
Here S << G so
(A) S=0.001 Q
&/ . :
480Q In order to increase the range of ammeter » times,
L the value of shunt resistance to be connected in
4080 parallel to galvanometer is
G
I 1 S= n-1
| IE— 30V Here, G = resistance of galvanometer
_480 20 79. (c¢) To keep the main current in the circuit
: _ XV _ unchanged, the resistance of the galvanometer
Resistance of ammeter 480+ 20 19202 should be equal to the net resistance.
Total resistance R =40.8 + 19.2 = 60Q G _[ GS ] Ly
A% \G+S

Reading in the ammeter i = r

=>G- GS =S
G+S
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T G+S

L A
—

80.

81.

82.

(a) Let the resistance to be added be R, then
30=1,(r+R)
g0, _ 30
I, 30x107°
= 1000 — 100 =900 Q
() G=60Q,1,=1.0A,1=5A.

—>——>g—@7—>—
Y1)
L aw—
S

Let S be the shunt resistance connected in
parallel to galvanometer
lgG=(l—lg) S,

1,G 1

=_*tH N8 x 60 = 150
I-1, 5-1

—100

Thus by putting 15Q in parallel, the
galvanometer can be converted into an
ammeter.

(d) Total internal resistance = (50 + 2950) Q
= 3000 Q

Emf of the cell, e = 3V

€ 3 3

. = —=——=1x10"A =

.. Current R 3000 1.0 mA
. Current for full scale deflection of 30
divisions is 1.0 mA.

.. Current for a deflection of 20 divisions,
2
I:[ElemA or I=—mA
30 3

Let the resistance be x Q. Then

3
x:E: . 3V _ Ix3x10 0
I [_x10‘3AJ 2
3
= 4500 Q

But the resistance of the galvanometer is 50Q.
.. Resistance to be added
= (4500 -50) Q = 4450 Q

PHYSICS
83. (a) We know
I_..6
Ig S
750 13
- =14+—
100 S
§=20
84. (c) A galvanometer can be converted into a
voltmeter by connecting the high ressistance
in series with the galvanometer so that only a
small amount of current passes through it.
85. (a) R,=50Q,1,=25x4x104Q= 102A

Range of V' =25 volts
V= Ig(Re + Rg)

PR =L ~ R, =2450Q
Ig

O
A

O,

©

In order to increase the range of voltmeter » times
the value of resistance to be connected in series
with galvanometer is

R=mn-1G
Here, G = resistance of galvanometer

G 8
by I.=1x = 1%
® s S+G 24.8

86.

8
= —=0.8 am
10 p .

87. (¢) Maximum current which can pass through
galvanometer, Ig =0.004A
C A A— D

LT

N

Al 20Q B

Let R be the resistance of shunt.

We know potential drop across AB

= Potential drop across CD

R(I- Ig) = Ig (20)

= R(1-0.004)=0.004 x 20 > R=0.08Q
(a) To convert a galvanometer into an
ammeter, one needs to connect a low resistance
in parallel so that maximum current passes
through the shunt wire and ammeter remains
protected.

88.
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\ Trend Analysis with Important Topics & Sub-Topics f

LOD - Level of Difficulty

Topic 1: Magnetism, Gauss's Law, Magnetic

E - Easy

Moment & Properties of Magnet

Following figures show the arrangement of bar
magnets in different configurations. Each
magnet has magnetic dipole moment m . Which
configuration has highest net magnetic dipole
moment ? [2014]

N

.2

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD |(Qns.|LOD Qns. LOD Qns. LOD|Qns.|LOD

Magnetism, Gauss's Law,
Magnetic Moment &
Properties of Magnet
The Earth's Magnetism, Magnetic susceptibity and | 1 A 1 E 1 E
Magnetic Materials and their |permeability diamagnetic
Properties material

Angle of dip. 1| A 1 A
Magnetic Equipments Time period of oscillations

of freely suspended magnet

D - Difficult Qns - No. of Questions

A bar magnet of length “(* and magnetic dipole
moment ‘M’ is bent in the form of an arc as shown
in figure. The new magnetic dipole moment will

be : [2013]
3 2

@ M ®) —M
M

© @M

A bar magnet of magnetic moment M is placed
at right angles to a magnetic induction B. If a
force F'is experienced by each pole of the magnet,
the length of the magnet will be

[NEET Kar. 2013]
@) F/MB (b) MB/F
(c) BFIM (d) MF/B
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A magnetic needle suspended parallel to a

magnetic field requires /3 J of work to turn it
through 60°. The torque needed to maintain the
needle in this position will be : [2012M]

@ 2431 (b) 3
© 3 @ 57

A short bar magnet of magnetic moment 0.4J T~!
is placed in a uniform magnetic field of 0.16 T. The
magnet is in stable equilibrium when the potential

energy is [2011M]
(a) —0.064] (b) zero
(c) —0.082] (d) 0.064)

A bar magnet having a magnetic moment of
2x 10* JT! is free to rotate in a horizontal plane.
A horizontal magnetic field B=6 x 10~ T exists
in the space. The work done in taking the magnet
slowly from a direction parallel to the field toa

direction 60° from the field is [2009]
(a) 12J (b) 61
(c) 21 (d) 0.6J

A coil in the shape of an equilateral triangle of
side / is suspended between the pole pieces of a
permanent magnet such that B isin the plane of
thecoil. Ifdue toa current i in the triangle a torque
T acts on it, the side / of the triangle is ~ [2005]

1
1\2

@ %[ﬁz ®) Z{ng.;J

i[i] 1T
CENAVY & "7 Bi
Current1iis flowing in a coil of area A and number
ofturns N, then magnetic moment of the coil, M

is [2001]
. Ni

(a) N;i. ®) —

() Ji (d) N?4i

A bar magnet, of magnetic moment M ,isplaced
in a magnetic field of induction B .The torque

exerted on it is [1999]
(@ M.B (b) -M . B
© MxB d BxM

10.

The work done in turning a magnet of magnetic
moment M by an angle of 90° from the meridian,
is n times the corresponding work done to turn
it through an angle of 60°. The value of n is

given by [1995]
@@ 2 (b) 1
© 05 (d) 025

Topic 2: The Earth's Magnetism, Magnetic

11.

12.

13.

14.

Materials and their Properties

An iron rod of susceptibility 599 is subjected to
a magnetising field of 1200 A m~!. The
permeability of the material of the rod is :
(1, =4nx 107 TmA™) [2020]
(a) 8.0x10°TmA"!
(b) 24nx10°TmA™!
(¢) 24nx107TmA"!
(d) 24nx10*TmA"!
At a point A on the earth’s surface the angle of
dip, 6=+25°. Atapoint B on the earth’s surface
the angle of dip, d =-25°. We can interpret that:
[2019]
(a) A and B are both located in the northern
hemisphere.
(b) Ais located in the southern hemisphere and
Bis located in the northern hemisphere.
(c) Ais located in the northern hemisphere and
B is located in the southern hemisphere.
(d) A and B are both located in the southern
hemisphere.
The relations amongst the three elements of
earth’s magnetic field, namely horizontal
component H, vertical component V and dip &
are, (B_ = total magnetic field)

[INEET Odisha 2019]
(a) V=B_,H=B_tand
(b) V=B tand,H=B,
() V=B_sind, H=B_cosd
(d) V=DBgcoso, H=B, sind
A thin diamagnetic rod is placed vertically
between the poles of an electromagnet. When
the current in the electromagnet is switched on,
then the diamagnetic rod is pushed up, out of
the horizontal magnetic field. Hence the rod
gains gravitational potential energy. The work
required to do this comes from [2018]
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15.

16.

17.

18.

19.

(a) the current source

(b) the magnetic field

(¢) the induced electric field due to the
changing magnetic field

(d) the lattice structure of the material of the
rod

If 8, and 6, be the apparent angles of dip

observed in two vertical planes at right angles

to each other, then the true angle of dip 6 is

given by :- [2017]

(a) tan?0= tan291 + tan292

(b) cot20 = ccutzf)1 — cot262

(¢) tan?6 =tan’0, — tan0,

(d) cot?0 = ccutzf)l + cotze2

The magnetic susceptibility is negative for :

(a) diamagnetic material only [2016]

(b) paramagnetic material only

(c) ferromagnetic material only

(d) paramagnetic and ferromagnetic materials

There are four light—weight-rod samples

A.B,C,D separately suspended by threads. A bar

magnet is slowly brought near each sample and

the following observations are noted  f2011}

(i Adis feebly repelled

(i) Bis feebly attracted

(iii) C is strongly attracted

(iv) D remains unaffected

Which one of the following is true ?

(a) Bisofaparamagnetic material

(b) Cisofadiamagnetic material

(¢) Disofaferromagnetic material

(d) Aisofanon—magnetic material

Electromagnets are made of soft iron because

soft iron has [2010]

(a) low retentivity and high coercive force

(b) high retentivity and high coercive force

(c) low retentivity and low coercive force

(d) high retentivity and low coercive force

The magnetic moment of a diamagnetic atom is

(a) equal to zero [2010]

(b) much greater than one

(¢ 1

(d) between zero and one

If a diamagnetic substance is brought near

the north or the south pole of a bar magnet, it

is: 12009, 1999]

(a) repelled by the north pole and attracted
by the south pole

21.

24,

5]

(b) attracted by the north pole and repelled
by the south pole

(c) attracted by both the poles

(d) repelled by both the poles

Curie temperature is the temperature above

which [2008, 2006]

(a) ferromagnetic material becomes
paramagnetic material

(b) paramagnetic material becomes
diamagnetic material

(¢c) paramagnetic material becomes
ferromagnetic material

(d) ferromagnetic material becomes
diamagnetic material.

Nickel shows ferromagnetic property at room
temperature. If the temperature is increased
beyond Curie temperature, then it will show

(a) anti ferromagnetism [2007]
(b) nomagnetic property

(c) diamagnetism

(d) paramagnetism

If the magnetic dipole moment of an atom of
diamagnetic material, paramagnetic material and
ferromagnetic material are denoted by p, 1, and
ufrespectively, then [2}:?05[
(@ py;=0and b, # 0 (b) p;#0and pp:{)
(c) b, = 0 and uf;t{) (d) p,;=0and uf;t{)
According to Curie’s law, the magnetic sus-
ceptibility of a substance at an absolute

temperature T is proportional to [2003]
(a) T2 (b) 1T
) T (d) 1/T?

A diamagnetic material in a magnetic field moves
(a) perpendicular to the field [2003]
(b) from stronger to the weaker parts of the field
(c) from weaker to the stronger parts of the field
(d) in none of the above directions

Topic 3: Magnetic Equipments

A compass needle which is allowed to move in a
horizontal plane is taken to a geomagnetic pole.
It: [2012]
(a) will becomerigid showing no movement
(b) will stay in any position

(c) will stay in north-south direction only

(d) will stay in east-west direction only
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A vibration magnetometer placed in magnetic
meridian has a small bar magnet. The magnet
executes oscillations with a time period of 2 sec
in earth's horizontal magnetic field of 24
microtesla. When a horizontal field of 18
microtesla is produced opposite to the earth's
field by placing a current carrying wire, the new

time period of magnet will be [2010]
(@ 1s (b) 2s
(¢) 3s (d) 4s

Two magnets of magnetic moments M and 2M
are placed in a vibration magnetometer, with
the identical poles in the same direction. The
time period of vibration is 7). Ifthe magnets are
placed with opposite poles together and vibrate

with time period T’,, then 12002
(@) T,isinfinite  (b) 7,=T,
(c) T,>T, (d) I,<T,

29,

30.

For protecting a sensitive equipment from the

external electric arc, it should be [1998]

(a) wrapped with insulation around it when a
current is passing through it

(b) placed inside an iron can

(¢) surrounded with fine copper sheet

(d) placed inside an aluminium can

A bar magnet is oscillating in the earth’s magnetic

field with a period T. What happens to its period

of motion, ifits mass is quadrupled [1994]

(a) motion remains simple harmonic with new
period="T/2

(b) motion remains simple harmonic with new
period=2T

(¢) motion remains simple harmonic with new

period =4T

(d) motion remains simple harmonic and the
period stays nearly constant

tlolslolslolBlolvu]lwlaalal2s]wvw 2] v
2@l 6wl lualolBslwl2]w]26] o |30] o
3lol2lolu]lolslaol]lol2z]lel27] @
4 o] sl@l2]lolie]a@l20]@lz2a]| mw | 28] 0

Hints &

Solutions

0
(¢c) Netmagnetic dipole moment =2 Mcos 5

)
Asvalue of cos — is maximum in case (c¢) hence

net magnetic dipole moment is maximum for

option (c).

(a) Magnetic dipole moment
M=mx/( '=mxr
From figure

mx3( 3
= =M
T T

so,M'=mxr=

MB
(b) Torque FL=MB = L=~

(b) According to work energy theorem
W=Ug,.— U, = MB (cos 0 — cos 60°)

initial

I:A}xézﬂJBsin60°:(MBﬁJ

5 -.-(i1)

From equation (i) and (ii)
e 2\/5 X \E _

2

(a) For stable equilibrium
U=-MB

3]
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=—(0.4)(0.16)
=—0.064]

ﬂWhen the magnetic dipole is aligned along the
magnetic field it is stable equilibrium having
minimum potential energy
U = MB cos 6 = — MB cos 6°
=-MBie,8=0°
When 6 = 180°
U=-MB cos 6=—MB cos 180°=MB (Maximum)
This is the position of unstable equilibrium
6. (b) Work done
= MB (cos 6, —cos 6,)
=MB (cos 0° —cos 60°)

1 2><104><6><10_4
=MB 1—— =61

7. (b) = MBsm9

=1ABsin90° \
A -
IB
Also, 4=1/2 (BC) (4D) / \
2\

A

1 1 2_[1]2
But 2(BC)(AD)_2(!) i

2
\/52 \E T
= = XZ(Y=—
4 4() Bi

1
I
~\ i)

8. (a)Magnetic moment linked with one turn =i4
Magnetic moment linked with,

N turns = iNA amp-m?. Here, A=Area of current
loop.

9. (¢) Weknow that when a bar magnet is placed
in the magnetic field at an angle 6, then torque
acting on the bar magnet (1)
= MBsin®=M xB.

The direction of torque (t) is perpendicular to
the plane containing M and B and is given by

right hand screw rule.

10. (a) Magnetic moment = M; Initial angle
through which magnet is turned (6,) = 90° and
final angle through which magnet is turned (6,)=
60°. Work done in turning the magnet through
90°(W,) = MB (cos 0° - cos 90°)

= MB (1-0)= MB.
Similarly, W, = MB (cos 0° — cos 60°)
:MB(I—%} MB

2
W,=2W,orn=2.
1. (d) Given : Magnetic susceptibility of iron,
Tm =599
Using, p, =1+, =600
L=,y =600x 4w x 1077 =2400m x 107
Hence, permeability of the material of the rod,
n=24nx10"* TmA™!
12 (¢) As we know that the angle of dip is the

angle between earth’s resultant magnetic field
from horizontal.

0= (+)ve
&=

At equator, dip is zero. At Northern hemisphere,
dip is positive. At southern hemisphere, dip is

(-)ve
> By

negative.
13. (¢) H=B_cosd
V=B,sind

14. (a) Rod gains gravitational potential energy
which comes from energy of current source.

15. (d) If®, and 6, are opparent angles of dip

Let a be the angle which one of the plane make
with the magnetic meridian.

v
taﬂ 91 =
H cosa
i cosa v (1)
1e., = ..
H tan 6,
v
taﬂ 92 = R N
Hsina
. . % )
Le., sin0l=—— ...(i)
H tan®,

Squaring and adding (i) and (ii), we get

L, [V]z 1 1
cosTa+Ssm o= — 5 + 3
H) { tan“ 8, tan”8,
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16.

17.

18.

19.

20.

21

23.

Le

he-)

2
1= V—[cot2 0, + cot? 92]
H2

2
or %) = cot? 6, + cot? 0,

ie, cot’@=cot’ 0, +cot’ 0,

(a) Magnetic susceptibility y for dia-magnetic
materials only is negative and low [y| = —1;
for paramagnetic substances low but positive
[x|= 1 and for ferromagnetic substances positive
and high |y|= 102

(a) A — diamagnetic

B — paramagnetic

C — Ferromagnetic

D — Non magnetic

(d) Soft iron is a soft magnetic material soft
iron has low retentivity and low coercive force
or coercivity suitable for electromagnets.
Retentivity is the residual magnetism i.e., the
magnetism remains in a materials even on the
removal of the magnetising field.

Magnetic hard substance like steel has high
coercivity and magnetic soft substance-soft iron
has low coercivity.

(a) The magnetic moment of a diamagnetic
atom is equal to zero.

(d) Diamagnetic substances do not have any
unpaired electron. And they are magnetised in
direction opposite to that of magnetic field.
Hence, when they are brought to north or south
pole of a bar magnet, they are repelled by poles.
(a) Curie temperature is the temperature above
which ferromagnetic material becomes
paramagnetic material.

(d) Beyond Curie temperature, ferromagnetic
substances behaves like a paramagnetic
substance.

(a) The magnetic dipole moment of diamag-
netic material is zero as each ofits pair of electrons
have opposite spins, i.e., 1 ,= 0.

Paramagnetic substances have dipole moment
>0,1.e. 1L = 0, because ofexcess of electrons in
its molecules spinning in the same direction.
Ferro-magnetic substances are very strong

24,

27.

28.

29.

30.

PHYSICS

magnets and they also have permanent magnetic
moment, i.e. M, = 0.

1
(b) According to Curie’s law, 7, < T

(b) A diamagnetic material in a magnetic field
moves from stronger to the weaker parts of the
field.

(b) Since magnetic field is in vertical direction
and needle is free to totate in horizontal plane
only so magnetic force cannot rotate the needle
in horizontal plane so needle can stay in any
position.

(d) Time period of a vibration magnetometer,

1 T; ’B
T oc— A |22
‘\/E = T2 B]
B —6
= =1 ot :2’724“10—6 =45
B, 6x10

I+1
© T=2n #:211:‘, !
(M+2M)H 3MH
L+ 1
Ty = 2m |- 12 :Zn‘l d
QM _M)H MH
Obviously, T,>T,

(b) The iron can produces a magnetic
screening for the equipment as lines of magnetic
force can not enter iron enclosure.

When two magnets are placed in a vibration
magnetometer such that identical poles in same
direction then net magnetic moment M, =M, + M,

And when two magnets placed such that north
facing south of other and vice versa then net
magnetic moment My = M, - M,

(b) The time period of a bar magnet in a
magnetic field is given by.

’ 1
T=2n|—;
MB
Here, /=moment of inertia °¢ m , M'=moment of
magnet, B=magnetic field.

T J_ oc+fm ; so, T becomes twice as mass
becomes four times
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\ Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns. LOD |Qns.|LOD|Qns. LOD
Magnetic Flux, Faraday's & Ad
Lenz's Law ¢=B.A.=BAcos0,q = 3 1 A 1 A
Eddy Current 1 E
Motional and Static EMI & Energy stored in inductor 1 E
Applications of EMI b
Selfinductance, | = * 1 E
/
Topic 1: Magnetic Flux, Faraday's (a) adcb
& Lenz's Law (b) The current will reverse its direction as the

electron goes past the coil
(¢) No current induced
(d) abed
A thin semicircular conducting ring (PQR) of

1. A 800 turn coil of effective area 0.05 m? is
kept perpendicular to a magnetic field 5 107
T. When the plane of the coil is rotated by 90°
around any of'its coplanar axis in 0.1 s, the emf 4.

induced in the coil will be : [2019] radius ‘r’is falling with its plane vertical in a
(a) 2V (b)y 02V horizontal magnetic field B, as shown in figure.
(¢) 2x1073V (d) 002V The potential difference developed across the

2. Along solenoid of diameter 0.1 m has 2 x 104 ring when its speed is v, is : [2014]

turns per meter. At the centre of the solenoid,

: _ > X X X_ X XX X
a coil of 100 turns and radius 0.01 m is placed Q
with its axis coinciding with the solenoid axis. X x X
The current in the solenoid reduces at a constant x/x % s x\x X
rate to OA from 4 A in 0.05 s. If the resistance P R
of the coil is 10m2Q. the total charge flowing XX X X X XX
through the coil during this time is :- [2017] (a) Zero
(a) 16 uC (b) 32 pnC (b) Bvnmr? /2 and P is at higher potnetial
(¢) l6mpC (d)y 327npC (¢c) mrBvandR is at higher potnetial
3. An electron moves on a (d) 2rBvand R is at higher potential
a straight line path XY 5. A wire loop is rotated in a magnetic field. The
as shown. The abcd is frequency of change of direction of the in-
a coil adjacent to the b d duced e.m.f is [2013]

path of electron. What
will be the direction of

current if any, induced C
in the coil? T TS
: X electron Y

[2015 RS]

(a)
(b)
(c)
(d)

twice per revolution

four times per revolution
six times per revolution
once per revolution
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A current of 2.5 A flows through a coil of
inductance 5 H. The magnetic flux linked with

the coil is [NEET Kar. 2013}
(a) 2Wb (b) 0.5Wb
(c) 12.5 Wb (d) Zero

A coil of resistance 400Q is placed in a
magnetic field. If the magnetic flux ¢ (wb)
linked with the coil varies with time ¢ (sec) as
& =507+ 4. The current in the coil at =2 sec

is : [2012]
(a) 05A (b) 0.1A
(c) 2A (d) 1A

In a coil of resistance 10 Q, the induced current
developed by changing magnetic flux through
it, is shown in figure as a function of time. The
magnitude of change in flux through the coil in

Weber is : [2012M]
i(amp)
F
4
0 0.1 Ks)
(@) 8 (b) 2
(c) 6 (d) 4

The current 1 in a coil varies with time as shown
in the figure. The variation of induced emfwith
time would be [2011]

14

: \ >t

T4 T2 3T4 T

emf4

0

(a) T/4

T2 3TAT "

® o

i
Lad

T/4 T/2 3T/4 T

10.

11.

12,

13.

PHYSICS
F 3
emf
(c) 0 Tf:4 TIQ:"M T ot
emf4
(d) 0 T/2 3T/4 T .
T/4 i

A conducting circular loop is placed in a
uniform magnetic field, B = 0.025 T with its
plane perpendicular to the loop. [2010]
The radius of the loop is made to shrink at a
constant rate of 1 mm s~!. The induced e.m.f.
when the radius is 2 cm, is

(@ 2mpV (b) 7u¥
T

() SuV (d) 2uV

A rectangular, a square, a circular and an

elliptical loop, all in the (x —y) plane, are moving

out of'a uniform magnetic field with a constant

velocity, V = vi . The magnetic field is directed

along the negative z axis direction. The induced

emf, during the passage of these loops, out of

the field region, will not remain constant for
[2009]

(a) the circular and the elliptical loops.

(b) onlythe elliptical loop.

(c) any of the four loops.

(d) the rectangular, circular and elliptical

loops.

A conducting circular loop is placed in a uniform

magnetic field of 0.04 T with its plane perpendicular

to the magnetic field. The radius of the loop starts

shrinking at 2 mm/s. The induced emf'in the loop

when the radiusis 2 cmis [2009]
(a) 48muv (b) 0.8TuV
(¢) LL6muVv (d) 3.2V

A circular disc of radius 0.2 meter is placed in
a uniform magnetic field of induction

l(Wb;’ mz) in such a way that its axis makes

an angle of 60° with B. The magnetic flux

linked with the disc is: [2008]
(a) 0.02 Wb (b) 0.06 Wb
(c) 0.08 Wb (d) 0.01 Wb
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Asaresult of change in the magnetic flux linked
to the closed loop shown in the Fig,

an e.m.f. V voltisinduced in the loop. The work
done (joules) in taking a charge Q coulomb once

along the loop is [2005]
(@ Q (b) 2QV
(c) QV/2 (d) Zero

The magnetic flux through a circuit of
resistance R changes by an amount A¢ in a time
At. Then the total quantity of electric charge
Q that passes any point in the circuit during

the time Az is represented by [2004]
A 1 A
@ 0-r2L @ ot
_Ad _Ab
(©) 0= @ 0="1"

A magnetic field of 2 x 1072 T acts at right angles
toa coil ofarea 100 cm?, with 50 turns. The average
em.f. induced in the coil is 0.1 V, when itis removed

from the field in t sec. The value of tis  [1991]
(a) 10s (b) 0.1s
(c) 0.01s (d) 1s

In the circuit of Fig, the bulb will become
suddenly bright if [1989]

L !—q‘!B

= 2,

IB K

(a) contact is made or broken
(b) contact is made

(c) contact is broken

(d) won't become bright at all

+

Topic 2: Motional and Static EMI & Applications

18.

of EMI

In which of the following devices, the eddy
current effect is not used ? [2019]
(a) induction furnace

(b) magnetic braking in train

(c¢) electromagnet

(d) electric heater

19.

20.

21.

The variation of EMF with time for four types of
generators are shown in the figures. Which
amongst them can be called AC?

[NEET Odisha 2019]
Ea
@) j \
Ea
) >t
Ea
t
(©) V -
Ea
(@ Vo )

(@) Only(a) (b) (a)and(d)

(© (@).(),(c),(d) (d) (a)and(b)

A cycle wheel of radius 0.5 m is rotated with
constant angular velocity of 10 rad/s in a region
of magnetic field of 0.1 T which is
perpendicular to the plane of the wheel. The
EMF generated between its centre and the rim

is [NEET Odisha 2019]
(a) zero (by 025V
(¢) 0.125V (d 05V

The magnetic potential energy stored in a
certain inductor is 25 mJ, when the current in
the inductor is 60 mA. This inductor is of

inductance [2018]
(a) 0.138H (b) 138.88H
(c) 13.89H (d) 1.38H

A long solenoid has 1000 turns. When a current
of 4A flows through it, the magnetic flux linked
with each turn of the solenoid is 4 x 107> Wb.
The self inductance of the solenoid is : [2016]

@ 44 () 3H () 2H (d) IH
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A conducting square frame of side ‘a’ and a long
staight wire carrying current [ are located in the same
plane as shown in the figure. The frame moves to
the right with a constant velocity ‘V’. The emf
induced in the frame will be proportional to

o [2015]
14
>V
- a »
b L
@) (2x_a)y ®) (2x+a)?

1 1
(©) 2x—ax+a) @ 7
A long solenoid has 500 turns. When a current
of 2 ampere is passed through it, the resulting

magnetic flux linked with each turn of the
solenoid is 4 x1073 Wb. The self- inductance of

the solenoid is [2008]
(a) 2.5henry (b) 2.0 henry
(¢) 1.0henry (d) 40 henry

Two coils of selfinductances 2 mH and 8 mH are
placed so close together that the effective flux
in one coil is completely linked with the other.
The mutual inductance between these coils is
[2006]
(a) 6 mH (b) 4 mH
(¢) l6mH (d) 10mH
In an inductor of self-inductance L = 2 mH,
current changes with time according to relation
i = e!. At what time emfis zero? [2001]
(a) 4s (b) 3s  (¢) 28 (d) Is
Two coils have a mutual inductance 0.005 H.
The current changes in the first coil according
to equation /= J; sin of, where /;, = 10A and
o = 1007 radian/sec. The maximum value of
e.m.f. in the second coil is [1998]]
(@) 2p ®) Sp () p () 4
A conductor of length 0.4 m is moving with a
speed of 7 m/s perpendicular to a magnetic
field of intensity 0.9 Wb/m2. The induced

e.m.f. across the conductor is [1995]
(a) 126V (b) 2.52V
(c) 504V (d) 252V

29.

30.

3L

32.

33.

35.

36.

37.

38.

A varying current in a coil changes from 10A
to zero in 0.5 sec. If the average e.m.finduced
in the coil is 220V, the self-inductance of the

coil is [1995]
(a) SH (b) 6 H
(¢) 11 H (d) 12 H

What is the self-inductance of a coil which
produces 5V when the current changes from 3
ampere to 2 ampere in one millisecond? [1993]
(a) 5000 henry (b) 5 milli-henry

(¢) 50 henry (d) 5 henry

IfN is the number of turns in a coil, the value of
self inductance varies as [1993]
@ N (b N  (© N (@ N?
A rectangular coil of 20 turns and area of cross-
section 25 sq. cm has a resistance of 100Q. If
a magnetic field which is perpendicular to the
plane of coil changes at a rate of 1000 tesla
per second, the current in the coil is [1992]
(a) 1A (b) S0A

(c) 05A (d) 5A

The total charge induced in a conducting loop
when it is moved in a magnetic field depend on
(a) therate of change of magnetic flux [7992]
(b) initial magnetic flux only

(c) thetotal change in magnetic flux

(d) final magnetic flux only

A 100 millihenry coil carries a current of 1 A.

Energystored in its magnetic fieldis ~ [1991]
(@) 0.5] (b) 1A
(c) 0.05] (d) 0.1J

Ifthe number of turns per unit length of a coil of

solenoid is doubled, the self-inductance of the

solenoid will [1991]

(a) remain unchanged(b) be halved

(¢) be doubled (d) become four times

An inductor may store energy in [1990]

(a) itselectric field

(b) its coils

(c) itsmagnetic field

(d) both in electric and magnetic fields

The total charge induced in a conducting loop

when it is moved in a magnetic field depends on
[1990]

(a) the rate of change of magnetic flux

(b) initial magnetic flux only

(c) thetotal change in magnetic flux

(d) final magnetic flux only

The current in selfinductance L=40 mHis tobe

increased uniformly from 1 ampto 11 amp in4

milliseconds. The e.m.f. induced in the inductor

during the process is [1990]

(a) 100 volt

(c) 4.0 volt

(b) 0.4 volt
(d) 440 volt
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1 (@] 6 @11 ]@]16] M| 21fC]|26] (]3| (]36] (@
2 ([ 7 |l@12|]@]J17)J@|2f@]|27])®d) |32 (]|37] (©
3| ] 8| M| 13J(@]18]@W]23JC]|28] M) ]33] | 38] (a
4 |D] 9 |]@]14]@]19]@©]24J©@]J29] ()] 34|©
S({@J1o|lmli1sie@]20]J@]25)]b)]30]®d)]|35]

Hints & Solutions

(d) Given:

Magnetic field B=5x 10> T
Number of turns in coil N = 800
Area of coil A = 0.05 m?

Time taken to rotate = At=0.1s
Initial angle 6, = 0°

Final angle 6, = 90°

Change in magnetic flux Ad
= NBA cos 90° — BA cos 0°
=—NBA

=_800 x5 x 1072 x 0.05
=_-2 x 102 weber

Ap  =(=)2x107 Wb
At 0.1s

(b) Given, no. ofturns N = 100
radius, r=0.01 m

resistance, R = 10m2Q, n=2 x 10*
As we know,

=0.02V

do e Ndb

£= —N— _—
dt R R dt

Al Ndo _Aq_ NAY
R dt At R At

i)

"' ve sign shows that induced emf opposes
the change of flux.

| N
Aq = | onma? (A1) | L g ponNrad
At |R R

Aq= 4mx 1077 x100 x 4 x 70 x (0.01)% x 2 x 10

107>
Aq=32uC

(b) Current will be induced,

when e~ comes closer the induced current will
be anticlockwise

when e~ comes farther induced current will be
clockwise

= Presence of magnetic flux is not enough. The
amount of magnetic flux linked with the coil must
w

. change in order to produce any induced emf in the
coil.

(d) Rate of decreasing of area of semicircular

dA
ring = E =(2r)V

From Faraday’s law of electromagnetic induction

do dA
PR WER, - Cania W - (7
T T dt ()
x x k4 x x b4 b4 x x o
1 = & ®
P v R
x X X *® b3

* P %
As induced current in ring produces magnetic
field in upward direction hence R is at higher
potential.

(a) This is the case of periodic EMI

E

A A

N
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From graph, it is clear that direction is

. .1
changing once in 5 cycle.

6. (c) Given:currentl=25A

Inductance, L=5H

Magnatic flux, ¢="2

We know, ¢= LI =5 x2.5Wb=12.5Wb
7. (a) According, to Faraday’s law of induction

d
Inducede.m.f. € = —7? =—(100¢)

Induced current 7 at = 2 sec.

:+100><2 =+05A
400

€

IR

The magnetic flux linked with a loop does not
change when magnet and loop are moving with the

same velocity.

8.  (b) The charge through the coil = area of
current-time(i — 7) graph

q:%x0.1x4=0.2c

A
9‘=—¢ -+ Changein flux (A¢)=¢q xR

R
Ao
g=02= 10
Ad =2 Weber
di
9. (a) e= —La
_ T di
During 0 to T const.
Le=—-ve
During I‘[0I di_ 0
4 2 dt
se=0
During — tcb3—T,ﬂ = const.
2 4 dt
Soe=tve

Thus graph given in option (a) represents the
variation of induced emf with time.

Inductance does not play any role till there is a

constant current flowing in the circuit. It opposes
any change in the current in the circuit.

10. (b) Magnetic flux linked with the loop

11.

12,

13.

14,

15.

16.

|e|:@ = Bﬂ:-2r£
dt dt

dr
When r=2 cm,— =1 mms!
dt

e=0.025x Tx2x2x1072x1073

=0.100xtx 105=nx 100V =nuV

(a) The induced emf will remain constant
only in the case of rectangular and square
loops. In case of the circular and the elliptical
loops, the rate of change of area of the loops
during their passage out of the field is not
constant, hence induced emf will not remain
constant for them.

(d) Induced emf in the loop is given by

dA
e=—B It where A is the area of the loop.

— Bi 2y — B 2 ﬁ
e=-B4 (trv)=—Bn2r m

r=2em=2x102m
dr=2mm=2x10"m
dt=1s

3
e=- 0.04x3.14x2%x2x1072 x &v
=0327Tx 107V
=3.2mnx1070V
=32muv

(a) Here, B=l (Wb/m?)
p

0=60°
Area normal to the plane of the disc
2

= pr2 cos 60° = pr

Flux=B xnormal area

=02 024 0w

(@) g:%:w’:%:}W:QV

(c) %z&‘:z‘RDAq):(fAt)R = QR
SR

— — —(0—- NBA4 NBA
© o (¢2t b)) _ r ) _ :

 _NBA_50x2x107 x1072
e 0.1

=0.1s
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17.

18.

19.

21.

(¢) When a circuit is broken, the induced
e.m.f. is largest. So the answer is (c).

(d) An electric heater works on the principle
of Joule’s heating effect and it does not involve
Eddy currents.

(¢) A current which changes its direction
periodically is called alternating current.

(c) Using Faraday’s law,

Blo 1 (1)2 1
e= " 2><0.1>< ) XIO—S
(¢) From question energy stored in inductor,
U=25x103]

Current, I=60mA

=0.125V

1
Energy stored in inductor U = ELI 2

1
25 % 103 = E><L><(60><10‘3)2

25%2x10°x1073

3600
(d) Here, number of turns n = 1000; current
through the solenoid i = 4A; flux linked with
each turn =4 x 1073 Wb
. Total flux linked,
=1000[4 x 103]=4 Wb
b =4 = Li=4
= L=1H

=13.89 Hm

No

ﬂ Number of flux linkages with the coil « current (I)

23.

Npocl=Np=1;=L=—".

(c) Emfinduced inside 1 of frame e, =B, V/{
= 7""’0‘[
2m (x —a/2)
Emfinduced in side 2 of frame e, =B, V{
Mol
B2=5, (x +a/2)

B,

r
4
A J

14

Emfinduced in square frame
e=B/V(-BV/(

24,

25.

=

Mol

bl My
2n(x—a/2)

2n(x +a/2)

|
oC

(2x —a)(2x +a)
(c) Total number of turns in the solenoid,
N=500
Current, I = 2A.
Magnetic flux linked with each turn
=4x1073 Wb

or, ¢

]

As,p=LlorN¢o=LI=> L=NTf
car10°3
= Mhenr}r:lﬂ.

(b) Mutual Inductance of two coils

M = M, M, =~2mH x8mH = 4mH
\/ )

It is not possible to have mutual inductance without
self inductance but if may or may not be possible

27.

29.

self inductance without mutual in ductance.
() L=2mH,i=r%"

di 2 -
E= Ldt_ L[—t%e  +2te ]
when E=0,
—e 2+ 2e=0
or, 2te'=¢'{
= t=2sec.

di d(i, sinot)

(b) e=-M i 0.005x "

=—0.005 x i, x(@ cos ©t)
- =0.005x iy, x® (when cos of =—1)
=0.005x10x 100n=5nV
(b) Length of conductor (/) =0.4 m; Speed (v)
=7 m/s and magnetic field (B) = 0.9 Wb/ m?.
Induced em.f. (V)=Blvsin0=0.9 x 0.4 x 7 xsin
90°=2.52V.
(¢) Initial current (I,) =10 A; Final current (L,)
= (; Time (t) = 0.5 sec and induced e.m.f. (g) =
220 V.
Induced e.m.f. (g)

_ A b=k (0-10)

dt t

or, L:@:HH
20

emax

=20L

[where L = Selfinductance of coil
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30.

3L

32.

33.

