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Systems of Units

. The angle of 1' (minute of arc) in radian is nearly equal to,
(2020-Covid)

b. 4.80 x 10°rad

d. 291 x 10*rad

a. 4.85x10*rad
c. 1.75 x 102 rad

. The unit of thermal conductivity is
a. Wm'K!'b. JmK' ¢ Jm'K'

(2019)
d. Wm K™

Dimensions of Physical Quantities

. The quantities which have the same dimensions as those of

solid angle are: (2024)
a. strain and arc b. angular speed and stress

c. strain and angle d. stress and angle

. A force defined by F= at> + Btacts on a particle at given time
t. The factor which is dimensionless, if a and 3 are constants,
is: (2024)
a. offt b. ofj/t c. Pt/a d. ot/B

. Plane angle and solid angle have: (2022)
a. Both units and dimension

b. Units but no dimensions

c. Dimensions but no units

d. No units and no dimensions

. The dimension [MLT2A"] belong to the:
a. electric permittivity

(2022)
b. magnetic flux

c. self inductance d. magnetic permeability

. If E and G respectively denote energy and gravitational

constant, then g has the dimensions of: (2021)
a. [M]JL][T] b. [M][L°][T’]
c. [M?J[L2][T] d. [M?[LY[T]

. Dimensions of stress are: (2020)
a. [ML?T?] b. [MLT?] c. [ML'T?] d. [MLT?]

Application of Dimensions

. If force [F], acceleration [A] and time [T] are chosen as the
fundamental physical quantities. Find the dimensions of
energy. (2021)

a. [F][A][T?]
c. [F][AT][T]

b. [F][A][T™]
d. [F][A][T]

10.

11.

12.

13.

14.

15.

16.

Units and Measurements

A physical quantity of the dimensions of length that can
2
be formed out of ¢, G and

is [c is velocity of light,
4,

G is universal constant of gravitation and e is charge]:
(2017-Delhi)

> 4 2
a. CZ|:G € } b L]_¢©
4rg, ¢’| Géng,

2 2 4
c.iGe d.i{Ge}

: 2| 4ne,

¢ 4mg, c

Planck’s constant (h), speed of light in vacuum (c) and
Newton’s gravitational constant (G) are three fundamental
constants. Which of the following combinations of these has

the dimension of length? (2016-11)
a. oy JSC 0 VNG a. G
G h3/2 C3/2 CS/Z

If energy (E), velocity (V) and time (T) are chosen as the
fundamental quantities, the dimensional formula of surface
tension will be: (2015)
a. [EV!T?] b. [EV2T?] c. [E2VIT3] d. [EV?T]
If dimension of critical velocity of liquid flowing through
a tube are expressed as v oc[n*p*1”] where 7, 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 - Re)
a. 1,1,1 b. I,-1,-1 ¢ -1,-1,1 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. [FVT? c [FVIT' d.[FV'T]

Errors

The errors in the measurement which arise due to
unpredictable fluctuations in temperature and voltage supply
are: (2023)

a. Random errors b. Instrumental errors

c. Personal errors d. Least count errors

A metal wire has mass (0.4+ 0.002) g, radius (0.3+£0.001) mm
and length (5 £ 0.02) cm. The maximum possible percentage
error in the measurement of density will nearly be :  (2023)

a. 1.4% b. 1.2% c. 1.3% d. 1.6%
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17.

18.

19.

20.

21.

22.

The percentage error in the measurement of g is:
2

(Given that g = L(10£0.1) cm, T = (100 £ 1) s)

(2022 Re)
a. 7% b. 2% c. 5% d. 3%
The intervals measured by a clock given the following
readings: 1.25s, 1.24 s, 1.27 s, 1.21 s and 1.28 s. What is the
percentage relative error in the observations? (2020-Covid)
a. 4% b. 16% c. 1.6% d. 2%
In an experiment, the percentage of error occurred in the
measurement of physical quantities A, B, C and D are 1%,
2%, 3% and 4% respectively. Then the maximum percentage
AR/
of error in the measurement of X, where X = ——— will be
/D3
(2019)

T’

3
a (—j% b. 16% c. —10% d. 10%

13
In an experiment four quantities a, b, ¢ and d are measured
with percentage error 1%, 2%, 3% and 4% respectively.
31,2
. % error in P is:
(2013)

d. 7%

Quantity P is calculated as follows P = a ,
c

a. 4% b. 14% c. 10%

Significant Figures

The diameter of a spherical bob, when measured with vernier
callipers yielded the following values: 3.33 cm, 3.32 cm, 3.34
cm, 3.33 cm and 3.32 cm. The mean diameter to appropriate
significant figures is: (2023-Manipur)
a.3.328cm b. 3.3cm c. 3.33cm d. 3.32 cm

The area of a rectangular field (in m?) of length 55.3 m
and breadth 25 m after rounding off the value for correct
significant digits is : (2022)

23.

24.

25.

26.

27.

28.

Taking into account of the significant figures, what is the
value 0f 9.99 m — 0.0099 m? (2020)

a. 9.98 m b. 9980m c. 9.9m d. 9.9801 m

Measuring Instruments

The pitch of an error free screw gauge is 1 mm and there
are 100 divisions on the circular scale. While measuring the
diameter of a thick wire, the pitch scale reads 1 mm and 63
division on the circular scale coincides with the reference

line. The diameter of the wire is: (2024 Re)
a.1.63em b. 0.163cm c. 0.163m d. 1.63m
In a vernier calipers, (N + 1) divisions of vernier scale
coincide with N divisions of main scale. If 1 MSD represents
0.1 mm, the vernier constant (in cm) is: (2024)
a. 100 N b. 10(N+ 1)
. L 4 —

10N 100(N +1)
A screw gauge gives the following readings when used to

measure the diameter of a wire

Main scale reading: 0 mm

Circular scale reading: 52 divisions

Given that 1 mm on main scale corresponds to 100 divisions
on the circular scale. The diameter of the wire from the above
data is: (2021)

a.0.026cm b. 0.26cm  c. 0.052¢cm d. 0.52 cm

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.025mm b. 0.5mm c. 1.0 mm d. 0.0l mm

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 zero of circular scale division coincides with 25
divisions above the reference level. If screw gauge has a zero

a: 14102 b. 138 x 10! error of =0.004 cm, the correct diameter of the ball is (2018)
c. 1382 d. 1382.5 a. 0.053cm b.0.525cm c. 0.521ecm  d. 0.529 cm
& Answer Key \
1. ) 2@ 3@ 4 5.0) 6@ 7@ 8. 9 @ 10. d)
. (© 12.(0) 13.() 14() 15 @ 16. (d) 17. (d)  18. (¢) 19. (b)  20. (b)
2. () 22 () 23 (a) 24.(b) 25 (d) 26 (c) 27.(b) 28 (d)
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Y 1
1. (d) 1 minute of arc = ( 60] © lgoradlan

=2.91 x 10 radian

2. (a) K B 2. S
A(T, =Tt

amount of heat flow, x is the thickness of

, where Q is the

the slab, A is the area of cross-section, and
tis the time taken.