34,

e _edt_5x10_3

L=t _ed_ H = 5mH
® =G~ "6y ™
dt
=Ny g g Mo
© L=—m=BLE="0
. 2
N (N N
:>L=—[“° I]A:“" A= Lo N?
i \ 2R 2R
nAdB
e dr
C = —=
() i 2 2
_4
_20x(25x107)x1000_ .
100

1 1 ¢ —d
(c) g:Izdt:EIedt:EI[Tj)]dt

1
:E-[dq}

(taking only magnitude of e)

Hence, total charge induced in the conducting
loop depends upon the total change in magnetic

flux.

1 1
(©) 1«::51,:‘2 =E><(100><10‘3)><12 =0.05)

35.

36.

37.

38.

In building a steady current in the circuit, the source
emf has to do work against self inductance of coil
and whatever energy consumed for tis work stored
in magnetic field of coil-called magnetic potential

1 Noi
energy (u) of coil u = 5”2 = qu

2
(d) Self inductance of a solenoid = H n. 4

So, self induction o« n?

So, inductance becomes 4 times when n is

doubled.

(¢) An inductor stores energy in its magnetic

field.
dt R R dt

. _ 1 dé
Total ch duced= |idt=|— —.dt
(4] charge mduce jl jR dr
1‘1’2d 1
:EI o=—2(02-0)
&,
di
e=L—
@) dt

Given that L =40 x 1073 H,
di=11A-1A=10A
anddt=4x103s

10
se=40 x 103 x [4X10_3]=100v

PHYSICS
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21 Alternating Current

2020 2019 2018 2017 2016
Topic Sub-Topic Qns./LOD |(Qns.|LOD Qns. LOD Qns. LOD|Qns.|LOD
Alternating Current, Alternating Current,
Voltage & Power Voltage & Power 1 E
o o Furrent, Power dissipated 1 A 1 A 2 A
A.C. Circuit, LCR Circuit, in LCR
Quality & Power Factor LCR, Quality & Power 1 R

Factor

Transformers &

LC Oscillations

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Alternating Current,
Voltage & Power

1. A40 pF capacitor is connected toa 200 V, 50 Hz
ac supply. The rms value of the current in the

circuit is, nearly : [12020]
(a) 205A (b) 25A
(c) 25.1A (d L7A

2. Asmallsignal voltage V(t)=V,; sin ot is applied
across an ideal capacitor C : [2016]

(a) Current (t), lags voltage V(t) by 90°.

(b) Over a full cycle the capacitor C does not
consume any energy from the voltage
source.

(¢) CurrentI (t) is in phase with voltage V(t).

(d) Current I (t) leads voltage V(t) by 180°.

3. Thecurrent (/) in the inductance is varying with

time according to the plot shown in figure. [2012]

172
—_ T

Which one of the following is the correct
variation of voltage with time in the coil?

v
(a) T —_
72 \/ T
Vv
T
®) 2 T
—> 1

—_

(C) m
T2 \—»_y T

1
@ —*
772 T

The instantaneous values of alternating current
and voltages in a circuit are given as

— =

|
i =—=sin(1007¢) amper
VA (10077) amp
1

)

sin(10077 +7/3) Volt
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The average power in Watts consumed in the

circuitis : [2012M]
1 3

@ 3 ®)
| |

© 3 @ 3

In an ac circuit an alternating voltage ¢ =200
/2 sin 100 t volts is connected to a capacitor
of capacity 1 uF. The r.m.s. value of the current

in the circuit is [2011]
(a) 10mA (b) 100mA
(c) 200mA (d) 20mA

The r.m.s. value of potential difference V shown

in the figure is [2011M]
VA
VD
0 >t
T2 T
@ V, ®) Vo/v2
© V42 ) Vy/3

Inan a.c circuit the e.m.f. (e) and the current (i)
at any instant are given respectively by
e=E,sin ot
1=1; sin (ot—0¢) _ o
The average power in the circuit over one cycle
ofa.c.is

a —_
@ —

Eoly
¢) ——cosf
© =%

12008]

(b) %sin f

(d) Eoly
In an A.C. circuit with voltage V and current |

the power dissipated is [1997]
(a) dependent on the phase between V and I

(b) %VI
© Ly
2

(d) VI

Inan a.c. circuit, the r.m.s. value of current, i
is related to the peak current, i, by the relation
[1994]

m/

0
1
(d) Tims Zﬁfo

jrms

@ In=~21, O

|
(© Ims= ;10

10.

11.

12.

13.

14,

In a region of uniform magnetic induction
B= 102 tesla, a circular coil of radius 30 cm and
resistance 72 ohm is rotated about an axis which
is perpendicular to the direction of B and which
forms a diameter of the coil. Ifthe coil rotates at
200 rpm the amplitude of the alternating current

induced in the coil is [1988]
(a) 4m*mA (b) 30mA
(¢) 6mA (d) 200mA

Topic 2: A.C. Circuit, LCR Circuit,
Quality & Power Factor
A series LCR circuit is connected to an ac
voltage source. When L is removed from the
circuit, the phase difference between current

m
and voltage is 3 Ifinstead C is removed from

T
the circuit, the phase difference is again 3

between current and voltage. The power factor

of'the circuit is : [2020]
(@ 05 (b)y 10
(¢) -1.0 (d) zero

A circuit when connected to an AC source of 12
V gives a current of 0.2 A. The same circuit when
connected to a DC source of 12 V, gives a current

of 0.4 A. Thecircuitis [NEET Odisha 2019]
(a) Series LCR (b) Series LR
(¢) SeriesRC (d) Series LC

An inductor 20 mH, a capacitor 100 puF and a
resistor 50Q) are connected in series across a
source of emf, V=10sin 314 t. The power loss in

the circuit is [2018]
(a) 0.79W (b) 043W
(c) LI3W (d)y 2.74W

Figure shows a circuit that contains three
identical resistors with resistance R = 9.0 Q each,
twoidentical inductors with inductance L=2.0
mH each, and an ideal battery with emfe =18 V.
The current 'i' through the battery just after the
switch closed 1s [2017]

+L L R R
€

R L

-|-C

@ 02A
(¢ 0

(b) 2A
d 2mA
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15, An inductor 20 mH, a capacitor 50 uF and a | 21. A coil has resistance 30 ohm and inductive
resistor 40Q) are connected in series across a reactance 20 ohm at 50 Hz frequency. If an ac
source of emf'V = 10 sin 340 t. The power loss in source, of 200 volt, 100 Hz, is connected across
A.C. circuitis : [2016] the coil, the current in the coil will be [2011M]
(@) 051W (b) 0.67W (a) 40A (b) 80A
() 076 W (d) 0.89W 20
16.  Aresistance 'R' draws power 'P' when connected () —=A (d 2.0A
to an AC source. If an inductance is now placed “/E . .
in series with the resistance, such that the 22, In the given circuit the reading of voltmejter
impedance of the circuit becomes 'Z', the power Vy and 7, are 300 volts each. The reading
drawn will be [2015] of the.voltmeter V; and ammeter 4 are
R > R respectively [2010]
@ P\/; (b) (zj L C  R=100Q
/(3]
© P @ Pl
17. A series R-C circuit is connected to an
a.ltert}ating voltage source. Consider two \{20 V, 50 Hz
situations: [2015 RS] (a) 150¥%,2.24 (b) 220¥,2.24
(A) When capacitor is air filled. (c) 220V,2.04 (d) 100V,2.04
(B) When capacitor is mica filled. 23. A condenser of capacity C is charged to a
Current through resistor is i and voltage across potential difference of V. The plates of the
capacitoris V then : condenser are then connected to an ideal
@ V,>V, (b) i,>i, :lrlldt_lctor of inductance L. T_he current through
1 ¢ inductor when the potential difference across
© VaTVy " Va<Vp the condenser reduces to V, is [2010]
18. A coil of self-inductance L is connected in series 12 2 1
with a bulb B and an AC source. Brightness of C(V]2 — V22) c - V2)2
the bulb decreases when 12013] @ \—F ) O (—
(a) number of turns in the coil is reduced 2 2 7.
(b) a capacitance of reactance X = X 1is (© Ch”"-13) (d) ch-n)
included in the same circuit L L
(c) aniron rod isinserted in the coil 24.  Power dissipated in an LCR series circuit
(d) frequency of the AC source is decreased connected to an a.c source of emfeis [2009]
19.  Inan electrical circuit R, L, C and an a.c. voltage 5 15 12
source are all connected in series. When L is (a) &€4R +[Lﬂ3-aJ
removed from the circuit, the phase difference
between the voltage the current in the circuit is R
/3. If instead, C'is removed from the circuit, the 2l 9 1 )2
phase difference is again /3. The power factor (b) e R™+ [L@_ a]
of'the circuit is : 12012
@ 12 ®) 1/42 o
© 1 @ 372 © B
20.  An ac voltage is applied to a resistance R and \j R2 + (Lm _L)
an inductor L in series. If R and the inductive Co
reactance are both equal to 3Q2, the phase e2R

difference between the applied voltage and the

current in the circuit is [2011]
(a) w6 (b) w4
(c) m2 (d) zero
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26.

27.

28.

29.

30.

PHYSICS

What is the value of inductance L for which the
current is maximum in a series LCR circuit with

C=10pFando=1000s"! 2 [2007]
(a) ImH

(b) cannot be calculated unless R is known
(¢) 10mH

(d) 100mH

A coil of inductive reactance 31 Q has a
resistance of 8 Q. It is placed in series with a
condenser of capacitative reactance 25Q. The
combination is connected to an a.c. source of
110 volt. The power factor of the circuitis [2006]
(a) 0.64 (b) 0.80

(c) 033 (d) 056

In a circuit, L, C and R are connected in series
with an alternating voltage source of frequency
f. The current leads the voltage by 45°. The
value of C is [2005]

1 1

@ om-r ® 2mewrog

1 1

© womi+r VD 2monir)

A coil of 40 henry inductance is connected in

series with a resistance of 8 ohm and the

combination is joined to the terminals of a 2

volt battery. The time constant of the circuit is
[2004]

(a) 20 seconds (b) 5 seconds

(c) 1/5 seconds (d) 40 seconds

In a series resonant circuit, having L, C and R

as its elements, the resonant current is i. The

power dissipated in the circuit at resonance is

i’R
(a) 1 (b) zero [2002]
oL -———
oo
© oL d) 2R

where o is the angular resonance frequency.
A capacitor has capacity C and reactance X. If
capacitance and frequency become double, then

reactance will be [2001]
(a) 4X (b) X2
(c) X4 (d) 22X

31.

32.

33.

35.

36.

An inductance L having a resistance R is
connected to an alternating source of angular
frequency ®. The quality factor Q of the

inductance is [2000]
@ — o (L)

oL R

R\ ol
© {E] @ =

In an experiment, 200 V A.C. is applied at the
ends of an LCR circuit. The circuit consists of
an inductive reactance (X, ) = 50 Q, capacitive
reactance (X ) =50 Q and ohmic resistance (R)
=10 Q. The impedance of the circuit is

[1996]
(a) 10Q (b) 20Q
(c) 30Q (d) 40Q
An LCR series circuit is connected to a source of
alternating current. At resonance, the applied
voltage and the current flowing through the
circuit will have a phase difference of 1994}

b =
@ ®) 5
yis
© 5 @ 0
The time constant of C—R circuit is [1992]
(a) 1/CR (b) CR
(c) CR (d) RIC

Topic 3: Transformers & LC Oscillations

A transformer having efficiency of 90% is
working on 200V and 3kW power supply. Ifthe
current in the secondary coil is 6A, the voltage
across the secondary coil and the current in the
primary coil respectively are : [2014]
(a) 300V,15A (b) 450V, 15A

(c) 450V,135A (d) 600V, 15A

The primary of a transformer when connected
to a dc battery of 10 volt draws a current of 1
mA. The number of turns of the primary and
secondary windings are 50 and 100 respectively.
The voltage in the secondary and the current
drawn by the circuit in the secondary are
respectively [NEET Kar. 2013}
(a) 20Vand0.5mA

(b) 20Vand2.0mA

(¢) 10Vand0.5mA

(d) Zero and therefore no current
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37.

38

39.

261

A 220 volts input is supplied to a transformer.
The output circuit draws a current of 2.0 ampere
at 440 volts. Ifthe efficiency of the transformer
is 80%, the current drawn by the primary
windings of the transformer is [2010]

(b) 2.8ampere
(d) 5.0ampere

(a) 3.6ampere
(c) 2.5ampere
The primary and secondary coil of a transformer
have 50 and 1500 turns respectively. If the
magnetic flux ¢ linked with the primary coil is
given by ¢ = ¢, +4¢, where ¢ is in webers, #is time
in seconds and ¢, is a constant, the output
voltage across the secondary coil is 2007}
(a) 120 volts (b) 220volts

(c) 30volts (d) 90 volts

A transformer is used to light a 100 Wand 110 V
lamp from a 220 V mains. If the main current is
0.5 amp, the efficiency of the transformer is

approximately [2007]
(a) 50% (b)y 90%
(c) 10% (d) 30%.
The core of a transformer is laminated because
12006/
(a) the weight of the transformer may be
reduced

(b) rusting of the core may be prevented

(c) ratio of voltage in primary and secondary
may be increased

(d) energy losses due to eddy currents may
be minimised

41.

42,

43.

A transistor-oscillator using a resonant circuit
with an inductor L (ofnegligible resistance) and
a capacitor C in series produce oscillations of
frequency f. If L is doubled and C is changed to

4C, the frequency will be [2006]
(@) 8f ®) £/22
(c) 2 (d)y 14

A step-up transformer operates on a 230 V line
and supplies a load of 2 ampere. The ratio of the
primary and secondary windings is | : 25. The

current in the primary is [1998]
(a) 25A (b)y SO0A
(c) 15A (d 125A

The primary winding of a transformer has 500
turns whereas its secondary has 5000 turns. The
primary is connected to an A.C. supply of 20 V,
50 Hz. The secondary will have an output of

[1997]
(b) 200V, 500Hz
(d) 200V,50Hz
[1988]
(a) ametal iskept in varying magnetic field

() 2V,5Hz
(c) 2V,50Hz

Eddy currents are produced when

(b) ametal is kept in steady magnetic field
(c) acircular coil is placed in a magnetic field

(d) through a circular coil, current is passed

ANSWERKEY

LI®]6 | ®|HI®m]6fd]2)@]26]0 [31]@]36]@[d41]) D)
2O 7]1@RIO]T]I@f2]0) 27| [32]@]37]d]42] 0
31@]8 | @|Bl@|8l©]23]@[28]0) |3 |@[38]@]43]d
4 | D] 9 | @[] B]|9]|]24] D29 @D ]|34]| ©)]|39] )| 44| (a)
S|I@W[0] ©|1I5]@]20]®]25]@D]30]@©[35[m]| 4] @
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(b) Given:
Capacitance, C=40 pF =40 x 10 °F
Frequency, /=50 Hz

s =2xf =100x
Erms =200V
€ e
..I — ms = ms
oXe L
Cw

=200x40x 100 x2nx50=2.5A.
(b) Asweknow, power P=V -1 - cosd
as cos¢p=0 (v $=90°
Power consumed =0
(in one complete cycle)

@ po.p%
dt

di . T .
Here — is +ve for — time and
dt -

di; fc t L ti

— is— ve for next — time so

dt 2

(d) The average power in the circuit where
cos ¢ = power factory

<P>=V o X 108 ¢

. 180
¢=7/3 =phase difference = EY =60
1
V = ﬁ:lvol‘[
rms 2 2
1
I = Q:(l A
ms 2 2
= cos——l
cos o= =3
<P>—l><l><l—l
272728

The instantaneous power is the power in circuit
at any instant of time. It is equal to the product
of values of alternating voltage and alternating
current at that time

Pin = EI_= (Eo_sin G‘JI) ([0 sin ©f)

(in non-inductive circuit)

P, = (Eq sin of) (I, sin of + 6)

(in inductive circuit)

10.

11.

20042

_ =200V
(d) Vi NG
200
_ Vimg — 1
™ Xe o 100x107°
=2x102=20mA

(b) V /7 L
) ms T \/5

(c) The average power in the circuit over one
cycle of a.c. is given by

P,y = € Xl X COSO
Ey 1 Eyl
:—Ox—oxcosqu Oocosq)
V2 2

(a) Power dissipated=E_ . I

= (E, o) (Ue) €08 6
Hence, power dissipated depends upon phase
difference.

_fo
@ Irms_ﬁ

J _&_HBAC{J
(c) o= R TR

Given,n=1,B=1072T,

A=7(0.3)’m%, R=72

f=(200/60) and ®=2m(200/60)

Substituting these values and solving, we get
Iy=6x103 A=6mA

(b) When L is removed,

Phase difference

tanp) =———— =tan —=——
0 3 R ~(1)
When C is removed,
Phase difference
| Xy | T _ X
tanp =———— =tan— =— L2
¢ B 3= R (2

Fromegs. (1)and (2), X; =X

Since, X; = X, thecircuit is in resonance.
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12,

13.

14.

In this case, Z=R
R
. Power factor, cos$ = 7= 1.

.
b 5=~

12

1T >
\/ R*+(X,—X.)
In second case, the capacitor would provide
infinite resistance but current is present in
circuit, it means resistor and inductor can be
present in the circuit.
Since current with AC source and DC source
are different, inductor must be present with
resistance.

1 =0.2A

(a) Power dissipated in an LCR series circuit
connected to an a.c. source of emf E

P=E_ i,.,Cc0s0= =

i

(50 +(314><20><10_3 -

—]

2R,

R.l L2 =

™~
=k

b) e R2

Att= 0, no current flows through R, and R,

i

Current through battery just after the switch
closed is
£ 18

i_:— _
R2 9

263
15. (a) Given:L=20mH; C=50pF;R=40Q
V=10sin 340t
10
Vius = 3
Xn= . 58.8Q
€ oC 340x50x10¢
X = oL =340x20 x 103=6.8Q
Impedance, Z= \/R2 +(Xc—-XL )2
= 402 + (58.8—6.8)* = /43040
Power loss in A.C. circuit,
2
V.
2
P=iR= [T‘“’S) R
10/42 ) 50x 40
:( J x40=—-—=051W
\4304 4304
16. (d)
Pure resistor L-R series circuit
P ATAAY
R R L
) )
Phasor diagram
R
N/
7 X, cosO= %
Z =impedance
For pure resistor circuit, power
2
P=Y_ —V2_pR
R
For L-R series circuit, power
2 2 2
p =Y cosp= Y R_PR o [E}
z z z 7? z
17. (a) For series R — C circuit, capacitive

reactance,

2 1)
=,/ R +| —
% [Cm)
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X, = l/ew
R C
()
Ny
AC Source
V
Currenti= = 5
¢ R2 +(i]
Co
o V |
V. =iX = X—

V= ———
J(RCo)? +1

Ifwe fill a di-electric material like mica instead of
air then capacitance CT = VC~L

So,V, =V,

(c) Byinserting ironrod in the coil,

LT ZT1{ sobrightness |

Inductive reactance, X; = @L. On inserting iron
rod in the coil, L increases. As a result Impedance

Z = \/Xf +R? :\/(c:u[.)2 +R? also increases.

|4
So, Current, / = Z decreases.

© —MWW—TTTT—H—

when L is removed from the circuit

R
/3
X
R 3 Z
Xc
Xc= Rtan% )
when C is remove from the circuit
X
_‘L = tang Zz
R 3 X,
/3
n R

20.

21.

24,

R
power factor cos = — =1

VA
(b) The phase difference ¢ is given by
oo XL
an ¢= R
3 I
=—=1 =>¢=—.
3 ¢ 4

(a) Ifo=50x2nthen oL =20Q
Ifo' =100 x 27 then ®'L =400
Current flowing in the coil is

(200 200 200

Z  JRT+@L)?  (30) +(40)2
[=4A.
(b) AsV;=V-=300V, resonance will take
place

Ve=220V

220
=—=224
Current, / 100

reading of V5 =220V
andreading of 4 =2.2 4
@ ¢g=Clcosw

dg .
=i =—=—oCyv sin of
dr !

1
Also, ®* =— and V = Vi cos ot
LC
Att=1,V =V, and i = -oCV|sin ot

£
. cosmtf) = A (—ve sign gives direction)
1

5 1/2

cl v
Hence, i = Viy|—| 1--2-
ence 1 LL Vin

:[C(VE —Vf)]”z

L
(d) Power dissipated in series LCR;
2
2 €
p=1"R=
27
e’R
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Alternating Current

2
£l
wC

is called the impedance of the circuit.

25.  (d) Condition for which the current is maximum

in a series LCR circuit is,
1 1

= L=100mH

== = 1000
VLC JL10x1076)

26. (b) Power factor, ¢ =

8 8

) \/(31—25)2+82 ) V6% + 82 10

R
ﬂ Power factor = cos 6 = Z

For purely inductive and purely capacitive

circuits, 8 = 90°

Power factor = cos 8 = cos 90° = 6
For non-inductive circuit, 6 = 0°
cosO=cos0°=1

27.  (d) From figure,
oC

45°

1
ot 5 _oL=R
R oC

1 2n
= R:RJF‘DL ( = T _pr)
| |
T o(R+ol)  2nf(R+27f L)
28.  (b) Time constantis L/R
Given, L=40H & R=8Q
- T=40/8=15 sec.

C

(mL — —] + R2
oC

29.

30.

31.

32

33.

]

1
(d) Atresonance Lo = Ca’®" JIC

E
Current through circuit i = I

Power dissipated at Resonance = i2R

1
oC 2nfC

(¢c) Capacitivereactance, X =

fc

KX _r.e_r .1
X frC 2f 20 4
X
> X'==
4

(d) Quality factor

_ Potential drop across capacitor or inductor
Potential drop across R

IoL oL
" IR R
(a) Given: Supply voltage (V,,)=200V
Inductive reactance (X;) = 50 Q
Capacitivereactance (X)) =50 Q
Ohmic resistance (R)=10 Q.
We know that impedance of the LCR circuit (Z)

=Ji0x; =X P+ R2)

= J{(50-50)2 +(10)?} =10Q

1
(d) At resonance, ®L=——_ The circuit
oC

behaves as if it contains R only. So, phase
difference =0

At resonance, impedance is minimum Z . = R
and current is maximum, given by

f =—E_ - E
S R

min

It is interesting to note that before resonance the
current leads the applied emf, at resonance it is in
phase, and after resonance it lags behind the emf.
LCR series circuit is also called as acceptor circuit
and parallel LCR circuit is called rejector circuit.
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36.

37.

38.

39.
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(¢c) Thetime constant for resonance circuit,
=CR

Growth of charge in a circuit containing

capacitance and resistance is given by the formula,

q=dy (1 - "»’_ﬁCR)

CR is known as time constant in this formula.

V.1 V. (6)

Efficiencyn= —— = 09=—2—
© . Vplp 3x10°
= Vs=450V
ASV I = 3000 so

3000 3000

=——=—-—A=15A

Vp 200

(d) A transformer is essentially an AC device.
DC source so no mutual induction between coils

> E,=0and/,=0
(d) sl o L
" I i
Vi=220V,1,=2.04,V,=440V
V2l 10 440x2x10
1= =——— =54
o8 2208
(a) Since ﬁz N
P NP

Where

N;=No. of turns across primary coil = 50
Np = No. of turns across secondary coil
=1500

o d
and VV, =—=— 4t) =4
p=" dt(¢0+)
=V, = l530><4_120v

(b) Efficiency of the transformer
_ F output 100

x100 - ;
220x0.5

%100 =90.9%
Proput ’
(d) When there is change of flux in the core of
a transformer due to change in current around
it, eddy current is produced. The direction of

41.

42,

43.

this current is opposite to the current which
produces it, so it will reduce the main current.
We laminate the core so that flux is reduced
resulting in the reduced production of eddy
current.

(b) We know that frequency of electrical
oscillation in L.C. circuit is

1
f—E\E

Now, L=2L & C=4C

Lot /LXL
n\2L.4C 2n\LC 22

=>/f'= J_ xf

o Yo B 1
N, E, 25

- E=25E,

But EJ =EI

25EPX2=EP><IP = 1p=50A

If n,, is number of turns in primary coil and n is
number of turns in secondary coil, then
E I, n

& P 5

St == _F
By i

Here, IP = current in primary

k = Transformation ratio

I, = current is secondary
For a step up transformer, £ > 1
For step down transformer, £ < 1

(d) The transformer converts A.C. high
voltage into A.C. low voltage, but it does not
cause any change in frequency. The formula for
voltage is

E, N, N,

e f— E's — 2 Ep

E, N, N,
5000

=——x20=200V
500

Thus, output has voltage 200 V and frequency
50 Hz.

(a) Eddy currents are produced when a metal
is kept in a varying magnetic field.
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Waves

2020 2019 2018 2017 2016
Topic Sub-Topic Qns.|LOD |Qns. LOD|Qns. LOD |Qns.|LOD|Qns.| LOD
Electromagnetic Waves, Electromagnetic waves 1 E 1 E
Conduction & Displacement
Current E/B=C&F=QE 1 E 1 E
Electromagnetic Spectrum 1 E

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Electromagnetic Waves, Conduction &

Displacement Current

The ratio of contributions made by the electric
field and magnetic field components to the
intensity of an electromagnetic wave is :
( ¢ =speed of electromagnetic waves) [2020]
(@ 1:1 (by 1:c

(© 1: (d) c:1

An em wave is propagating in a medium with a
velocity ¥ = Vi . The instantancous oscillating
electric field of this em wave is along +y axis.
Then the direction of oscillating magnetic field
ofthe em wave will be along [2018]
(a) —zdirection (b) +zdirection

(c¢) —xdirection (d) —ydirection

In an electromagnetic wave in free space the
root mean square value of the electric field is
E, . = 6V/m. The peak value of the magnetic
fieldis :- [2017]
(a) 2.83x10°T (b)0.70x10°8T

() 423x108T (d)1.41x108T

Out of the following options which one can be
used to produce a propagating electromagnetic
wave ? [2016]
(a) A charge moving at constant velocity

(b) A stationary charge

(¢) A chargeless particle

(d) An accelerating charge

A radiation of energy ‘E” falls normally on a
perfectly reflecting surface. The momentum
transferred to the surface is (C = Velocity of light)

2E 2E
@ & b =z [2015]
E o E
© = @ =

Light with an energy flux of 25 x 10* Wm™2 falls

on a perfectly reflecting surface at normal

incidence. If the surface area is 15 cm?, the

average force exerted on the surface is :[2014]

(a) 125x10°°N (b) 2.50x 107N

(¢) 120x10°°N (d) 3.0x10°°N

An electromagnetic wave of frequency v =3.0

MHz passes from vacuum into a dielectric

medium with relative permittivity e =4.0. Then

[NEET Kar. 2013]

(a) wavelength is doubled and frequency is
unchanged

(b) wavelength is doubled and frequency
becomes half

(¢) wavelength is halved and frequency
remains unchanged

(d) wavelength and frequency both remain

unchanged
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The electric field associated with an e.m. wave

in vacuum is given by E =i 40 cos (kz — 6 x
1033‘), where £, z and £ are in volt/m, meter and
seconds respectively. The value of wave vector

kis: [2012]
(@ 2m™ (b) 0.5m™!
(¢) 6m™ (d) 3m!

The ratio of amplitude of magnetic field to the

amplitude of electric field for an electromagnetic

wave propagating in vacuum is equal to :

(a) the speed of light in vacuum  [2012M]

(b) reciprocal of speed of light in vacuum

(c) the ratio of magnetic permeability to the
electric susceptibility of vacuum

(d) unity

The electric and the magnetic field associated

with an E.M. wave, propagating along the

+z-axis, can be represented by [2011]

(a) _E = Eo.‘i‘,é = Bo}:l

(@) [E=Eqj,B=Bok|

Which of the following statement is false for the

properties of electromagnetic waves? [2010]

(a) Both electric and magnetic field vectors
attain the maxima and minima at the same
place and same time.

(b) The energy in electromagnetic wave is
divided equally between electric and
magnetic vectors

(c) Bothelectric and magnetic field vectors are
parallel to each other and perpendicular to
the direction of propagation of wave

(d) These waves do not require any material
medium for propagation.

The electric field part of an electromagnetic

wave in a medium is represented by E =0,

N
E, =2.5— cos [2nX106 @) t_{ﬂxlg—i E) x|;
C m s

E,=0.The waveis: [2009]

(a) moving along x direction with frequency
109 Hz and wave length 100 m.

(b) moving along x direction with frequency
109 Hz and wave length 200 m.

13.

14,

15.

16.

17.

18.

(¢) movingalong — x direction with frequency
106 Hz and wave length 200 m.

(d) moving along y direction with frequency
21 x 106 Hz and wave length 200 m.

The velocity of electromagnetic radiation in a

medium of permittivity g, and permeability 1 is

given by [2008]

=
(a) \j;‘; (b) g€
! Ho
O Fum 0\

The electric and magnetic field of an electro-

magnetic wave are [2007]

(a) in opposite phase and perpendicular to
cach other

(b) inopposite phase and parallel to each other

(¢) inphase and perpendicular to each other

(d) inphase and parallel to each other.

If E and B represent electric and magnetic
field vectors of the electromagnetic waves, then
the direction of propagation of the waves will

be along [2002]
(@) BxE (b) E
(c) B (d ExB

The electromagnetic radiations are caused by
(a) a stationary charge [1999]
(b) uniformly moving charges

(c¢) accelerated charges

(d) all of above

If g, and p, are the electric permittivity and
magnetic permeability in vacuum, € and p are
corresponding quantities in medium, then

refractive index of the medium is [1997]
€ EoM
@ — ®d
€p €l

olto. a2
©) /8u (d) ]Igouo

The oscillating electric and magnetic field

vectors of electromagnetic wave are oriented

along [1994]

(a) the same direction and in phase

(b) the same direction but have a phase
difference of 90°

(¢c) mutually perpendicular directions and are
in phase

(d) mutually perpendicular directions but has
a phase difference of 90°
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21.

24,

&

The frequency of electromagnetic wave, which
is best suited to observe a particle of radius

3 x 104 cm is of the order of [1991]
@ 1015 (b) 10M
© 1013 d 1012

Topic 2: Electromagnetic Spectrum
Which colour of the light has the longest

wavelength ? [2019]
(a) red (b) blue
(c) green (d) wviolet

The energy of the em waves is of the order of 15
keV. To which part of the spectrum does it

belong? [2015 RS]
(a) Infra-red rays (b) Ultraviolet rays
(c) y-rays (d) X-rays

The condition under which a microwave oven

heats up a food item containing water molecules

most efficiently is [2013]

(a) the frequency of the microwaves has no
relation with natural frequency of water
molecules.

(b) microwaves are heat waves, so always
produce heating.

(c) infra-red waves produce heating in a
microwave oven.

(d) the frequency of the microwaves must
match the resonant frequency of the water
molecules.

The decreasing order of wavelength ofinfrared,

microwave, ultraviolet and gamma rays is f2011]

(a) microwave, infrared, ultraviolet, gammarays

(b) gamma rays, ultraviolet, infrared, micro-
waves

(c) microwaves, gamma rays, infrared,
ultraviolet

(d) infrared, microwave, ultraviolet, gamma
rays

IfA,, A and A, represent the wavelengths of

visible light, X—rays and microwaves

respectively, then [2005]

(@ A,>A >R, (b) A, >A,>A,

(©) A=A >1, (d) A=A, >N,

Which one of the following rays is not

electromagnetic wave ? [2003]
(a) heat rays (b) X-rays
(c) y-rays (d) P-rays

26.

27.

28

29.

30.

3L

32

33.

We consider the radiation emitted by the human
body. Which of the following statements is true?
[2003]

(a) theradiation emitted lies in the ultraviolet
region and hence is not visible.

(b) the radiation emitted is in the infra-red
region.

(¢) the radiation is emitted only during the
day.

(d) theradiation is emitted during the summers
and absorbed during the winters.

Which of the following electromagnetic

radiations has the least wavelength?  [2002]

(a) gamma rays (b) infra-red

(¢) ultraviolet (d) X-rays

Green-house effect is the heating up of earth's

atmosphere due to [2002]

(a) green plants (b) infra-redrays

(¢c) X-rays (d) ultraviolet rays

Which of the following is positively charged?

(a) o-particle (b) PB-particle [2001]

(¢) y-rays (d) X-rays

The frequencies of X-rays, y-rays and ultraviolet

rays are respectively a, b, and c. Then [2000]

(a) a<b,b<c (by a<b,b>c

(¢) a=b,b>c (d) a=b,b<c

Which one of the following electromagnetic

radiations has the smallest wavelength? [1994]

(a) ultraviolet waves (b) X-rays

(c) y-rays (d) microwaves

The structure of solids is investigated by using
(a) cosmic rays [1992]
(b) X-rays

(c) vy-rays

(d) infra-red radiations
Pick out the longest wavelength from the
following types of radiation. [1990]
(a) blue light (b) gammarays

(c) X-rays (d) redlight

Which of the following, has the longest
wavelength? [1989]
(a) X-rays

(c) microwaves

(b) y-rays
(d) radio waves
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ANSWER KEY

1 |l@|ls5|@lolm|[Bd|ol1z|@|2t|@l2s|@]20] @ [32]
2 lmle|lmlol@[alol1s8le2]@]26]®30]® ]33] @
3|lal7lolu]lolislaolw{ov|23]|@l27]@]31]c]|34] @
4@l s8|l@lrzlml16|©20] @ |24 ®)]28]®)

Hints & Solutions

(a) The energy in electromagnetic wave is
divided equally between the electric and
magnetic field.

So, in an electromagnetic wave, half of the
intensity is provided by the electric field and
halfby the magnetic field.

Hence, required ratio should be 1 : 1.
(b) As we know,

ExB=V
(ENx(B)y=Vi
(. Electric field vector is along +y axis)
So, B =Bk

i.e., direction of magnetic field vector is along
+z direction.

(a) Given,E  =6V/m

Eims —
Brms
= Brms = ];“S (i)
By
Brms :f - BO :\/EBrms

rms

E
By = V2 x—™5 Erom equation (i)

B \/EXG
3x10%

(d) To generate electromagnetic waves we
need accelerating charge particle.

=283x108T

(a) Momentum of light falling on reflecting

E
surface p = el

As surface is perfectly reflecting so

E
momentum reflect p'=— —

C
C C

So, momentum transferred

E ( E) 2E
=P-P==—|"G|=F7+

c U C C
A 21A
(b) Average force ¥ = A—I: =N

C
(*= Power=FE.V)
_ 2x25x10* x15x107*

3x10%
=2.50%x10"°N
3 Force =£
Pressure = Arca A

: P
Force is the rate of change of momentum F'= o

But energy, U= pc
U

; c.dt

.. Pressure =

o |~

[" Intensity = L]
'  Adr

21
For perfectly reflecting surface, P, = =

214
.. For perfectly reflecting surface, Force = .
(c) Given: frequency f = 2MHz, relative
permittivity € =4
From formula,

_:Ejk‘zl
2 2

[Since frequency remains unchanged|

velocity v =


http://www.jeebooks.in

Electromagnetic Waves

8.

10.

11

12,

271

(a) Oncomparing the given equation to

E= '51'0Ic cos (of — kz)
©=6x10%
Wave factor,

2
Lo 2w
¥ C
8
o 6><108 -
¢ 3x10

(b) The average energy stored in the electric

1
field, Ug :58052
The average energy stored in the magnetic field

According to conservation of energy U, = Up
2
B

& =—=
0Lo 52

The average energy density of electric field

1 2
np= 7% Lo

Thus, the average energy density of electric field
equal to the average density of magnetic field.

(a) [E.M.wave always propagates in a direction
perpendicular to both electric and magnetic
fields. So, electric and magnetic fields should be
along + X and + Y—directions respectively.
Therefore, option (a) is the correct option.

(¢) Electromagnetic waves are the
combination of mutually perpendicular electric
and magnetic fields. So, option (c) is false.

(b) Comparing with the equation of wave.

Ey =E, cos (ot—kx)
o=2nf=2nx10°
27;“:=lc='n:>< 102 m!, A=200m

A

f=10°Hz

13.

14,

15.

16.

17

(¢) The velocity of electromagnetic radiation
in a medium of permittivity e ; and permeability

|
N
(c¢) Variation in magnetic field causes electric

field and vice-versa.
In electromagnetic waves, E 1 B. Both

1, is is equal to

E and B are in the same phase.
In electromagnetic waves

E = Ejsin(wt - kx)
B =By sin(wt - kx)
The electromagnetic waves travel in the
direction of (E’ X E’).
(d) Direction of propagation of electro-
magnetic waves is perpendicular to Electric field
and Magnetic field. Hence, direction is given by
vector S = Ex H = ExB .

Ho

In electromagnetic waves, the rate of flow of
energy crossing a unit area is described by
Poynting vector. The magnitude of poynting
vector

S _ EB
|S| = — EBsin90°= —
Ky Ho

2
L [ B:E)
Lo c

(c) A stationary charge produces electric
field only; an uniformly moving charge
produces localised electromagnetic field; an
accelerated charge produces electromagnetic

radiations.

(d) We know that velocity of
electromagnetic wave in vacuum

|
Y0 oo

electromagnetic wave in medium is

|
) =
T
Therefore refractive index of the medium
() = Vel. of E.M.wave in vacuum (vy)

Vel. of EM. wave in medium (v)

and velocity of
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18.  (c) The direction of oscillations of E and B
fields are perpendicular to each other as well as
to the direction of propagation. So, electro-
magnetic waves are transverse in nature.

The electric and magnetic fields oscillate in same
phase.

19. (b) Sizeofparticle =A = %

3%x108
Vv

3x107° =

v=10"Hz
When frequency is higher than this, wavelength
is still smaller. Resolution becomes better.

20, (@ Ay ™ Ao ” Mo ” Ay Red has the
longest wavelength.

21.  (d) Energyofx-rayis (100 evto 100 kev)
Hence energy of the order of 15 kev belongs to
X-rays.

22. (d) Required condition : Frequency of
microwaves = Resonant frequency of water
molecules.

23.  (a) The decreasing order of the wavelengths
is as given below :
microwave, infrared, ultraviolet, gamma rays.

2%, (b) Weknow E:% = Eoc%
= E <E <E,

A, >R >R

he
ﬁ Energy of electromagnetic wave, £ = o

For em wave of lower energy, (v) is small and A is
larger. For em wave of higher energy (v) is large
and A is small.

NER

28

29.

30.

3L

32

33.

(d) P rayisnot electromagnetic ray
(b) Depends on the magnitude of frequency

(a) Gamma ray has highest frequency and
lowest wavelength.

(b) Infrared rays is the cause of Green house
effect. The glass transmits visible light and short
infrared rays which are absorbed by plants.
Then it emits long infrared rays, which are
reflected back by glass.

(a) o rays contain Helium nuclei which
contains 2 unit of positive charge.

(b) 7y rays has lowest wavelength and highest
frequency among them while ultraviolet ray has
highest wavelength and lowest frequency.

Order of frequency: b>a>c
(¢) Rays Wavelength

[Range in m]

X-rays 1 x 1011 to3x 1073

y-rays 6x 10 4to 1 x 10711
103t00.3
10to 10*
Wavelength of U.V. Rays ranges from
6x108t0d x 107,

(b) X-rays are used for the investigation of
structure of solids.

Microwaves
Radiowaves

(d) Wavelength of red light is longest.

(d) Rays Wavelength
[Range in m]
X-rays 1x10 M t03x 1078
y-rays 6x1014to1 x 10711
Microwaves  103t00.3
Radio waves  10to 10*
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Ray Optics and
Optical Instruments

% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns. LOD |Qns. LOD Qns. LOD |Qns. LOD|Qns. LOD
Plane Mirror, Spherical Mirror . .
& Reflection of Light Mirror & Refl. of light 1 A 1 A
Refraction of Light at Plane
Surface & Total Internal 1 A
Reflection
Refraction at Curved Surface, L
Combination of Lenses 1 D
Lenses & Power of Lens
Prism & Dispersion of Light Prism & Dispersion 1 A 1 A 1 A 1 A
Rainbow 1 A
Optical Instruments Magnification of Telescope 1 E 1 A
& Microscope
Topic 1: Plane Mirror, Spherical Mirror & R) m=+2 (C) Realimage
Reflection of Light 1 _ _
;s Co. (S) m=+— (D) Virtual image
I. A beam of light from a source L is incident 2
normally on a plane mirror fixed at a certain (@) P>BandC,Q—>BandC,R—BandD,

distance x from the source. The beam is reflected
back as a spot on a scale placed just above the
source I. When the mirror is rotated through a
small angle 0, the spot of the light is found to
move through a distance y on the scale. The
angle 0 is given by [2017]

(b)
©
(d)

S —AandD.
P—>AandC,Q—>Aand D,R — AandB,
S—CandD
P—>Aand D,Q—Band C,R —- BandD,
S—BandC
P—Cand D,Q—Band D,R— BandC,
S—AandD

¥ b RS 3. Two plane mirrors are inclined at 70°. A ray
@ x (b) 2y incident on one mirror at angle 6 after reflection
falls on second mirror and is reflected from there
X y parallel to first mirror. The value of 6 is
© 5 @ - [NEET Kar. 2013]
Match the corresponding entries of column-1 (@) ﬁ (E) ggo
with column-2 (Where m is the magnification © ( ) .
T hetommee 12016] 4. Arod of length 10 em lies along the principal
P l:: | Y 1 G ' Col ) axis of a concave mirror of focal length 10 cm in
ofumn- olumn-2 such a way that its end closer to the pole is
(P) m==22 (A) Convex mirror

@ m= 3

(B) Concave mirror

20 cm away from the mirror. The length of the

imageis: [2012M]
(a) 10cm (b) 15cm
(¢) 2.5cm (d) Sem
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A person is six feet tall. How tall must a vertical
mirror be ifhe is able to see his entire length?
(a) 3ft (b) 45ft [2000]
() 751t (d 6ft

If two mirrors are kept inclined at 60° to each
other and a body is placed at the middle, then

total number of images formed is [1995]
(a) six (b) five
(c) four (d) three

Ray optics is valid, when characteristic
dimensions are [1989]
(a) ofthe same order as the wavelength oflight
(b) much smaller than the wavelength of light
(c) oftheorder of one millimetre

(d) much larger than the wavelength of light

Topic 2: Refraction of Light at Plane Surface

8.

10.

11.

12,

& Total Internal Reflection

In total internal reflection when the angle of

incidence is equal to the critical angle for the

pair of media in contact, what will be angle of

refraction ? [2019]

(a) 180°

(b) °

(c) equalto angle of incidence

(d) 90°

Which of the following is not due to total

internal reflection? [2011]

(a) Working of optical fibre

(b) Difference between apparent and real depth

of pond

(¢c) Mirage on hot summer days

(d) Brilliance of diamond

Aray of light travelling in a transparent medium

of refractive index W, falls on a surface

separating the medium from air at an angle of

incidence 0f45°. For which ofthe following value

of  the ray can undergo total internal reflection?
[2010]

(a) n=133 (b) n=140

(¢ n=150 (d wn=125

The frequency of a light wave in a material is

2 x 10" Hz and wavelength is 5000 A. The

refractive index of material will be [2007]
(a) 150 (b) 3.00
(c) 133 (d)y 140

A small coin is resting on the bottom of a beaker
filled with liquid. A ray of light from the coin
travels upto the surface of the liquid and moves
along its surface. How fast is the light travelling
in the liquid? [2007]

13.

14.

15.

16.

coin

(a) 24x10%m/s  (b) 3.0x10%m/s

() 12x108m/s  (d) 1.8x108m/s

A beam of light composed of red and green rays

is incident obliquely at a point on the face of

rectangular glass slab. When coming out on

the opposite parallel face, the red and green

rays emerge from [2004]

(a) onepoint propagating in the same direction

(b) two points propagating in two different
non-parallel directions

(c) two points propagating in two different
parallel directions

(d) one point propagating in two different
directions

A light ray falls on a rectangular glass slab as

shown. The index of refraction of the glass, if

total internal reflection is to occur at the vertical

face, is [2002]

1/§+1

2

@ 372 )
© b2+

3 @ s5/2

The reddish appearance of the sun at sunrise
and sunset 1s due to [2000]
(a) the colour of the sky

(b) the scattering of light

(c) the polarisation of light

(d) the colour of the sun

An air bubble in a glass slab (u=1.5) is 5 cm
deep when viewed from one face and 2 cm deep
when viewed from the opposite face. The

thickness of the slab is [2000]
(a) 7.5cm (b) 10.5cm
(¢) 7em (d) 10em
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Wavelength of light of frequency 100 Hz [1999]
(a) 2x16°m (b) 3x10°m

() 4x10°m (d) 5x10°m

Light enters at an angle of incidence in a
transparent rod of refractive index »n. For what
value of the refractive index of the material of
the rod the light once entered into it will not
leave it through its lateral face whatsoever be

the value of angle of incidence? [1998]
@ n>2 (b) n=1
(c) n=1.1 (d »n=13

An electromagnetic radiation of frequency n,
wavelength A, travelling with velocity v in air
enters in a glass slab of refractive index (p). The
frequency, wavelength and velocity of light in
the glass slab will be respectively [1997]

A v v
n,— and — by #,2Ah and—
@ moad s ) .

n A v 2n A

(¢ ——and— (g —,—andv
pop [ L

Light travels through a glass plate of thickness

tand refractive index p. If ¢ is the speed of light

in vacuum, the time taken by light to travel this

thickness of glass is [1996]
tc
a t b) —
(a) e (b) n
t
ut
e d LI
i @ =

One face of a rectangular glass plate 6 cm thick is
silvered. An object held 8 ¢cm in front of the first
face forms an image 12 cm behind the silvered
face. The refractive index of the glass is [1996]
(a) 04 (b) 08

(¢ 12 (d Le6

A point source of light is placed 4 m below the

5
surface of water of refractive index 5 The

minimum diameter of a disc, which should be
placed over the source, on the surface of water
to cut offall light coming out of water is [1994]
@ o (b) 6m
(¢) 4m (d) 3m
Time taken by sunlight to pass through a window

ofthickness 4 mm whose refractive index is —

is [1993]
(@) 2x10*sec (b) 2x108sec
(¢) 2x10Msec (d) 2x10"sec

24, Abeam of monochromatic light is refracted from
vacuum into a medium of refractive index 1.5,
the wavelength of refracted light will be [1991]
(a) dependent on intensity of refracted light
(b) same
(¢) smaller
(d) larger

25.  Green light of wavelength 5460 A is incident on
an air-glass interface. If the refractive index of
glassis 1.5, the wavelength of light in glass would

be(c=3x108ms ™) [1991]
@ 36404 (b) 5460 A
(c) 4861A (d) none of the above

Topic 3: Refraction at Curved Surface,
Lenses & Power of Lens

26. Two similar thin equi-convex lenses, of focal
length feach, are kept coaxially in contact with
each other such that the focal length of the
combination is F;. When the space between the
two lenses is filled with glycerin (which has the
same refractive index ( = 1.5) as that of glass)
then the equivalent focal length is F,. The ratio

F, : F, will be: [2019]
@ 2:1 (b) 1:2
© 2:3 d) 3:4

27. An equiconvex lens has power P. It is cut into
two symmetrical halves by a plane containing
the principal axis. The power of one part will be,

[NEET Odisha 2019]
(@) P ®) 0

P P
© 3 @ 5

28. A double convex lens has focal length 25 cm.
The radius of curvature of one of the surfaces is
double of the other. Find the radii if the refractive
index of the material ofthelens is 1.5.

[NEET Odisha 2019]
(a) S0cm, 100cm  (b) 100cm, 50cm
(¢) 25cm,50cm (d) 18.75cm,37.5cm

29.  Two identical thin plano-convex glass lenses
(refractive index 1.5) each having radius of
curvature of 20 cm are placed with their convex
surfaces in contact at the centre. The intervening
space is filled with oil of refractive index 1.7. The
focal length of the combination is [2015]
(a) —25cm (b) —50cm
(¢) S0cm (d) —20cm
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A plano convex lens fits exactly into a plano
concave lens. Their plane surfaces are parallel
to each other. If lenses are made of different
materials of refractive indices i, and p, and R is
the radius of curvature of the curved surface of
the lenses, then the focal length of the

combination is [2013]
R R
. n b
@ 2(py —12) © (1 —12)
2R d R
© o) Y 2w

When a biconvex lens of glass having refractive
index 1.47 is dipped in a liquid, it acts as a plane
sheet of glass. This implies that the liquid must
have refractive index. 12012
(a) equal to that of glass

(b) less then one

(c) greater than that of glass

(d) less then that of glass

A concave mirror of focal length °/,” is placed at
a distance of 'd” from a convex lens of focal
length *£,’. Abeam of light coming from infinity
and falling on this convex lens-concave mirror
combination returns to infinity. [2012]
The distance ‘d” must equal :

@ £+ ®) £ +h

© 2/,+h (d) -2f, +1,

A biconvex lens has a radius of curvature of
magnitude 20 cm. Which one of the following
options best describe the image formed of an
object of height 2 cm placed 30 cm from the lens?
(a) Virtual, upright, height=1 cm [2011]
(b) Virtual, upright, height=0.5 cm

(c) Real, inverted, height=4 cm

(d) Real, inverted, height=lcm

A converging beam of rays is incident on a
diverging lens. Having passed through the lens
the rays intersect at a point 15 cm from the lens
on the opposite side. If the lens is removed
the point where the rays meet will move 5 cm
closer to the lens. The focal length of the lens

is [2011M]
(a) —10cm (b) 20cm
(¢) —30cm (d) Scm

A lens having focal length f and aperture of
diameter d forms an image of intensity 1.

d
Aperture of diameter Py in central region of

36.

37.

38.

39.

lens s covered by a black paper. Focal length of
lens and intensity of image now will be

respectively: [2010]
(a) fand ! (b) 37 and —

4 4 2
(¢) fand 3 (d) / and L

4 2 2

Two thin lenses of focal lengths f, and £, are in
contact and coaxial. The power of the

combination is: [2008]
f,

£
@
@ At

© Lth
2 fif,

A boy is trying to start a fire by focusing sunlight
on a piece of paper using an equiconvex lens of
focal length 10 cm. The diameter of the Sun is
1.39 x10° m and its mean distance from the earth
is 1.5 x 10! m. What is the diameter of the Sun’s
image on the paper? [2008]
(@ 92x10*m (b) 6.5x10%m

(¢) 65x10°m (d) 124x10*m

A convex lens and a concave lens, each having
same focal length of 25 c¢m, are put in contact to
form a combination of lenses. The power in

diopters of the combination is [2006]
(a) 50 (b) infinite
(c) zero (d)y 25

An equiconvex lens is cut into two halves along
(1) XOX and (ii) YOY as shown in the figure. Let
1.1, f" be the focal lengths of the complete lens,
of each halfin case (i), and of each halfin case
(ii), respectively. [2003]

Y

A
V

Y

Choose the correct statement from the following
@ f=2t1"=2f () [ =£/"=2f
© f'=20/"=f @@ f'=£1"=1
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A convex lens is dipped in a liquid whose
refractive index is equal to the refractive index
ofthe lens. Then its focal length will ~ [2003]
(a) remain unchanged

(b) become zero

(c) become infinite

(d) become small, but non-zero

A body is located on a wall. Its image of equal
size is to be obtained on a parallel wall with the
help of a convex lens. The lens is placed at a
distance 'd'" ahead of second wall, then the
required focal length will be [2002]

d
(a) only a1
d
(b) only 5
d d
(¢) more than 2 but less than B}

d
(d) less than 2

The radius of curvature of a thin plano-convex
lensis 10 em (of curved surface) and the refractive
index is 1.5. Ifthe plane surface is silvered, then
it behaves like a concave mirror of focal length

(a) 10cm (b) 15cm 12000}
(¢) 20cm (d) Scm

A plano-convex lens is made of material of
refractive index 1.6. The radius of curvature of
the curved surface is 60 cm. The focal length of

the lens is [1999]
(a) 50cm (b) 100cm
(c) 200cm (d) 400cm

A luminous object is placed at a distance of 30 cm
from the convex lens of focal length 20 cm. On
the other side of the lens, at what distance from
the lens a convex mirror of radius of curvature 10
cm be placed in order to have an upright image of

the object coincident with it? [1998]
(a) 12cm (b) 30cm
(¢) 50cm (d) 60cm

The focal length of converging lens is measured
for violet, green and red colours. It is respectively
f;,,fg,f We will get [1997]
@ f, b) f,>1,

© 1<F @ />,

A convex lens of focal length 80 cm and a
concave lens of focal length 50 cm are combined
together. What will be their resulting power?
(a) +6.5D (b) —6.5D [1996]
(¢) +7.5D (d) -0.75D

47.

48.

49.

50.

51

52.

53.

Iff, and f, are the focal lengths of a convex lens
for violet and red light respectively and £, and
Fp are the focal lengths of concave lens for violet
and red light respectively, then we have [1996]
(@) fy<frand F,>F,

(b) fy<frand F,<F,

(© fy=frand F,>F,

(d) fy>frand F,<F,

An achromatic combination of lenses is formed
by joining [1995]
(a) 2 convex lenses

(b) 2 concave lenses

(¢) 1 convexand 1 concave lens

(d) 1convexand 1 plane mirror

A lens is placed between a source of light and a
wall. It forms images of area 4, and 4, on the
wall for its two different positions. The area of

the source of light is [1995]
A+ A4
@ 4 b) ===+
4 -4 1.1
©) ) (d) 4 4
Focal length of a convex lens will be maximum
for [1994]
(a) bluelight (b) yellow light
(c) green light (d) redlight

Focal length of a convex lens of refractive index
1.5 is 2 em. Focal length of the lens when
immersed in a liquid of refractive index of 1.25

will be [1988]
(a) 10cm (b) 2.5cm
(¢) Scm (d) 7.5em

Topic 4: Prism & Dispersion of Light

A ray is incident at an angle of incidence i on
one surface of a small angle prism (with angle
of prism A) and emerges normally from the
opposite surface. If the refractive index of the
material of the prism is p, then the angle of

incidence is nearly equal to : [2020]
2A

@ ®) pA
BA A

© = @ 2

Pick the wrong answer in the context with

rainbow. [2019]

(a) When the light rays undergo two internal
reflections in a water drop, a secondary
rainbow is formed.
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(b) The order of colours is reversed in the
secondary rainbow.

An observer can see a rainbow when his
front is towards the sun.

Rainbow is a combined effect of
dispersion, refraction and reflection of
sunlight.

The refractive index of the material of a prismis

/2 and the angle of the prism is 30°.One of the

two refracting surfaces of the prism is made a
mirror inwards, by silver coating. A beam of
monochromatic light entering the prism from the
other face will retrace its path (after reflection
from the silvered surface) ifits angle ofincidence

©
(d)

on the prism is [2018]
(a) 60° (b) 45°
(c) Zero (dy 30°

A thin prism having refracting angle 10° is made
of glass of refractive index 1.42. This prism is
combined with another thin prism of glass of
refractiveindex 1.7. This combination produces
dispersion without deviation. The refracting

angle of second prism should be [2017]
(@ 6° (b) &
(c) 10° (dy 4°

The angle of incidence for a ray of light at a
refracting surface of a prism is 45° . The angle of
prism is 60°. Ifthe ray suffers minimum deviation
through the prism, the angle of minimum
deviation and refractive index of the material of

the prism respectively, are : [2016]
1
a) 45°,— b) 30°,4/2
(@) NG (b) V2
o 1
© 45242 (d 30°—=

NG

The refracting angle of a prism is ‘A’, and
refractive index of the material of the prism is
cot(A/2). The angle of minimum deviation is :
[2015]
(a) 180°-2A (b) 90°-A
(c) 180°+2A (d) 180°-3A
A beam of light consisting of red, green and
blue colours is incident on a right angled prism.
The refractive index of the material of the prism
for the above red, green and blue wavelengths
are 1.39, 1.44 and 1.47, respectively. [2015 RS]

59.

6l.

62.

Blue—bJ:

Green——p=—
Red ——

- 45°

Theprism will:

(a) separate all the three colours from one
another

(b) not separate the three colours at all

(c) separate the red colour part from the green
and blue colours

(d) separate the blue colour part from the red
and green colours

The angle ofa prism is ‘A’. One of'its refracting

surfaces is silvered. Light rays falling at an angle

ofincidence 2A on the first surface returns back

through the same path after suffering reflection

at the silvered surface. The refractive index p, of

the prism s : [2014]

(a) 2sinA

(b) 2cos A

©

Rainbow is formed due to a combination of
[2000]

dispersion and total internal reflection

refraction and absorption

(c) dispersion and focussing

(d) refraction and scattering

A ray of light is incident at an angle of incidence,

i, on one face of prism of angle 4 (assumed to be

small) and emerges normally from the opposite

face. If the refractive index of the prism is p, the

angle of incidence i, is nearly equal to: [2012]

1
ECOS A (d) tan A

(@)
(b)

@ o 2
4 A
© @ 3,

For the angle of minimum deviation of a prism to
be equal to its refracting angle, the prism must
be made of a material whose refractive index :

(a) lies between /2 and 1 [2012M]

(b)
©
(d)

lies between 2 and /2

is less than 1
is greater than 2
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A thin prism of angle 15° made of glass of
refractive index p; = 1.5 is combined with another
prism of glass of refractive index p, = 1.75. The
combination of the prism produces dispersion
without deviation. The angle of the second prism

should be [2011M]
(@ 7 (b) 1°
(© 12 d 5

The refractive index of the material of a prismis
V2 and its refracting angle is 30°. One of the
refracting surfaces of the prism is made a mirror
inwards. A beam of monochromatic light enters
the prism from the mirror surface if its angle of

incidence of the prism is [2004, 1992]
(a) 30° (b) 45°
(c) 60° (d

The refractive index of the material of the prism
is /3 ; then the angle of minimum deviation of

the prism is [1999]
(a) 30° (b) 45°
(c) o60° (dy 75°

Angle of deviation (8) by a prism (refractive index
= u and supposing the angle of prism A to be
small) can be given by [1994]

(@ d=@-H4 (b o6=(n+h4
. A+d
sin 5 ol
o0=——=— _Br7
© sin% @ 0= p+1 A

Topic 5: Optical Instruments

An astronomical refracting telescope will have
large angular magnification and high angular
resolution, when it has an objective lens of [2018]
(a) small focal length and large diameter
(b) large focal length and small diameter
(c) small focal length and small diameter
(d) large focal length and large diameter
A astronomical telescope has objective and
eyepiece of focal lengths 40 cm and 4 cm
respectively. To view an object 200 cm away from
the objective, the lenses must be separated by a

distance : [2016]
(a) 373cm (b) 46.0cm
(c) 50.0cm (d) 54.0cm

In an astronomical telescope in normal
adjustment a straight black line of lenght L is
drawn on inside part of objective lens. The eye-
piece forms a real image of this line. The length
of this image is /. The magnification of the
telescope is : [2015 RS}

70.

71.

74.

5.

76.

L L+l
(a) T_l ® T3

L L
(© 1 (d) TH

If the focal length of objective lens is increased

then magnefying power of : [2014]

(a) microscope will increase but that of
telescope decrease.

(b) microscope and telescope both will increase.

(¢) microscope and telescope both will
decrease

(d) microscope will decrease but that of
telescope increase.

For a normal eye, the cornea of eye provides a

converging power of 40D and the least

converging power of the eye lens behind the

cornea is 20D. Using this information, the

distance between the retina and the eye lens of

the eye can be estimated to be [2013]
(a) 2.5cm (b) 1.67cm
(¢) lL5cm (d) S5cm

The magnifying power of a telescope is 9. When
it is adjusted for parallel rays the distance
between the objective and eyepiece is 20 cm.

The focal length of lenses are : [2012]
(a) 10cm, 10cm (b) 15cm,5cm
(¢) 18cm,2cm (d) 1lem,9cem

A microscope is focussed on a mark on a piece
of paper and then a slab of glass of thickness 3
cm and refractive index 1.5 is placed over the
mark. How should the microscope be moved to
get the mark in focus again ? [2006]
(a) 4.5cmdownward (b) 1 em downward

(¢) 2cmupward (d) 1cmupward

A telescope has an objective lens of 10 cm
diameter and is situated at a distance of one
kilometer from two objects. The minimum
distance between these two objects, which can
be resolved by the telescope, when the mean
wavelength of light is 5000 A, is of the order of
(a) Sem (b) 05m [2004]
(¢) Sm (d) Smm

An astronomical telescope has a length of 44
cm and tenfold magnification. The focal length

of the objective lens is [1997]
(a) 4cm (b) 40cm

(¢) 4cm (d) 440cm

The hypermetropia is a [1995]

(a) short-sight defect

(b) long-sight defect

(c) bad vision due to old age
(d) none of these
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1.

Hints & Solutions

(d) When mirror is rotated by angle 6 reflected
ray will be rotated by 260.
According to the condition,

light U\
0

spot 2

A

4 4

2

soumci 20 ?

- Y, Mirror
(Ly$s— X —)?
/2

Y_20 —pg=-L
X 2x
(a) Magnitudem=+ve —

m=-ve —> realimage

virtual image

magnitude of magnification,
|m|>1
[m|<1

— magnified image
— diminished image

Incident ray

From fig. 40°+6=90° .. 6=90°—40°=50°

4.

(d) According to the condition,
f=10cm
F 3

B A
| e—

“ 10cmP*20cm ™™

v
The focal length of the mirror

I 1 1
L —=—t—

f v u
For 4 end of the rod the image distance
When #; =-20 cm

-1 1 1
10 v 20

1 -1 1 241
w1020 20
v|=—2(}cm

For when #, =—30cm

1 1 1

S ov 30

-t 1 -30+10 20
v 10 30 300 300
v,=—15cm

L=v,—v,=—15-(-20)
L=5cm


http://www.jeebooks.in

Ray Optics and Optical Instruments

5. (a) Toseehisfullimagein aplane mirror a person
requires a mirror of at least half of his height.

6. (b) Angle between two mirrors (6) = 60°.
Number of images formed by the inclined mirror

360° 360°
(m=="—~1=
0 60°
When two plane mirrors are inclined to each other at

-1=6-1=5

360
an angle 6 then number of images (n) formed # = ——

0
when object is placed asymmetrically, and
360 o .
=== I when object is placed symmetrically.

7. (d) Characteristic dimensions must be much
larger than the wavelength oflight.
8. (d) Fortotal internal reflection wheni=1i_, then

90°

refracted ray grazes with the surface. That
means the angle of refraction »=90°.

9. (b) Difference between apparent and real
depth of a pond is due to the refraction of light,
not due to the total internal reflection. Other
three phenomena are due to the total internal
reflection.

10. (c) For total internal reflection,

=
Hz > 221414
= u=150
1. (b) Byusing v=n
Here, ,, — 2 x10'*Hz
A =5000A = 5000 x10"""m

v=2x10"x5000x1071" =10% m/s
Refractive index of the material,

8
L3 (L

108
ﬂ In case of refraction of light frequency (and hence

colour) and phase do not change while wavelength
and velocity will change.

281
12.  (d) | 3 cm _1|'= 90°
4 cm .._j.....jﬂ"’
>
~ coin

From pythagorus theorem,
Hypotenuse comes out to be 5 cm.

) 1 sini
Since, E = 5in90°
1 5
“sini 3
¢ 3x10 g
Speed, v:;: =1.8x10" m/s

13.  (¢) Since refractive index for both the light
are different, so they emerge out moving in two
different parallel directions.

sin45°

sinr

14.  (a) ForpointA, ;llg =

sinr=——
= V2,1,

For point B, sin (90° —r) = oMy where,
(90°—r) is critical angle.

459 Air

Glass
1 |
cosr:gpa:E = allg =7 7
B 1 _ 1
- Jl—sin2r - \jl_ 1
za“g2
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— 2 _ 1 _ 2 aug
allg” = T 5 .2
1- — 2 a“‘g -1
2 Mg
? E
= 240 -1=2 = Mg = 97
15.  (b) Itis due to scattering of light. . 8in (90° —r)>sin C
1 or cosr>sinC (1)
Scattering °© —; . Hence the light reaches us is j ini
g Al gh ! From Snell’s law, n = s‘m: —sinr = smr
richinred. s - n
Real depth (R) . —+/l—sin?r =
16. () 15= 1 S COoSF 1 —sin

- Apparent depth (5cm)
SR =1.5x5=75cm

R, 5cm

air bubble
R,

2 cm

For opposite face,

Ry
1.527 ] R2=3.0cm

-. Thickness of the slab=R, + R,
=75+3=10.5cm

If object and observer are situated in different medium
then due to refraction, object appears to be displaced

Real depth ()

Refractive index, H= Apparent depth(hr)

Real depth > Apparent depth
In case object is in rarer medium and object is in
k!

denser medium then, # = N

Real depth < apparent depth

17.  (b) Frequency(n)=100Hz
v=nl

\ _3x10°

100
[where, velocity of light (v) =3 x 103m/s]

A=3x10m-

18.  (a) Letarayoflightenter at A and the refracted
beam is AB. This is incident at an angle 6. For no
refraction at the lateral face, 6 > C
or,sin 6>sin C But @+ r=90°=0=(90°-r)

. equation (1) gives

2. .2
i . sin” i
5 >sinC = 1- )
n n

sin

1—

1
Also, sinC=—

n
sin? i 1 sin?i 1
.'.1——2>‘—20r1>—2+—2
n n n 0

I ..

or — I+ <1 or 2 5 (sini+1)
n

Maximum value of sini=1

" n2>2:>n>ﬁ

19. (a) For e.m. wave entering from air to glass
slab (L), frequency remains n,

wavelength, 7L':E and velocity, p=2
p p

When electromagnetic wave enters in other
medium, frequency remains unchanged while
1
wavelength and velocity become E times.
20. (d) Totalthickness =1¢; Refrative index=p

C
Speed of light in Glass plate = n

t

O

where, ¢ = thickness of glass plate

Time taken =
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Speed of light in medium
v Speed of light in vaccum
1 of medium
21.  (c¢) Thickness of glass plate (#)=6 cm;

Distance of the object () = 8 cm.
And distance of the image (v)= 12 cm.

Let x = Apparent position of the silvered surface

incm.

Since the image is formed due to reflection at the
silvered face and by the property of mirror image
Distance of object from the mirror = Distance of

image from the mirror
or,x+8=12+6—x=>x=5cm.
Therefore, refractive index of glass

Real depth 6

—2=12

~ Apparent depth 5

2. (b) sinC= :%:)So,tanC:

1 3
n 4

r 3
Now, tanng;r:htanC:4><Z:3m
Diameter of disc=2r=6m

Field of vision of a swimmer or fish,

h
Radius, r = h tan ¢ =
pe =1
2
Area,A=m2=’;—
(=)
¢ 3x10® 8
23 © v,=—= =2x10" m/s
w3
2
=3
=220 _axipil s
ve  2x10
A A
24. (¢ Fromu:E:n",Km:—"
v nkgy, n

Here, ¢ = velocity of light in medium and

v = velocity of light in vacuum;
pu=refractive index of the medium.
Hence, wavelength in medium (A ) <A,

(- p>1, given)

So, the required wavelength decreases.
A 5460
A, =—%="—"=3640A
25 (@ “g W15

27.

28.

29.

Glass (1.5)
Air

Glass (1.5)

Equivalent focal length in air

1 1 1 2
—_— =g —=—
KR f f f
f
:) = ...-
F =2 (0

When glycerin is filled inside, it behaves like a

concave lens of focal length (—f)
f f

Glass (1.5) Glass (1.5)
glycerine (1.5)
L1 11 -
g—ﬁ?—; = F,=f ..(i)
Dividing (i) by (ii), we get
_1
F, 2

(a) When lens is cut in two half then power of
one part will be same. i.e., P, as focal length
remains same.

1 11
() 7=(u—1)[;]—R—2]
1 11 1 3
E:“-S—”(Fﬁ) EZO'S(E]

2R=37.5cm R=18.75cm
(b) Using lens maker’s formula,

1 1 1
o33
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1_(Ls_fi__L
=t U1 o 20

= f;=40cm
Now according to the condition

1 1 1

=—+—+—
f, £ £, f

eq
1 1 1 1
:> _—= +_
feq 40 -100/7 40
feqz—SOCm

Therefore, the focal length of the combination
is—50 cm.
For a system of lenses net focal length F
1 1 1
= e

hof In
Netpower P, =P; + P, +...+ P,

(b) From the question,

Combination

H,
Lty

Plano-convex

1 1 |

—=—+
T 5

| 1 1 1
=(y -1 [;_EJHM_I)[;_EJ
(-1)  (n2-1) IR

R R f R

Plano-concave

31.

Hence, focal length of the combination is

1 11
Ifp, =, then 7=(l—1)[E—gJ

= =0

1
7 ’757”

This implies that the liquid must have refractive
index equal to glass.

A transparent solid is invisible in a liquid of same
refractive index because of no refraction.

32. (c) S A
C

33.

L2 2f,
-« ——
d=f2+2f1
(¢) R=20cm
h,=2
u=-30cm
1 1 1
We have, —=(}1—1)[———]
f R R

-G (-%)]

s f=20cm
1 1 1 1 1 1
—_— — _:_+_
f v u 20 v 30
11t 1 _ 10
v 20 30 600
v=60cm

hi v
m_ho_u

v 60

—h.=—xhy, = —x2=—4cm

T AT

So, image is inverted.
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34,

35.

36.

37.

285

(c)

By lens formula,

11 1

v u f

u=10cm

v=15cm

f=2?

Putting the values, we get
11 1

15 10 f

10-15 1 150

— == Sf=——=-30cm
150 f 3

(c) Bycovering aperture, focal length does not

|
change. But intensity is reduced by 1 times, as

. d.
aperture diameter By is covered.

gy L 31
4 4

317
New focal length = fand intensity = T

(d) The focal length of the combination

1 1 1

=4

f f f

.. Power of the combinations,

P f,+1, ( le]
fif, f

(a) We have - M

u

Size of object

u

-1
= [lslsw}(l.wxloﬂ’)

=0.92x10°m=9.2x10*m
<. Diameter ofthe sun’s image =9.2 x 10#m.

or, Size of image = |—| " Size of object

38.

39.

(¢) From the formula,
11 1 11

—_—— = —— =
f A fo 25 25

Power of combination = — =0

1
/

(b)

<>

1 11
— = (u-D] ———
7 (1 )[Rl RJ

In this case, R, and R, are unchanged
So, f'will remain unchanged for both pieces of
the lens

=
11 1
—_— =
foh o h
This is combination of two lenses of equal focal
lengths
11 1 2

SRR

A symmetric lens is cut along optical axis in two
equal parts. Intensity of image formed by each

41.

42,

part will be same as that of complete lens. Focal
length is double the original for each part.

1 1 1
@ =g [g—g}

where, ¢ g =1 isgiven.

| 11
—=(1-)|———1]=0 —
:)f ( )[R] sz o f_oo

. 1_11
(b) Usingthe lens formula 7 =

Given v=d, for equal size image M = ‘u‘ =d
By sign convention u = —d
1 1 1 d
—_— 3 — [
7ad’a or f 2
(a) The silvered plano convex lens behaves

as a concave mirro; whose focal length is given
by
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43.

45.

2 1
—_— =t —
F A Tn
If plane surface is silvered
R2 oo
= —=— =200
In=7=73

1 11
= (1) — =
7 (1 )(Rl RJ

PPN SLIE I P et
ol

1_2w-h 1 _2(-D
F R © R
Fe R
2(p-1)
Here, R=10cm, p=1.5
inzlocm
2(1.5-1)

(b) R,=60cm,R,= 0 ,u=1.6

1 1 |
Ry ey

A
L 6-n[ =] =100
f_ . 50 =>f= cm.
(c) f=20cm
0 ===
30 cm 10 cm
[E 60 cm- »
For the lens,
1 1 1 1 1 1
=7, ————=—" > v=60cm

viou f7 v 30 20

Coincidence is possible when the image is
formed at the centre of curvature of the mirror.
Only then the rays refracting through the lens
will fall normally on the convex mirror and retrace
their path to form the image at O. So, the distance
between lens and mirror =60 —10=50 cm.

(¢) Red light has wavelength greater than
violet light. Therefore focal length of lens for
red is greater than for violet. (f,>f))

Cauchy relation
n= A+£+£
22 A Hence f och .

47.

48.

50.

51

52.

PHYSICS

(d) We know that e =) —
= /i

?_71+72 : f;=80cm, f,=-50cm
| 1 1

21
1 1 1

£ 80 50
100 100
1
= P=7 =125-2=-0.75D

1 | |
o 77077

According to Cauchy relation

B C
M=A+7L—2+7L—4--- Hence f o< A .

Hence, red light having maximum wavelength
has maximum focal length.

. f, < f.and also F, > F, as focal length is
negative for a concave lens.

(c) Iftwo or morelenses are combined together
in such a way that this combination produces
images of different colours at the same point and
of the same size, then this property is called
‘achromatism’. Concave and convex type of
lenses are used for this combination.

(a) Size of images = 4, and 4,. From the
displacement method, the area of the source of

(d) Forred light, focal length oflens is maximum
because f o 3 and A is maximum for red light.

© 5 ) (5

S (mg=h  15-1

1

5 2

_l_g
2

5

fg:Efa:%x2:50m

(b) Light ray emerges normally from another
surface, hence, e (angle of emergence) =0

ah=0 n+pn=4 > =4
L -sini = 1, -Sinr
P
*,
\“‘ A ~
“\J?‘ -
4 \\l
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53.

53.

Applying Snell's law on first surface PO
=W, sini=,-sinyy = sini =psin 4
For small angles (sin© =~ 6)
i=pd
(c) Rainbow will be observed only when the
sun is at the back side of observer.
(b) For retracing the path, light ray should be

normally incident on silvered face.
A=r+0=>r=30°

Applying Snell’s law at point M,

sini «/5

sin30° 1
1
- sini= JEXE

1
or, sini= f ie.,1=45°

(a) For dispersion without deviation
(DA +(u' 1A, =0

[(=DAY | =|(=DA,|
(1.42-1)x 10°=(1.7-1)A,
42=07A,

A,=6°

In case of deviation without dispersion
A _ (4y —up)

56.