K= =Wm™'K™'

Im I om 1
m’Ks s m’> K

3. (¢) Strainandangleare also dimensionless
Solid angle is dimensionless.
4. (d) F=oat*+ Bt
[MLT?] = [T?]
= [MLTH]
[MLT 2] = B [T]
B =[MLT]

Oi — [MLT 4:|[T] — [MOLOTO]
B [mLr]

5. (b) Plane angle and solid angle are
dimensionless physical quantities but
have units.

6. (d) [MLT?A?] is the
formula for Magnetic permeability

dimensional

7. (d) For energy, the dimensional formula
is [ML2 T2]
For gravitational constant, the dimensional
formula is [M-'L? T2]

]

= EJ =[ML'T]

Force

_ |:M1+1 >3 T72+2:|

8. (¢) Stress =

Area
[MILIT‘Z}

[v]

Dimension of stress = [M'L'T2]

Dimension of stress —

9. (a) According to the question;

E o FFAP T

= [M'L>T?] oc [M! L' T2J* [LT2]° [T]¢
= [Ml LZ T*Z] oC [Ma] [La*b] [T72a72b+c]
Comparing both sides,
=a=1l=a+b=2
=1+b=2=b=
= -2a-2btc=-2
=21 -2()+c=-2=-2-2+c¢

2-1=1=b=1

=-2
=>A4+c=-2=>c=2+4=>c=2
E ofF] [A] [T?]

& Explanations\

10. @) L=[c['[G] { 47; }

= [LTfl]a [M—l L3 sz] [ML3 T—Z]c
= La+3b+30 T—afzbfzc be +c
a+t3b+3c=1;,-a-2b-2c=0;,—-b+

1 1
R
2 2
a=-2
A
L=c?h| |
4me,

1 5 /2
L=—|G-2
c 4me,

11 (¢) (ohG’
MLT? = (MUT ) (M LT (LT
— Mx—yL2x+3y+zT7x,2y,z

Equating:
PN D D
; y37 1 27y 2
X+3y+z= \/ﬁ
—x—2y-z=0] =>{x ¥
2

12. (b) Surface tension (S.T.) oc [E]* [V]*[T]¢
[S.T.] oc [ML?T2]* [LT']° [T
[MT2] oc M® L2+ T-2bte
On comparing both sides
2a+tb=0,-2a-b+c=-2

a=1,b=-2,c=-2
we get
ST.=EV?2T?

13 ®) y o [ipir]

[t T[T T L]
[t T ]

Taking comparison on both size
x+y=0,x-3y+z=1,-x=-1
x=lLy=-1,z=-1

Force Force
. Mass|= =
14. (d) [ ] |: Acceleration :i |: Velocity/time}
=[FV'T]

15. (a) As the factors controlling temperature
and voltage supply are beyond prediction
and control so the error occurred due to
unpredictable fluctuations of temperature
and voltage would be random errors.

16. (d) m = pnr?l

m Ap Am 2Ar Al

—_—t—t—

ol p m r 1

AP 100 =299 100

p 0.4

L 2x0001 o 0.02
0.3 5

17.

18.

19.

_02 2 02 2 2
T 04 4 03 3 B
=0.5+0.67+0.4
=1.57=1.6%
(d) For finding the percentage error in the
measurement of g,
_4n’L

Ag “AL 100 +22T L 100
L T

= (Ex100)+2|ii><100:|
10 100
gxlOO =1+2=3%
g

(¢) Mean of given observations

_1.25+1.24+1.27+1.21+1.28
5

=1.25sec

Mean of errors
_0+0.01+0.02+0.04+0.03 0.1

5 s
9% Error 01><100 —1.6%
5x1.25
1
’B2
® x-AB
3D’

1 AB 1AC

%errorA—XIOO 2— 100+ =——x100 + ———x
X 2 B 3C

20.

21.

22,

23.

1004322 100
D
=2%+ 1%+ 1%+ 12%
=16%
(b) P=S o Shox3%020, 2 50
=£(3x1+2x2+3+4)= +14%

a’b’> AP (Aa Ab  Ac Ad]

(c) We have given the diameter of the
spherical bob when measured with vernier
callipers, now
dy+d, +dy+d, +ds
5
3.33+3.32+3.34+3.33+3.32
5

Mean diameter =

3.328~3.33

(a) Area = Length x Breadth

=553 x25=1382.5=14 x 10°

Area should have 2 significant figures, as
the minimum significant figure in the data
given is two.

(a) In subtraction the number of decimal
places int he result should be equal to the
number of decimal places of that term in
the operation which contain lesser number
of decimal places.
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9.99
—0.0099

9.98 — 3 significant figures.

24. (b) Least count
- Dil\)/lizcizns 3 11% N 01 mm-
Reading:
MSR =1 mm
CSR =63 x0.01 =0.63
Total reading = 1.63 mm = 0.163 cm.
25. (d) (N + 1) vernier scale division
(VSD) = (N) main scale division

1VSD :( N )MSD
N+1
L.C=Leastcount=1MSD -1 VSD
:(I—L) MSD
N+1

:(;) MSD
N+1

:( 1 )Xﬂ cm
N+1) 10

1
~100(N +1)

26. (c¢) Pitch of the screw gauge, P=1 mm
Number of circular division, n = 100

Least count, L.C. = P = 7 =0.01 mm
00

n

L.C.=0.001 cm
Observation
MSR =0 mm & CSR =52 divisions
So, diameter of the wire,
D=MSR + (CSR x LC)
D=0+ (52x0.001)
D=0.052 cm
27. (b)
Pitch
Number of divisions on circular scale

Least count =

= 0.0lmm = Pitch

= Pitch=0.5 mm.
28. (d) Reading=MSR + (n x LC) + Zero error

=0.5+(25x0.001) + 0.004
=0.529 cm
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Distance, Displacement, Speed and Velocity

. A particle is moving along x-axis with its position (x) varying
with time (¢) as x = a* + B2 + yt + 8. The ratio of its initial
velocity to its initial acceleration, respectively, is: (2024 Re)

a.20:98 b. y:28 c. 4o:p d.y:2B

. A vehicle travels half the distance with speed v and the
remaining distance with speed 2v. Its average speed is:
(2023)

3 v 2v av
a. b. 3 ¢ 3 d. 3
. The position of a particle is given by
d A A A
r(t) = 4ti+2% j -5k
where ¢ is in seconds and r in metre. Find the magnitude and
direction of velocity v(¢), at t = 1 s, with respect to x-axis

(2023-Manipur)

a. 44/2 ms™' 450 b. 442 ms™, 60°

c. W2 ms ', 30° d. 32 ms™!, 45°

— AA A e A A A
I F =2i+j—-kand r =3i+2j—2k, then the scalar

- -
and vector products of F and » have the magnitudes
respectively as: (2022 Re)

a. 10,2 b. 33 c. 45 d. 1072

. Preeti reached the metro station and found that the escalator was
not working. She walked up the stationary escalator in time t,.
On other days, if she remains stationary on the moving escalator,
then the escalator takes her up in time t,. The time taken by her

to walk up on the moving escalator will be: (2017-Delhi)
a b b Wb gy g Lt
t,—t, t, +1, 2