57

A"y - mg)

(b) Given: Angle ofincidencei=45°
angle of prism, A= 60°

Angle of minimum deviation,

0. =21 ~ A= 30°

Refractive index of material of prism.

sin[A +8,, ]
2 )
= sin(A/2)
sin45° 1 (2
T sin30° 2 (1} ¥2
(@) As we know, the refractive index of the
material of the prism

“in (Sm + A)
N2 7

sin (A/ 2)

58.

59.

287
A
sin { Al 8“‘]
A = 2 _ cos (A/2)
COLAZ= "GnA/2  sin(A/2)

[-- u=cot(A/2)]

= sin [T 5 =sin(90° + A/2)

= 4 =180°-2A

(c) For total internal reflection,
incidentangle (i) > critical angle (i )

So, sin 1> sin i,

1 _—

sin 45° > ; i=45°

Su> .2 > 1414 45°

Since refractive index p of green and voilet are
greater than 1.414 so they will total internal
reflected. But red colour will be refracted.

According to Snell’s law p= &
sin r
= (1)sin2A=(n)sinA = p=2cosA
(a) Rainbow is formed due to combination of
total internal reflection and dispersion.

suffering refraction and TIR in the droplets present

ﬂ Rainbow is formed due to the dispersion of light

6l.

62.

in the atmosphere. To observe rainbow observer
should stand its back towards sun.

(a) Fornormallyemergee=0

Therefore r, =0 and r; =4

Snell’s Law for incident ray’s

Isin i = psin#; = psin 4

For small angle

i=pa
(b) A

A Prism angle
5 —> angle of
mn " minimum

. deviation
Incident—> C ; &) e—>angle of
angle - emergence
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The angle of minimum deviation is given as
Opin =1+ e-4
for minimum deviation
O pin =4 then
24=i+e

in case of 8, .1 =

i=A=90°
from Snell’s law
lsini=nsinr,

A
sin =nsm —
3

. A A |
2 sm;cos—=nsm—

2 cos£= n
when A=90°=i ..
then N = 2

i=A=0n_ =2

(b) Deviation = zero
So0,6=06,+6,=0

=@ -DA +(1,-1)A,=0
2 A (L75-1)=—(1.5-1)15°

0.5
- x15°
=4, 0.75
cn‘A2 =—10°.

Negative sign shows that the second prism is
inverted with respect to the first.
(b) Zr=30° (using law of triangle)

A

- sini 30°
H sin r
= /2 xsin30° =sini r

:sini:L::»i:45°.
'\/5 B C

(¢) Angle of minimum deviation

A+ 60°+0
sin[ 2’”] sin{i2 m]
. [A] V3 . {60"]
sin| — sin
2 2
)
:sin[30°+—m]=—3:>30°+5_m:60°
2 2 2

=35 =60°.

68.

(a) Whentheangleofprismissmall, d=(u—1)A
(d) For telescope, angular magnification
Jo

TE
So, focal length of objective lens should be large.

_ D
Angular resolution = Lo So, D should be

large.

So, objective lens of refracting telescope should
have large focal length () and large diameter D
for larger angular magnification.

(d) Given: Focal length of objective, f, =40cm
Focal length of eye — piece {,=4 cm

image distance, v, =200 cm

Using lens formula for objective lens

1 1.1 1 1,1
\-"0 1.10 fo = \-'0 fo LIO
| 1 1 +5-1

— . —

=t =
vo 40 =200 200
= Vvp=50cm
Tube length £ = |v |+ f,=50+4 =54 cm.

In a telescope, if field and eye lenses are

L

interchanged magnification will change from L_ J
e

to (—f e\ fa it L. ;
L J i.e., it will change from m to — i.e., will
Jo m

1
become [—2] times of its initial value.
m

(c)  Objective lens

Eye-piece
' d=f,+f,

Magnification by eye piece

_ f
m= f+u
ot fo 1 f

L f+[(fp+f)] f, L f,

fo L

Magnification, M = T
S
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70.

71.

(d) Magnifying power of microscope
b 1

= —— o —
fofe  fo

Ht.ance with increase f; magnifyig power of
microscope decreases.

fi
Magnifying power of telescope = f_ﬂ o« fy

(53
Hence with increase f; magnifying power of
telescope increases.

() Pomea=1T40D
P,=+20D
Total power of combination =40 +20 =60 D

1
Focal length of combination = 0 x100 cm

= 5 cm
For minimum converging state of eye lens,
u=-o v=? f= B
3
From lens formula,
| 11 5
—=——-—>v=—_cm
f v u 3
Distance between retina and cornea-eye lens
= B =1.67Tm
3
(c) MP.=9= Jo
Je
= =9, (1)
fot/,=20 .(2)
on solving

Jo= 18 cm = focal length of the objective
f,=2 cm=focal length of the eyepiece

74.

5.

2]

(d) Inthe later case microscope will be focussed
for 0. So, itis required to be lifted by distance OO'.
00" =real depth of O — apparent depth of O.

Image e C})
0

3 3 _ realdepth
1.5 " apparent depth

:3[1.5—1}: 3x.5 —1em

1.5 1.5
x  1.22%
(d) Here, =—
1000 D
1.22x5%x10° 10719 x10?
or, ¥=

2

10x107
or,x=122x5%x10°m=6.1 mm
.. x is of the order of 5 mm.

(b) Given : Length of astronomical telescope

( fo)
(fy +/,) =44 cm and magnification L%J =10.

From the given magnification, we find that
Jo= 10f,. Therefore, 10f,+f,=44 or 11f,=44 or f,
= 4. And focal length of the objective
(fy)=44-f,=44-4=40cm.

In case if objective and eye lens of a telescope are
interchanged, it will not behave as a microscope

76.

but object appears very small.

(b) A person suffering from hyper metropia
can see objects beyond a particular point called
the near point. If the object lies at a point nearer
than this point, then image is not formed at the
retina. This is also known as long-sight defect.
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% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016
Topic Sub-Topic Qns. LOD|Qns.|LOD (Qns. LOD|Qns. LOD|Qns.| LOD

Wavefront, Interference of
Light, Coherent & Incoherent
Sources
Young's Double Slit Experiment | YDSE Fringe width A 1 A

Angular fringe width in water 1| A 1| A
Diffraction, Polarization of | Diffraction & Polarisation of light E 1| A 2 A 1 A
Light & Resolving Power Resolution of Telescope & . e

Microscope

LOD - Level of Difficulty

Topic 1: Wavefront, Interference of Light,
Coherent & Incoherent Sources

I. The periodic waves of intensities I; and I, pass
through a region at the same time in the same
direction. The sum ofthe maximum and minimum

intensities is:

(@ I,+1,

© (L)

E - Easy

12008]
® (VL)

(d) 2(I;+1,)

Colours appear on a thin soap film and on soap
bubbles due to the phenomenon of  [1999]
(a) refraction (b) dispersion

(c) interference (d) diffraction
Interference was observed in interference
chamber where air was present, now the chamber
is evacuated, and if the same light is used, a
careful observer will see [1993]
(a) nointerference

(b) interference with brighter bands

(c) interference with dark bands

(d) interference fringe with larger width

4.

D - Difficult Qns - No. of Questions

Ratio of intensities of two waves are given by
4: 1. Then theratio of the amplitudes of the two

waves 18 [1991]
(a) 2:1 (b)y 1:2
(c) 4:1 (d 1:4
Interference is possible in [1989]

(a) light waves only

(b) sound waves only

(c) both light and sound waves

(d) neither light nor sound waves

Which one of the following phenomena is not
explained by Huygens construction of
wavefront? [1988]
(a) Refraction (b) Reflection

(¢) Diffraction (d) Origin of spectra

Topic 2: Young's Double Slit Experiment

In Young's double slit experiment, if the
separation between coherent sources is halved
and the distance of the screen from the coherent
sources is doubled, then the fringe width
becomes : [2020]
(a) half (b) four times

(¢) one-fourth (d) double
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8.

10.

11

12,

13.

291

In a double slit experiment, when light of
wavelength 400 nm was used, the angular width
ofthe first minima formed on a screen placed 1
m away, was found to be 0.2°. What will be the
angular width of the first minima, ifthe entire
experimental apparatus is immersed in water?

(Myaer = 4/3) [2019]
@ 0266° (b) 0.15°
() 005° d 0.1°

In a Young’s double slit experiment, if there is
no initial phase difference between the light
from the two slits, a point on the screen
corresponding to the fifth minimum has path

difference [NEET Odisha 2019]
A A

@ 115 ®) 57
A A

(c) 10 5 (d 9 3 t

In Young's double slit experiment the separation
d between the slits is 2 mm, the wavelength A of
the light used is 5896 A and distance D between
the screen and slits is100 cm. It is found that the
angular width of the fringes is 0.20°. To increase
the fringe angular width to 0.21° (with same A
and D) the separation between the slits needs

to be changed to [2018]
(a) L.8mm (b)y 1.9mm
(¢) L7mm (d) 2.1mm

Young's double slit experment is first performed
in air and then in a medium other than air. It is
found that 8t bright fringe in the medium lies

where 5 dark fringe lies in air. The refractive

index of the medium is nearly [2017]
(a) 1.59 (b) 1.69
(c) L78 (d 125

The intensity at the maximum in a Young's
double slit experiment is I,. Distance between
two slits is d = 5k, where A is the wavelength of
light used in the experiment. What will be the
intensity in front of one of the slits on the screen

placed at a distance D=10d ? [2016]
[ Io

@ o ® -
3 Iy
_]_ ~

© o @ -

In a double slit experiment, the two slits are 1
mm apart and the screen is placed 1 m away. A
monochromatic light wavelength 500 nm is used.

14.

15.

16.

17.

18.

What will be the width of each slit for obtaining
ten maxima of double slit within the central

maxima of single slit pattern ? [2015]
(a) 0.lmm (b) 05mm
(¢) 0.02mm (d) 02mm

Two slits in Young’s experiment have widths in
theratio 1 : 25. The ratio of intensity at the maxima

and minima in the interference pattern, Imax is:
min
121 b) —— [20I5RS
@ S (b) 5y [2015RS]
4 o 2
© 5 @ -

In the Young’s double-slit experiment, the

intensity of light at a point on the screen where

the path difference is A is K, (A being the wave

length of light used). The intensity at a point

where the path difference is /4, will be: [2014]

(a) K (by K4

(c) K2 (d) Zero

In Young’s doublesslit experiment, the slits are 2 mm

apart and are illuminated by photons of two

wavelengths A, = 12000A and A, = 10000A. At

what minimum distance from the common cen-

tral bright fringe on the screen 2 m from the slit

will a bright fringe from one interference pattern

coincide with a bright fringe from the other ?
[2013]

(a) 6mm (b) 4mm

(¢) 3mm (d) 8mm

In Young’s double slit experiment the distance

between the slits and the screen is doubled. The

separation between the slits is reduced to half.

As aresult the fringe width [NEET Kar. 2013}

(a) is doubled

(b) is halved

(c) becomes four times

(d) remains unchanged

In Young’s double slit experiment carried out
with light of wavelength (1) = 50004, the distance
between the slits is 0.2 mm and the screen is at
200 cm from the slits. The central maximum is at
x = (. The third maximum (taking the central
maximum as zeroth maximum) will be at x equal

to [1992]
(a) 1.67cm (b) L5cm
(¢) 0.5cm (d) 5.0cm
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24,

24,
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If yellow light emitted by sodium lamp in
Young’s double slit experiment is replaced by a
monochromatic blue light of the same intensity
(a) fringe width will decrease [1992]
(b) finge width will increase

(c) fringe width will remain unchanged

(d) fringes will become less intense

In Young’s experiment, two coherent sources
are placed 0.90 mm apart and fringe are observed
one metre away. Ifit produces second dark fringe
at a distance of 1 mm from central fringe, the
wavelength of monochromatic light used would
be [1991, 1992
(@) 60x10*cm (b) 10x10*cm

(¢) 10x10cm (d) 6x10cm

The Young’s double slit experiment is performed
with blue and with green light of wavelengths
4360A and 5460A respectively. Ifx is the distance
of 4th maxima from the central one, then [1990]

(a) x(blue)=x(green)
(b) x(blue)>x(green)
(c) x(blue)<x(green)

x(blue) 5460

x(green) 4360
In Young’s double slit experiment, the fringe
width is found to be 0.4 mm. If the whole
apparatus is immersed in water of refrative index

—, without disturbing the geometrical

arrangement, the new fringe width will be [1990]

(a) 0.30mm (b) 040mm

(¢) 0.53mm (d) 450 microns
Topic 3: Diffraction, Polarization of Light &

Resolving Power

The Brewsters angle iy, for an interface should

be [2020]

(a) 30°< ilg <45° (b) 45°<i, <90°

(©) i,=90 (d) 0°<iy <30°

Assume that light of wavelength 600 nm is
coming from a star. The limit of resolution of
telescope whose objective has a diameter of
2mis: [2020]
(a) 1.83x107rad (b) 7.32x 107 rad

(¢) 6.00x107rad (d) 3.66x 10 7rad

Angular width of the central maxima in the
Fraunhofer diffraction for A = 60004 is 6,. When

27.

28.

29.

the same slit is illuminated by another
monochromatic light, the angular width
decreases by 30%. The wavelength of this light

is [NEET Odisha 2019]
@ 420A (b) 1800A
(c) 4200A (d) 6000A

Unpolarised light is incident from air on a plane
surface of a material of refractive index 'l'. Ata
particular angle of incidence '1', it is found that
the reflected and refracted rays are perpendicular
to each other. Which of the following options is
correct for this situation? [2018]
(a) Reflected light is polarised with its electric
vector parallel to the plane of incidence
(b) Reflected light is polarised with its electric
vector perpendicular to the plane of
incidence

(c) i:tan_l(l]
v
(d) f:sin—l(i]
n

Two Polaroids P, and P, are placed with their
axis perpendicular to each other. Unpolarised
light 1, is incident on P,. A third polaroid P; is
kept in between P, and P, such that its axis
makes an angle 45° with that of P| . The intensity

of transmitted light through P, is [2017]
10 Ig

@ -, ®)
lo Iy

© ¢ @ 3

The ratio of resolving powers of an optical
microscope for two wavelengths A, = 4000 A

and %, =6000 A is [2017]
@ 9:4 (b) 3:2
(© 16:81 d) 8:27

In a diffraction pattern due to a single slit of
width 'a', the first minimum is observed at an
angle 30° when light of wavelength 5000 A is
incident on the slit. The first secondary maximum
is observed at an angle of : [2016]

o (3w (3

o'z o
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30.

3L

32

33.

293

For a parallel beam of monochromatic light of
wavelength "\, diffraction is produced by a single
slit whose width 'a' is of the wavelength of the
light. If'D" is the distance of the screen from the
slit, the width ofthe central maxima will be : /201 5]

DA Da
(a) 7 (b) N
2Da 2DA
© =5 @ — -

At the first minimum adjacent to the central
maximum of a single-slit diffraction pattern, the
phase difference between the Huygen's wavelet
from the edge of the slit and the wavelet from

the midpoint of the slit is : [2015 RS]
(a) g radian (b) mradian
(c) g radian (d) % radian

A beam of light of A = 600 nm from a distant
source falls on a single slit 1 mm wide and the
resulting diffraction pattern is observed on a
screen 2 m away. The distance between first dark
fringes on either side of the central bright fringe
is: [2014]
(a) 12cm (b) 12mm

(¢) 24cm (d) 24mm

A parallel beam of fast moving electrons is inci-
dent normally on a narrow slit. A fluorescent
screen is placed at a large distance from the slit.
Ifthe speed of the electrons is increased, which
of the following statements is correct ? [2013]

(a) Theangular width ofthe central maximum
ofthe diffraction pattern will increase.

(b) Theangular width ofthe central maximum
will decrease.

(¢) Theangular width ofthe central maximum
will be unaffected.

(d) Diffraction pattern is not observed on the

screen in case of electrons.
A parallel beam of light of wavelength A is
incident normally on a narrow slit. A diffraction

35.

36.

37.

38.

39.

pattern is formed on a screen placed
perpendicular to the direction of the incident
beam. At the second minimum of the diffraction
pattern, the phase difference between the rays
coming from the two edges of slit is

[NEET Kar. 2013]
(a) mh (b) 2m
(¢) 3m (d) 4n
The angular resolution of a 10 cm diameter
telescope at a wavelength of 5000 A is of the

order of [2005]
(a) 10%rad (b) 1072rad
() 10%*rad (d) 10%rad

A paper, with two marks having separation d, is
held normal to the line of sight of an observer at
a distance of 50m. The diameter of the eye-lens
ofthe observer is 2 mm. Which of the following
is the least value of d, so that the marks can be
seen as separate ? The mean wavelength of

visible light may be taken as 5000 A.  [2002]
(a) 125m (b)y 125cm
(¢) 1.25cm (d) 25mm

In a Fresnel biprism experiment, the two positions
of lens give separation between the slits as 16
cm and 9 cm respectively. What is the actual

distance of separation? [1996]
(a) 125cm (b) 12cm
(¢) 13cm (d) 14cm

A parallel beam of monochromatic light of
wavelength 5000A is incident normally on a
single narrow slit of width 0.001 mm. The light is
focussed by a convex lens on a screen placed in
focal plane. The first minimum will be formed for

the angle of diffraction equal to [1993]
(@) O (b) 15°
(c) 30° (d) 50°

Which of the following phenomenon is not
common to sound and light waves ?  [1988]
(a) Interference (b) Diffraction

(¢) Coherence (d) Polarisation

ER KEY
L @] 6 @]t ]@|16]@/ 21 @] 26 ] |3L|®f36] @0
2 1@l 7 1o 121 |)17] @ |22 ) @ [27 |@®) |32]@]|37]®)
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Hints & Solutions

(d) The resultant intensity of two periodic
waves at a point is given by 7.
[=1, +1,+ 2|1, .cosf .

Resultant intensity is maximum if

cos p=—1

el =1 +1,+ 2L,

Resultant intensity is minimum if

cosp=+1

ie I . =1, +1, -2\,
Therefore, the sum ofthe maximum and minimum
intensitiesis I+ 1 . 8

= +1, 421, +1,+1, - 21,1,

=2(I,+1,)

(c) We know that the colours for which the
condition of constructive interference is
satisfied are observed in a given region of the
film. The path difference between the light waves
reaching the eye changes when the position of

the eye is changed. Therefore, colours appear

on a thin soap film or soap bubbles due to the ¢
phenomenon of interference.

(d) In vaccum, A increases very slightly
compared to that in air. As B oc A, therefore,
width of interference fringe increases slightly.
I a]2 4  aq 2
@ 7° @

12_022 1 ”02 1

(¢c) Interference is a wave phenomenon shown
by both the light waves and sound waves.

(d) Huygen's construction of wavefront does
not apply to origin of spectra which is explained
by quantum theory.

If w; and w, are widths of two slits from which

intensities of light /;, and /, emanate, then
2

i:a_zzﬁ;a and b are amplitudes.

L b° w

10.

. . AD
(b) Fringe width B = 7

Here, A = wavelength of light from coherent
sources,

D= distance of screen from the coherent sources,
d = separation between coherent sources

When, d':g and D'=2D

New Fringe width, B'= M2D) 4D
dl2 d
=>p'=4p

Fringe width becomes 4 times.
(b) For double slit experiment angular fringe

width 6, :%

Angular fringe width (in water)
)

0, = B _%
uD p

~0.2°

)

(d) Path difference for destructive interference
inYDSE

=0.15°

= AX, = —(2"2_1) A

9
AXS“' - 7

n=1,2,3....

A
(b) Angular width = 7

A
S0,0.20°= ——
2mm

= A=0.20°x2

_ A
Again, 0.21°= 7

Now putting the value of A
0.20°x2mm

0.21°
d=1.9mm


http://www.jeebooks.in

7]

Wave Optics
1.  (c¢) According to question 13, (d) Here, distance between two slits,
8t bright fringe in medium = 5th dark fring in air d=1mm=10"m
AD distance of screen from slits, D=1 m
Ygin bright SE wavelength of monochromatic light used,
A=500nm =500 x 10~°m
Y= (2% 5—1) AD _9AD width of cach slita=?
2d 2d Width of central maxima in single slit pattern
94D _ AD 21D
2d  ud .
. 16 . e : . A
or, refractive index p= i 1.78 Fringe width in double slit experiment f = i
ﬁ In YDSE for constructive or bright fringes. So, required condition 10D _ 2A.D
a
o= % for nth bright fringe and for destructive 41
. Di. - a=—=—x10"n=02mm
or dark fringes. y, = (2n - 1)5 for nth dark 5D 5
- |
fringe. 14. (d) Theratio of slits width = 35 (given)

12,

(d) LetP isapointinfront of one slit at which
intensity is to be calculated. From figure,

'l
S

< D #
Path difference = S,P—S,P

2 D2
2 2
] T e e
2D? 2D

e 4 _d s
2x10d 20 20 4

Phase difference,
L.
=TT
So, resultant intensity at the desired point 'p' is
Y 10
I= 100032% =Tgcos 3y ~ 5

L 25

. L=
2
| A 25
10(:A2:>—l:—12:—0rﬂ:§
L A7 1 A, 1
As we know that,
Amax _ A1 +Ay S+1_6_3
Apn Aj—A, 5-1 4 2
2 2
. lmax:Amax:[i] :2
. Imin Arznin 4

I
ﬂ In YDSE, the radio of I‘““" is maximum when
min
both the sources have same intensity.

15.

(¢c) For path difference A, phase difference
=2nrad.

For path difference %, phase difference

T

= = rad.
21‘&

As K = 4], so intensity at given point where

path difference is %

K
=4 2[3][ T 450]:21 _=
K Iy cos 4 cos4 cos 0 2
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16.

17.

18.

19.

20.

PHYSICS

nAD
(a) Y= T

S Ill ll :nzlz
=, x 12000 x 10710 =n, x 10000 x 10710

or, n (12000 x 10719) = (n + 1) (10000 x 10~
10) =>n=35

( Ay =12000x1070m; 2, :10000><10“°m)

8,

2mm1

S:

2m

_ n).lD
Hence, Y . imon = q

5 (12000>< 10° ‘“}xz

2x1073
(- d=2mmand D =2m)
=5x12x10%m
=60x10%m
=6x103m=6mm
(c) Fringe width B:%;
From question D'=2Dand 4’ :%
m!
s pB'= =4
p o p
D
(b) x =(n)A— :3><5000><10r‘°><#3
d 0.2x10

=15x102m=15cm

(a) As ﬁ=%

Fringe width B will decrease
(d) Fordark fringe

and /A.b <;Ly:

(2n-1) 4D
x=2n-1)—
2d

2xd

i 2x107°%x0.9%1073
T @n-nDD

(2x2-1)xl

21.

2=0.6x10°m=6x103cm

(¢) Distance of nthmaxima, x = nk% o A

As lb < ;\.g Xb]ue <X

green

Fringes with red light are thicker than those for
blue light.

2.

24,

lrerdb?"blue
(a) B':%:%:OS mm
3

If the whole YDSE set up is taken in another
medium then A changes. So B changes.

In water hoo = —+
w

a

B
= po=—* —EB
4

w

(b) According to Brewster’s law, when a beam
of unpolarised light is reflected from a
transparent medium of refractive index (1,), the
reflected light is completely polarised at certain
angle of incidence called the angle of
polarisation (7).

tani, = Ha
H

Forair, u, =1
sotanid, =p, >1
= tani, >1 = 90°>i, >45°
(d) Given:
Wavelength, 2 =600 nm =600 x 10° m
and diameter of objective, d=2 m
Limit of resolution oftelescope,
122/, 1.22x600x10°°

0= ~3.66% 10”7 rad
d 2
AsO= 2
(©) Aso= =
2% 6000 _
0p= ()
O _ M §
8, 6000 (i)
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26.

27.

29.

297

= A =0.7x6000 (as 6, =0.76,)

= 4200 A

(b) When reflected light rays and refracted
rays are perpendicular, reflected light is
polarised with electric field vector
perpendicular to the plane of incidence.

Plane polarised
reflected light

90°

n Partial polarised
refracted light

Also, tan i = p (i = Brewester angle)

P,

Vi

ol

> [\\
R PV

H
s o
.

P, P,

(b) . > ( m

0 S~

00

o

r?.

“._'_.‘.)‘. a uv_%

According to Malus law, [ = Ioccus2 6

Iy
I, =—
L2
12_?(:03 45° = 2 57
o 2 lo
= —cos 45° = —
b=y 8
(b) Resolving power of a microscope
_ 2usin®
A
Ry M

lLe., Rec— o, R_2:7L_1

Given that the two wavelengths,

A; =4000A and X, =6000A
R 6000A 3

" R, 4000A 2

(d) For the first minima,

A
6= = =
a

sin30° =

| >
to | =

30.

31.

32.

First secondary maxima will be at
. 3 31 . 3
sinf=——==(%| = B=sm—'[_]

2a 2\2 4
(d) Linear width of central maximaY

2D A A
=D(206)= 2DB:T

The central maxima lies between the first minima

on both sides.

The angular width ‘d’ central maxima =26 = B
2Dhr

Linear width of central maxima = 2D0 = T

b = width of slits and D = distance between slit
and screen.

(b) For first minima at P

AP-BP=A

APMP—E
)

) 2n A )
So phase difference, ¢ = N X 5= mradian

(d) Given:D=2m;d=1mm=1x10"3m
A=600nm=600x10"%m
Width of central bright fringe (=2)
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PHYSICS
2AD  2x600x107% x2 -t
= = 3 0 D
d 1x10
=24x10"3m=2.4mm Y X AD
o> —=—2V="— (1)
D d d

v

[

S,
(b) dl}
'\

Angular width, 6 = )

A
0= H,VTMN

[For central maximan=1]
Hence, with increase in speed of electrons
angular width of central maximum decreases.

(d) Conditions for diffraction minima are
Path diff. Ax = ) and Phase diff. 6¢ =2nn

Path diff. = nk =2
Phasediff. = 2un =4n (- n=2)

Y nAD { 7 m}

S0

2

A 5000 x 10710
d) sp=122==1227""—_
@ D 10x1072

—6.1x107°
. Order=10"°

(b) Angular limit of resolution of eye, 6 = % ,

where, d is diameter of eye lens.

Also, if Y is the minimum separation between
two objects at distance D from eye then,

Here, wavelength A =5000A =5x10" m
D=50m

Diameter of eye lens =2 mm = 2x1 0> m
From eq. (1), minimum separation is

~5x1077 x50
2x107

(b) Separation between slits are (r;=) 16 cm
and (r,=) 9 cm.

Y —12.5%x10° m=12.5cm

Actual distance of separation = ,/rjr,

—J16x9 =12cm

(¢) For first minimum, a sin 6 =k =1

i A 5000x10710
sinf=—=———

a  0.001%10"°
0=30°
(d) Sound waves can not be polarised as they
are longitudinal. Light waves can be polarised
as they are transverse.

=05

of light in a particular direction perpendicular to
the direction of wave motion. Light is an
electromagnetic wave and is transverse in nature.

ﬂ Polarisation of light is the restricting the vibration
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25 Radiation and Matter

% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 2018 2017 2016

Photoelectric Effect & X-ray equation

Topic Sub-Topic Qns. LOD|Qns.|LOD (Qns. LOD|Qns. LOD|Qns.| LOD
Matter Waves, Cathode & de-Broglie wavelength of 1 E 1 E 1| A 1 A
Positive Rays electron
De-Brglie of neutron 1 A
Electron Emission, Photon Einstein’s photoelectric 1 E 1 A 1 A

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Matter Waves, Cathode
& Positive Rays
1. An electron is accelerated from rest through a
potential difference of V volt. Ifthe de Broglie
wavelength of the electron is 1.227 x 102 nm,

the potential difference is : [2020]
(a) 10V (b) 10°V
(c) 10*V (d) 10V

2. An electron is accelerated through a potential
difference of 10,000 V. Its de Broglie wavelength
is, (nearly): (m =9 103! kg) [2019]
(@ 12210%m (b) 122 102m
(¢) 122 10"™m  (d) 122nm

3. Aproton and an o—particle are accelerated from
rest to the same energy. The de Broglie
wavelengths &_and A are in the ratio,

[NEET Odisha 2019]
(a) 4:1 (b) 2:1
() 1:1 (d 2:1

4. An electron of mass m with an initial velocity
V=V, (V,>0) enters an electric field
E=-E,i (E,=constant>0)att=0.If,isits

de-Broglie wavelength initially, then its de-
Broglie wavelength at time t is [2018]

1+6E0f - mb
mVD
© A, (d) Ay

The de-Broglie wavelength of a neutron in
thermal equilibrium with heavy water at a
temperature T (Kelvin) and mass m, is :- [2017]

h 2h
@ AT ®) Akt
2h h

© ToxT @ T
An electron of mass m and a photon have same
energy E. The ratio of de-Broglie wavelengths
associated with them is : [2016]
1 1
1(E )2 ( E ]5
a) —| — —
@ c (Zm J ®) 2m

1

1 1
© compz @ (2]

xc\ E
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11.

12,

PHYSICS

Which of the following figures represents the
variation of particle momentum and the

associated de-Broglie wavelength? [2015]
f f
(@) (b)
—L
p p —>
© j @
—>) —>)

Ifthe kinetic energy of the particle is increased
to 16 times its previous value, the percentage
change in the de-Broglie wavelength of the

particleis : [2014]
(a) 25 (b) 75
(c) 60 (d) 50

The wavelength A, of an electron and A of a
photon are of same energy E are related by [5013/

@ ApEn, ) A, i

1 2
() A, Al

() A P~

\.‘ l €
The de-Broglie wavelength of neutron in thermal
equilibrium at temperature Tisf{NEET Kar. 2013]

30.8 3.08
@ Fh o o Fh
0.308 0.0308

0000 2 utad
© 7 @ 7

If the momentum of electron is changed by P,
then the de Broglie wavelength associated with

it changes by 0.5%. The initial momentum of

A

electron will be : [2012M]
(a) 200P (b) 400P
(c) 200 (d) 100P

Electrons used in an electron microscope are
accelerated by a voltage of 25 kV. If the voltage
is increased to 100kV then the de—Broglie
wavelength associated with the electrons would
(a) increase by 2 times [2011]
(b) decrease by 2 times
(c) decrease by 4 times
(d) increase by 4 times

13.

14,

15.

16.

17.

18.

19.

In the Davisson and Germer experiment, the

velocity of electrons emitted from the electron

gun can be increased by [2011]

(a) increasing the potential difference between
the anode and filament

(b) increasing the filament current

(c) decreasing the filament current

(d) decreasing the potential difference between
the anode and filament

In the phenomenon of electric discharge through

gases at low pressure, the coloured glow in the

tube appears as a result of: [2008]

(a) excitation of electrons in the atoms

(b) collision between the atoms of the gas

(c) collisions between the charged particles
emitted from the cathode and the atoms of
the gas

(d) collision between different electrons of the
atoms of the gas

A particle of mass 1 mg has the same wavelength

as an electron moving with a velocity of 3x10°

ms ™!, The velocity of the particleis:  [2008]

(@) 2.7x10%¥ms! (b) 9x102ms!

(¢ 3x103mst  (d) 2.7x102 ' ms!

(mass of electron = 9.1x103'kg)

In a discharge tube ionization of enclosed gas is

produced due to collisions between  [2006]

(a) negative electrons and neutral atoms /
molecules

(b) photons and neutral atoms /molecules

(¢) neutral gas atoms/molecules

(d) positive ions and neutral atoms/molecules

Which of the following moving particles

(moving with same velocity) has largest

wavelength of matter waves? [2002]
(a) Electron (b) a-particle
(¢c) Proton (d) Neutron

Which one of the following statements is not

true for cathode rays? [2002]

(a) Cathode rays produce heat when incident
on metals

(b) Cathode rays travel in a straight line

(c) Cathoderays donot deflect in electric field

(d) Cathode rays produce fluorescence when
they fall on certain meterials

The wavelength associated with an electron,

accelerated through a potential difference of 100

V, is of the order of [1996]
(a) 1000 A (b) 100A
() 105A (d) 1.2A
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21.

24,

301

Gases begin to conduct electricity at low
pressure because [1994]
(a) at low pressures gases turn of plasma
(b) colliding electrons can acquire higher
kinetic energy due to increased mean free
path leading to ionisation of atoms
(c) atoms break up into electrons and protons
(d) the electrons in atoms can move freely at
low pressures
An ionization chamber with parallel conducting
plates as anode and cathode has 5 x 107
electrons and the same number of singly charged
positive ions per cm?. The electrons are moving
towards the anode with velocity 0.4 m/s. The
current density from anode to cathode is 4puA/
m?2. The velocity of positive ions moving towards

cathode is [1992]
(a) 0.4m/s (b) 1.6m/s
(c) zero (d) 0.1m/s

Topic 2: Electron Emission, Photon
Photoelectric Effect & X-ray

Light of frequency 1.5 times the threshold
frequency is incident on a photosensitive
material. What will be the photoelectric current
if the frequency is halved and intensity is
doubled? [2020]
(a) four times (b) one-fourth

(c) zero (d) doubled

The work function of a photosensitive material
is 4.0 eV. The longest wavelength of light that
can cause photon emission from the substance

is (approximately) [NEET Odisha 2019]
(a) 310nm (b) 3100nm
(c) 966nm (d) 31nm

The photoelectric threshold wavelength of silver
is 3250 x 1071%m. The velocity of the electron
¢jected from a silver surface by ultraviolet light
of wavelength 2536 x 10710 m is £201 7]
(Givenh=4.14x 1075 eVsandc=3 x 103 ms™)
(@) =~ 0.6x10°ms~!

(b) =~61x103ms!

() =0.3x100ms™!

(d) ~6x10°ms!

When a metallic surface is illuminated with
radiation of wavelength A, the stopping potential
is V. If the same surface is illuminated with
radiation of wavelength 2X, the stopping

A%
potential is R The threshold wavelength for

the metallic surface is : [2016]
(a) 4n (b) 5h

5
(c) El (d) 3n

27.

28

29.

30.

31.

A certain metallic surface is illuminated with
monochromatic light of wavelength L. The
stopping potential for photo-electric current for
this light is 3V,,. If the same surface is illuminated
with light of wavelength 2A, the stopping
potential is V. The threshold wavelength for
this surface for photo-electric effect is  [2015]
(a) 4n

A r
® 5 ©F @6

Light of wavelength 500 nm is incident on a
metal with work function 2.28 ¢V. The wavelength
of the emitted electron is: 12015 RS}
(@) <2.8x10%m (b) =.2.8x107m

() <2.8x1012m (d) <2.8x1010m

A photoelectric surface is illuminated
successively by monochromatic light of

A
wavelength A and 5 If the maximum kinetic

energy of the emitted photoelectrons in the
second case is 3 times that in the first case, the
work function of the surface of the material is :
(h=Planck's constant, ¢ = speed of light)

2015 RS]
hc 2hc

(a) o (b) i
he he

©) BV (d) o

When the energy of the incident radiation is
increased by 20%, the kinetic energy of the
photoelectrons emitted from a metal surface
increased from 0.5 eV10 0.8 eV. The work function

ofthe metal 1s : [2014]
(a) 0.65eV (b) 1.0eV
(c) 13eV (d) 1.5eV

For photoelectric emission from certain metal the
cut-off frequency is v. If radiation of frequency
2v impinges on the metal plate, the maximum
possible velocity of the emitted electron will be
(misthe electron mass) [2013]

@ hv/im (b) 2hvIm
© 2Jhv/im (d) \Jhv/(2m)

A source of light is placed at a distance of 50 cm
from a photocell and the stopping potential is
found to be V. If the distance between the light
source and photocell is made 25 cm, the new
stopping potential willbe [NEET Kar. 2013]

(a) 2V, (b) V2
© Vy (d) 4V,
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A 200 W sodium street lamp emits yellow light
of wavelength 0.6 um. Assuming it to be 25%
efficient in converting electrical energy to light,
the number of photons of yellow light it emits
per second is 12012
(a) 1.5%10% (b) 6x1018

(c) 62x10% (d) 3x10"
Monochromatic radiation emitted when electron
on hydrogen atom jumps from first excited to
the ground state irradiates a photosensitive
material. The stopping potential is measured to
be 3.57 V. The threshold frequency of the
materialsis : 12012
(a) 4x10PHz (b) 5x 1015 Hz

(¢) 1.6x10%Hz (d) 2.5x10PHz

Two radiations of photons energies 1 eV and
2.5 eV, successively illuminate a photosensitive
metallic surface of work function 0.5 ¢V. Theratio
ofthe maximum speeds of the emitted electrons

is: [2012M]
(a) 1:4 (b) 1:2
(c) 1:1 (dy 1:5

Photoelectric emmision occurs only when

the incident light has more than a certain

minimum [2011]

(a) power (b) wavelength

(c) intensity (d) frequency

The momentum of a photon of energy hv will be
[2011]

(a) hv/c (b) c/hv

(¢) hv (d) hv/c?

Light of two different frequencies whose

photons have energies 1 eV and 2.5 eV

respectively illuminate a metallic surface whose

work function is 0.5 eV successively. Ratio

of maximum speeds of emitted electrons will be

[2011]
(a) 1:4 (b) 1:2
(c) 1:1 (dy 1:5
In photoelectric emission process from a metal
of work function 1.8 eV, the kinetic energy of
most energetic electrons is 0.5 eV. The

corresponding stopping potential is  [2011]
(a) L8V (b) 12V
(c) 05V (d) 23V

The threshold frequency for a photosensitive
metal is 3.3 x 10'* Hz. If light of frequency
8.2 x 10 Hz is incident on this metal, the cut-off
voltage for the photoelectric emission is nearly
(a) 2V (b) 3V [2011M]
() 5V d 1v

41.

42,

43.

A source S is producing, 10'3 photons per
second of wavelength 5000 A. Another source
S, is producing 1.02x 105 photons per second
of wavelength 5100A Then, (power of S,) (power

of §;) is equal to : [2010]
(a) 1.00 (b) L02
(c) 104 (d) 0.98

The potential difference that must be applied to
stop the fastest photoelectrons emitted by a
nickel surface, having work function 5.01 eV,
when ultraviolet light of 200 nm falls on it, must

be: [2010]
(a) 24V (b)y —12V
(c) —24V (dy 1.2V

The number of photo electrons emitted for light
of a frequency v (higher than the threshold
frequency v ) is proportional to: [2009]
(a) Threshold frequency (v )

(b) Intensity of light

(c) Frequencyoflight (v)

d v-vy,

The figure shows a plot of photo current versus
anode potential for a photo sensitive surface
for three different radiations. Which one of the

following is a correct statement? [2009]
photocurrent
r 3
—
3
«— 1
Retarding potential Anode potential

(a) Curves (1) and (2) represent incident
radiations of same frequency but of
different intensities.

(b) Curves (2) and (3) represent incident
radiations of different frequencies and
different intensities.

(¢) Curves (2) and (3) represent incident
radiations of same frequency having same
intensity.

(d) Curves (1) and (2) represent incident
radiations of different frequencies and
different intensities.
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49.

50.
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Monochromatic light of wavelength 667 nm is
produced by a helium neon laser. The power
emitted is 9 mW. The number of photons arriving
per sec on the average at a target irradiated by

this beam 1s: [2009]
(a) 3x1010 (b) 9x 1013
(c) 3x1019 (d) 9x 1017

The work function of a surface of a
photosensitive material is 6.2 eV. The wavelength
of incident radiation for which the stopping
potential is 5 V lies in the: [2008]
(a) Ultraviolet region

(b) Visibleregion

(¢) Infrared region

(d) X-rayregion

Monochromatic light of frequency 6.0 x 1014 Hz
is produced by a laser. The power emitted is
2 x 1073 W. The number of photons emitted, on
the average, by the sources per second is

(a) 5x10' (b) 5x10'7 [2007]
(c) 5x10" (d) 5x10'3

A 5 watt source emits monochromatic light of
wavelength 5000 A. When placed 0.5 m away, it
liberates photoelectrons from a photosensitive
metallic surface. When the source is moved to a
distance of 1.0 m, the number of photoelectrons
liberated will be reduced by a factor of [2007]
(a) 8 (b) 16

() 2 (d) 4

When photons of energy hv fall on an aluminium
plate (of work function E), photoelectrons of
maximum kinetic energy K are ejected. If the
frequency of the radiation is doubled, the
maximum kinetic energy of the ejected

photoelectrons will be [2006]
(@) 2K (b) K
(c) K+hv (d) K+E,

A photo-cell employs photoelectric effect to

convert [2006]

(a) changein the intensity of illumination into
a change in photoelectric current

(b) changein the intensity of illumination into
a change in the work function of the
photocathode

(c) change in the frequency of light into a
change in the electric current

(d) change in the frequency of light into a
change in electric voltage

The momentum of a photon of energy 1 MeV in

kg m/s, will be [2006]
@ 7x1072 (b) 102
(©) 5x102 (d) 033 10

51.

52.

53.

55.

56.

A photosensitive metallic surface has work
function, hv,,. If photons of energy 2 hv fall
on this surface, the electrons come out with a
maximum velocity of 4 x 10 m/s. When the
photon energy is increased to 5 hv,, then
maximum velocity of photoelectrons will be
(a) 2x107m/s (b) 2x10°m/s [2005]
(c) 8x10°m/s (d) 8x10°m/s

The work functions for metals A, B and C are
respectively 1.92 eV, 2.0 ¢V and 5 eV.
According to Einstein’s equation, the metals
which will emit photoelectrons for a radiation
of wavelength 4100 A is/are [2005]
(a) none (b) A only

(c) Aand Bonly (d) all three metals
According to Einstein’s photoelectric equation,
the graph between the kinetic energy of
photoelectrons ejected and the frequency of

incident radiation is [2004]
B3 83
s} B
& s
3 2
@ (b)
M N
Frequency Frequency
3 g
s s
2 2
(c) :% (d) E
Frequency Frequency

A photoelectric cell is illuminated by a point

source of light Im away. When the source is

shifted to 2m then [2003]

(a) number of electrons emitted is a quarter of
the initial number

(b) each emitted electron carries one quarter
ofthe initial energy

(c) number of electrons emitted is half the initial
number

(d) each emitted electron carries halfthe initial
energy

When ultraviolet radiation is incident on a

surface, no photoelectrons are emitted. If a

second beam causes photoelectrons to be

¢jected, it may consists of [2002]

(a) infra-red waves (b) X-rays

(c) visible light rays (d) radio waves

Einstein work on the photoelectric effect

provided support for the equation [2000]
@) E=hv (b) E=mc?

Rhe |
(C) E:—n—z (d) K.E.:Emv
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57.

58.

59.

6l.

62.

As the intensity of incident light increases

(a) photoelectric current increases  [1999]
(b) K.E. ofemitted photelectrons increases
(c) photoelectric current decreases

(d) K.E. ofemitted photoelectrons decreases
The photoelectric work function for a metal
surface is 4.125 eV. The cut off wavelength for

this surface is [1999]
(a) 4125A (b) 3000 A
(c) 6000A (d) 2062.5A

In a photo-emissive cell, with exciting wavelength
A, the fastest electron has speed v. Ifthe exciting

3A
wavelength is changed to 2 the speed of the

fastest emitted electron will be [1998]

(a) (3/4)12.v

(b) (4/3)"2%v

(c) less than (4/3)"% .y

(d) greater than (4/3)"2. v

The 21 cm radio wave emitted by hydrogen in
interstellar space is due to the interaction called
the hyperfine interaction in atomic hydrogen.
The energy of the emitted wave is nearly

(@) 10717] (b) 11 [1998]
(c) 7x10%] (d) 10247

Light of wavelength 5000 A falls on a sensitive
plate with photo-electric work function of 1.9
eV. The kinetic energy of the photo-electrons

emitted will be [1998]

(a) 0.58eV (b) 2.48eV

(c) 1.24eV (d) LleeV

Which of the following statement is correct?
[1997]

(a) Photocurrent increases with intensity of light

(b) Photocurrent is proportional to the applied
voltage

(¢) Current in photocell increases with
increasing frequency

(d) Stopping potential increases with increase
ofincident light

The X-rays cannot be diffracted by means of an

ordinary grating because of [1997]

(a) high speed (b) short wavelength

(c) largewavelength (d) none of these

An electron of mass m and charge e is accelerated

from rest through a potential difference of V volt

in vacuum. Its final speed will be [1996]
@ <V b ¥
2m m
© %V @ [V
m 2m

67.

68.

70.

71.

PHYSICS
The nature of ions knocked out from hot surfaces
is [1995]
(a) Protons (b) Neutrons

(¢) Electrons (d) Nuclei

Ifthe threshold wavelength for a certain metal is

2000 A, then the work-function of the metal is

(a) 62] (b) 6.2¢V [1995]

(¢) 62MeV (d) 62keV

Kinetic energy of an electron, which is

accelerated in a potential difference of 100 V is
[1995]

() 1.6x10710 7

© 16x1072y @ 1.6x1072)
In photoelectric effect the work function of a
metal is 3.5 eV. The emitted electrons can be
stopped by applying a potential of —1.2 V. Then
[1994]
(a) theenergyoftheincident photon is 4.7 eV
(b) theenergyoftheincident photon is 2.3 eV
(c¢) if higher frequency photon be used, the
photoelectric current will rise
(d) when the energy of photon is 3.5 eV, the
photoelectric current will be maximum
Doubly ionised helium atoms and hydrogen ions
are accelerated from rest through the same
potential drop. The ratio of the final velocities
of the helium and the hydrogen ionis [1994]

@ 12 ®) 2
© 142 @ 2

When light of wavelength 300 nm (nanometer)
falls on a photoelectric emitter, photoelectrons
are liberated. For another emitter, however, light
of 600 nm wavelength is sufficient for creating
photoemission. What is the ratio of the work
functions of the two emitters? [1993]
(@) 1:2 (b) 2:1

() 4:1 d) 1:4

Number of ejected photoelectron increases with
increase [1993]
(a) inintensity of light

(b) in wavelength of light

(¢) in frequency of light

(d) never

Momentum of a photon of wavelength X is

h
(a) " (b) zero

@ 1.6x107"77

[1993]

h h
© = @ =
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73.

74.

75.

76.

The cathode of a photoelectric cell is changed
such that the work function changes from W, to
W, (W,> W)). If the current before and after
changes are I and L, all other conditions
remaining unchanged, then (assuming hv > W)
[1992]
(@ I,=1, () I,<1,
(c) 1,1, (d) I,<L,<21
The wavelength ofa 1 keV photon is 1.24 x 10 m.
What is the frequency of 1 MeV photon?
[1991]
(a) 1.24x105 (b) 2.4x 102
(¢) 1.24x10' (d) 2x4x10%
Photoelectric work function of a metal is leV.
Light of wavelength A = 3000 A falls on it. The
photo electrons come out with velocity [1991]
(a) 10metres/sec  (b) 102 metres/sec
(¢) 10*metres/sec (d) 10° metres/sec
Energy levels A, B, C of a certain atom
correspond to increasing values of energy i.e.,
E, <E,<E. lf?L], 12, 13 are the wavelengths of
radiation corresponding to the transitions C to
B, B to 4 and C to A4 respectively, which of the
following relation is correct? [1990, 2005}

(El) k3 =7L1 +7L2

L)
?u|+7\.2

(©) Aj+Ay,+23=0

(b) *3=

77.

78.

79.

80.

81

A radio transmitter operates at a freqency 880
kHz and a power of 10 kW. The number of
photons emitted per second is [1990]
(a) 1.72x10% (b) 1.327x10%

(c) 1.327x10% (d) 1.327x10%

The momentum ofa photon of an electromagnetic
radiation is 3.3 x 102° kgms~!. What is the
frequency of the associated waves ?  [1990]
[h=6.6 x103*Js;c=3x 103 ms™]

(a) 1.5x 108 Hz

(b) 7.5x102Hz

(c) 6.0x10°Hz

(d) 3.0x10°Hz

Ultraviolet radiations of 6.2 ¢V falls on an
aluminium surface. K.E. of fastest electron
emitted is (work function =4.2 eV) [1989]
(a) 3.2x1072]

(b) 3.2x10717]

(¢) 7x10%5]

(dy 9x1032]

The energy of a photon of wavelength A is

he

(@) hch (b) N [1988]
iy oM
© o @ =

The threshold frequency for photoelectric effect
on sodium corresponds to a wavelength of

5000 A. Its work function is [1988]
(@) 4x1017] (b) 11
(¢) 2x1071] (d) 3x1071]

ANSWER KEY

t{oflw|@[|d|28]@|37|®0) 46| @ |55 64| ] 73] @
2 w1 |@l20| |20l |[3847]@ |56 @]|65] @] 74]®)
3|lolzlol2zt|l@]30]|bv)|39]|@|48| 57| @]|66]w®]75] @
4 l@olBlaol2lol3t]c]4a0]|@|49|@ 580 ]|67]@]76] 0
s lolud|ol2|@la2lolalols0]c|s59]d]e]| @] 77| @
6 |l@l15]| @24 @33 ola2lo51t]c]|60]@]6]|@]| 78] @
7 l@le|@|25| @33 |als52]c|6t]|@]70]|0)]|79]0®
s ||| @26 | @|35|@|4a|@ [53]@|62]@]|71]|@]|80]w
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Hints & Solutions

(c) Using, A = %A

NG

_12.27 x1070 102
1.227x1071

[Given, A =1.227x10™"" m]

-V =10 volt
(b) de-Broglie wavelength of electron

1227 . 1227x10710

A= A= =1227x10"%m
Jv V10000
- h h
(®) As p x/2mK
1
A Jm (Kinetic energies are same)
Ay _ |
Ay m,
A 2
A, 1
(a) Initial de-Brogile wavelength
b |
0 my, ~0)
E 0€
e ﬁ L
< &, >V,

Acceleration of electron

eEO F £
a=— (- F=ma=ekEy)

Velocity after time ‘t’

( EEO }
m

So, A h
mV (V0+€E0 t}
m

h Ao

: T ()
mVy| 14520 | [14+229,

Dividing egs. (ii) by (i),

A
de-Broglie wavelength A = —0
eEO
1+ t
(a) We know that,
h

de-Broglie wavelength A =

p_ 2m(KE)

3
K.E. of thermal neutron = E kT

h

(a) For electron De-Broglie wavelength,
2 = h
© 2mE

For photon E =pc

= De-Broglie wavelength, p, =

le - h XE (—JIQ
App, +2mE hc \2m

h 1
(a) According to De-broglie p= 5 or Pec o

he
E
1
¢

where

P = particle momentum;

A =de-Broglie wavelength
h =Plank’s constant

|
P o represents rectangular hyperbola.

(b) As we know
h h

A=—= (- P=+2mKE)
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A Ky ’161( _4
o T =, S =T
A2 Kl K 1
Therefore the percentage change in de-Broglie

1-4
wavelength = e x 100 =- 75%

E

9. (d) AsP=_
he .
JLP:E (1)
RPN ST SR S
T PmE ¢ T omE W

From equations (i) and (ii)

)'poclez

h
ﬁ de-Broglie wavelength, * = »

Here, h = plank's constant
p = momentum

Momentum, p =~2mk

h
A= Here, E = kinetic en
sz—E ( ergy)
B 2 - 2
~2m2 " 2mE
h
10. (a) From formulai=
~2mKT

6.63x10734

V2x1.67x1027 x1.38x10° 23T
[By placing value of h, m and k]

30.8

ST

1. (a) The de-Broglie’s wavelength associated

A

, _h
with the moving electron 4 = P

Now, according to problem

di__dp
A P
05 P
100 P'
P'=200P

12,

13.

14.

15.

16.

17.

18.

19.

. |
Ao ——
(b) S
A vy [100keV
= — —= = =
/.2 Vl 25keV
= A —ﬂ
275

(a) In the Davisson and Germer experiment,
the wvelocity of electrons emitted from the
electron gun can be increased by increasing the
potential difference between the anode and
filament.

(c) In discharge tube, collisions between the
charged particles emitted from the cathode and
atoms of the gas results to the coloured glow in
the tube.

(a) Wavelength of particle

h b
M) = v (1x10 ) xv

where v is the velocity of the particle.
Wave length of electron,

(7"2):( i

9.I><10_31)><(3><106)

But A, = A, (Given)
. h 3 h
(1x107¢)xv ©.1x107)x(3x10%)

9.1x1073" x3x10°
1076

(a) When electrons emitted from cathode

collide with gas molecules or atoms, they knock

out outer electrons and produce positively

charged ions. They become part of positive rays.
(a) de-Broglie wavelength /. = e
mv

=2.73x10"18 mg~!

- V=

|
For same velocity, A e« —
m

Out of given particles, the mass of electron is
minimum, so the associated de-Broglie
wavelength is maximum for electron.

(c) Cathode rays are negatively charged rays.
Hence, when electric field is applied to them, then
they deflect in direction opposite to electric field.
(d) Potential difference= 100V

K.E. acquired by electron = ¢ (100)
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h h
ﬂ de-Broglie wavelength, Ae= ; = Pk

20.
21

PHYSICS

lmv2 =e(100) > v= "M
2 m

According to de Broglie's concept

A= i = A= L
mv 2¢(100)
m. |22

m

h
- _12x107'0=12A

~ \2me(100)

Here, h = planck's constant
m = mass of electron

Kinetic energy, E = eV

Here, V = potential difference

A, h
1/21'71»13 eV
Substituting h =6.63 x 10734 Js
e=16x10"1C
m,=9.1 x 103! kg

12.27
we get A, = Txf
V

(b) Theionisation requires high energyelectrons.
(d) Current=!e+lp i
I, and Ip are current due to electrons and
positively charged ions.

I =nedV,
where,

n=5x10" /em® =5x107 x10° /m>
—=5x10 /m?
1,=5x10" x1.6x107" x 4x 0.4

1, =5x10"x1.6x107" x Axv
I=1,+ JP (from equation (1))

=5x10" x1.6x107" x A(v+0.4)
Given, 1/ A=4x107%4/m?

4x1078 x 4A=5%10"x1.6 x A(v+0.4)

4
§:v+0.4:>0.5:v+0.4:>v:0.l m/s

(c) For photoelectric emission, photoelectric
current, incident light frequency should be
greater than threshold frequency.

24,

Light of frequency 1.5 times the threshold
frequency v incident.
V_EV
=%
If frequency is halved,
, v 3

Svl=—=—y
2 4°
= vl < v{)
.. No photoelectric emission will take place.

12400
(a) AsE= T

12400
1=T=3100A

A=310nm
(a, d) Both answers are correct
Given,
Ay=3250x10"10m
A=2536x10"1"m

~ he 4.14x107%x3x10®

o= — = —3.82eV
Ao 3250x 10710
=15 8
) E: 4.14x107° " x3x10 _ 4.806V
A 2536x10~10

According to Einstein's photoelectric equation,
K . =hv—¢

KE,__ =(4.89-3.82)eV=1.077¢V

1
Emv2 =1.077x1.6x 10719

J2x1.0?7x1.6x10_19
V=

9.1x1073!
or, v=0.6 x 10°m/s or 6 x 105 m/s
(d) According to Einstein's photoelectric
effect,

hc he
eV=T_g ..(0)
hc he
eV/d= ﬁ_g ...(i)

Dividing equation (i) by (ii) by
11

A X
= 4= 1 1 onsolving we get,
26 Ay

ho=31
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Threshold wavelength (4,) is the maximum
wavelength of incident radiations required to eject

27.

the electrons from a metallic surface.
If incident wavelength A > %,
= No photoelectron emission occur

(a) Aswe know,

eV, :%—

3eV, =%—‘P (1)
eV, =%—‘P (2
3eV, = % —3¥ e

Multiplying eqn. (2) by (3) and subtracting it
fromeqn (1)

So, threshold wavelength,

_he  he
"W he/dn
(b) Given: Work function ¢ of metal =2.28 eV
Wavelength of light A = 500 nm = 500 x 10~"m
he

K‘Emax: T - ¢

— 4

_ 6.6x107* x3x10°

maxX 5 107 x1.6x10"1°
KE,_ =248-228=02ev

h h

min = " m(KE)
20

—><10_:"'4
3

KE —2.28

>

Imax

V2x9x1073 02 x1.6x10~"2

25
1._Ex10—9

min
=2.80x 109 nm Sz 28%x10%9m
(d) Photoelectric equations
he
o o ()
d Bk, =2 g
an k2max A2

2he
ERmax = = 9

Ek

lmax

..(ii)

29.

From question, Ek, . =3Bk,

Multiplying equation (i) by 3

he

3EK 0 = 3(7 - q;}
From equation (i7) and (iii)
3he 2he : he
- ~3¢= T_q) .. & (work function) 0
(b) According to Einstein’s photoelectric
equation, hv=¢,+K

We have

hv=¢,+0.5 (1)
and 1.2hv=¢,+0.8 (i)
Therefore, from above two equations ¢, = 1.0 eV.

...(iih)

Work function (¢,) varies from metal to metal.
The material is better for photoelectric emission

30.

3L

32.

33.

whose work function is least. As caesium has least
work function, hence it is best metal for

photoelectric emission.

(b) From photo-electric equation,

hv'=hv+K__ ()

1
h.2v=hv+ 5 szmax [ v'=2V]

1 3 2hv
= hv= 5 mV< DV = ?

(c) Since, stopping potential is independent of
distance hence new stopping potential will remain
unchanged i.e., new stopping potential = V.

(a) Give that, only 25% of 200W converter
electrical energy into light of yellow colour

[h_c) ><N:200><2
A 100

Where N is the No. of photons emitted per
second, & = plank’s constant, ¢, speed of light.

200x25 2
100~ he

200%25x0.6x107° .
= — g =1.5x10?
100x 6.2 %10 x3x10

(c) n—>2-1
E=102¢eV
kE=E—o
0=1020-3.57
h00=6.63 eV

 6.63x1.6x107"
6.67x107>*

N:

Vo —1.6x 1015 Hz
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35.

36.
37.

38.

39.

40.

(b) According to Einsten’s photoelectric ef-
fect, the K.E. ofthe radiated electrons
KE =E-W

1
Emv|2=(1—0.5) eV=0.5¢eV

l
5 mv) 2=(2.5-0.5)eV=2¢V

g e S

(d) For occurence of photoelectric effect, the
incident light should have frequency more than
a certain minimum which is called the threshold

frequency (v,).

1
We have, Emvz =hv—hy,

For photoelectric effect emission n > n,

where n is the frequency of the incident light.
(a)
(b) The maximum kinetic energy of emitted
electrons is given by
KE=¢-¢,
KE; =1eV-05eV=05¢eV
KE,=25eV-05eV=2eV

CKE; 05V 1

“KE, 2V 4

\-"] JT 1
- 1 | —_
Va 4 2

(¢c) Thestopping potential is equal to maximum
kinetic energy.
(@) KE.=hv-hv,=eV, (V,=cutoffvoltage)

=V, = B g2x10M 3310
c
6.6x107* x4.9x10"

~ 2V,
1.6x10717
he
(a) Energy emitted/sec by 1,8 =n .
1
he
Energy emitted/sec by S,,P =n, o
2
B_mM
A om 2

102><1015 /5000

=1.0
10" 5100

41.

42,

43.

45.

PHYSICS

C _w-t_s0
A

h
®) K=
0

12375
~ A(inA)

12375

ZN —5.01=6.1875-5.01=1.17775

=12V

The potential difference that must be applied
to stop photoelectrons = —-1.2V

(b) The number of photoelectrons emitted is
proportional to the intensity of incident light.
Saturation current oc intensity.

(a) Retarding potential depends on the
frequency of incident radiation but is
independent of intensity.

@ 2=667x10"m,P=9x10"W

P= NThc N= No. of photons emitted/sec.

9x107 x667x107°
6.6x107% x3x 108
_ 9x6.67x107"°

3%6.6x107%
(a) Work function, ¢, = 6.2¢eV.
Stopping potential V ;= 5V.
As,eV,=hv— ¢,

he
oreV,+o,= —

=~3%10'%/sec

he
eV, +f,
C6.62x107 s x3% 108 ms™!
1.6x1079 %57 +6.2x1.6x107°
6.62x1073*x3x10%
1.6x107°(5+6.2) "

~19.86x107%°

- 17.92x10717
Thus the wavelength of the incident radiation
lies in the ultraviolet region.

(d) Since p=nhv

-3
P 2x10

v 6.6x10% x6x1

or ]l =

~1.10x10 m.

o =5% 1013
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47. (d) Number of emitted electrons N <
Intensity

1

(Difstance)2
Therefore, as distance is doubled, N, decreases
by (1/4) times.

48. (c¢) Applying Einstein's formula for photo-
electricity

aC

hv:¢+%mv2; hv=¢0+K
b=hv-K
If we use 2v frequency then let the kinetic energy
becomes K’
So, h.2v=¢+K
2hv=hv-K+K
K'=hv+K

49. (a) A photo-cell employs photoelectric effect
to convert light energy into photoelectric
current.

50. (¢) 1MeV=10°x1.6x10"joule
Momentum of photon,

CE 16x107"7
P 3108

j[,zﬁxlf;rzlzﬁxlo—22
3

p=5x10"2kgm/sec

Rest mass of photon is zero. But its effective mass
is given by
E=mc*= hv

_E
:)m——2
(s

.. Momentum of photon, p = mc = 2 xC

> p=—
c

51, (¢) We know that

2
= 5 MVmax

2
According to question

hv—b=K

Sh\-’o —hVo _ ﬁ
2hV0 —h\-’o V12
v, =2v, =2 x4x 106=8 x 105 m/s,

he
52. (¢) E=—
(c) n

12375
A(in A) 4100
= E=~r3eV

So, only metals having work function less than
3eV can emit photoelectrons for the incident
radiation of wavelength 4100A.
53. (a KE.=hv—9¢
. graph of K.E. versus v is a straight line with
+ve slope hand K.E. > 0 for v such that ~v > ¢.
54.  (a) Intensity o« No. of electrons emitted (N)

1 ! = N !
o — o —
r? r?

Energy crossing per unit area normally per second
is called Intensity.
E P E o
I=—=— (Here, P = — = radiation power]
At A4 t
At a distance r from a point source of power P

intensity is given by /= 472

1

= [ oc—
?‘2

55. (b) Energy of photon of X-rays is more than
energy of photon of ultraviolet rays. Because
frequency of Xrays is more than ultraviolet rays.

56. (a) Einstein work on photoelectric effect
supports the equation E = hv. It is based on
quantum theory of light.

57. (a) K.E.ofelectrons emitted depends upon the
frequency of incident rays rather than the
intensity. While number of photo electrons
emitted depends upon intensity of radiation.

58. (b) Let 2, be cut off wavelength.

Work function = ;:—" —4.125%x1.6x107"
0

6.626x107* x3x10®

Lo m =3000A
4.125x1.6x10™
| 2 he he | 2
—my" =——W, —=—mv" + W,
59. (d) 5 N 0 or ——=7 0
and
lmv]2: he W,
2 (31/4)

172
So, v, is greater than V[E] .
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he  6.6x107* x3x10°

60. (d) E=hv=—
A 0.21
_ 00 10724 Z0.94x1072* J
6l. (a) KE.=hv-hv,
he 12375
=——-hvg=——F--1.
A 5000

=248-19=0.58¢eV

62. (a) According to photoelectric effect, speed
of electron (kinetic energy) emitted depends
upon frequency of incident light while number
of photoelectrons emitted depends upon
intensity of incident light. Hence, as the intensity
of light increases, the photocurrent increases.

In a photo-cell, the photocurrent has no relation
with the applied voltage.

Stopping potential is the (negative) potential at
which the current is just reduced to zero. It is
independent of intensity of light but depends on
the frequency of light similar to K.E.

63. (b) We know that the X-rays are of short
wavelength as compared to grating constant of
optical grating. As a result of this, it makes
difficult to observe X-rays diffraction with
ordinary grating.

64.  (c¢) Kinetic energy of electron accelerated
through a potential F'=¢V

|
:)—mv2 =eV
2

2_26V

2eV
:>v=1f—
m mn

=V E—

(©)
(b) Threshold wavelength (1) =2000 A
=2000x 10"10m,

23

] he
Work function (W) = o

_(6.6x10**)x(3x10%)
2000 x 10710

9.9%1071°

1.6x10717
67. (a) Potential difference (V)=100 V. The kinetic
energy of an electron=1¢eV =1 x (1.6 x 1071%)
=1.6 x 10-19]. Therefore kinetic energy in 100
volts= (1.6 x 1071%) x 100=1.6 x 10717J.

—99x107197= —6.2eV

K.E.=qV
=1.6x1019%x100J=1.6x 10717

8. (@) hv=W,+E,=35+12=47¢V

1
6. (d) Emvz=eV,0r,v=(2erm)m

The mass of helium ion is four times that of
hydrogen ion. Further, the charge on helium ion
is twice that of hydrogen ion.

Y Vg /vy :\/E

he [
70. W, =— or Wo <>—;
®) 0 Ay Ao

W _A, 600

Wy, A, 300

71.  (a) Photoelectric current is directly
proportional to the intensity of incident light.

Kinetic energy of emitted photoelectrons varies with
frequency of incident radiation and it does not depend
upon the intensity of incident radiations. But, the
number of photons emitted from the surface varies
directly with intensity of incident light.

72. (a) According to de Brogie wave equation,

h h h
mv p PEY

73. (a) The work function has no effect on
photoelectric current so long as hv > . The
photoelectric current is proportional to the
intensity of incident light. Since there is no
change in the intensity of light, hence /, = L,

74. (b) Here, %:103 eVandhv=100¢V
103 103 x3x108

A 124x107°
—2.4x% 100 Hz

Hence, V=

75 (d) hv=14f+%nw2 or

he = W+lmv2
A 2
Here 2=3000A=3000x% 10"10m

andW=1eV=1.6x10"1joule


http://www.jeebooks.in

Dual Nature of Radiation and Matter

76.

(6.6x107*)(3x10%)
N 3000x107'°

1
=(1.6x10™") o (9.1x107")v?

Solving we get, v=10° m/s

h
(0) (B ~F)=hv="¢
h h
- l_f:(Ec—EB)a iZ(EB—EA)

h
and l_C:(EC _EA)
3

(Ec —E4)=(Ec —Ep)+(Ep—E,)

he he he 1 1 |

o Ay A A, o Ay A Ay
M

L_ 7L.1+k2
\ 3T+

T A3 AA

78.

81.

(a) No. of photons emitted per sec,

Power

H=
Energy of photon

P 10000
v 6.6x107* x880x10°
=1.72x 103!

h
(a) As 1:; and l:%; SO

29
h 6.6x1073%
=1.5x 1083 Hz

(b) K.E. of fastest electron
=E-W,=62-42=20eV
=2x1.6x1019=32x10"17]

h
(b) Energy ofa photon E=hv= TC

\ 6.63><10_34 ><3><108
5000x10710

=4x1071)

313


http://www.jeebooks.in

26

-

Atoms

% Trend Analysis with Important Topics & Sub-Topics /

Topic Sub-Topic

2020 2019 2018 2017 2016

Qns.

LOD |Qns.|LOD Qns. LOD Qns.|LOD Qns. LOD

Atomic Structure, Distance of closest
Rutherford's Nuclear approach
Model of Atom

1 A

Bohr Model & The Spectra Bohr's model, Balmer and
of the Hydrogen Atom Lyman Series

Kinetic energy and
potential energy of
electron in hydrogen atom

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Atomic Structure, Rutherford's Nuclear
Model of Atom

1. When an a-particle of mass 'm' moving with
velocity 'v' bombards on a heavy nucleus of
charge 'Z¢', its distance of closest approach from
the nucleus depends on m as : [2016]

1

® =

m
1
© 3 @ m

(@

2. Analphanucleus of energy %m'.;2 bombards a

heavy nuclear target of charge Ze. Then the
distance of closest approach for the alpha

nucleus will be proportional to [2010]
1
Sl 2

@ ®)
| q 1

© - @ 3

3. In a Rutherford scattering experiment when a

projectile of charge Z, and mass M approaches

a target nucleus of charge Z, and mass M,, the
distance of closest approach is r,. The energy
of the projectile is [2009]
(a) directly proportional to Z, Z,

(b) inversely proportional to Z,

(c) directly proportional to mass M,

(d) directly proportional to M, x M,

J.J. Thomson’s experiment demonstrated that
[2003]

(a) the ¢/m ratio of the cathode-ray particles
changes when a different gas is placed in
the discharge tube

(b) cathode rays are streams of negatively
charged ions

(c) all the mass of an atom is essentially in the
nucleus

(d) the e/m of electrons is much greater than
the e/m of protons

Who indirectly determined the mass of the
electron by measuring the charge of the

electron? [2000]
(a) Millikan (b) Rutherford
(¢) Einstein (d) Thomson
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6. In Rutherford scattering experiment, what will | 14.  Consider 3" orbit of He" (Helium), using non-
be the correct angle for a-scattering for an impact relativistic approach, the speed of electron in
parameter, b=07? [1994] this orbit will be [given K =9 x 10% constant,
(a) 90° (by 270° Z=2and h (Plank's Constant) = 6.6 x 10734 J 5]
© 0 @ 0 12015]
7.  What is til2e61;ad1us of iodine atom (At. 1};}9;;} (@) 1.46x 10 m/s (b) 0.73x 10 m/s
mass no. 8 6
@ 25x10m (b) 25x10°m (¢) 3.0x10°m/s (d) 2.92x10°m/s
() 7x 10%m (d) 7x 10%m 15.  Twoparticles of masses m;, m, move with initial
Topic 2: Bohr Model & The Spectra of the velor.:ltles u and n2 On co.l lision, one of the
particles get excited to higher level, after
Hydrogen Atom bsorbi If final velocities of particl
8. For which one of the following, Bohr model is absorbmg energy e. [HAmal vEIoctties of pareies
not valid ? 12020] be v, and v, then we must have [2015]
(a) Singlyionised helium atom (He™) 1 , 1 > 1 , 1 5
(b) Deuteron atom (a) Emlul + Emzuz = Emlvl + Emz"z —€
(¢) Singlyionised neon atom (Ne*)
(d) Hydrogen atom _ _ , 1 5 , 1 5
9.  Thetotal energy of an electron in an atom in an (b) Emlul + Emzuz —E= Emlvl + Emz"'z
orbitis—3.4 eV. Its kinetic and potential energies
are, respectively: [2019] I 22 1 25 1 545 1 5,
(a) —34eV,-34eV (b)) —34eV,—6.8¢V () 5 Mty o mly HE=TMVY + o myV;
(¢) 34eV,—-6.8eV (d) 34eV,34eV
10.  The radius of the first permitted Bohr orbit, for (d) m?u, + m2u, —& =m?v, + m2v
J 1l 2l 11 2V2
the electron, in a hydrogen atom equals 0.51 A _
and its ground state energy equals —13.6 eV. If 16. In the spectrum of hydrogen, the ratio of the
the electron in the hydrogen atom is replaced longest wavelength in the Lyman series to the
by muon () [charge same as electron and mass longest wavelength in the Balmer series is
207 m_], the first Bohr radius and ground state
energy will be, INEET Odisha 2019] [2015 RS, 2013]
(@) 2.56x1013m,-13.6¢eV 9 7
(b) 0.53x1013m,-3.6eV (@) 1 (b) 3
(¢) 25.6x10183m,—2.8¢eV
(d) 2.56x 107183 m,-2.8¢V s 4
11.  Theratio of kinetic energy to the total energy of () — d =
an electron in a Bohr orbit of the hydrogen atom, 27 9
is [2018] | 17. Hydrogen atom in ground state is excited by a
ydrog g y
(@ 1:1 (b) 1:-1 monochromatic radiation of . =975 A. Number
© 1 :__2 (d 2: _1_ of spectral lines in the resulting spectrum emitted
12 Theratio of wavelengths ofthe last line of Balmer .
. _ o will be [2014]
series and the last line of Lyman series is :-
@ 1 b) 4 [2017] @ 3 ®) 2
© 05 d 2 © 6 (d) 10
13.  Given the value of Rydberg constant is 10’m™!, | 18.  Anelectron in hydrogen atom makes a transition

the wave number of the last line of the Balmer
series in hydrogen spectrum willbe:  [2016]

(@) 0.025x10*°m™ (b) 05x107m™
(¢ 025x107m™  (d) 25x107m™

n, — n, where n; and n, are principal quantum
numbers of the two states. Assuming Bohr’s
model to be valid the time period of the electron
in the initial state is eight times that in the final
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Electron in hydrogen atom first jumps from third
excited state to second excited state and then
from second excited to the first excited state.
The ratio of the wavelength A, : A, emitted in

the two cases is 12012
(a) 75 (b) 27/20
(c) 27/5 (d) 207

An electron of a stationary hydrogen atom
passes from the fifth energy level to the ground
level. The velocity that the atom acquired as a

result of photon emission will be : 12012
24hR 25hR

® e ®
25m d 24m

© 2R @ SR

(m is the mass of the electron, R, Rydberg
constant and 4 Planck’s constant)

The transition from the staten=3ton=11ina
hydrogen like atom results in ultraviolet
radiation. Infrared radiation will be obtained in

the transition from : [2012M]
(a) 2—1 (by 352
(c) 42 (d 4-3

The wavelength of the first line of Lyman series
for hydrogen atom is equal to that of the second
line of Balmer series for a hydrogen like ion. The
atomic number Z of hydrogen like ion is [2011]
@@ 3 (b) 4

© 1 d 2

An electron in the hydrogen atom jumps from
excited state n to the ground state. The
wavelength so emitted illuminates a
photosensitive material having work function
2.75 eV. If the stopping potential of the
photoelectron is 10 V, the value of n is

(a 3 (b) 4 [2011M]
© 3 d 2

Out of the following which one is not a possible
energy for a photon to be emitted by hydrogen
atom according to Bohr’s atomic model? [2011M]

@ 19eV b) 1L1eV
(©) 13.6eV d) 0.65eV

27.

28

29.

30.