. Two cars P and Q start from a point at the same time
in a straight line and their positions are represented by
X,(t) = at + bt* and Xo(t) = ft = t2. At what time do the cars
have the same velocity? (2016 - 1)

a2y fra o anf 4 2+t
2(1+b) 2(1+b) 1+b 2(b-1)

Motion in a Straight Line

7. If the velocity of a particle is v = At + Bt?, where A and B are

constants, then the distance travelled by it between 1 s and 2

s is: (2016 - 1)
a. %A+4B b. 3A+ 7B
3 7 A B
c. 3.7 d A,B
2A+3B 573
Acceleration

8. A particle of unit mass undergoes one dimensional motion

such that its velocity varies according to v(x) = fx>" where
and n are constants and x is the position of the particle. The
acceleration of the particle as a function of x, is given by:

(2015)
a. —2nfxn-! b. 2%+
c. 2nfre ! d. 2nf?x2n-!
Graphs
. The velocity (v) — time (t) plot of the motion of a body is
shown below: (2024)
>
0 Hs) —>

The acceleration (a) — time (t) graph that best suits this motion
is:

. A . A
£ £
a. S |_| b. =
0 > 0 >
t | |t~ f t(s) >
\/ \/
- A . A
£ £ {
c. © f S d. =
0 0
f t(s) —> t t(s) —>
\/ \/
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10. The position-time (x — #) graph for positive acceleration is:

(2022 Re)
X X
a b.
X X
C d.
t t

11. The displacement time graphs of two moving particle make

angles of 30° and 45° with the x-axis as shown in the figure.

12.

13.

14.

Motion under Gravity

The ratio of the distance traveled by a freely falling body in
the 1%, 2", 37 and 4% second : (2022)
a.l:1:1:1 b.1:2:3:4
c.1:4:9:16 d 1:3:5:7

A ball is thrown vertically downward with a velocity of
20 m/s from the top of a tower. It hits the ground after some
time with a velocity of 80m/s. The height of the tower is :

(g=10m/s?) (2020)
a. 340 m b. 320 m c. 300 m d. 360 m
Apersonsittingin the ground floor of abuilding notices through

the window, of height 1.5 m, a ball dropped from the roof of
the building crosses the window in 0.1 s. What is the velocity
of the ball when it is at the topmost point of the window?

The ratio of their respective velocity is : (2022) (g =10 m/s? (2020-Covid)
T a.145m/s b. 45m/s c. 20m/s d. 15.5m/s
= 15. 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 h, is:
s (2013)
. — 450
'°0 309 > a.h =h,=h, b. h =2h =3h,

time —» h h
h=—2=-—2 .h =3h h,=3h
a. 1:\B b Bl e l:1 d.1:2 ¢T3 d. b, =3h, and b, =3h,
& Answer Key \
1. (d 2. (d) 3. (2 4. (d) 5. (b) 6. (b) 7. (¢) . () 9. (a) 10. (b)
11. (a) 12. (d) 13. (¢) 14. (a) 15. (¢)

1. (d) Given position:

& Explanations\

t = time taken in walking up the moving

i 2 A
x=oat+pL+yt+38 =4 +41)) escalator
Velocity: | \7 | = 42 + 42 =42 d = displacement of escalator
dx 5 4 V, = velocity of Preeti and V, = velocity
v=—=4dot’ +2Bt+y tan o = i 1 of escalator
° d
Att=0:v=y a=45 (V1+V2):?
PR -> >
Acceleration: 4. (d) Scalar product= F.r d d
0= 1204 428 =2x3+1x2+(-1)x(-2) Vi=p V2=
dt =6+2+2=10 2
Att=0:a=2p - - d d d
: Vector product = Fx T+T =7
Ratio: ¥ _ ¥ i j ok !
a 28 t_tli
2 1 -1 1
4v’ 2+t
. (d) Average speed = v 32 -2 dx
. . . 6. (b) X()=at+bt? V. =L =a+2Dbt
4 —F (242 JarnE RG-D) O XO=ar sy
3 - - A dXQ
F =7 =ft_ = =f_
. (a) Velocity of the particle, %X : I Xo® ft-¢ Vo = dt f-2t
2 dr R R A |F><”\:\/E as V. =V,
Vim T e 5. (b) t = time taken at stati lat \ f-a
dt . (b) t,=time taken at stationary escalator a+2bi=f_2t :>t221 *
atr=1sec t,= time taken at moving escalator (1+0)



7. (¢) We  know,
displacement with
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differentiation  of
respect to time gives

velocity. v=At + Bt?

dx_ At +Bt?
dt

]dx = j(At + Btz)dt
0 1

x=%(2tlz)+E

8. (a)
Velocity = x

~2n

E

23—13)=%+7B
2 3

. . ) d -
Differentiate velocity with respect to x, Ev =2npx """

. dv
Now Acceleration a =v— =

(B ) (-2apr ")

dx
=a=-2npx"""
9. (a)
\'%
B C
| |
| |
| |
| |
: 1 1 Y t
N
| ! ! |
o
a | : : 1
I |
| |
A
Lo
| ! ! |
! ! I
| | | | .
1
B ,C |
| |
| |
| |
N
C D

10.

11.

12.

a = slope of v — ¢ graph

from A to B — slope is positive and
constant

— so acceleration is positive & constant
B to C —slope is zero = acceleration is
Zero.

C to D — slope is negative and constant
— soacceleration isnegative & constant

(b) Positive acceleration  shows
acceleration in the direction of velocity,

1%
? > 0 so, velocity is increasing
t

= slope of x-f graph is increasing
X

t
(a) -~ Velocity is equal to slope of x-t
graph
= voctan 0
vi _tan30° 1
Z tan45° ﬁ
(d) distance travelled during nth second

is given by
Suin :u+%(2n—1) = 0+%(2n—1)

[As the body is starting from rest, .. u = 0]
S,=@n-1)=S8 S, .S .:S

3rd 4th

=2 -1]1:[22)-1]:[23) - 1] : [2(4)
—1]1=1:3:5:7

14.

15.

vis the velocity of the ball before it strikes
the earth and u in the initial velocity

v?=u?+2gh
80°=20%+2 x 10h
h =300m
(a) From equation of motion
S=ut+Lat?

2
here S=1.5mandt=0.1s
1.5 =u(0.1)+%(10)(0.1)(0.1)
=u=14.5m/s

(¢) Here initial velocity is zero
1 2 A
AB=h, =_g(5) h,
+B
=>h =125m(-u=0) h,
hzzBC:%g[loszZ] dc
h,
=h,=375m D

h, =CD=%g[1527102]

h,=625m
h :h,:h,
125:375:625=1:3:5
:>h1:£:£

3 5
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Vectors

1. If the magnitude of sum of two vectors is equal to the
magnitude of difference of the two vectors, the angle between

(2016 - 1)
d. 180°

these vectors is:

a. 1° b. 90° c. 45°

. A particle moves so that its position vector is given by
T =cosotX +sinoty where ® is a constant Which of the
following is true? (2016 - 1)
a. Velocity and acceleration both are perpendicular to 1
b. Velocity and acceleration both are parallel to 7

c¢. Velocity is perpendicular to ¥ and acceleration is
directed towards the origin

d. Velocity is perpendicular to 7 and acceleration is directed
away from the origin

- 2 . g = ot . ots
. If vectors A = cosoti + sinot] and B= c0571+sm7 j

are functions of time, then the value of t at which they are

orthogonal to each other are: (2015 Re)
a.t=0 b t=—"
4o
. t=—— d. t= L
20 ()

Motion in a Plane with Constant Acceleration

4. The two-dimensional motion of a particle, described by
r= (f + Zj)Acos ot is a/an:

A.parabolic path B. elliptical path

C. periodic motion D. simple harmonic motion

Choose the correct answer from the options given below:
(2024 Re)

a. B, C and D only b. A, B and C only

c. A, Cand D only d. Cand D only

5. A football player is moving southward and suddenly turns
eastward with the same speed to avoid an opponent. The
force that acts on the player while turning is: (2023)
a. along south-west b. along eastward

c. along northward d. along north-east

Motion in a Plane

6. The ‘x” and °y’ coordinates of the particle at any time are

10.

‘x’= 5t —2t> and ‘y’ = 10t, respectively, where ‘x” and ‘y’ are
inmetres and ‘t’ in seconds. The acceleration of the particle

att=2sis: (2017-Delhi)
a. Sm/s? b. —4m/s? c. -8 m/s? d. 0
. The position vector of a particle R as a function of time is

given by:

R= 4sin(2nt)i + 4cos(2nt)j

Where R is in metres, t is in seconds and i andj denote unit

vectors along x and y-direction, respectively. Which one of

the following statements is wrong for the motion of particle?
(2015)

a. Path of the particle is a circle of radius 4 metre

b. Acceleration vectors is along —R
2
. g Y .
c. Magnitude of acceleration vector is Y where v is the

velocity of particle.
d. Magnitude of the velocity of particle is 8 metre/second

. A particle is moving such that its position coordinates (X, y)

are:
(2 m, 3 m) attime t=0,

(6 m,7m)attimet=2sand

(13m, 14 m) attimet=5s

Average velocity vector (V,) fromt =0 tot =15 s is:

(2014)
a. %(13i+14j) b. %(hj) c. 2(i+]) d. %(h})

Projectile Motion

. A bullet is fired from a gun at the speed of 280 m/s in the

direction 30° above the horizontal. The maximum height
attained by the bullet is (2023)
(g=9.8 ms?, sin 30°=0.5)

a.3000m b. 2800m  c. 2000 m d. 1000 m
Ahorizontal bridge is built across a river. A student standing
on the bridge throws a small ball vertically upwards with a

velocity 4 ms™. The ball strikes the water surface after 4 s.
The height of bridge above water surface is

(Take g = 10 ms2):
a. 68 m b. 56 m

(2023)

c. 60m d. 64m
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12.

13.

14.

15.

16.
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A ball is projected from point A with velocity 20 ms™ at an
angle 60° to the horizontal direction. At the highest point B
of the path (as shown in figure), the velocity v ms™ of the ball

will be: (2023-Manipur)

20ms B o

vms
60°

A C
a..20 b. 103 ¢ Zero d. 10
A cricket ball is thrown by a player at a speed of 20 m/s in
a direction 30° above the horizontal. The maximum height
attained by the ball during its motion is: (2022 Re)
(g=10m/s?
a. 25m b. 5m c. 10m d. 20m
A ball is projected with a velocity, 10 ms™!, at an angle of 60°

with the vertical direction. Its speed at the highest point of
its trajectory will be: (2022)
a. 10ms'  b. Zero c. 53ms™! d. Sms!

A particle moving in a circle of radius R with a uniform speed
takes a time T to complete one revolution.

If this particle were projected with the same speed at an angle
'0' to the horizontal, the maximum height attained by it equals

4R. The angle of projection, 0, is then given by: (2021)
n V2 2 Vo
a. 9=COS1(TC %] b. 9=sinl{7E %J
gT gT
2 V4 1 V4
c. 9:sin][2ng j d. 0 =cos](g;r ]
'R n'R
A car starts from rest and accelerates at 5 m/s>. Att=4s,

a ball is dropped out of a window by a person sitting in
the car. What is the velocity and acceleration of the ball at
t=06s? (2021)
a. 20m/s, 0 b. 2042 m/s,0

c. 204/2m/s,10m/s’ d. 20 m/s, 5 m/s?

A projectile is fired from the surface of the earth with a
velocity of 5 ms™ and angle O 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) is: (given g = 9.8 ms?) (2014)
a. 3.5 b. 5.9 c. 163 d. 110.8

17. The velocity of a projectile at the initial point A (2§ + 3]) m/s.

Its velocity (in m/s) at point B is: (2013)
Y
B
A \ » X
a. 2i+43] b. —2i-3j
c. —2i+3] d. 2i-3j

Relative Velocity in 2-D

18. 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

19. 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. The time after which the distance between

them becomes shortest, is: (2015)
a.5h b. 5/2h
c. 102h d.0h

Uniform Circular Motion

20. 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)
b. v,:v, C.T T, d.1:1

a. I'AII'B

21. When an object is shot from the bottom of a long smooth
inclined plane kept at an angle 60° with horizontal, it can
travel a distance x, along the plane. But when the inclination
is decreased to 30° and the same object is shot with the same
velocity, it can travel x, distance. Then x, : x, will be:  (2019)

a. 1:\2 b. V2:1
c. 1:43 d. 1:23

1.
11.
21.

\ Answer Key \

(b) 2. (c) 3.@d) 4. (d) 5. (d)
@ 12.(0b) 13 (c) 14. (c) 15. (c)
(c)

6. (b) 7. (d) 8. (d) 9.(d)  10. (d)
16. @ 17. (d)  18. (@  19. (a)  20. (d)
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1. (b) Let the two vectors be A and B with
magnitudes A and B respectively.
| A + E| = I A = B|
A?+B2+2ABcos O =A%+B>*-2AB cos 0
4AB cos =0
cos0=0
0 =90°
2. (¢) T =cosotX +sinwoty
v =—(0sin®t)X + (0cos o)y
d=—(0 cosot)R + o’ (-sinwt)§y
=—0'f
Tv=0 hencer LV
3. (d) Dot product of the two vectors A

and B will be zero. because they are
orthogonal to each other.

AB=0

ot . . ot
coswtcos7 + smwtsm7 =0

cos cot—gt =Ozcosw—t=0
2 2

ot w T
=>—=—>t=—
2 2 ®

4. (d) Let:

x = A costot, y =2 Acosot = y = 2x

Straight-line motion along y = 2x, with
both coordinates undergoing SHM.

Velocity
V= ZI; = —(§+ 2})Awsinoot
a4
dt?
=—(+ 2}‘)0)2A cos ot
Acceleration ~o°7,  indicating

Simple Harmonic Motion (SHM).

5. (d) Initial velocity = —vj

.

Final velocity = i

N

S

Change in velocity = vi— (—Vj)

~v(i+))

& Explanations\

10.

11.

12.

- (d) R =4sin(2nt)i+4cos(2nt)]

Momentum gain is along i+3

= Force experienced is along i+ j

= Force experienced is in North-East
direction.