3L

32

The energy of a hydrogen atom in the ground
state is — 13.6 eV. The energy of a He" ion in the

first excited state will be [2010]
(a) —13.6eV (b) —272eV
(c) —544elV (d) —68el

The ionization energy of the electron in the
hydrogen atom in its ground state is 13.6 eV.
The atoms are excited to higher energy levels
to emit radiations of 6 wavelengths. Maximum
wavelength of emitted radiation corresponds
to the transition between [2009]

(a) n=3ton=1 states
(b) n=2ton=1 states
(¢) n=4ton=3 states
(d) n=3ton=2 states

The ground state energy of hydrogen atom is
13.6eV. When its electron is in the first excited

state, its excitation energy is [2008]
(a) 34eV (b) 6.8eV
(c) 102eV (d 0

The total energy of electron in the ground state
ofhydrogen atom is— 13.6 eV. The kinetic energy
of an electron in the first excited state is [2007]
(a) 6.8¢eV (b) 13.6eV

(c) L7eV (d) 34eV.

Ionization potential of hydrogen atom is 13.6eV.
Hydrogen atoms in the ground state are excited
by monochromatic radiation of photon energy
12.1 eV. According to Bohr’s theory, the spectral

lines emitted by hydrogen will be [2006]
(a) three (b) Four
(¢c) One (d) Two

The total energy of an electron in the first
excited state of hydrogen atom is about —3.4
eV. Its kinetic energy in this stateis  [2005]

(a) 3.4eV (b) 6.8eV

(c) —34eV (d) —6.8¢eV

The Bohr model of atoms [2004]
(a) predicts the same emission spectra for all

types of atoms

assumes that the angular momentum of

electrons is quantised

(c) uses Einstein’s photoelectric equation

(d) predicts continuous emission spectra for
atoms

Energy E of a hydrogen atom with principal

quantum number n is given by £=—13.6/n%eV.

The energy of photon ejected when the electron

jumps from n =3 state to n =2 state ofhydrogen

(b)

is approximately [2004]
(a) 19eV. (b)y 15eV.
(c) 0.85eV (d) 34eV
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33.  Inwhich of the following systems will theradius | 39. When hydrogen atom is in its first excited level,
of the first orbit (n=1) be minimum ? 2003/ its radius is [1997]
(a) Hydrogen atom (a) four times its ground state radius
(b) Doublyionized lithium (b) twice
(c) Singlyionized helium (c) same
(d) Deuterium atom (d) half
34.  An electron changes its position from orbit | 40. The spectrum obtained from a sodium vapour
n=2tothe orbit n=4 of an atom. The wavelength lamp is an example of [1995]
of the emitted radiations is (R = Rydberg’s (a) band spectrum
constant) [2001] ]
» 16 (b) continuous spectrum
(@) R (b) 3R (c) emission spectrum
(d) absorption spectrum
(c) g (d) % 41.  When a hydrogen atom is raised from the ground
_ o state to an excited state, [1995]
35. Theenergy ofhy(.irogen atm.’n n n_th orb¥t ' E, (a) P.E decreases and K.E. increases
then the energy in nth orbit of single ionised
helium atom will be 12001] (b) P.E.increases and K.E decreases
(a) 4E, (b)y E,/4 (¢) bothK.E.and P.E. decrease
(c) 2E, (d E,/2 (d) absorption spectrum
36. When an electron jumps from the fourth orbitto | 45 The radius of hydrogen atom in its ground state
the second orbit, one gets the 120007 is 5.3 x 107" m. After collision with an electron
(@) second line of Lyman series it is found to have a radius of 21.2 x 10~ m.
(b) second line of Paschen series What is the principal quantum number n of the
(c) second line of Balmer series final state of the atom [1994]
(d) firstline of Pfund series (@) n=4 (b)y n=2
37.  Which ofthe following transitions in a hydrogen (c) n=16 (d n=3
atom emits the photon of highest frequency? 43.  Which source is associated with a line emission
[2000] spectrum ? [1993]
(a) n=2ton=1 (b) n=2ton=6 (a) Electric fire (b) Neon street sign
(c) n=6ton=2 (d n=1ton=2 (¢) Redtrafficlight (d) Sun
38.  In the Bohr model of a hydrogen atom, the | 44. In terms of Bohr radius 4, the radius of the
centripetal force is furnished by the coulomb second Bohr orbit of a hydrogen atom is given
attraction between the proton and the electron. by [1992]
If a is the radius of the ground state orbit, m is @ 4a, (b) 8a,
the mass, e is the charge on the electron and ¢
is the vacuum permittivity, the speed of the © V2 4o ) 2a
electron is [1998] | 45. Theionization energy of hydrogen atom is 13.6

e

O oo

€ Jane
© () N oM
A ’4758000”1 e

@@ 0

eV. Following Bohr’s theory, the energy
corresponding to a transition between 3rd and

4th orbit is [1992]
@) 340eV (b) 151eV
(c) 085eV d) 0.66eV
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46. The ground state energy of H-atom 13.6 ¢V. The
energy needed to ionize H-atom from its second

excited state. [1991] | 48
(a) 15leV (b) 34eV
(c) 13.6eV (d) 12.1eV

47. To explain his theory, Bohr used [1989]

(a) conservation of linear momentum
(b) conservation of angular momentum

(¢) conservation of quantum frequency

(d) conservation of energy

The ionisation energy of hydrogen atom is 13.6
eV, the ionisation energy of helium atom would

be [1988]
(a) 13.6eV (b)y 272eV
(c) 6.8eV (d) 544eV

ANSWER KEY

ll @] 7 |@[13 ]| @ |19 ]@J25]@ 310 [37|@ |43 ] ®)
2 |@] 8 | |14]@]|20] @] |26 [32]|@]|38]@]|44]@
3 (a) 9 (c) | 15 | (b) | 21 | (d) | 27 () | 33 | (b) | 39 (a) | 45 | (d)
4 |® |10 )@ |16 | |22 |28 | [34]Db) |40 ] @) |46] ()
S| It |17 (@ |23 ]Mb) |29 (@ [35 )@ |4l ] |47 ] ®b)
6 @ |12 | b)) | 18 | (a) | 24 | (b) | 30 (a) | 36 | (c) | 42 | (b) | 48 | (d)

Hints & Solutions

l.  (a) Atclosestdistance ofapproach, the kinetic 3.
energy of the particle will convert completely
into electrostatic potential energy.

1
Kineticenergy K.E. = Emv2
. K
Potential energy P.E. = KQq
r
2 r m

h

2. (c¢) Kinetic energy of alpha nucleus is equall
to electrostatic potential energy of the system 6.
of the alpha particle and the heavy nucleus. That
is,

1 5 1 g, Ze
—mv' =
2 4aney 1y

where 7 is the distance of closest approach

2 gy, Ze
hW=—"+"
0 4n EO ;?1152

= aCZe-xga o — of

(2]

Hence, correct option is (c).

. f
m v

(a) The kinetic energy of the projectile is given
by

Ze(2e)

47[801'0

1
—mv? =
2

_ 47

47[801'0
Thus energy of the projectile is directly
proportional to Z; Z,.
(b) Cathode rays are streams of negatively
charged ions
(d)

(d) Impact parameter for Rutherford scattering

experiment,
Ze* cot (%] o
b=——= D‘ot(—]:(}
4n g k; 2

322900 or 8=180°

For large value of b, alpha particle will go
undeviated and for small b the alpha particle will
suffer large scattering.
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(a) 53 electrons in iodine atom are distributed
as2,8,18,18,7

Son=5
10 n’
=(0.53x10 ")—
1y =( )Z

0.53x1071% x 52
- 53

(c) Bohr model is only valid for single electron
species i.e., Hydrogen or hydrogen like atom
— He", deuteron, etc. Singly ionised neon atom
has more than one electron in orbit. Hence, Bohr
model is not valid.
(¢) According to Bohr’s model of H-atom, the
relation between kinetic energy, potential
energy and total energy

IPE|
KE.=|TE|= —

=25%x10 " 'm

so, KE.=—(TE.)
KE.=34eV

and PE.=2(T.E)

= PE.=-6.8eV

1
(d) rec "

0.51
R=%07
Eoxm
(E),=-13.6x207=-2.8keV

(b) In a Bohr orbit of the hydrogen atom
Kinetic energy,

S 2.56x 1018 m

. kze?
2r,
—kze?
Total energy, E= 2,

So, Kinetic energy : total energy=1:—1
(b) For last line of Balmer series :
n,=2andn,==»

1 | | | |
=R S -— =Rl2[—z——z}
7“B nj ny 2 o0

Ap=m )

For last line of Lyman series : n; = 1 andn, =

13.

1 ]
oy

1 11 1
—=RZ*| S -—|=RZ’ [—2—
;\'L nj ns 1

AL = R .{(1i)
Dividing equation (i) by (ii)

b
A _R
Moo L

R

. . Ap

Ratio of wavelengthsis — =4

L
(¢) According to Bohr's theory, the wave

number of the last line of the Balmer series in
hydrogen spectrum,
For hydrogen atom Z=1

Lw(lL

A n; 1
7 Z(L_LJ

=10"x1 22 002

1
= wavenumber - =0.25x10"m!

Last line of the series is called series limit. For

ﬂ this hl?e‘wavelength is minimum (A ).
For minimum wavelength, n, = %, n; = n

14.

15.

16.

7l
So, wavelength A . = %
(a) Speed of electron in nth orbit
21 KZe?
vn | —
nh

z
v=(219% 10°m/s) =

2
v=(219%109 5 (Z=2andn=3)

v=146x10° m/s
(b) By law of conservation of energy,

K.E=K.E, —excitation energy (¢)

l 2 1 - 1 5 1 5
or —mv; + —mv, =—m,u; +—m,u; — &
P 1 P 2 2 11 D) 292

(¢) For Lyman series (2 — 1)

1 el 1]_3R
AL 2] 4
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For Balmer series (3 —2)

R NS
Ag 14 9] 36

4
A 2R 4 5 5
g 36 36 \3 27
R 2.
The wavelength of spectral lines increases with
the increases of order of the series.
7\’PFl.md = A’Bracken > lPast;:l'nerl = A’Balmer = 7\’Lymen
17. (c) FortheA=975A
Lt
M np 03
where R is the Rydberg constant
Solving we getn,=n=4
(" n, = I ground state)
Therefore number of spectral lines
_ n(n-1) A 4(4-1) [}
=Y\ VYV
21.
18. (@ v Ton
3
L85 () =
L L \m
Hence, n| = 2n,
19.  (d)
Y n=4 (3" excited state)
! n=3 (2" excited state)
Ay
A 4 n=2 (1" excited state)
n=1 (excited state)
According to Rydberg formula 23.

Lt
l nf nI-

In first case, ne= 3,n;=4

SR T N A
A 32 42 9 16| 144 -

In second case, ny= 2,n;=3

1 1 I 1 5
RV Py =R[———]=—R (i)
2 2° 3 4 9] 36

Divide (ii) by (i), we get
M_5 144 2

Ay 36 T 7

(a) For emission, the wave number of the
radiation is given as

(Ll
L)

A
R = Rydberg constant, Z = atomic number

11 1 1 24
12 52 25) 7N "3

linear momentum
h 24 . )
p= . hx Rx > (de-Broglie hypothesis)
24hR _ 24hR

_— v —_—
=2 s 25m

(d) - The frequency ofthe transition v oc Lz,
n

whenn=1,2,3.

(d) For first line of Lyman series of hydrogen

E: Rhe Lot

For second line of Balmer series of hydrogen
like ion
h
he _ oppe[ Lo L
By question, A, = X,

1 1 o1 1
—_— :Z —_— =
= [1 2] (4 lé) orZ=2

(b) KE, . =10eV
0=2.75eV
Total incident energy
E=¢+KE =12.75¢eV
Energy is released when electron jumps
from the excited state n to the ground state.
- E4,—E; ={-085-(-13.6) ev}
=12.75¢V
oovalue ofn=4
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24. (b) Obviously, difference of 11.1eV is not
possible.
-0.58¢V
-0.85¢V
-1.51eV
-3.4eV
—13.6eV
25. (a) Energy of a H-like atom in it's n'" state is
given by

12.09eV n=2

110.2evn _

A

E = ~7? x%eV
n

n

For, first excited state of He*, n=2,Z2=2
4

J’EHEJr :—2—2x13.6:—13.6eV
26. (c) M:(S
2
4
v 3
2
1
n2-n=12=0

n-4)(n+3)=0 or n=4

If electron falls from orbit », to n, then the
number of spectral lines emitted is given by
_(ny—m+1)(ny—ny)
Np= 2
If an electron falls from nth orbit to ground
state (n = 1) then number of spectral lines
n(n—1)
2

emitted, N =

27.  (c¢) When the electron is in first excited state
(n=2), the excitation energy is given by

n=2
| =
L2
T n=1
E,
AE=E,-E,
We have, E =- %ev
n

13.6
- E2 =- 2—26V =-3.4eV

Given E; =-13.6eV
S AE=(-34)—(-13.6)=102¢V.

28.

29.

30.

31.

32.

33.

(d) Energy in the first excited state

136 —13.6

n2 22

But K.E. =—(Total energy)=+3.4 eV.
(a) Energyofground state 13.6 eV

Energy of first excited state

B8 s4ev
4

=_34eV

Energy of second excited state

__BS_sev
9

Difference between ground state and 2nd excited
state=13.6—-1.5=12.1eV

So, electron can be excited upto 3rd orbit
No. of possible transition
1—-2,1-3,2->3

So, three lines are possible.

ZZ
(a) K.E. =—(13.6 eV)

n e
Mechanical energy = ——(13.6 eV)

n
- K.E. in 2nd orbital for hydrogen
=—Mechanical energy

2
:(1%(13.6) =+3.4elV
(2)
(b) In Bohr’s model, angular momentum is
quantisedi.e ( = ;{i}
2n
(a) AE=E,—E,
_—13.6 13.6
R

1 1
=13.61———'teV =
{4 9} 1.9eV

1
(b) 7o ; Z(=3)is maximum for Li%",

(b) ?:R[%— 12],wherenl=2,n2=4
o
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2 2,2 4
35. (a) We have E = M.
! n’h?
helium Z = 2. Hence requisite answer is 4E,

For

The energy required to ionise an atom is called
ionisation energy. It is energy required to make
the electron Jump from the present orbit to the
infinite orbit.

z?.

13.6z2%eV

n?.

36. (c¢) When the electron drops from any orbit to
second orbit, then wavelength of line obtained
belongs to Balmer series.

1 1 1
37. (a) v=R L_L or —=R 5
nt n3 A nom

Frequency, y, — pe [i - L}
2 2
(AW
Note : See the greatest energy difference and
also see that the transition is from higher to lower
energy level. Hence, it is highest in case of n=2
ton=1.

38. (c) Centripetal force = Coulombian force

2

my I exe

dy 4TE80 ag

2

— 2 c j— c
Vv = V=
47[80.00 m - ’41'[80.00.”1
Ryn?
39. (@ R=29"_
(@) ~

R
Radius in ground state = 70

Ry x4

Radius in first excited state = 7 (- n=2)

40.

Hence, radius of first excited state is four times
the radius in ground state.
(c) Spectrum obtained from a sodium vapour
lamp is emission spectrum.

A spectrum is observed, when light coming
directly from a source is examined with a

41.

42,

43.

45.

47.

48.

spectroscope.

2 2
®) PE--X% na kE -2

r
where, r is the radius of orbit which increases
as we move from ground to an excited state.
Therefore, when a hydrogen atom is raised from
the ground state, it increases the value of 7. As
a result of this, P.E. increases (decreases in
negative) and K.E. decreases.

(b) r o n?

radius of final state 5
n

2

" radius of initial state

212x107"
53x107"
n=4orn=2
(b) Neon street sign is a source of line emission
spectrum.

(a) As re n?, therefore, radius of 2nd
Bohr’s orbit=4a,,

(d E=E,-E,
= —%—(—#] =—-0.85+1.51
4 3
=0.66eV
(a) Second excited state corresponds to n =3

E= ﬁe\f =1.51eV
32

(b) Bohr used conservation of angular
momentum.
(d) E o« 7z? and Zfor helium =2

v (E)y, =4x13.6=54.4 ¢V
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% Trend Analysis with Important Topics & Sub-Topics f

2020 2019 pLoxk:] 2017 2016
Topic Sub-Topic Qns./LOD |Qns. LOD | Qns.|LOD (Qns.|LOD |Qns.| LOD
Composition and Size of the
Nucleus
Mass-Energy & Nuclear Nuclear reaction 1| A
Reactions Mass — Energy 1| E
Radioactivity o particle composition 1 E
Rate of decay law

LOD - Level of Difficulty E - Easy D - Difficult Qns - No. of Questions

Topic 1: Composition and Size of the
Nucleus

1.  Ifradius ofthe IT Al nucleus is taken tobe R,
then the radius of L5 5 Te nucleus is nearly:
[2015]

5 3
(a) 3 Ryl (b) 5 Ry

13 1/3 53 1/3
o (i) @ (5] r

2. Ifthe nuclear radius of 27Al is 3.6 Fermi, the
approximate nuclear radius of *Cu in Fermi is :

12012

(a) 24 (b) 12

(c) 48 (d) 36
3. Two nuclei have their mass numbers in the ratio
of 1 : 3. Theratio of their nuclear densities would

be [2008]
( 153 31
O or @1

4, Ifthe nucleus i 27 41 has nuclear radius of about

3.6 fm, then 125Te would have its radius
approximately as [2007]

(a) 96fm (b) 12.0fm
(¢c) 48fm (d) 6.0fm.
The radius of germanium (Ge) nuclide is

measured to be twice the radius of gBe . The

number of nucleons in Ge are [2006]
(a) 74 (b) 75
(c) 72 (d 73
The nuclei of which one of the following pairs
of nuclei are isotones? [2005]

(a) ,,Se™, ;,Ga™'  (b) ,Sr*,  Sr¥¢

(¢) ,Mo%, ,Zr% (d) ,,Ca%®, S

A nucleus represented by the symbol ﬁ X has

(a) A protons and (Z-4) neutrons [2004]

(b) Z neutrons and (4-Z) protons

(¢c) Zprotons and (4-Z) neutrons

(d) Zprotons and A neutrons

The mass number of a nucleus is [2003]

(a) sometimes less than and sometimes more
than its atomic number

(b) always less than its atomic number

(c) always more than its atomic number

(d) sometimes equal to its atomic number
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10.

11.

12,

13.

14.

15.

16.

17.
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The volume occupied by an atom is greater than

the volume of the nucleus by a factor of about
[2003]

(a) 10 (b) 10!

(c) 10° (d) 10

M, and M represent mass of neutron and proton

respectively. Ifan element having atomic mass

M has N-neutron and Z-proton, then the correct

relation will be [2001]

(@) M<[NM +ZM ]

(b) M>[NM + ZM"

(©) M=[NM +ZM ]

(d) M=N[M + M,

Atomic weight of Boron is 10.81 and it has two

isotopes B'%and  B'' .Then the ratio

5310 5 B! in nature would be [1998]
(a) 19:81 (b) 10:11

(c) 15:16 (d) 81:19

The stable nucleus that has a radius half that of
Fe*6 is [1997]
(a) Li’ (b) Na?!

(c) S!¢ (d) Ca*

A nucleus ruptures into twonuclear parts, which
have their velocity ratio equal to 2:1. What will
be the ratio of their nuclear size (nuclear radius)?
(a) 23:1 (b) 1:213 [1996]
(c) 312:1 (d) 1:3172

The mass number of a nucleus is equal to the
number of [1995]
(a) protons it contains

(b) nucleons it contains

(c) neutrons it contains

(d) electron it contains

The mass number of He is 4 and that for sulphur
is 32. The radius of sulphur nuclei is larger than

that of helium by [1994]
@ 8 (b) 4
(c) 2 (d 8

The nucleus which has radius one-third of the

radius of Cs'® is [1993]
(@) 3He (b) ILi

© B @ v

The mass density of a nucleus varies with mass
number A as [1992]
(@) A? (b) A

(c) constant (dy VA

18.

19.

20.

21

The constituents of atomic nuclei are believed
to be [1991]
(a) neutrons and protons

(b) protons only

(¢) electrons and protons

(d) electrons, protons and neutrons.

In the nucleus of | ]NaB, the number of protons,

neutrons and electrons are [1991]

(a) 11,12,0 (b) 23,12,11

(¢) 12,11,0 (d) 23,11,12

The nuclei C'* and .N' can be described as
[1990]

(a) isotones (b) isobars

(c) isotopes of carbon (d) isotopes of nitrogen
The ratio of the radii of the nuclei 14/” and

»Te'™ is approximately [1990]
@ 6:10 (b) 13:52
© 40:177 (d) 14:73

Topic 2: Mass-Energy & Nuclear Reactions

2.

24,

When a uranium isotope 23 5 U is bombarded with

aneutron, it generates 36 kr three neutrons and :

[2020]
101
@ Z0Zr (b) 3eKr
1 144
© 6K (@ 'SoBa
The energy equivalent of 0.5 g of a substance
is: [2020]

(a) 4.5x108] (b) 1.5x103]

() 0.5x10%] (d) 4.5x10']

A nucleus of uranium decays at rest into nuclei

of thorium and helium. Then : [2015 RS}

(a) the helium nucleus has less momentum
than the thorium nucleus.

(b) the helium nucleus has more momentum
than the thorium nucleus.

(c) the helium nucleus has less kinetic energy

than the thorium nucleus.

(d) thehelium nucleus has more kinetic energy

than the thorium nucleus.

The Binding energy per nucleon of ;Li and
‘2‘ He nucleiare 5.60 MeV and 7.06 MeV, respectively.

In the nuclear reaction gLi + {H — gHe +Q.

the value of energy Q released is : [2014]
(a) 19.6MeV (b) —24 MeV
(¢) 84MeV (d) 17.3MeV
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33.
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A certain mass of Hydrogen is changed to He-

lium by the process of fusion. The mass defect

in fusion reaction is 0.02866 a.m.u. The energy

liberated per a.m.u. is [2013]

(Given: l am.u=931 MeV)

(a) 26.7MeV (b) 6.675MeV

(¢) 13.35MeV (d) 2.67MeV

How does the binding energy per nucleon vary

with the increase in the number of nucleons?
[NEET Kar. 2013]

(a) Increases continuously with mass number

(b) Decreases continuously with mass number

(c) First decreases and then increases with

increase in mass number
(d) First increases and then decreases with
increase in mass number

The power obtained in a reactor using U233

disintegration is 1000 kW. The mass decay of

U235 per hour is [2011]

(a) 10microgram (b) 20 microgram

(c) 40microgram (d) 1microgram

A nucleus of mass M emits a photon of

frequency v and the nucleus recoils. The recoil

energy will be [2011]
(a) Mc2—hv (b) h2v2/2Mc?
(c) zero (d) hv

Fusion reaction takes place at high temperature

because [2011]

(a) nuclei break up at high temperature

(b) atoms get ionised at high temperature

(c) kinetic energy is high enough to overcome
the coulomb repulsion between nuclei

(d) molecules break up at high temperature

The mass of a ;'L;' nucleus is 0.042 u less than
the sum of the masses of all its nucleons. The

binding energy per nucleon of ;." Li nucleus is

nearly [2010]
(a) 46 MeV (b) 5.6 MeV
() 3.9MeV (d) 23MeV

The binding energy per nucleon in deuterium
and helium nuclei are 1.1 MeV and 7.0 MeV,
respectively. When two deuterium nuclei fuse
to form a helium nucleus the energy released in

the fusion is : [2010]
(a) 30.2 MeV (b) 23.6 MeV
(c) 2.2 MeV (d) 28.0 MeV

IfM (A; Z), Mp and M denote the masses of the

nucleus ;X, proton and neutron respectively

in units of u ( lu = 931.5 MeV/c?) and BE
represents its bonding energy in MeV,
then [2008]

35.

36.

37.

38.

39.

(@) M(A,Z)=2ZM,+(A-Z)M,-BE/c?

(b) M(A,Z2)=7ZM +(A-Z)M, +BE

(¢ M(A,Z)=ZM_+(A- Z)M -BE

d M(A,Z2)=2ZM +(A-Z)M, "+ BE/c2

A nucleus ZX has mass represented by

M(A, 7). 1f Mp and M, denote the mass of proton
and neutron respectively and B.E. the binding
energy in MeV, then [2007/
(a) BE.= [ZM +(A-2)M, — M4, Z)]

(b)y BE.= +ZM, — M(A 2))c?

(c) BE.= M(APZ) ZM,~(4-2)M,

(d) B.E.=[M4,2)- ZM ~(A-2)M,)

The binding energy of deuteron is 2.2 MeV and

that of ‘2‘He is 28 MeV. If two deuterons are

fused to form one gHe , then the energyreleased

is [2006]
@ 23.6MeV (b) 192MeV
(©) 302MeV (d) 25.8MeV

In the reaction, :lZH + %H—) ;He+ :)n, if

the binding energies of %H , fH and gHe are
respectively, a, b and ¢ (in MeV), then the energy

(in MeV) released in this reactionis  [2005]
(@) atb+c (b) atb-c
(¢) e—a-b (d) c+a->b
In any fission process, the ratio
mass of fission products .
1S [2005]

mass of parent nucleus

(a) equaltol

(b) greater than 1

(c) lessthan 1

(d) depends on the mass of the parent nucleus

Fission of nuclei is possible because the

binding energy per nucleon in them [2005]

(a) increases with mass number at low mass
numbers.

(b) decreases with mass number at low mass
numbers.

(¢) increases with mass number at high mass
numbers.

(d) decreases with mass number at high
mass numbers.

If in nuclear fusion process the masses of the

fusing nuclei be m, and m, and the mass of the

resultant nucleus be m,, then [2004]
@ my>(m;+m,) (b) my=m; +m,
© my=[m—m,)| (d) my<(m,+m,)
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Mp denotes the mass of a proton and M, that of

a neutron. A given nucleus, of binding energy

B, contains Z protons and N neutrons. The mass

M(N, Z) of the nucleus is given by (c is the

velocity of light) [2004]

(@) M(N,Z)=NM +ZM +B/c?

(b)y M(N,2)= NM + —Bc?

() M(N,2)=NM,+ZM + Bc?

(d) MWN,2)= NM +Z P—ch

Solar energy is mainly caused due to  [2003]

(a) gravitational contraction

(b) burning of hydrogen in the oxygen

(c) fission of uranium present in the Sun

(d) fusion of protons during synthesis of
heavier elements

The mass of proton is 1.0073 « and that of

neutron is 1.0087 u (u = atomic mass unit). The

binding energy of 2He is [2003]

(a) 0.061u (b) 0.0305j

(¢c) 0.0305erg (d) 28.4MeV

For a nuclear fusion process, the suitable nuclei
are 12002
(a) anynuclei

(b) heavy nuclei

(c) lightnuclei

(d) nuclei lying in the middle of the periodic table
It is possible to understand nuclear fission on
the basis of the [2000]
(a) liquid drop model of the nucleus

(b) meson theory of the nuclear forces

(c) proton-proton cycle

(d) independent particle model of the nucleus
In nuclear reactions, we have the conservation
of [2000]
(a) mass only

(b) energy only

(¢) momentum only

(d) mass, energy and momentum

The explosion of the atomic bomb takes place

due to [1999]
(a) nuclear fission (b) nuclear fusion

(c) scattering (d) thermionic emission
Complete the equation for the following fission
process : 92[}235 + on] —1g S0 4 [1998/
(a) 54X]43 +3 0n] (b) 145 3

(C) 7/\TMI: +3 0{’11 (d) 54)(142 + C’ln

In a fission reaction

SGU S X My inan

the binding energy per nucleon of Xand ¥is 8.5
MeV whereas of U is 7.6 MeV. The total
energy liberated will be about [1997]

49.

50.

51

52.

53.

55.

(a) 2000MeV (b) 200MeV

(¢) 2MeV (d) 200keV

Which of the following is used as a moderator
in nuclear reactors? [1997]
(a) Plutonium
(c) Heavy water

(b) Cadmium
(d) Uranium

If the binding energy per nucleon in 4 Li’ and
,He 4 nuclei are respectively 5.60 MeV and 7.06

MeV, then the energy of proton in the reaction

sLi7 +p—2 ,He' is [1994]
(@) 19.6MeV (b) 2.4MeV
(c) 84MeV (d) 17.3MeV

Heavy water is used as a moderator in a nuclear
reactor. The function of the moderator is/1994]
(a) to control energy released in the reactor
(b) toabsorb neutrons and stop chain reaction
(¢) to cool the reactor

(d) toslowdown the neutrons to thermal energies.

Energy released in the fission of a single 233 U

nucleus is 200 MeV. The fission rate of a

233 U filled reactor operating at a power level of

5Wis [1993]
(@ 1561091 (b) 1.56x10" 5!

(c) 1.56x 1071651 (d) 1.56% 107171
Solar energy is due to [1992]
(a) fusion reaction

(b) fission reaction

(¢c) combustion reaction

(d) chemical reaction

The energy equivalent of one atomic mass unit
is [1992]
(@) 1.6x10717J (b) 6.02x10%]

(¢) 931 MeV (d) 931 MeV

An electron with (rest mass m ) moves with a
speed of 0.8 c. Its mass when it moves with this

speed is [1991]
5 3
@ m b © 5 @

If the nuclear force between two protons, two
neutrons and between proton and neutron is denoted
byF ,F and F . respectively, then [1991]

@ F,~F,=~F,
(b) F,, =F,andF, =F,
© F,=F,=F,

(d) FPP =l = Fpﬂ
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57.  Which of the following statements is true for | 64. The half life of a radioactive isotope ‘X’ is
nuclear forces? [1990] 20 years. It decays to another element “Y” which
(a) they obey the inverse square law of is stable. The two elements ‘X’ and Y were found
distance to be in the ratio of 1 : 7 in a sample of a the
(b) they obey the inverse third power law of given rock. The age of the rock is estimated to
distance be [2013]
(c) they are short range forces (a) 60 years (b) 80 years
(d) they are equal in strength to (c) 100 years (d) 40 years
electromagnetic forces. 65.  a-particles, B-particles and y-rays are all having
58.  Theaverage binding energy of a nucleon inside same energy. Their penetrating power in a given
an atomic nucleus is about [1989] medium in increasing order will be
(a) 8MeV (b) 8eV [NEET Kar. 2013]
(c) 8J (d) 8ergs Ea; B, )[;, o Eg% E, o, B
i . 3 vl ¢ o, p,Y SO, Y
: L _3' Radioactivity 66. A mixture consists of tworadioactive materials
59.  a-particle consists of [2019] A, and 4, with half lives of 20 s and 10 s
(a) 2 protons and 2 neutrons only respectively. Initially the mixture has 40 g of 4,
(b) 2 electrons, 2 protons and 2 neutrons and 160 g of 4,. The amount of the two in the
(¢) 2 electrons and 4 protons only mixture will become equal after : [2012]
(d) 2 protons 01-'11y - - . (a) 60s (b) 80s
60. The rate of radioactive disintegration at an (¢) 20s (d) 40s
ms;ant_ for all‘;adlfiuactlve sample ofhalflife 2.2 67 The halflife of a radioactive nucleus is 50 days.
107 s is 107 5. The number of radioactive The time interval (7, — #,) between the time
atoms in that sample at that instant is, >
@ 317x 10 @{A;Eﬁ Txf;g;?a 2019/ tywhen ~ ofithas decayed and the time 71 when
(c) 3.17x10"7 (d) 3.17x10"8 1
61. Foraradioactive material, half-life is 10 minutes. — of it had decayed is : [2012M]
If initially there are 600 number of nuclei, the 3
time taken (in minutes) for the disintegration of (a) 30 days (b) 50 days
450 nuclei is [2018] (c) 60 days (d) 15 days
(@) 20 (b) 10 68. The half life of a radioactive isotope 'X' is 50
© 15 (d) 30 years. It decays to another element "Y' which is
62. Radioactive material 'A' has decay constant '8 A stable. The two elements 'X' and 'Y" were found
and material 'B' has decay constant "A'. Initially to be in the ratio of 1 : 15 in a sample of a
they have same number of nuclei. After what given rock. The age of the rock was estimated
time, the ratio of number of nuclei of material 'B' to be [2011]
(a) 150 years (b) 200 years
tothat A" will be 9 [2017] (€) 250 years (d) 100 years
¢ 69. A nucleus "X emits one a-particle and two
| | . . .
(a) - (b) o § par:il:s. The resulting nu:tilzs is /2011, 1998]
l 1 (a) n—4 Z (b) n Z
© o 9 o © mx @ ™3y
63. Aradioisotope "X’ witha halflife 1.4 x 10” years 70. Tworadioactive nuclei Pand Q, in a given sample

decays to “Y’ which is stable. A sample of the
rock from a cave was found to contain ‘X’ and
‘Y intheratio 1 : 7. The age of the rock is : [2014]
(@) 1.96x 10%years (b) 3.92x 107 years
(c) 4.20% 10%years (d) 8.40x 107 years

decay into a stable nucleus R. At time t = 0,
number of P species are 4 N and that of Q are
N,,. Half-life of P (for conversion to R) is I minute
where as that of Q is 2 minutes. Initially there are
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no nuclei of R present in the sample. When (a) 4 (b) 22
number of nuclei of P and Q are equal, the () 12 d) 142
number of nuclei of R present in the sample | 77 Iy 4 radioactive decay process, the negatively
would be [2011M] . .
9N, charged emitted P -particles are [2007]
(@) 3N, (b) —— (a) the electrons produced as a result of the
5N 2 decay of neutrons inside the nucleus
(c) TO (d) 2N0 (b) the electrons produced as a result of
The activity ofa radioactive sample is measured collisions betwee:_n_ atoms
I, . —0and N/ (c) the electrons orbiting around the nucleus
as 0_counts per mll:ll,lte at’= f‘m Yo' fzounts (d) the electrons present inside the nucleus
per minute at#= 5 minutes. The time (inminutes) | 78 [y 4 radioactive material the activity at time 1,is
at which the activity reduces to half its value is R, and at a later tim_e b, it is R,. If the decay
0w 2/ 5 2010 constant of the material is A, then [2006]
a) lo 5
(a) ge (b) logez / )/ (a) R = Rze)\,(zl—zz) (b) R = Rze(rgfq}
(©) Slog 2 (d) Slog,2 i)
The decay constant of a radio isotope is A.. If 4, (© R,=R, (d) R =Ry ™"
and A, are its activities at times 7, and 7, | 79. The halflife of radium is about 1600 years. Of
respectively, the number of nuclei which have 100 g of radium existing now, 25 g will remain
decayed during the time (¢, — #,) : [2010] unchanged after [2004]
) MA—A At — At (a) 3200 years (b) 4800 years
@ Mdh-4) (b) At =ty (c) 6400 years (d) 2400 years
(©) 4 -4, (d) _(Al —4, )_f A 80. A nuclear reaction is given by [2003]
Th(? nur_nber of beta partllees emitted by a ZXA S yA +—1‘30 L. represents
radioactive substance is twice the number of :
) ) ; ) (a) fission (b) B-decay
alpha particles emitted by it. The resulting (c) y-decay (d) fusion
daughter is an _ [2009] | 81, A sample of radioactive element has a mass of
(a) isomer ofparent (b) isotone of parent 10gm at an instant =0. The approximate mass of
(c) isotope of parent (d) isobar of parent this element in the sample after two mean lives
In the nuclear decay given below: [2009] is [2003]
A A A-4 A-4 (a) 630gm (b) 1.35gm
X—z¥Y—> B — 2B (©) 2.50gm (d) 3.70gm
the particles emitted in the sequence are 82. A sample has 4 x 10'° radioactive nuclei of half
(@ v,B,a (b) B,v, life 10 df.iys. The number of atoms decaying in
© aBy (d) B,a,y 30daysis L 12002
Two radioactive materials X; and X, have decay @ 3 9]: 10 (b) 510 16
constants SA and A respectively. If initially they © 10 (d) 3.5x10
have the same number of nuclei, then theratio | 83 A deuteron strikes ¢ 0'® nucleus with subseq-
ofthe number of nuclei of X, to that of X, will be .. . .
uent emission of an alpha particle. Identify the
l after a time [2008] nucleus so produced [2002]
e .
| (@ 5Li’ (b) 4B
a) A —1
( ) (b) 7 (C) 7Nl3 (d) ?Nl4
1 d e 84.  The decay constant (1) and the half-life (T) ofa
© 41 (d) 1 radioactive isotope are related as [2000]
Tworadioactive substances A and B have decay log, 2 2\ = 1
constants 5). and A respectively. At #=0 they @ A= T (b) = log, 2.T
have the same number of nuclei. The ratio of T )
number of nuclei of A to those of B will be (1/¢)? (c) = log, 2 (d A= T
(=

after a time interval [2007]
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Atomic hydrogen has life period of ~ f2000] | 95. The mass of a-particle is [1992]
(a) oneminute (a) lessthan the sum of masses of two protons
(b) one day and two neutrons
(c) a fraction of a second (b) equal to mass of four protons
(d) one hour (¢) equal to mass of four neutrons
Alpha-particles are [1999] (d) equal to sum of masses of two protons and
(a) protons (b) positron two neutron
(¢) neutrally charged(d) ionized heliumatoms | 96. Thehalflife ofradium is 1600 years. The fraction
After 1o and 2 B-emissions [1999] of a sample of radium that would remain after
(a) mass number reduces by 4 6400 years [1991]
(b) mass number reduces by 5 (a) 14 (b)y 12
(c) mass number reduces by 6 () 18 (d)y /16
(d) mass number increases by 4 12 .
Half-lives of two radioactive substances A and 97 Th; nuc_l cus 6bCe absoFbIS an enerietlc nelitfon
B are respectively 20 minutes and 40 minutes. an leml_ts a beta particle (B). The res? ;;I;g
Initially, the sa:rpples of 4 apd B have egual ?al;c elﬁ',f’ N3 [ /
number of nuclei. After 80 minutes the ratio of © ?B” ) TC”
. . s .
E;;“alln,“llég numbers Of‘?bﬁniﬁn“del S [1998] 1 o3 A'radioactive element has half life period 800
. . . After 6400 years what amount will remain?
(c) 1:4 d 1:1 years
The activity ofa radioactive sample is measured [1989]
as 9750 counts per minute at # = 0 and as 975 1 1
counts per minute at = 5 minutes. The decay @ 2 (b) 16
constant is approximately [1997] | |
Eag 833 per rninute Eg; ggg {1) perml:nute (©) P (d) 256
C 461 per mimnute .230 per minute :
A free neutron decays into a proton, an electron | - ifelpelg:zglel;sA decays into element C by a two
and [1997]
(a) abetaparticle (b) analpha particle A— B+2He4
(¢) ananti-neutrino (d) aneutrino _
The most penetrating radiation of the following is B—>C+2e
1997] Then _ [1989]
(a) gamma-rays (b) alpha particles (@) j ang g are _1sott)0pes
(c) beta-rays (d) X-rays (b) 4 an iB are1so . ars
What is the respective number of o and (g) 4 and B are .ISObOPGS
B-particles emitted in the following radioactive (dy (4 and B are 150bars
100. Curieis a unit of [1989]
decay 200 x 90 5168 Yoo ? [1995] (a) energy of gamma-rays
(a) 6and8 (b) 6and 6 (b) halflife
(c) 8and8 (d) 8and6 (c) radioactivity
The count rate of a Geiger Muller counter for (d) intensity of gamma-rays
the radiation ofa radioactive material ofhalf-life | 101. A radioactive samplfa witha 1}a1f11fe _0“ month
30 minutes decreases to 5 sec™! after 2 hours. has the label : “Activity = 2 micro curies on 1-8—
The initial count rate was [1995] 19?_1- })Vhat would be its activity two ‘}’;’;;ﬁ;
(a) 20sec! (b) 25 sec’! carhier + ) _ |
(c) 80 sec’! (d) 625 sec’! (a) l.Omicrocurie (b) 0.5micro curie
In a given reaction (¢) 4 micro curie (d) 8micro curie
102. The nucleus ling , after two successive