. (b) x=5t—2t>and y=10t

veB s g v=Y oy
dt dt

ax=dv=—4ms’2, ay:O
dt

a=—4m/s?

V= R =8mcos 2nti —8nsin2ntj
dt
M =8m/s
[v|= \/[875 cos(27tt)]2 + [—87rsin(27ct)]2
=+/64n’

=8n m/s

.. Statement in option (d) is wrong

@ o, 2 2 11

At 5-0 5

_wsin’0 _ 280x280 1

° (d) hmax -
2g 2x9.8 4
=1000 m
(d) Let height of bridge =h

Displacement of ball, S =-h

S:m+lm2
2

~h= 4><4+%(—10)(4)2

= h=64m

(d v v cos 0
/ ée ;

Velocity in horizontal direction remains
same because there is no acceleration in
horizontal direction

V at top =vcos 0

=20 x l=10m/s
2

(b) 20 m/s

30°

The maximum height attained by the ball
during its motion,

2.2
_u“sin“ 0 _

2g

H Sm

13. (¢) At highest point only horizontal
component of velocity remains

- angle with the vertical is 60°, therefore
angle with horizontal is 30°

=u_=ucos 0=10cos 30°
= 5\/§ms_1

14. (¢) According to the question, the time
period is given by,

T=2T[R
A"
:>V:27IR 0
T
2RY .,
= 0
Hma‘—VZSinze=( T jsn
' 2g 2g
2p2 .2
4R=4TCR 2sm 0
2T g

Mg

1

. 4 2gT*)?
39=sm'[gz ]
n'R

15. (¢) Initial velocity, u = 0, Final velocity, v
acceleration, a = 5 m/s?
time, t = 4 sec
Now, using equation of motion,
v=utat=>v=0+(5)4)
= v=20m/s
Att=06 sec
For stone

acceleration due to gravity, a=g= 10 m/s’
As car is having, v = 20 m/s. So, stone
also does. Horizontal velocity component,
V. =20m/s

Vertical downward velocity component, v,

V)’
Vy=u+at
Vy=0+g(674)

V=10 x 2=20m/s
V= Vi V2
=4/(20)" +(20)" =+/400+400 =+/800

V. = 20J2m/s

n
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17.
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(a) If the trajectory is same for both the
particles their, maximum height will be
the same i.e.,

(Hmax)l = (Hmax)Z

2 1.2 2 Q12
u;sin“ @ ujsin” 0

=
2g, 2g,
= LLIZ:&
u, g
9.8x9
& =5

=g =35m/s
(d) In a projectile vertical component of
velocity keeps on changing with time.
While horizontal velocity component
remains constant

Y,

A
‘3J

. Velocity is 2i-3j

18. (a) V,=20m/s

V.o = 10m/s

19.

For shortest path

VSG + VRG = VSR
N

Veg

\ 4 Vsr
W- E

S

From vector triangle:-

sin = Yﬁ

Vs
sin@ = 10

20
sinf =— =0 =30°west
(a)

10 kmph A
<—o: ------------
E &
S 10 kmph Y
T 45°
B¥ %,, =10V2 kmph

20.

21.

| Va| = V10 +10* =102 kmph
Distance OB=100 cos45° = 50,/2 km

Time taken to reach the shortest distance
between

5042 5042

A&B = = =
[Vea|  10V2

(d
T,=T,=T
2n
oy=2 o 2
Ty Ty
o, Ty T |
wg T, T
(©
w2
Stopping distance ==
(Stopping b N e
u?
Stopping distance =
(Stopping ) : 2gsin30°

ﬁzs?n30°= 1x2 =1:\/§
X, sin60° 2><\/§
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Equation of Motion and Newton’s Laws of Motion

1. Abox of mass 5 kg is pulled by a cord, up along a frictionless

plane inclined at 30° with the horizontal. The tension in the

cord is 30 N. The acceleration of the box is (Take g = 10 ms2)
(2024 Re)

d. Ims3

. In the diagram shown, the normal reaction force between

2 kg and 1 kg is (Consider the surface, to be smooth) :
Given g =10 ms™ (2022 Re)

a. 2ms? b. Zero c. 0.1ms?

a. I0N b. 25N c. 39N d. 6N

. A small block slides down on a smooth inclined plane,
starting from rest at time t = 0. Let S_be the distance travelled
by the block in the interval t = n — 1 to t = n. The, the ratio

S is: (2021)
n+l
a 2n-1 b. 2n+1 . 2n d 2n-1

2n+1 2n -1 2n-1 2n

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

will : (2019)
p
R Q

a. Increase

b. Decrease

c. Remain constant
d. Change according to the smallest force

Laws of Motion

5. Aballoon withmass mis descending down with anacceleration

a (where a < g). How much mass should be removed from it
so that it starts moving up with an acceleration a?  (2014)

2ma b 2ma c. ha 4 _ma

g+a g—a gt+a g—a

a.

Motion of Connected Bodies

. A horizontal force 10 N is applied to a block 4 as shown

in figure. The mass of blocks 4 and B are 2 kg and 3 kg,
respectively. The blocks slide over a frictionless surface. The
force exerted by block A4 on block B is: (2024)

F=10N [42kg|B 3kg
—_—

a. 6N b. ION c. Zero d. 4N

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

. Ablock of mass m is placed on a smooth inclined wedge ABC

of inclination 6 as shown in the figure. The wedge is given an
acceleration ‘a’ towards the right. The relation between a and
0 for the block to remain stationary on the wedge is:

m
a
0
B

(2018)

a.a=gcos0 b. a= 'g
sin 0
c. a= g d.a=gtan 0
cosec 0
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10.
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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-Delhi)
g g
a g, = b. g, k3
g 3 28 3,g
Three blocks A, B and C of masses 4 kg, 2 kg and 1 kg

respectively, are in contact on a friction less surface, as
shown. If a force of 14 N is applied on the 4 kg block, then
the contact force between A and B is: (2015)

14N ‘
a. 6N b. 8N c. I8N d 2N

A system consists of three masses m,, m, and m, is 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)
P =\
1’rll
a 2l-gw) 2 o og(l-2) g g(=2)
9 g 3 2

Three blocks with masses m, 2m and 3m are connected by

strings, as shown in the figure. 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)
F

a. 6mg b. Zero c. 2mg d. 3mg

Conservation of Momentum
and Impulse Momentum Theory

A bullet from a gun is fired on a rectangular wooden block
with velocity u. When bullet travels 24 ¢m through the block

u
along its length horizontally, velocity of bullet become 3

Then it further penetrates into the block in the same direction
before coming to rest exactly at the other end of the block.
The total length of the block is: (2023)

a. 30 cm b. 27 ¢m c. 24 cm d. 28 cm

15.

16.

17.

18.

19.

20.

Laws of Motion @

A 1 kg object strikes a wall with velocity 1 ms™ at an angle of
60° with the wall and reflects at the same angle. If it remains
in contact with wall for 0.1 s, then the force exerted on the

wall is: (2023-Manipur)
a. 303N b. Zero c. 103N d. 203N
The distance covered by a body of mass 5 g having linear
momentum 0.3 kg m/s in 5 s is: (2022 Re)
a. 03 m b. 300 m c. 30 m d.3m

Given below are two statements: one is labelled as Assertion

(A) and the other is labelled as Reason (R). (2022 Re)

Assertion (A): When a fire cracker (rocket) explodes in mid

air, its fragments fly in such a way that they continue moving

in the same path, which the fire cracker would have followed,

had it not exploded.

Reason (R): Explosion of cracker (rocket) occurs due to internal

forces only and no external force acts for this explosion.

In the light of the above statements, choose the most

appropriate answer from the options given below:

a. (A) is not correct but (R) is correct

b. Both (A) and (R) are correct and (R) is the correct
explanation of (A)

c. Both (A) and (R) are correct but (R) is not the correct
explanation of (A)

d. (A) is correct but (R) is not correct.

A shell of mass m is at rest initially. It explodes into three
fragments having mass in the ratio 2 : 2 : 1. If the fragments
having equal mass fly off along mutually perpendicular
directions with speed v, the speed of the third (lighter)
fragment is: (2022)

a. 3\/§V b. v c. J2v d. 2\/§V

A ball of mass 0.15 kg is dropped from a height 10 m, strikes
the ground and rebounds to the same height. The magnitude of

impulse imparted to the ball is (g = 10 m/s?) nearly: (2021)
a. 4.2 kg m/s b. 2.1 kg m/s
c. lL.4kgm/s d. 0 kg m/s

Arigid ball of mass m strikes a rigid wall at 60° and gets reflected
without loss of speed as shown in the figure below. The value of

impulse imparted by the wall on the ball willbe: (2016 - II)
m
a — c. mv d. 2mv
2

The force F acting on a particle of mass m is indicated by the
force-time graph shown. The change in momentum of the
particle over the time interval from zero to 8 s is: (2014)

tef

—~ 31

& 0 t

- 2 4 6 é

73 -+
t(s)—»

a. 24 Ns b. 20 Ns c. 12 Ns d. 6 Ns
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21.

22.

23.

24.

25.

26.

Friction

Calculate the maximum acceleration of a moving car so that
a body lying on the floor of the car remains stationary. The
coefficient of static friction between the body and the floor is
0.15 (g=10 ms™). (2023)
b. 1.2 ms? d. 1.5 ms?

a. 50 ms> c. 150 ms>

A block of mass 2 kg is placed on inclined rough surface AC
(as shown in figure) of coefficient of friction p. If g= 10 ms2,
the net force (in N) on the block will be:  (2023-Manipur)

C
Block
-1 {[
SR
30° ,_
A B
a. 1043 b. zero c. 10 d. 20

Calculate the acceleration of the block and trolly system
shown in the figure. The coefficient of kinetic friction
between the trolly and the surface is 0.05. (g = 10 m/s?,
mass of the string is negligible and no other friction exists).

(2020-Covid)

Trolly

a. 1.50m/s?> b. 1.66 m/s?> c. 1.00 m/s? d. 1.25 m/s?
Which one of the following statements is incorrect? (2018)
a. Frictionless force opposes the relative motion.

b. Limiting value of static friction is directly proportional to

normal reaction.

c. Rolling friction is smaller than sliding friction.

d. Coefficient of sliding friction has dimensions of length.
A block A of mass m, rests on a horizontal table. A light
string connected to it passes over a frictionless pulley at the
edge of table and from its other end another block B of mass

m, is suspended. The coefficient of kinetic friction between
the block and table is . When the block A is sliding on the

table, the tension in the string is: (2015)
a. (m, —p,m,)g b. m1m2(1+“k)g
(m, +m,) (m, +m,)

C. m]mZ(l_uk)g
(m, +m,)

d. (mz + “’km])g
(my+m,)

A plank with a box on it at one end is gradually raised about
the other end. As the angle of inclination with the horizontal
reaches 30°, the box starts to slip and slides 4.0 m down the
plank in 4.0 s. The coefficients of static and kinetic friction
between the box and the plank will be, respectively:

(2015 - Re)

27.

28.

29.

30.

31.

32.

mg
0
a. 04and 0.3 b. 0.6 and 0.6
c. 0.6 and 0.5 d. 0.5and 0.6

The upper halfof an inclined plane of inclination 6 is perfectly
smooth while lower half is rough. A block starting from rest
at the top of the plane will again come to rest at the bottom,
if the coefficient of friction between the block and lower half

of the plane is given by (2013)
a. u=2tan 0 b. u=tan6
1 2
. u= d u=
¢ K tan 0 H tan 0

Circular Motion, Banking of Road

A bob is whirled in a horizontal circle by means of a string
at an initial speed of 10 rpm . If the tension in the string is
quadrupled while keeping the radius constant, the new speed

is: (2024 Re)
a. 20 rpm b. 40rpm  c. Srpm d. 10 rpm
A particle moving with uniform speed in a circular path

maintains (2024)

a. constant velocity by varying acceleration.
b. varying velocity and varying acceleration.
c¢. constant velocity.

d. constant acceleration.

A bob is whirled in a horizontal plane by means of a string
with an initial speed of @ rpm. The tension in the string is 7.
If speed becomes 20 o while keeping the same radius, the
tension in the string becomes: (2024)

a. % b. 2r o T d. 4T

A particle is executing uniform circular motion with velocity

Voand acceleration a. Which of the following is true?
(2023-Manipur)

is a constant; a is not a constant

a
b. V is not a constant; a is not constant
c

< <<

is a constant; a is a constant
d. Vv isnot a constant; a is a constant

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. T0rad/s b, s

2n
c. 10 rad/s d. 10 mrad/s
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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 center) will be:
(T represents the tension in the string) (2017-Delhi)

2 2
mv myv
b. T—

a. T+ c. Zero d T

A car is negotiating a curved road of radius R. The road is
banked at an angle 6. The coefficient of friction between the

Laws of Motion @

R> y, +tan® b R , +tan@
& 1—p, tan® R 1—p, tan®
gy, +tan0 . g U +tanB
. R1-p, tan6 “\YR*1-p, tan®

35. Two stones of masses m and 2 m are whirled in horizontal

circles, the heavier one in a radius r/2 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