A A A-4 A-4
ZX 241 Y >z K >z K
Radioactive radiations are emitted in the

sequence of [1993]
(@) a,B,y (b) v.0.p
(¢) B,y (d 7.B,a

B— decay will give [1988]
@ '2Pa

© '§3sn

(b) '}3In
@ 'sn
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ANSWER KEY

(@ (12 f(a) (23 |(a) |34 ]|(a)]d5 | (d)]S56

(c)] 67 ] ()| 78 | (d)]| 89 | (¢c) [100] (c)

(c)[13 | (b)| 24 |(d)[35]|(a) ] 46 | (a) | 57

(c)| 68| (b)[79]()]90] (c)]|101] (d)

(d)| 14 | (b) [ 25 | (d) | 36 | (c) | 47 | (a) | 58

(a) ] 69 | (c) [ 80 | (b)] 91 | (a) |102] (d)

(d)[15 ] ()| 26| (Db)[37]|(c)]48 | (b) ] 59

(@) 70| (b) [ 81 ] (b) |92 | (d)

(c)[16 | (b) |27 | (d)[38](d)] 49 | (c)] 60

(@] 71| () [82] ]93] (c)

@ [17] @) |28 [39]|@]50]@]e61

(@) 72| () [83|(d)] 94| (c)

(c)[18 | (a) [29 | (b) | 40 | (d)| 51 | (d) ] 62

(@) 73 | (c) [ 84 | (a) | 95 | (a)

(|19 |30 ]|(c)|41 | ]| 52| ()] 63

(c)] 74 ] ()| 85 |(c)| 96| (d)

E=N =N N K- R0 S AR S ]

(a)|20 | (@) |31 | (b)|42 | (d) ]| 53 | (a) | 64

(@) ] 75 ] (c) | 86 | (d)| 97 | (b)

—
=

(a)| 21 |(a) |32 |(b) |43 | (c) | 54 | (c) | 65

(c)] 76 ]| (c)| 87 |(a)| 98 | (d)

—
—

(@) [22 [(d)[33 |(a)[44 ]| (@) ]SS5 ]| (c)] 66

d) |77 (@) |88 |()]|99] (a

Hints & Solutions

I.  (a) Asweknow, R=R, (A)13
where A= mass number
R, =R, (27)*=3R,

R; =R, (125)3=5R,= %RM

2. (c¢) The radius of the nuclears is directly
proportional to cube root of atomic number i.e.
R o Alf’3
R =R, A3, where R, is a constant of
proportionality

- S 1/3
R _(4) (14}1 4
R\ 4 27 3

where R, = the radius of 27A1, and
A, =Atomic mass number of Al

R, = the radius of ®4Cu and A, = Atomic mass
number of C4

R :3.6><§:4.8m

r
3. (d) Requird ratio of nuclear densities= —-

'y
v
3] 4 rd
_ Y _Mlxvz_lx?:
M,) M, V, 3 iﬂR?
V. 3 .

1 (M) 1 {3]
= —x| —=|=—x| = |=1:1
3 0M, ) 3 U

) _ 3m
4 Nuclear density, R 4 Rg

Here, Ry=1.2 % 10~"*m m = Average of mass of a
nuclean (mass of proton + mass of neutron)
=1.66 x 1027 kg

This formula suggest that density of nuclear matter
is same for all nuclei.

(d) It has been known that a nucleus of mass
number 4 has radius
. 3
R=Rd',
where R,=1.2x10"°m
and 4 = mass number

In case of %37,45, let nuclear radius be R,

and for I%STe, nuclear radius be R,

For 2] A1, Ry = Ry(27)"/ = 3R,
For 'B3Te, R, = Ry(125)"/3 = 5R,

R, 5R, 5 5 :
2 _—0_—R=x36=6fm
R 3Ry, 3 3
(c) We use the formula,
— 1/3
R=R,4 _ _
This represents relation between atomic mass
and radius of the nucleus.
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For berillium, R =R,(9)'? or, R3oc A= Ao R3
For germanium, R,=R A" \ \
1/3 1/3 A | R R /2 1
R_OF 1o LA (R _(R/2) 1
R 3 T 5 /3 4 R R 8
Ry (4) 2 (4)
4, 56
8 8

10.

11

12,

(a) Isotones means equal number of neutrons
ie, (A-Z2)=74-34=71-31=40.
(c) g X has Zprotons and (4 — Z) neutrons

(d) In case of hydrogen atom,
Mass number = atomic number

3

3 _ Tatom
(a) Veoer = Vatom ~ 73 x Vnucleus
Muclers

3

But Thucleus _ (LJ

Taom 107
Hence, V.= 1015 x V sucleus
(a) Given: Mass of neutron = M,
Mass of proton = M ; Atomic mass of the
element = M ; Number of neutrons in the element
= N and number of protons in the element = Z.
We know that the atomic mass (M) of any stable
nucleus is always less than the sum of the masses
of the constituent particles.
Therefore, M<[NM, +ZM .
Xisaneutrino, when B-particle is emitted.
(a) Suppose that,
The number of °B type atoms = x
and the number of 1B type atoms = y
Weight of 1°B type atoms = 10x
Weight of ''B type atoms = 11y
Total number of atoms =x +y

10x+11y
X+y
= 10x+11y=10.81x+10.81y

—081x=0.19y > > -1

y 81

If relative abundance of isotopes in an element has
ratio n, : n, whose atomic massers are m and m,

. Atomic weight = =10.81

then atomic masses of elements is
7 o LR L,
H1+??2

(a) Thenuclear radius R = RUAI’J3

or R{X:Al.'"3

13.

14.

15.

16.
17.

18.
19.

20.

21.

(b) Applying law of conservation of
momentum,

myy=myVy

Vi _

Vo oo

4
AstE‘R p = mocr’

m _n
Hence, =73
1 i
1
v, P r 13
Va H n 2
(b)

1/
© % —[ 4 ] : —{EJUS =2
RHe AHe 4
(b)
(¢) The nuclear radius r varies with mass
number A according to the relation

roc A" or Aoy’

mass

density =
volume

Further, mass o« A and volume oc #°

mass
= constant

" volume
(a) Nucleus contains only neutrons and protons.
(a) Z=1l1i.e.,number of protons=11,4=23
. Number of neutrons=4 -7Z=12
Number of electron =0 (No electron in nucleus)
Therefore 11, 12, 0.
(@) As C"and N'"have sameno. of neutrons
(13— 6=T7 for C and 14—7 =7 for N), so they are
isotones.

(@ Rec(4)”
" R, «(27)"* and R,, = (125)"
3 6

R 3
"R, 5 10
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24,

26.

27.

28.

(d) Itisanuclear fission reaction.

29325U + (l)n—>§2Kr+lgg Ba+ §n+Q

(a) From the Einstein's mass-energy
equivalence, the relation between the mass of a
substance m and its energy E is

E =mc?

Here, ¢ = speed of light

L E=05%107x(3x10%)? =0.5x107 x9x10'°
=4.5x1013].

(d) Inan explosion a body breaks up into two

pieces of unequal masses both part will have

numerically equal momentum and lighter part will

have more velocity.

U— Th+He
P2 P2
KE.,=—,KE, =—
Th ZmTh He 2mHe
since my, . is less so KEHe will be more.

(d) BEof ,He#=4x7.06=2824 MeV

BEof J Li =7 x 5.60 =39.20 MeV
;Li+%H - 2He4 + 2He4 +Q
39.20 28.24x 2(= 56.48 MeV)

Therefore, Q =56.48—-39.20=17.28 MeV.
(b) Massdefect Am=0.02866 a.m.u.
Energy=0.02866 x 931 =26.7 MeV

As H?+ H?—> ,He?

Energy liberated per a.m.u= 13.35/2 MeV
=6.675MeV

(d) BE/A a

—

A

From the graph of BE/A versus mass number A
it is clear that, BE/A first increases and then
decreases with increase in mass number.

(c) E=mc?
_E
c2

So, mass decay per second

29.

30.

3L

32.

33.

35.

PHYSICS
dm 1 dE 1
a 2dt = 2 (Power in watt)
3
= ———7—5x1000x10
(3x10%)%

dm
and mass decay per hour = & x 60 x 60

|
(3x10%)?
=40 microgram
(b) Momentum
E hv
Mu= —=—

_c ¢
Recoil energy

1, 1M%? 1 [hv]z h2v?
—Mu” =— =— =

2 2 M 2M 2Mc?
(¢) When the coulomb repulsion between the
nuclei is overcome then nuclear fusion reaction
takes place. This is possible when temperature
is too high.
(b) B.E.=0.042x931 =42MeV

Number of nucleons in ;"Lf is7.

x10% x3600 =4 x 108 kg

C

42
B.E./nucleon = 7 =6MeV = 5.6 MeV

(b) Binding energy of two IHz nuclei
=2(1.1 x2)=4.4 MeV
Binding energy of one 2He4 nucelus

=4x7.0=28 MeV
. Energyreleased =28 —4.4=23.6 MeV
(a) Mass defect= ZMp +(A-Z)M -M(A,Z)

BE.
or, 5 =ZMy+ (A-D)M,-M(A2)

BE.
M(A,Z)=7M+ (A—Z)Mn—c—z

(a) Thedifference in mass of a nucleus and its
constituents, AM, is called the mass defect and
is given by

AM =[ZM , +(A-Z)M,]-M
and binding energy = A 42
=[{ZM , + (A-Z)M,,} — M)c?

(a) 1D2 — 2H€4
Energyreleased =28 -2 x2.2=23.6 MeV
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Binding energy is energy released on formation of
Nucleus

36. (c)

energies for their nucleons to be separated.

12H and f‘ H requires a and b amount of

gHe releases ¢ amount of energy in its formation

i.e., in assembling the nucleons as nucleus.
Hence, Energyreleased =c—(a+b)=c—a—b

37. (¢) Binding energy per nucleon for fission
products is higher relative to Binding energy
per nucleon for parent nucleus, i.e., more masses
are lost and are obtained as kinetic energy of
fission products. So, the given ratio < 1.

38. (d) B.E. per nucleon is smaller for lighter as
well as heavier nucleus. But fusion reaction
occurs for small mass number nuclei and fission
reaction occurs for larger mass number nuclei to
attain reaction binding energy per nucleon.

39. (d) my<(m+tm) (- m+m=m+E]
as E=[m +m,—m;,] C?

Mass defect occur in both nuclear fission and fusion
processes. Therefore, nuclear energy is released in

both the processes as per Einstein mass energy
relation £ = (Am)c*

BE
40. (d) Mass defect =5

o
Mass of nucleus = Mass of proton + mass of
neutron — mass defect

41. (d) Asaresultoffusion, enormous amount of
heat is liberated which is the main cause of source
of solar energy.

42, (d) Am=(2x1.0074+2x1.0087—-4.0015)

=0.0307
E=(Am)>x 931 MeV=0.0307x931=28.5MeV

43.  (c¢) Fornuclear fusion process the nuclei with
low mass are suitable.

4. (a)

According to liquid drop model of nucleus, an

ﬂ excited nucleus breaks into lighter nuclei just like
an excited drop breaks into tiny drops.

45. (d)

46. (a)

1 143

47, (a) 92 U235 + o —> 38SF90 + 54 Xe

+3 n' + energy

48. (b) Binding energy
=117x85+117x85-236%7.6
=234x8.5-236x17.6
=1989—-1793.6 =200 MeV
Thus, in per fission of Uranium nearly 200 MeV
energy is liberated

49.  (¢) Moderator used in nuclear reactor are
graphite and heavy water.

Characteristics of moderator are

(i) Its atomic weight must be low

(i) It should not absorb neutrons

(iii) It should undergo elastic collisions with

neutrons and reduce their velocity.

50.  (d) Applying principle of energy conservation,
Energy of proton
=total B.E. of 2a. — energy of Li’
=8x7.06—-7x5.6
=56.48-39.2=17.28 MeV

51.  (d) Moderator slows down the neutrons to
thermal energies.

52.  (b) Fission rate

_ total power 5
energy - 200x1.6x107">
fission

=1.56 x 10

53. (a) Fusion reaction.

54. (¢) lamu=931MeV
3
8 e M
vV [2 08 3
- -
& C
56.  (c¢) Nuclear force is same between any two
nucleons.
57. (¢)

ﬂ Nuclear forces are short range attractive forces

which balance the repulsive forces between the

protons inside the nucleus.

58.  (a) Average B.E./nucleon in nuclei is of the
order of § MeV.

59. (a) o-particleisnucleus of helium He™ which
has two protons and two neutrons.

m2 0.693
O @ =Ty
0.693
A=""—5 =3.15x107°
2.2x10
R=AN
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6l.

62.

A 3.15x1071°

(a) Number ofnuclei remaining, N=600—-450

=150 after time ‘t’
N _150 _1
Ny 600 4

N
N=Noe‘?”’ — ’»‘ﬂ"?o =\t

1, Ny
=—I(n—
= 1 Y N
2.303xT,
P ]
0.693 0N
_ 2.303x10,
T 0693 B0
(a) Given, Ay =8A, Ag =7
Ny
Np= o
> Ny *B'=N, i
e
e—?u :e—S)ue—l
e—?u :e—SM—l
Comparing both side powers
—At=—8At—1
—1=7\t

1

S

The best possible answer is t= ey

N 1 .
(c) As —~=— (Given)
Ny 7

3
LZLZH
N,+N, 8 (2

Therefore, age of the rock

t=3T,,=3x 1.4x 10°yrs=4.2x 10°yrs.

(a) Thevalue ofxis é

=—=— = t=3T=3x20=060years

=3.17x 10"

1

PHYSICS
Hence the estimated age of the rock is 60
years
X = Y,
att=0 N, 0
att=t N  N,-N
N _t_N_1I
No-N 7 N, 8
t=3T
=3 x 20 = 60 years
65. (c) Increasing order of penetrating power :

a<B<y.

For same energy, lighter particle has higher
penentrating power.

66. (d) Let, the amount of the two in the mixture
will become equal after 7 years.
The amount of 4, which remains after 7 years

__No
The amount of 4,, which remains, after # years
_ Ny
According to the problem
40 160

1

Ny

520 _ 2[%_2]

t_t
20 10
Lt
20 10
Ly
20
t=40s
1
67. (b) N;=Nye™ N,:ENO

&_Noe—“z
3

1 52
= 5=¢ M (i)

2
N,=ZN
2 3 0
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2 — 0t t t.
< No =Noe ™! S-=2+— D=2
370770 172 72
2 N = t=4min
—=e
= 3 (@) 4Ny) N,
Dividing equation (i) by equation (ii) P=aim ~ gy
1 _ M0 att=4min.
2 Ny N
Ny=—2=—0
Mty 1) = In2 4 4
or population of R
hon=22_7 —s0d
—ty =——=T,,, =50 days
o (o

68. (b) Letnumber ofatomsin X =N,
Number of atomsin Y = Ny
By question
N, 1

Ny 15

1
- Partof N, = E(N" +Ny)
1
= 2—4(1\1X +Ny)

So, total 4 half lives are passed, so, age of rock
is4 x 50 =200 years
69. (c) When T'X emits one a-particle then its

atomic mass decreases by 4 units and atomic
number by 2. Therefore, the new nucleus

becomes :‘_‘24 Y . Butas it emits two 3~ particles,
its atomic number increases by 2. Thus the

resulting nucleus is g‘_4 X.

No radioactive substance emits both o and B
particles simultaneously. Also, y rays are emitted
after the emission of o or beta particle.
70.  (b) Initially P —4N,
Q—N,
Halflife T, = 1 min.
To=2min.
Let after time t number of nuclei of P and Q are
equal, that is
4Ny Ny
Ht/1 N Ht/2
4N 1
/1 N yt/2

=21 =422
22_2(!2 = 2(2 +1/2)

_ 9N
2
7. (d) N=  Nye™
Here, =5 minutes
Mo —N,- —5h
e
= 51=1,
_
5
£n2
Now, T, , = B =5(n2
72.  (d) Activity is given by
A= N =—-AN
dt
Activity at time 7, is

and activity at time #, is 4, =— 1N,
As t| > t,, therefore, number of atoms
remained after time 7, is less than that re-
mained after time #,. That is, N| <N,
- number of nuclei decayed in (7, —7,)
(4 —4)

A

If a radioactive element A disintegrates to form
another radioactive element B, which inturn

disintegrates to form another element C,

Rate of disintegration of 4= % =M

N,
Rate of disintegration of B = ‘;—f =-A,N,

Net rate of formation of B = Rate of disintegration
of A — Rate of disiutegration of B = AN} —A,N;


http://www.jeebooks.in

336

PHYSICS

73.  (c¢) A radioactive substance when emits one

alpha particles (;He) , its mass number reduces

by 4 and charge no. reduces by 2 and after
emission of two B-particles its charge no.
increase by 2 thus the charge no. i.e. atomic

number remains the same.
Isotopes of an element have the same atomic
number but different mass number.
A A A A-d_x
4. (d) ;X— 7 YB, ;0 Y—> , B :a

7B (B, )
Mass number and charge number of a nucleus
remains unchanged during y decay)
75. (c¢) Lettherequiredtimebet. Then
N, =Nge '1'; N, = Nye ' 2
Where
N, = number of nuclei of X after time't

N, =number of nuclei of X, after timet
N,, = initial number of nuclei of X, and X,

A4
—)2_1 B:Y

each.
N, Nye'l
7L|=57L, 12=7L
oSt
— = Sel=eg*Mo =1
e e
1
t:_
4]

76. () A =5handAg =A%

2
N 1
Given —A4- [—J

’ NB e
According to radioactive decay,
N w
—=e
No
Na = 4 (1)
(No) 4
Np -
—L @)
(No)p
From (1) and (2),
Na _ p-sr-nr
Np

2 4t
=(3) ~(d
[ e
. t_i
= 4hr=2 =

77.  (a) In beta minus decay (), a neutron is
transformed into a proton, and an electron is
emitted from the nucleus along with antineutrino.

n=p+e +V
78. (d) Letattime#; & 7,, number of particles be

N, & N,. So,

R1=ﬁ=— 1 R2=d&=— 2
dt dt

R AN, N _ M)

Ry, N, N Mt

Rl — Rzel(rz —4 } — Rze_ui' _Iz)

79.  (a) 100 gwill become 25 g in two half lives, so,
itis 3200 years.

80. (b)) _; & represents a B-decay.

81. (b) Usingtherelation for mean life.

Given:tzzzzz(i) | |3
A A

2
_hx=—
Then from M = Mye *r =10e  *

| 2
=10(—J =1.35¢g
[+

The law of radioactive disintegration in terms of
mass can be written as
M= M, e™
Here, M, = mass of radioactive nuclei at time t = 0
M = mass of radioactive nuclei at time ¢

30

2. (d) N:4x10‘6[l]'° L
2 2
1

Atoms decayed =4 x 10'6—E><1016

=3.5x1010
8. (d) 8016 + H?— 5, H +7 N

1 a

84. (a) tleoga_x whent=T,x=E

T—llo a —ilo 2 1
e g Y ge :)l:?logEZ
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85.

86.

87.

88.

89.
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(c) Atomic hydrogen is unstable and it has
life period of a fraction of a second.

(d) We know that alpha particles are the
nucleus of ionized helium atoms which contain
two protons and two neutrons. These are
emitted by the nuclei of certain radioactive
substances. Streams of alpha particles, called
a-rays, produce intense ionisation in gases
through which they pass and are ecasily
absorbed by matter.

(a) Emission of 1a particle led to decrease in
atomic number by 2 while mass number by 4. On
the other hand, emission of 2 particles increases
atomic number by 2. Hence, overall emission of,
la. and 2P particles led to decrease in mass
number by 4.

() 80=20xn, >n,=4

80=40xny = ny=2

3
N, 2 1 1 1
Np 1} 2 2 4
2

dN

2L LKN
(c) dl
9750 = KN, N 1))
975=KN S )
Dividing (1) by (2)
N _T
Ny, 10

_ N, _
. 230310g?0: 2303log10

=0.4606=10.461 per minute
(C) OHI e 1p1+_l€0 +X
X'must have zero charge and almost zero mass as
electron is emitted. Hence X'must be anti-neutrino.
(a) The penetrating power of radiation is
directly proportional to the energy of its photon.

Energy of a photon = % o 1

A
.. Penetrating power 1
8
A is minimum for y-rays, so penetrating power is
maximum of y-rays.

16
200
d 20y, —>

8 Ygo - We know that

200 Xgo —_— H2H€4 + m_]ﬁo +168 }%0 .
Therefore, in this process,

94,

95.

98.

100.
101.

200=4n+168 or n= 220168 _¢

Also, 90=2n—m+80

or, m=2n+80-90=(2x 8+80-90)=6.
Thus, respective number of o and B-particles
will be 8 and 6.

(c) Half-life = 30 minutes; Rate of decrease
(N)=>5 per second and total time =2 hours = 120
minutes. Relation for initial and final count rate

N ~ 1 limea'ha]f-]ife_ 1 IZOBO_ 1 4_1
N, \2 2 2) 16.

Therefore, Ny = 16 x N=16 x 5 = 80 g1,
(¢) Increase of charge number by 1 indicates
[ emission. Decrease of mass number by 4 and
charge number by 2 indicates o emission. No
change of mass number and charge number
indicates y-emission.

(a) o-particle = ,He® It contains 2 p and 2 n.
As some mass is converted into B.E.,
therefore, mass of a particle is slightly less
than the sum of the masses of 2 p and 2 n.

N 1 6400/1600 | 4 |
@ =5 (=) -—
Ny 2 2) 16

(b) (C*+,n' > ,C¥ > N+ B°+Energy

t 6400
(d) No.ofhalflives, n= P _

1_[1]8_;
Ny \2) 256

(a) From eqn. (ii), B has 2 units of charge more
than C.

From eqn. (i), A loses 2 units of charge by
emission of alpha particle. Hence,

A and C are isotopes as their charge numbers
are same.

(c) Curieis a unit of radioactivity.

(d) Intwo halflives, the activity becomes one
fourth.

Activity on 1-8-91 was 2 micro—curie

.. Activity before two months,

4 x 2 micro-curie = § micro curie

800

Activity of substance decreases as number of
undecayed nuclei decreases with time.

102.

w1 oC
Also, Activity Half life

(d) Two successive B decay increases the

atomic number by 2. Therefore, (d) is correct.
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and P-N Junction Diode ;
P-type semiconductor,
p-nJunction diode 1 E 1 A 1 E 1 E
Structure of Transistor 1 E
Junction Transistor Current amplification
factor, base & Collector 1 A 1 A 1 A
current, Voltage and
power gain
Digital Electronics and Logic | Logic gategs and its 1 A 1 A 1 A 1 A
Gates combination
Boolean operation 1 A
Topic 1: Solids, Semiconductors and P-N wavelength of the light emitted w(l)ljibi eq;;};o
Junction Diode [NEET Odisha 2019]
11 26
1. Theincreasein the width of the depletion region %3 gg:;nio m Esg égf Ax 10%m
in a p-n junction diode is due to : 2020, . . . .
P bi I [ / 4. In ap-n junction diode, change in temperature
(@) reverse bias only . due to heating [2018]
(b) !Joth for\yard bias and reverse bias (a) Affects only reverse resistance
(c) increase in forward current (b) Affects only forward resistance
(d) forward bias only Y

2 For a p-type semiconductor, which of the (c) Affects the overall V-I characteristics of

. . -n junction
following statements is true ? 2019 p-njunc . . .
wing L . [ / (d) Does not affect resistance of p-n junction
(a) Electrons are the majority carriers and

trivalent atoms are the dopants. 5. Which one of the following represents forward

o
(b) Holes are the majority carriers and trivalent bias diode ? 12017, 2606, 2000]
atoms are the dopants. @ VN ’VVRV\/ -3V
(¢) Holes are the majority carriers and v
pentavalent atoms are the dopants. (b) -2V Ny R +2V
(d) Electrons are the majority carriers and Il YW
pentavalent atoms are the dopants. 3V R 5V
3. AnLEDis constructed from a p-n junction diode © [>I WW
using GaAsP. The ener ap is 1.9 eV. The ov R _
g gy gap 1) D‘ A 2V
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6.

Consider the junction diode as ideal. The value

of current flowing through AB is : [2016]
GA . 1kQ B
+4V 6V
(a) OA (b) 102A
() 107'A (d 103A

Ifin a p-n junction, a square input signal of 10 V
is applied as shown, then the output across Ry

will be [2015]
+5V — °
................. R 3

-5V o °
10V—

(a) (b) | |

o Lo -5V
_
5V
() (d) ‘
O —0 -10V

In the given figure, a diode D is connected to an
external resistance R=100 Q and an e.m.f. of 3.5
V. If the barrier potential developed across the
diodeis 0.5V, the current in the circuit will be:

/2015 RS]
D
» MWy
R=100Q
L
3.5V
(a) 40mA (b) 20mA
(¢) 35mA (d) 30mA

The given graph represents V - I characteristic
for a semiconductor device.

A
V—
B

Which of the following statement is correct ?
[2014]
(a) Itis V -Icharacteristic for solar cell where,
point A represents open circuit voltage and
point B short circuit current.

10.

11.

12,

13.

(b) Tt is a for a solar cell and point A and B
represent open circuit voltage and current,
respectively.

(¢) It is for a photodiode and points A and B
represent open circuit voltage and current,
respectively.

(d) TItis for a LED and points A and B represent
open circuit voltage and short circuit
current, respectively.

The barrier potential of a p-n junction depends

on: [2014]

(A) type of semi conductor material

(B) amount of doping

(C) temperature

Which one of the following is correct ?

(@) (A)and(B)only (b) (B)only

(¢) (B)yand(C)only (d) (A),(B)and(C)

In a n-type semiconductor, which of the

following statement is true? [2013]

(a) Electrons are minority carriers and
pentavalent atoms are dopants.

(b) Holes are minority carriers and pentavalent
atoms are dopants.

(c) Holes are majority carriers and trivalent
atoms are dopants.

(d) Electrons are majority carriers and trivalent
atoms are dopants.

In an unbiased p-n junction, holes diffuse from

the p-region to n-region because of

[NEET Kar. 2013]

(a) the potential difference across the p-n
junction

(b) the attraction of free electrons of n-region

(c) the higher hole concentration in p-region
than that in n-region

(d) thehigher concentration of electrons in the
n-region than that in the p-region

Two ideal diodes are connected to a battery as

shown in the circuit. The current supplied by

the battery is : [2012]
D, 1
L4 | vy
C DZI,:_ —{ D
A=l F
(a) 0.75A (b) zero
(¢) 025A (d) 05A
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15.

16.

17.

C and Si both have same lattice structure, having

4 bonding electrons in each. However, C is

insulator whereas Si is intrinsic semiconductor.

This is because : 12012

(a) In case of C the valence band is not

completely filled at absolute zero

temperature.

In case of C the conduction band is partly

filled even at absolute zero temperature.

The four bonding electrons in the case of

C lie in the second orbit, whereas in the

case of Si they lie in the third.

The four bonding electrons in the case of

C liein the third orbit, whereas for Si they

lie in the fourth orbit.

In forward biasing of the p—n junction [2011]

(a) the positive terminal of the battery is

connected to p—side and the depletion

region becomes thick

the positive terminal of the battery is

connected to n—side and the depletion

region becomes thin

the positive terminal of the battery is

connected to n—side and the depletion

region becomes thick

the positive terminal of the battery is

connected to p—side and the depletion

region becomes thin

If a small amount of antimony is added to

germanium crystal [2011]

(a) it becomes a p—type semiconductor

(b) the antimony becomes an acceptor atom

(c) there will be more free electrons than holes
in the semiconductor

(d) its resistance is increased

In the following figure, the diodes which are

(b)
©

(d)

(b)

©

(d)

forward biased, are [2011M, 2004]
+10V
(A) R
+5V
R
B) 10V

18.

19.

20.

PHYSICS
R
© -12v
R
-5V
o L <
= R
+5V

(@) (C)only (b) (C)and(A)

(c) (B)and (D) (d) (A),(B)and(D)

Pure Si at 500K has equal number of

electron (n,) and hole (n,) concentrations of

1.5 % 10'® m~3. Doping by indium increases n,

to 4.5 x 1022 m3. The doped semiconductor is

of [2011M]

(a) n—type with electron concentration
n,=5x 102 m>

(b) p—type with electron concentration
n,=2.5x1010m>

(¢c) n—type with electron concentration
n,=2.5% 103 m3

(d) p—type having electron concentration
ng=35x 10°m

A zener diode, having breakdown voltage equal

to 15V, is used in a voltage regulator circuit

shown in figure. The current through the diode

is [2011M]

AAAA
vy

2508
20V

+o

15V 1kQ

AAAAA
vyyy

(a) 10mA (by 15mA

(¢) 20mA (d SmA

Which one of the following statement is

FALSE? [2010]

(a) PureSidoped with trivalent impurities gives
a p-type semiconductor

(b) Majority carriers in a n-type semiconductor
are holes

©

(d)

Minority carriers in a p-type semiconductor
are electrons

The resistance of intrinsic semiconductor
decreases with increase of temperature
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21.

24,

Which one of the following bonds produces a
solid that reflects light in the visible region and
whose electrical conductivity decreases with
temperature and has high melting point?/2010]
(a) metallicbonding

(b) wvan der Waal's bonding

(c) ionic bonding

(d) covalent bonding

A p-n photodiode is fabricated from a
semiconductor with a band gap of 2.5 eV. It can

detect a signal of wavelength [2009]
(a) 4000nm (b) 6000nm
(c) 4000A (d) 6000 A

Sodium has body centred packing. Distance
between two nearest atoms is 3.7 A. The lattice

parameter is [2009]
(a) 43A (b) 3.0A
(c) 8.6A (d) 6.8A

A p-n photodiode is made of a material with a
band gap of 2.0 eV. The minimum frequency of
the radiation that can be absorbed by the material
isnearly [2008]
(a) 10x10"Hz (b) 5x104Hz

() 1x10"Hz (d) 20x10"“Hz

For a cubic crystal structure which one of the
following relations indicating the cell
characteristics is correct? [2007]
(a) azbzcando=p=7y=90°

(b) a=b=canda= p=y=90°

(¢) a=b=canda=p=y=90°

(d) azb=zcanda= Pandy=90°

In the energy band diagram of a material shown
below, the open circles and filled circles denote
holes and electrons respectively. The material is

E
¢ [ ) )

A

E,

i i

(a) aninsulator [2007]
(b) ametal
(c) an n-type semiconductor

(d) a p-type semiconductor

27.

28

29.

30.

3L

32

33.

341

Choose the only false statement from the

following [2005]

(a) In conductors, the valence and conduction
bands may overlap

(b) Substances with energy gap of the order
of 10 eV are insulators

(¢) The resistivity of a semiconductor
increases with increase in temperature

(d) The conductivity of a semiconductor
increases with increase in temperature

Carbon, silicon and germanium atoms have four

valence electrons each. Their valence and

conduction bands are separated by energy band

gaps represented by (£ )C, (E,)s; and (E )Ge

respectively. Which one of the followmg

relationships is true in their case? [2005]

@ (B> (Eg, < (Ep)c

(b) (E)c=(Epg;

© (E)e=(E)

@ (E)e<(Eg,

Application of a forward bias to a p—n junction

(a) widens the depletion zone [2005]

(b) increases the potential difference across
the depletion zone

(c) increases the number of donors on the n side

(d) increases the electric field in the depletion zone

Zener diode is used for [2005]

(a) amplification

(b) rectification

(c) stabilisation

(d) producing oscillations in an oscillator

In semiconductors, at room temperature [2004]

(a) the conduction band is completely empty

(b) the valence band is partially empty and
the conduction band is partially filled

(c) the valence band is completely filled and
the conduction band is partially filled

(d) the valence band is completely filled

The peak voltage in the output of a half-wave

diode rectifier fed with a sinusoidal signal

without filter is 10V. The d.c. component of the

output voltage is [2004]
(a) 20/nV (b) 10A2V
(c) 10mV (d) 10V

In a p-n junction photocell, the value of the
photo-electromotive force produced by
monochromatic light is proportional to [2004]
(a) the voltage applied at the p-n junction

(b) thebarrier voltage at the p-n junction

(c) theintensity of the light falling on the cell
(d) the frequency of the light falling on the cell
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35.

36.

37.

38.

39.

41.

PHYSICS
If a full wave rectifier circuit is operating from | 42. A depletion layer consists of [1999]
50Hz mains, the fundamental frequency in the (a) electrons (b) protons
ripple will be [2003] (¢) mobileions (d) immobileions
(a) 100Hz (b) 25Hz 43, Which of the following when added acts as an
(¢) 50Hz (d) 70.7Hz impurity igto silicon produced n-type semi-
Barrier potential of a p-n junction diode does conductor? [1999]
not depend on [2003] Ea; g Esg &1
(a) doping density  (b) diode design ° 5 g
(c) temperature (d) forward bias 4. ;E)ajuxl}gtt:)(:li diode, the h((l))l)es :;frgueel;gtrg r?sgy /
Reverse bias applied to a junction diode [2003] p ¢ d <sine olectr
(a) increases the minority carrier current © neutrons - ( ) ussing efectrons
. . 45. A semi-conducting device is connected in a
(b) lowers the potential barrier o5 circuit with a bat d st A
i<es the potential barrier series circuit with a battery and a resistance.
(fi) raises tlil . . current is found to pass through the circuit. If
(d) increases the majority carrier current the polarity of the battery is reversed, the current
A d.c._ bat_tery of V vglt 18 connecteq toa series drops to almost zero. The device may be
combmatmn_of aresistor R and an ideal dlo_de (a) ap-njunction [1998]
D as shown in the figure below. The potential (b) an intrinsic semi-conductor
difference across R will be [2002] (¢) a p-type semi-conductor
R D (d) an n-type semi-conductor
46. The cause of the potential barrier in a p-n diode
is [1998]
(a) depletion of positive charges near the
junction
(b) concentration of positive charges near the
v, : I o junction
i V i (c) depletion of negative charges near the
(a) 2V when diode is forward biased junction
(b) Zero when diode is forward biased (d) concentration of positive and negative
(¢) 'V when diode is reverse biased charges near the junction
(d) V when diode is forward biased 47.  To obtain a p-type germanium semiconductor,
In a p-n junction [2002] it must be doped with [1997]
(a) Thepotential of the p and n-sides becomes (a) arsenic (b) antimony
higher alternately (¢) indium (d) phosphorus
(b) The p-side is at higher electrical potential | 48. When arsenic is added as an impurity to silicon,
than the n side the resulting material is [1996]
(¢c) The n-side is at higher electrical potential (a) n-type semiconductor
than the p-side (b) p-type semiconductor
(d) Both the p and n-sides are at the same (¢) n-type conductor
potential (d) insulator
The intrinsic semiconductor becomes an | 49. Which of the following, when added as an
insulator at [2001] imp:llrity, it}’to the silicon, produces n-typelsggﬁ-
(a) 0C (b) 0K conductor? [1995]
(¢) 300K (d)y -100°C (a) Phosphorous (b) Aluminium
An alternating current can be converted into () Magnesium (d) Bothbandc
50.  When a p-n junction diode is reverse biased the

direct current by a [2001]
(a) transformer (b)y dynamo

(c) motor (d) rectifier

In forward bias, the width of potential barrier in
a p-n junction diode [1999]
(a) increases (b) decreases

(c) remains constant (d) first ‘1’ then ‘2’

flow of current across the junction is mainly due
to [1994]
(a) diffusion of charges

(b) drift of charges

(c) depends on the nature of material

(d) both drift and diffusion of charges
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52,

53.