tyres of the car and the road is . The maximum safe velocity centripetal forces. The value of n is: (2015 Re)
on this road is: (2016 - 1) a. 1 b. 2 c.3 d. 4
& Answer Key \
1. (d) 2. (b) 3. (a) 4. (¢) 5. (a) 7. (b) 8. (d) 9. (d) 10. (a)
11. (o) 12. (b) 13. (b) 14. (¢) 15. (b) 17. (d) 18. (a) 19. (¢) 20. (¢)
21. (d) 22. (b) 23. (d) 24. (d) 25. (b) 27. (a) 28. (a) 29. (b) 30. (d)
31. (b) 32. (¢) 33. (d) 34. (b) 35. (b)
[
Explanations
1. (d) Mass m = kg, From F.B.D. of 1 kg dv -
Inclination 0 = 30° =>m—=0 = V=constant
nelnation ’ ma=N—-18—-1x10x — de
Tension =30 N, B B 2 5. (a) For downward motion
g=10m/s%. =2=N-23=N=25N mg-F,=ma=F =mg-ma
T=30N 3. (a) Using equation of uniform motion, If some mass Am is removed,
S —u+ 3(2n -1) where, then it starts accelerating g
" 2 upwards
Magsin30° S, is the distance covered in n™ sec F —(m—Am)g = (m - Am)a
200 [fromt=(n—-1)tot=n] mg—-ma-mg+gAm=ma—-aAm
W S, ., is the distance covered in (n + 1)™ sec gAm —ma=ma—aAm =>Am [g+a]=2ma
Net force along the incline: [fromt=ntot=(n+1)] Am < 2ma
T — mg sinb = ma Now; u=0 g+a
Substitute: S, = 3(211 1) .. (D) 6. (a) In connected motion,
305 x 10 x 5in30° = 5a 2 )
: nei
30-25=5a=a=1m/s’ S l=i[2(n+1)—1] :3[2n+2_1] Common acceleration a =
n+ !
2. (b) Net acceleration of the system, i 2 10 , ot
i S =—[2n+1 (7 a=—=2m/s
g = Net pulling force (up the inclined) sl 2[ n+1] (@) 5
Mioral Dividing eq" (i) and eq" (ii) Now, from FBD of 2 kg block & 3 kg
60—18 — (3 +2+1) g sin 30° a block
‘" 34241 s |2/ s 2n-d a— —a
P TP ETE T ]
12 Sn+l a S"” 2n +1 F=10N K FB/\
== =2 m/s? B @n+1)
6 Force exerted by block A on block B,
18 N 4. (¢) All these forces are forming closed Fy, =)
loop in same order. So, net force is zero. N
Force = ma Fpy=3x2=6
X (my —m, )
. 7. (b) a= \m, —m,; )g
N 30° 1 g COS 30 ( ) a m, +m2

1 g sin 30° lg R

(6-4)g 25 g

6+4 10 5
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8.

10.

11.

12.

13.

(d) From wedge reference frame

ma cos 0 N

mg sin 0
mg
(FBD of mass m)
For block to be at rest
ma cos 6 = mg sin 0
a=gtan 0

. (d) 4 mg T

3mgT mg
When the string is cut T =0
for block A
3ma=4mg-3mg
ast
3
for block B
mg=ma—=a=g
(a) Acceleration of system _ F
total
__14 =2ms™
4+2+1
a—>
UNJ N NN N
L] L]
N, = Normal force between A and B
14-N,=m,a
14 — N, = 4x2
14-N =8=N =6N

©

) Net forcein thedirection of motion
Acceleration =

Total mass of system
_ m|g_u(mz + mz)g
m, +m, +m,
e(1=2),

wmy=m, =m,]

(b) As block of mass 2m moves with
constant velocity so net force on it is zero.

2
(b) lm(gj Lo =-F, x24
2 3 2

O—%mu2 =-F, xd

|
—mu
2 4 oo —7em
24 8

15.

16.

17.

18.

19.
20.

21.

The net force exerted on the wall,

-
ap
At

_ 2mvsmG:2(l) (1())Slm 60 —103 N

F= t

(b) Momentum of the body,
=my

343 = xy = v=60m/s

1000
Distance travelled in 5 s =60 X 5 =300 m
(a) Centre of mass of rocket follows the
same path not the fragments. It is because the
explosion takes place due to internal forces.

v
) m
2m —
— 5
5
S v
<! m/5

As the shell was initially at rest, therefore
initial momentum is zero.
Using conservation of momentum :
Initial momentum = Final momentum
0=20 vi)+ 22 vy + By

5 5 5

= V' =2vi+2v]

= V=42V +(2v) = 242 v

(a) Given, mass of ball, m=0.15 kg
Height from which it is dropped, h=10 m
Velocity of ball just before reaching the

ground, v =./2gh
= v=+2x10x10 =200 =102 m/s

According to the question, height
remaining the same. So, velocity will
also, only its direction changes.

ie,v,= 10\/5(—3) and v, :IOx/E(ﬁ)

Required magnitude of Impulse imported
to the ball = change in linear momentum

=}

m =|mv, —mv,|

=|mv,— m(-v)| = [mv,+ mv/]
=[2mv]|=2x0.15% 10,2

i:3ﬁkg m/s = [=42kgm/s

(¢) Impulse = ‘ AP ‘ =‘ FM‘ =m(2v cos60°) =mv
(¢) Change in momentum,

[Ap = [Fdt = Area of F — t graph
=%><2><6—3x2+4><3 =12 Ns

In the frame of car

(d) a —> N

mamax f

mg

22.

23.

24.

25.

N=mg

and f=ma

f<uN
Da<ug=a<l5ms?

ora _=1.5ms?
max

(b)

From FBD mg sin 6 = p mg cos 0

1
“:7
NG}
tan 30° = 2
NG
as | = tan 6

The block is at rest and net force on it
must be zero.

@
Fe =N
o SKN \l, a
2kg
a=2075 1 o5
12
(d) Coefficient of sliding friction is

dimensionless.
F
cF=uN=pu=—
P

(F and N have same unit i.e., Newton)

N

m, T

(b) My A /
Hm, g

m,g
For the motion of both blocks
m,g—-T=m,a
m, —p,m
T-pmg=ma=>a :7( 2 ~Hm, g
m, +m,
For the block of mass ‘m,’
— m{W}g
m, + I'I‘l2
m, — m m, + m
T—ng—|: 2 My ‘}ng—ng[ LTy |:|
Il'l] + mz l'Il] + l’l’l2
—~T= m1m2(1+uk)g
m, +m,
26. (¢) Coefficient of static friction,

p, = tan30°:i =0.6

NG

a=gsin 30° — p, g cos 30°
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Let m be mass of the block and L be
length of the inclined plane.

For upper half smooth plane

Acceleration of the block, a = gsin 0
Here,u=0 (- block starts from rest)

Using, v? — u? = 2as, we have

VZ—O:Znginex%

v =,/gLsin® ()]
For lower half rough plane

Acceleration of the block, a’= gsin 6 — pugcos 0
where p is the coefficient of friction between
the block and lower half of the plane

Here, u=v=,/gLsin0

v=0 (- block comes to rest)
a=a’=gsin 6 — ugcos 6, s:%
Again, using v*> — u® = 2as, we have

0—(1/gLsin6)2 = 2x(gsin6—pgcose)x%

— gLsin 0 = (gsin 6 — pg cos O)L
—sin 0 =sin 0= pcos 0

28.

29.

30.

31.

p cos 6 = 2sin 6

= p=2tan 0

(a) In horizontal circular motion, the
tension (7) in the string provides the
centripetal force required to keep the bob
moving in a circle. i.e.,

T=mwr

For constant m and 7, the tension is
proportional to the square of the angular
velocity:

T ¢ ?

Initial State:
Tension 7 corresponds to @ = 10 rpm.
After Quadrupling Tension (7" = 4T):
Since  oc /T , the new angular velocity
is:
o =v4x0=2x10=20rpm
(b) A particle moving with uniform
speed in a circular path has varying
velocity as the direction of motion
changes continuously. The magnitude
of velocity remains constant. As the
direction of centripetal acceleration
is changing, the particle has varying
acceleration.
d) T=Mo*r
T oc @

T becomes 4 times

(b) Both velocity and acceleration are
vector quantity. So both magnitude and
direction matters.