53.

56.

57.

In the diagram, the input is across the terminals
A and C and the output is across Band D. Then
the output is [1994]

B

D
(a) zero (b) same as the input
(c) full waverectifier (d) halfwaverectifier
A piece of copper and other of germanium are
cooled from the room temperature to 80 K, then
(a) resistance of each will increase  [1993]
(b) resistance of copper will decrease
(c) resistance of copper will increase while that
of germanium will decrease
(d) resistance of copper will decrease while that
of germanium will increase
Diamond is very hard because
(a) itisa covalent solid
(b) it has large cohesive energy
(c) high melting point
(d) insoluble in all solvents
Which one of the following is the weakest kind
of bonding in solids [1992]
(a) ionic (b) metallic
(c) Vander Waal’s (d) covalent
For an electronic valve, the plate current I and
plate voltage V in the space charge limited region
arerelated as [1992]
(a) 1isproportional to 132
(b) 1is proportional to 1273
(¢) lisproportional to V/
(d) TIisproportional to J'2
The depletion layer in the p-n junction region is
caused by [1991]
(a) drift of holes
(b) diffusion of charge carriers
(c) migration of impurity ions
(d) drift of electrons
When n-type semiconductor is heated [1989]
(a) number of electrons increases while that
of holes decreases
(b) number of holes increases while that of
electrons decreases
(c) number of electrons and holes remain same
(d) number of electrons and holes increases
equally.

[1993]

58.

59.

6l.

62.

343

p-n junction is said to be forward biased, when
[1988]

(a) the positive pole of the battery is joined to
the p-semiconductor and negative pole to
the n-semiconductor

(b) the positive pole of the battery is joined to
the n-semiconductor and p-semiconductor
joined to negative pole of the battery

(c) thepositive pole of the battery is connected
to n- semiconductor and p-semiconductor
is connected to the positive pole of the
battery

(d) amechanical forceis applied in the forward
direction

At absolute zero, Si acts as

(a) non-metal (b) metal

(¢) insulator (d) none of these

[1988]

Topic 2: Junction Transistor

For transistor action, which of the following

statements is correct? [2020]

(a) Base, emitter and collector regions should
have same size.

(b) Both emitter junction as well as the collector
junction are forward biased.

(¢c) The base region must be very thin and
lightly doped.

(d) Base, emitter and collector regions should
have same doping concentrations.

In the circuit shown in the figure, the input

voltage V, is 20 V, V. = 0 and V = 0. The
values of I, I and P are given by [2018]
20V
R 3 4kOQ
C
Vi 500k B
E

(a) 40 pA, 1.=10mA, =250

(b)y I —25;1A,l =5mA, =200

(¢) l =40 A 1 =5mA,B=125

(d) I =20 HA, l =5mA, f=250

Ina common emjtter transistor amplifier the audio
signal voltage across the collector is 3V. The
resistance of collector is 3 kQ. If current gain is
100 and the base resistance is 2 kQ), the voltage
and power gain ofthe amplifier is [2017]
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(a) 15and200 (b) 150 and 15000

(¢) 20and2000 (d) 200and 1000

A npn transistor is connected in common emitter
configuration in a given amplifier. A load
resistance of 800 Q2 is connected in the collector
circuit and the voltage drop across it is 0.8 V. If
the current amplification factor is 0.96 and the
input resistance of the circuit is 192Q), the
voltage gain and the power gain of the amplifier

will respectively be : [2016]
(a) 4,384 (b) 3.69,3.84
(c) 4,4 (d) 4,3.69

The input signal given to a CE amplifier having

L
a voltage gain of 150 is V; = 2 cos {1 St+ E] .

The corresponding output signal will be :
[2015 RS]

(a) 75cos [1 St +2?TCJ
(b) 2cos[15t+%t)
(¢) 300cos (15t +4TRJ

(d) 300cos[15t + g)

In a common emitter (CE) amplifier having a
voltage gain G, the transistor used has
transconductance 0.03 mho and current gain 25.
If the above transistor is replaced with another
one with transconductance 0.02 mho and current

gain 20, the voltage gain will be 2013}
1
(a) L5G (b) 3 G
> G d 2 G
© 5 @ 3

One way in which the operation of a n-p-n
transistor differs from that of a p-n-p
[NEET Kar. 2013]
(a) the emitter junction is reversed biased in
n-p-n
(b) theemitter junction injects minority carriers
into the base region of the p-n-p
(c) the emitter injects holes into the base of
the p-n-p and electrons into the base region
ofn-p-n
the emitter injects holes into the base of
n-p-n

(d)

67.

68.

70.

71.

In a CE transistor amplifier, the audio signal
voltage across the collector resistance of 2kQ
is 2V. If the base resistance is 1kQ and the
current amplification of the transistor is 100, the

input signal voltage is : [2012]
(@ 01V (by LOV
(¢) 1mV (d)10 mV

Transfer characteristics [output voltage (V,,) vs
input voltage (V)] for a base biased transistor in
CE configuration is as shown in the figure. For
using transistor as a switch, itisused : [2012]

e
 —

(@)
(b)

inregion II1

both in region (I) and (IIT)

(¢) inregion Il

(d) inregion (I)

The input resistance of a silicon transistor is
100 Q. Base current is changed by 40 p4 which
results in a change in collector current by 2 mA.
This transistor is used as a common emitter
amplifier with a load resistance of 4 KQ. The

voltage gain ofthe amplifier is : [2012M]
(a) 2000 (b) 3000
(c) 4000 (d) 1000

A transistor is operated in common emitter
configuration at V. =2V such that a change in
the base current from 100 pA to 300 pA produces

a change in the collector current from 10mA to

20 mA. The current gain is [2011]
(a) 50 (b)y 75
(c) 100 (dy 25

A common emitter amplifier has a voltage gain
of 50, an input impedance of 100Q and an
output impedance of 200Q. The power gain of

the amplifier is [2010, 2007]
(a) 500 (b) 1000

(c) 1250 (d)y 50

For transistor action : [2010]

(1) Base, emitter and collector regions should
have similar size and doping concentrations.

(2) The base region must be very thin and
lightly doped.

(3) The emitter-base junction is forward

biased and base-collector junction is

reverse based.
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73.

74.

75.

76.

78.

79.

(4) Both the emitter-base junction as well as
the base-collector junction are forward
biased.

@ ()@ (b) @).(1)

© (1,2 (d) 2).0)

A transistor is operated in common-emitter

configuration at V_=2 V such that a change in

the base current from 100 pA to 200 pA
produces a change in the collector current from

5mA to 10 mA. The current gain is [2009]
(a) 100 (b) 150
(c) 50 (dy 75

The voltage gain of an amplifier with 9%
negative feedback is 10. The voltage gain

without feedback will be [2008]
(@) 90 (b) 10
() 125 (d) 100

A transistor is operated in common emitter
configuration at constant collector voltage V=
1.5V such that a change in the base current from
100 pA to 150 pA produces a change in the
collector current from 5 mA to 10 mA. The current

gain (p)is [2006]
(@ 75 (b) 100
(¢) 50 (d 67
An n-p-n transistor conducts when  [2003]

(a) both collector and emitter are negative with
respect to the base

(b) both collector and emitter are positive with
respect to the base

(c) collector is positive and emitter is negative
with respect to the base

(d) collector is positive and emitter is at same
potential as the base

In the case of a common emitter transistor

amplifier, the ratio of the collector current to the

emitter current/ //,is 0.96. The current gain of

the amplifier is 12002
(@) 6 (b) 48
(c) 4 (d 12

For a common emitter circuit if /C_ — 0.98 then

. . E .
current gain for common emitter circuit will be

(a) 49 (b) 98 [2001]

(c) 49 (d)y 255

In the study of transistor as amplifier, if
I 1

a=-< and B= —C, where, I, Iy and I}, are
Ig Ip

the collector, base and emitter currents, then

[2000]

81.

82.

87.

345

_(I+o) _(1-a)

@ b= o) b=
o o

© P17 @ P=1re

The transfer ratio B of a transistor is 50. The
input resistance of the transistor when used in
the common emitter configuration is 1 kQ. The
peak value of the collector A.C. current for an
A.C.input voltage of 0.01 V peakis  [1998]
(a) 100 pA (b) 0.01mA

(¢) 025mA (d) 500pA

The current gain for a transistor working as
common-base amplifier is 0.96. If the emitter
current is 7.2 mA, then the base current is

(a) 029mA (b)y 035mA [1996]
(¢) 039mA (d) 043mA

When an n—p—n transistor is used as an
amplifier then [1996]

(a) the electrons flow from emitter to collector

(b) the holes flow from emitter to collector

(c) the electrons flow from collector to emitter

(d) the electrons flow from battery to emitter

An oscillator is nothing but an amplifer with

[1994]

(a) positive feedback (b) negative feedback

(c) large gain (d) no feedback

The part of the transistor which is heavily doped

to produce large number of majority carriers is

(a) emitter [1993]

(b) base

(¢) collector

(d) any of the above depending upon the
nature of transistor

For amplification by a triode, the signal to be

amplified is given to [1992]

(a) the cathode (b) thegrid

(c) the glass-envelope (d) the anode

To use a transistor as an amplifier [1991]

(a) theemitter base junction is forward biased
and the base collector junction is reverse
biased

(b) no bias voltage is required

(¢) both junctions are forward biased

(d) both junctions are reverse biased.

In a common base amplifier the phase difference

between the input signal voltage and the output

voltage is [1990]
T

(a) On ® 7

(© = (d m

2
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88. Radiowaves of constant amplitude can be
generated with [1989]
(a) FET
(c) rectifier

(b) filter
(d) oscillator

Topic 3: Digital Electronics and Logic Gates

89.  For the logic circuit shown, the truth table is:
[2020]

w >
e

@A B Y
0 0 0
0 1 1
| 0 1
| 1 1
A B Y
0 0 1
0 1 1
| 0 1
1 1 0
© Al UE U
0 0 1
0 | 0
| 0 0
| 1 0
@A B Y
0 0 0
0 | 0
| 0 0
| 1 ]
16V
%, 0 %R
Al ijLED(Y)
R
I,
B 1 e

The correct Boolean operation represented by

the circuit diagram drawn is : [2019]
(a) AND (b) OR
(c) NAND (d) NOR

PHYSICS
91. Thecircuit diagram shown here corresponds to
the logic gate, [NEET Odisha 2019]
) 1+ 6V
3
A—"0 i1
1
B 0
1
;3 LED(Y)
= R
(a) NAND (b) NOR
(c) AND (d) OR

92.  In the combination of the following gates the
output Y can be written in terms of inputs A and

B as [2018]
A
Be—
Y
(@) A'B (b) A-B+A-B
() A+B (d A-B+A-B
93. The given electrical network is equivalent to :
12017, 2006, 2000]

A : E E I: Y
B
(a) OR gate (b) NOR gate
(¢) NOT gate (d) AND gate
9.  To get output 1 for the following circuit, the

correct choice for the input is

12016, 2012, 2010]
A

> )
Co Y
@ A=0,B=1,C=0

() A=1,B=0,C=0

© A=1.B=1,C=0

d A=1,B=0,C=1
95.  Which logic gate is represented by the following

combination of logic gate ? [2015]
Y,
A
Y
B
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97.

A

(a) NAND (b) AND

(¢c) NOR (d OR

The output from a NAND gate is divided into
two in parallel and fed to another NAND gate.

The resulting gate is a [NEET Kar. 2013]
A r
= C
B e——
(a) NOT gate (b) AND gate
(¢) NOR gate (d) OR gate

The output(X) of the logic circuit shown in
figure will be [2013]

soes D =D

(a) X= AB (b) X=AB

© X=4+8 (d) X=4+B

The figure shows a logic circuit with two inputs
A and B and the output C. The voltage wave
forms across 4, B and C are as given. The logic

circuit gateis: 12012}
I L
1 1
[ 1
[ |
A—oy.-. ;
[ N N
[ T I
1 T [
1 I |
B
oo
| | i
[ !
(e . ' g
oty t; oty ts g
(a) ORgate (b) NOR gate

(¢) AND gate (d) NAND gate
Symbolic representation of four logic gate are
shown as 12011, 2009]

ﬁ):i>—wm:i>q
) o > @) :}

Pick out which ones are for AND, NAND and
NOT gates, respectively
(a) (i), (ii1) and (iv)
(c) (iii), (ifi) and (1v)

(b) (iii), (ii) and (i)
(d) (i), (iv) and (i)

347

100. Thedevice that can act as a complete electronic

101.

102.

103.

circuit is [2010]
(a) junction diode (b) integrated circuit
(¢) junction transistor (d) zener diode

The following Figure shows a logic gate circuit
with two inputs 4 and B and the output Y. The
voltage waveforms of A, B and Y are given :

4@ Logic gate P
Be circuit
0 S

Y 0 —
h b N s
The logic gate is : [2010]
(a) NAND gate (b) NOR gate
(c) ORgate (d) AND gate
The circuit [2008]

NOR NAND NOT

is equivalent to

(a) AND gate (b) NAND gate

(¢) NOR gate (d) ORgate

In the following circuit, the output Y for all
possible inputs 4 and B is expressed by the truth

table [2007]
A A
Y
B
B
(a) ABY (b) ABY
011 001
011 010
101 100
110 110
(c) ABY (d ABY
000 000
011 010
101 100
111 111
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104. The following figure shows a logic gate circuit (a) AND (b) NOR
with two inputs 4 and B and the output C. The () OR (d) NAND
Eglllage waveforms of 4, B and C are as shown 109. The following circuit represents [1999]
W
A A o
— .
Logic gate C
Be circuit Y
| ; B Do
A o L) L) L > t (a) ORgate (b) XOR gate
1 (¢) AND gate (d) NAND gate
110.  Which ofthe following gates will have an output
X o N S > t of 1?7 [1998]
| O T
1— 1
------ > t
C (A) (B)
The logic circuit gate is [2006] 0 0
(a) NAND gate (b) NOR gate D}— 'D_
(c) ORgate (d) AND gate 1 0
105. The output of OR gate is 1 [2004] © (D)
(a) ifeither input is zero
(b) ifboth inputs are zero () D () A
(c) ifeither or both inputs are 1 (c B d €
(d) onlyifboth inputs are 1 111. The following truth table belongs to which of
106. Following diagram performs the logic function the following four gates? [1997]
of [2003]
A B Y
A — v 1 1 0
B —] 1 0 0
0 1 0
(a) XOR gate (b) AND gate 0 0 y
(¢) NAND gate (d) OR gate
107.  Which gate is represented by the following truth (a) NOR (b) XOR
;able ? . N 12001, 1998, 1994] (c) NAND (d) OR
0 0 ) 112. The following truth table corresponds to the
1 0 1 logic gate [1991]
0 | 1 A B X
1 1 0 0 0 0
(a) XOR (b) NOT 0 1 1
(¢) NAND (d) AND 1 0 1
108. A gate has the following truth table ) 1 |
P Q R
1 0 0 (c) AND (d) XOR
0 1 0
0 0 0

The gate is [2000]
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Hints & Solutions

6.

(a) Due to reverse biasing, the width of the
depletion region increases in a p-n junction
diode.

(b) Inp-type semiconductor, trivalent impurities
are added to intrinsic semiconductor, which
creates holes which are majority charge carriers.
(© A= 12400?\: 12400

E, 1.9

=6526A ~ 654 nm

(c) On heating, number of electron-hole pairs
increases, so overall resistance of diode will
change.

Hence forward biasing and reversed biasing
both are changed.

™~ \f!
P VVNV—T
In forward bias, V,>V, i.e., infigure (d) p-side
is at higher potential w.r.t. n-side of p-n junction
diode.

(b) Since Diode is in forward bias, so the value
of current flowing through AB

AV 4-(-6) 10
1 - =
R 1x10° 103
(¢c) Here P-N junction diode rectifies half of
the ac wave i.e., acts as half wave rectifier. During

+ ve half cycle
Diode — forward biased output across will be

(d) &

2

=10"7A

10.
11.

12,

5V

o—— —
During —ve half cycle Diode — reverse biased
output will not obtained.

. V. (35-0.5)
(d) Currentl= R TA
[ - Barrier potential Vg =0.5V]
3
=100 =30mA

On an average the potential barrier in P-N junction
is v 0.5 V and the width of depletion region 10~ m

V05
ier electric E=Z=_—""_=5x10°V/
Barrier electric field, 7 10-6 m
(a) The given graph represents V-1

characteristics of solar cell.

(d) The barrier potential of a p-n junction
depends on amount of doping, type of
semiconductor material and temperature.

(b) In an-type semiconductor holes are
minority carriers and pentavalent atoms are
dopants.

(¢) Inp-region of p-n junction

holes concentration > electrons concentration and
in n-region of p-n junction.

electrons concentration > holes concentration.
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(d) Here D, is in forward bias and D, is in _

reverse bias so, D will conduct and D, will not (D)y500= (20-15V = oV

conduct. Thus, no current will flow through DC. 2509 250Q

LA R -, =2 A —20maA
R 10 2 6 1000

¢) Electronic configuration of °C .

gC) = 152, 252 2p? ¢ (.1)z?nerdiode :_(20 - 1.5) =SmA.

The electronic configuration of 14Si 20. (b) Majority carriers in an n-type

14Gi = 152, 252 2p%, 352 3p2

As they are away from Nucleus, so effect of
nucleus is low for Si even for Sn and Pb are
almost metalic.

(d) In forward biasing ofthe p-n junction, the
positive terminal of the battery is connected to
p-side and the negative terminal of the battery
is connected to n-side. The depletion region
becomes thin.

zero resistance. Voltage drop across such a junction

ﬂ An ideal junction diode when forward biased offers

16.

17.

18.

19.

diode is zero. In reverse bias diode offers infinite
resistance and voltage drop across it is equal to
voltage applied.

(¢c) When small amount of antimony
(pentavalent) is added to germanium crystal
then crystal becomes n-type semi conductor.
Therefore, there will be more free electrons than
holes in the semiconductor.

(b) Only in (A) and (C) diodes are forward
biased as p-type should be at higher potential
and n-type at lower potential.

(d nZ=nn,

(15 106 =n_(4.5% 102)

— n =0.5x 1010
or n,=5x 10°
Given nh=4.5 x 1022
- n, >> Ile

.. Semiconductor is p-type and
n,=5x 10°m3,
(d) Voltage across zener diode is constant.

250Q
+
| 5V
20v 1kQ
_l . 15V

Current in 1kQ resistor,

] _ 15volt
Dia™ g

Current in 250€2 resistor,

=15mA

semiconductor are electrons.

The current due to minority carriers in the junction
diode is independent of the applied voltage. It only

21.

24,

depends upon the temperature of the diode.

(a) For a metal, conductivity decreases with
increase in temperature.
Also, metal has high melting point.

he
(c) A max :E
—34 8
:6.6><10 ><3><1190 ~ 5000 A
25x1.6x10

The wavelength detected by photodiode

should be less than A ,,,, . Hence it can detect a
signal of wavelength 4000A.

3

a) d= —7a
(a) 5
3.?':—33
2
2x3.7

= —=-=43A
RN}
(b) E,=2.0eV=2x16x10"]
Eg=hv
E, 2x1.6x107"J

g

h  6.62x107*Js
=0.4833x 10155 1=4.833 x 10™Hz = 5% 10'“ Hz
(c) Fora cubic crystal,
a=b=canda=p=y=90°
(d) For a p-type semiconductor, the acceptor
energy level, as shown in the diagram, is slightly
above the top £ of the valence band. With very
small supply of energy an electron from the
valence band can jump to the level £, and ionise
acceptor negatively.

In p-type semiconductor-acceptor energy level
lies just above the valence band. And in N-type

semiconductor-donor energy level lies just below
the conduction band.


http://www.jeebooks.in

Semiconductor Electronics : Materials, Devices and Simple Circuits

33.

27.

30.

3L

32

(c) (a)is true as in case of conductors either
the conduction & valence band overlap or
conduction band is partially filled.

(b) is true as insulators have energy gap of the
order of 5 to 10 eV.

(c¢) is false as resistivity (opposite of
conductivity) decreases with increase in
temperature.

(d) is true as with increase in temperature more
and more electrons jump to the conduction band.
So, conductivity increases.

(a) Due to strong electronegativity of carbon.

(c)

PoPo®o@o
PoPo®o®o
Bo GoBoBo

sDedeD oD
spepep e

eheTeDed

Before
diffusion

® Solid dot = electron
o Hollow circle = hole

©oPo® O D e e
©GoRoO 0O | & deveD
©oBo® @ D Deded
e =
Depletion region
PoPoPOB | pepeDed
_ | @o@oEoe | dededed [
PoMoMoB | Debeded
[——
Depletion region and potential
difference at barrier are
now smaller.
||
I I

After
diffusion
of electrons
and holes

Number of donors is more because electrons
from —ve terminal of the cell pushes (enters)
the n side and decreases the number of
uncompensated pentavalent ion due to which
potential barrier is reduced. The neutralised
pentavalent atom are again in position to
donate electrons.
(c) At a certain reverse bias voltage, zener
diode allows current to flow through it and hence
maintains the voltage supplied to any load. It is
used for stabilisation.
(¢) In semiconductors, the conduction band
is empty and the valence band is completely
filled at 0 K. No electron from valence band can
cross over to conduction band at OK. At room
temperature some electrons in the valence band
jump over to the conduction band due to the
small forbidden gap, i.e. 1 eV.

Vo _ 10 v

© T

34.

35.

351

(¢) Electromotive force depends upon
intensity of light falling, it does not depend on
frequency of barrier voltage.

(a) Incase of full wave rectifier,

Fundamental frequency =2 x mains frequency
=2x50=100Hz.

(b) Barrier potential does not depend on diode
design. Barrier potential depends upon
temperature, doping density, and forward
biasing.

across the P-N junction due to the diffusion of

ﬂ Potential barrier is the potential difference created

37.

38.

39.

42,

43.

electrons and holes.

(c) Inreverse biasing, the conduction across
the p-n junction does not take place due to
majority carriers but takes place due to minority
carriers if the voltage of external battery is large.
The size of the depletion region increases
thereby increasing the potential barrier.

(d) In forward biasing, the diode conducts. For
ideal junction diode, the forward resistance is
zero; therefore, entire applied voltage occurs
across external resistance R 1.e., there occurs no
potential drop, so potential across R is V in
forward biased.

(b) For conduction, p-n junction must be
forward biased. For conduction p-side should
be connected to higher potential and n-side to
lower potential.

(a) AtOK, motion of free electrons stop. Hence
conductivity becomes zero. Therefore, at 0K
intrinsic semiconductor becomes insulator.

(d)

(b) We know that in forward bias of p-n
junction diode, when positive terminal is
connected to p-type diode, the repulsion of
holes takes place which decreases the width of
potential barrier by striking the combination of
holes and electrons.

(d) Depletion layer is formed by diffusion of
holes and electrons from p-type semiconductor
to n-type semiconductor and vice-versa. Hence,
donor and acceptor atom get positive and
negative charge leading to formation of p-n
junction. The donor and acceptor are immobile.
(a) n-type ofsilicon semiconductor is formed
when impurity is mixed with pentavalent atom.
Out of given choices only phosphorus is
pentavalent.

(d) Holes are produced due to missing of
electrons.
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(a) In reverse bias, the current through a p-n
junction is almost zero.

(d) During the formation of a junction diode,
holes from p-region diffuse into n-region and
electrons from n-region diffuse into p-region. In
both cases, when an electron meets a hole, they
cancel the effect of each other and as a result, a
thin layer at the junction becomes free from any
of charge carriers. This is called depletion layer.
There is a potential gradient in the depletion
layer, negative on the p-side and positive on the
n-side. The potential difference thus developed
across the junction is called potential barrier.
(c) p-type germanium semiconductor is formed
when it is doped with a trivalent impurity atom.

Doping is the process of addition of impurity.
When pure or intrinsie semiconductor is mixed

48.

49.

50.

51
52.

53.

55.

56.

57.

with small amounts of certain specific impurities
with valency different from that of the parent
material the number of mobile electrons/holes
transtically changes.

(a) Arsenic contains 5 electrons in its
outermost shell. When Arsenic is mixed with
silicon there is one electron extra in silicon
crystal. Hence, such type of semi conductor is
n-type semi conductor.

(a) Phosphorous (P)is pentavalent and silicon
is tetravalent. Therefore, when silicon is doped
with pentavalent impurity, it forms a n-type
semiconductor.

(b) When p-n junction is reverse biased, the
flow of current is due to drifting of minority
charge carriers across the junction.

(c) Thegiven circuit isacircuitof full wave rectifier.
(d) Copper is a conductor, so, its resistance
decreases on decreasing temperature as thermal
agitation decreases whereas germanium is
semiconductor, therefore, on decreasing
temperature resistance increases.

(b) Diamond is very hard due to large cohesive
energy.

(¢) Vander Waal’s bonding is the weakest
bonding in solids.

(a) According to Child’s Law,

1,=KV 32

Thus, [ < J*?

(b) The depletion layer in the p-n junction
region is caused by diffusion of charge carriers.
(d) Due to heating, when a free electron is
produced then simultaneously a hole is also
produced.

58.  (a) For forward biasing of p-n junction, the
positive terminal of external battery is to be
connected to p-semiconductor and negative
terminal of battery to the n-semiconductor.

59.  (¢) Semiconductors are insulators at room
temperature.

At absolute zero temperature (OK) conduction
ﬂ band of semiconductor is completely empty ie.,
G = 0. So semiconductor behaves as an insulator.
60. (c) Inatransistor, emitter is heavily doped, the
base region is lightly doped and thin. The size of
collector region is larger than other two regions.
E B (C

Length profile in transistor is L. > L, > L,
and doping profile in transistor is £ > C > B.
For transistor action Base-emitter junction is
forward biased and Base-collector junction is
reversed biased.
6l. (c) Fromquestion, Vo, ==0, V=20V
V=0
V,, = 0 (earthed)
L =21.=2,p=?

(20—0)
I.= 3 =5x107°=5mA
4x10
V,=Vg +I,R, or, V,=0+I,R,
= 20=1;%x500x%10°
I 20 40
:> = =
B 500x10° nA
Ic 25107

=——=——=125
P I, 40x107°

Given, current gain =100, R = 3kQ, R,
=2kQ

62. (b)

R, 3

1 — - = 100 — —
Voltage gain (A,) B R, [2) 150
Power gain=A_ =150 (100)= 15000
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63.

65.

(a) Given: amplification factor o =0.96
load resistance, R; = 800 Q2
inputresistance, R; = 192Q

a 096
=—=—"— = p=24
S0.P=1"5 =004 ~ P
Voltage gain for common emitter configuration
A=p 20 30 g
= = W =
=P, R; 192

Power gain for common emitter configuration
P, =BA, =24 x100=2400
Voltage gain for common base configuration

R 800
A,=0, - =096x — =4

Rp 192
Power gain for common base configuration
P,=A,0=4x0.96=3.84

Transistor provides good power amplification when
they are used in CE configuration. CC configuration
amplifier is a power amplifier or current booster.

(c) Given: Voltage gain Ay,= 150
bl
V.= 2003[15t + 5) ; VO =9

For CE transistor phase difference between
input and output signal is == 180°
Vo
Using formula, Ay, = V.
1
= Vy=AyxV;

=150 x 2cos [15t+§)
T
or V=300 cos(15t+§+71;)

VO =300 cos(lﬁt +i1'c)
3

(d) Voltage gain Av= Rout
Rin

G5 Q)
= el
Rin

Transconductance g . L
Rin
25
_p P B

g 0.03
Putting this value of R, in eqn. (i)

67.

68.

353

_ Rout .
G=25 — ¢ x0.03 (i)
R t

G'=20 —2"6‘ x .02 (i)

From egs. (ii) and (iii)

2
Voltage gain of new transistor G' = 3 G

(¢) In p-n-p transistor holes are injected into
the base while electrons are injected into the
base of n-p-n transistor. Emitter-base junction
is forward biased.

(d) From the figure,

Ic
— Rcé O/P =2 Volt
Input g Ry
I 1]t
The output voltage, across the load R~
The collector current (/)
2 -3
I-= =10"" Amp
€ 2x10
Current gain ([3)
I
(B) current gain = < =100
Ip
_le 107 _ 107> Amp
57100 100

Input voltage (V)

V;=Rglg=1x10%x 107 =107 Volt

V:=10mV

(b) T ->ON

Il — OFF
In 114 state it is used as a amplifier it is active
region.
VOl.ll J!m.ll Rout
a) Voltage gain (4,)= = T,
( ) s ( V) Vin 1 in Rin
2x107°  4x10°
==X T —2x100=2000

= X
V' 40x107% 100

In a common-emitter amplifier, the voltage signal
obtained across the collector and the emitter is 180°

out of phase with the input voltage signal applied
across the base and the emitter. This is indicated in
the equation for Ay, by its negative sign.
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70. (a) Thecurrent gain
_Alg 10mA  10x10°
© Alg 200pA 200
71.  (c) Power gain = voltage gain x current gain

50

o 1o

:V .I - Y., Y
A
2
V¢ R
202 50x50x L0
72 Ry 200
2500

72.  (d) For transistor action, the base region
must be very thin and lightly doped. Also, the
emitter-base junction is forward biased and
base-collector junction is reverse biased.

73. () Alg=Alg+Al-

Al
S
Alg = (10-5)1073
=5x10A
Alg = (200-100)10~°
=100x107°A
B—& i><1000=50

100x1076 100
74.  (d) Negative feedback is applied to reduce the
output voltage of an amplifier. If there is no
negative feedback, the value of output voltage
could be very high. In the options given, the
maximum value of voltage gain is 100. Hence it
is the correct option.

75 (b) AL, =+50ud, AL, =5x10" 4

g AL _ 5x107°  5x1000

Al 50x107 50
76.  (c) When the collector is positive and emitter
is negative w.r.t. base, it causes the forward

biasing for each junction, which causes
conduction of current.

A transistor is mostly used in the active region of
operation i.e., emitter base junction is forward

biased and collector base junction is reverse biased.

=100

But I, =1.+1,=0961,+I,
= 1, =0.041,
L 0961,

I, 004I,

.. Current gain, p=

78.  (a) We have,
B a 098 098 _ 49
l-a 1-098 0.02
79. (c) Asweknowthat I, =1.+1,
Divide both side by /,

, v, 0.01 »
0. (@ i =Bt = 50 -=500x107°A

in

=500 pA
8l. (a) Currentgain (a)=0.96
1,=7.2mA
Ie _ a=0.96
I

=

I,=0.96x7.2mA =691 mA
¥ =3 %/,
L =lml 212691 %0.0.mA

82.  (a) Inan n-p-n transistor, the charge carriers,
are free electrons in the transistor as well as in
external circuit; these electrons flow from emitter
to collector.

83. (a) A positive feed back from output to input
in an amplifier provides oscillations of constant
amplitude.

ﬂ Due to the presence of some in herent electrical

resistance amplitude of oscillation decreases. In

order to obtain oscillations of constant amplitude,
an arrangement for positive feedback from the
output circuit to the input circuit so that the losses
in the circuit can be compensated.

84. (a) The function of emitter is to supply the

majority carriers. Emitter is heavily doped.

85. (b) Theamplifying action of a triode is based
on the fact that a small change in grid voltage
causes a large change in plate current. The AC
input signal which is to be amplified is
superimposed on the grid potential.

86. (a) To use a transistor as an amplifier the
emitter base junction is forward biased while the
collector base junction is reverse biased.
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87. (a) The phase difference between output
voltage and input signal voltage in common base
transistor or circuit is zero.

88.  (d) Radiowaves of constant amplitude can be
produced by using oscillator with proper

feedback.
89. (d) 4— 4
Y
B— I
B
Y=A+B=A-B—= A-B— AND Gate

‘B

Truth Table is : 4
0
0
1

1

—_ O = o
==

90. (c¢) Fromthe given logic circuit, LED will glow,
when voltage across LED is high.
Truth Table

AB|Y
01
L1
01

110

i.e.,circuit represents NAND gate.

91. (d) We assume that at any instant thickness of
ice is x. And time taken to form additional
thickness (dx) is dt.

AT ;dx

_ KA[26-0]d

X

Boolean expression y = E

_— = O O

mL

= (ddx)pL= 7KA()§6) di

dx 26K
*dt xpL

So

92. (b) a

f
ﬁl:»
>
ox]
s

> we

Y=(A-B+A-B)

355

Y, Y
%5 () pe) DS W{>o—e

Y, = A+B
Y,=Y,+Y,=Y1=A+B
Y=7Y,= A+B ie NORgate
9. (d) The Boolen expression for the given
combination is
output Y=(A+B)-C
Truth table

—_—o—oco—oh
—_o—— o —0o oW

—

Hence,A=1,B=0,C=1
95. (b) Firsttwo gates are NOT gates and the last
gate is NOR gate.
Thus,Y,= A, Y,=RBandY=Y, +Y,
The truth table corresponding to this is as follows:

AlB|Y,=A|Y,=B| 1+Y,|Y=Y,+Y,| A.B
010 1 1 1 0 0
011 1 0 1 0 0
1]0 0 1 1 0 0
1]1 0 0 0 1 1

Thus the combination of gate represents AND
gate.

b)) ¢c'=4B=>C=4B=4-B
Hence the resultant gate is AND gate.
(b)

2 5B BB AB) . EB) _—=_, 4
B AB
i.e., output X=A.B
TruthTable
A | B | X
0 |0 |0
1 0 |0
0 |1 0
1 1 1
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98. (a)
A 0 1 1 0
B 0 0 1 1
C 1 1 1 1
OR gate
9. (d)
100. (b) Integrated circuit can act as a complete
electronic circuit.
101. (a) From the given waveforms, the truth table
is as follows.
The above truth table is 4B Y
for NAND gate. L]1]0
Therefore, the logic gate 01011
is NAND gate. ol1 1
1101

102. (c) Let A and B be inputs and Y the output.

A Y, Y,
Y
B

Then Y, =(A+B)=AB
(By De-Morgan’s theorem)
Y, =?,=(K—J_3)=X+E=A+B

# Y=Y, =(A+B)
Hence, the given circuit is equivalent to a NOR gate.

NOR and NAND gates is a universal gates as they
can be used to perform the basic logic functions.
AND, OR and NOT gate.

103. (¢) A o

Y'=A+B s Y=A+B=A+B

Therefore truth table :

Al B

0] 0
1
0

1

111

104.  (d) On the basis of given graph, following table
is possible.

—|=l=]lc|~

(=T =
_— = o
S = o 0

1 0 0
It is the truth table of AND gate.

105. (¢) Output will be one if 4 or B or both are
one. Y=A+B

106. (b) A._:: D
Y
Be—] X

X=AB

Y=X=AB
Y= A. B by Demorgan theorem
.. This diagram performs the function of AND gate.

De morgan’s theorem - the complement of the
whole sum is equal to the product of individual
complements and vice - versa, i.e.,

A+B=ABand AB=A+B

107. (¢) y=4B
A B Y
0 0 1
0 1 1
10 1
1 1 0

Which is truth table of NAND gate.

108. (a) P,QandR arerelatedas R =P. Q which is
relation of AND gate.

109. (b) Output of upper AND gate = 4. B
Output of lower AND gate= A. B

- Output of OR gate, Y= 4. B+B. A
This is Boolean expression for XOR gate.

110. (d) (a)isa NAND gatesooutputislxl= 1=0
(b) is a NOR gate so outputis 0+1=1=0

(c) is a NAND gate so output is gx1=0=1
(d) is a XOR gate so output is 0 @0 =0

0

1

Following is NAND Gate
Y =AB

111. (a) The given truth table is of
(OR gate + NOT gate) = NOR gate

112. (b) This truth table is of identity, X=A4 + B,
hence OR gate.
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