Direction of velocity and centripetal
-
acceleration changes continuously. So v

N
is not constant and ¢ is not constant.

32.

33.

34.

35.

Laws of Motion

©

N(—@%mrmz

mg

@

For equilibrium of the block limiting
friction

f, >mg = uN>mg
= umre?’ > mg

> £
rn

Therefore,

g

Omin = 4|
\ru

C‘)min:/ 10 =10rad/s
0.1x1

(d) In uniform circular motion, tension
provides the necessary centripetal force
required to keep particle in motion.

So, net force on particle = T.

2
(b) We know that Y. _| M +tan0
gR  \1-p tan6

v=/lgR W, +tan®
1-p tan®
(b) (FC)heavier = (FC)]ighter

2mV? m(nV)2
= - 7

2=4=n=2
(1‘/2) . =n =n
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Work Done
1. The potential energy of a particle moving along x-direction
Ax? ’
varies as J/ = =% The dimensions of — are:
xX+B (2024 Re)
a. [M*? L2 T3] b. [M"* L T7)
c. [M*L'"?TH d. [ML* T

2. 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. 30J b. 5] c.25]) d. 20J

3. A particle moves from a point (—2f+53) to (43 +31A<) when
a force of (4? + 33) N is applied. How much work has been
done by the force? (2016 - 1I)
a. 5] b. 2] c. 8J d. 1117J

4. A uniform force of (3f + j) newton acts on a particle of mass
2 kg. Hence the particle is displaced from position (2f+f<)

metre to position (4f +3j- 12) metre. The work done by the
force on the particle is: (2013)

a. 157J b. 9J c. 6] d. 137
Energy and Conservation of Mechanical Energy

5. An object falls from a height of 10 m above the ground. After
striking the ground it loses 50% of its kinetic energy. The
height upto which the object can rebounce from the ground
is: (2024 Re)

a. 7.5m b. 10 m c.2.5m d.5Sm
6. A bullet of mass m hits a block of mass M elastically. The

transfer of energy is the maximum, then:  (2023-Manipur)
a M=m b. M=2m c¢. M<<m d M>m

7. A particle is released from height S from the surface of the
Earth. At a certain height its kinetic energy is three times its
potential energy. The height from the surface of earth and the
speed of the particle at that instant are respectively: (2021)
a S 388 E,—V3gs c. S |38 d. 8 38

’ 2.2

I— b

4 2 4N 2 4’ 2

8.

10.

11.

12.

Work, Energy and Power

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. mv? b. 32mv?  c¢. 2 mv? d. 4 mv?

. 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
second part of mass 2 kg moves with 8 ms™ speed. If the third
part flies off with 4 ms™' speed, then its mass is:

(2013, 2009)

a. 17kg b. 3kg c. 5kg d. 7kg
Spring

The potential energy of a long spring when stretched by
2 cm is U. If the spring is stretched by 8 cm, potential energy
stored in it will be: (2023)
a. 16U b. 2U c. 4U d. 8U

The restoring force of a spring with a block attached to the
free end of the spring is represented by (2022 Re)

Two similar springs P and Q have spring constants K, and K,
such that K, > K. They stretched first by the same amount
(case a), then by the same force (case b). The work done by
the springs W, and W, are related as in case (a) and case (b),
respectively: (2015)

a W, =W W, =W, b. W, > Wi W,>W,
¢ W, <W W, <W, d. W, =W W, >W,



13.

14.

15.

16.

17.

18.

19.

20.
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Work Energy Theorem

An object moving along horizontal x-direction with kinetic
energy 10 J is displaced through x=(3i{)m by the force
F = (=2 +3)N . The kinetic energy of the object at the end

of the displacement x is (2024 Re)
a. 10] b. 161] c. 4] d.6J
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-Delhi)
a. ()125] (i) -8.25J
b. (i) 1007 (i) 8.75 J
c. (i)107J (i) -8.75J
d. ()-107J (i) -8.25J
A bullet of mass 10 g moving horizontally with a velocity

of 400 ms™! strikes a wooden block of mass 2 kg which is
suspended by a light inextensible string of length 5 m. As
a result, the center of gravity of the block is found to rise
a vertical distance of 10 cm. The speed of the bullet after it
emerges out horizontally from the block will be: (2016 - 1I)

a. 120ms™ b. 160 ms™? ¢. 100 ms™ d. 80 ms™

A block of mass 10 kg moving in x direction with a
constant speed of 10 ms™, is subjected to a retarding force
F = —0.1x J/m during its travel from x = 20 m to 30 m. Its
final K.E. will be: (2015)

a. 450 b. 2751 c. 250] d. 4751

Power

At any instant of time ¢, the displacement of any particle is
given by 2¢ — 1 (SI unit) under the influence of force of 5 N.
The value of instantaneous power is (in SI unit): (2024)

a. 7 b. 6 c. 10 d. 5

A particle moves with a velocity (Si -3 j+6k] ms~

horizontally under the action of constant force

[10? + 10;' + 20/2) N. The instantaneous power supplied to

the particle is: (2023-Manipur)
a. 200 W b. Zero c. l00W d. 140 W
An electric lift with a maximum Jload of 2000 kg

(lift + passengers) is moving up with a constant speed
of 1.5ms™'. The frictional force opposing the motion is
3000 N. The minimum power delivered by the motor to the

lift in watts is : (g =10 ms?) (2022)
a. 23500 b. 23000 ¢.. 20000 d. 34500

The energy that will be ideally radiated by a 100 kW
transmitter in 1 hour is: (2022)
a. 1x10°] b. 36x107J c. 36 x10*]  d. 36 x 10°]

21.

22.

23.

24.

25.

26.

27.

28.

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 the
input energy. How much power is generated by the turbine?
(g=10 m/s? (2021, 2008)

a. 8.1 kW b. 123kW . ¢c. 7.0 kW d. 10.2 kW
Abody of mass 1 kg begins to move under the action of a time
dependent force F= (2t§+3t2j) N, where 1 and ] are unit

vectors along x and y axis. What power will be developed by
the force at the time t? (2016 - 1)
a. 22+ 3O)W
c. 28+ 4tHYW

b. €+ 4tYW
d. 26 +3)W

A particle of mass m is driven by a machine that delivers a
constant power k watts. If the particle starts from rest the
force on the particle at time t is: (2015)

1

- -t -1 -
a. Jmkt> b, 2mkt? c. %«/_mkﬁ d. /%ﬁ

The heart of a 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 x 10° kg/m?and g = 10m/s?, then

the power of heart in watt is: (2015 Re)

a. 1.50 b. 1.70 c. 2.35 d. 3.0
Vertical Circle

A point mass ‘m’ is moved in a vertical circle of radius ‘r’

with the help of a string. The velocity of the mass is /7gr at
the lowest point. The tension in the string at the lowest point

is (2020-Covid)
a. 7mg b. 8 mg c. 1 mg d. 6 mg
A mass m is attached to a thin wire and whirled in a vertical

circle. The wire is most likely to break when: (2019)

a. The mass is at the highest point

b. The wire is horizontal

c. The mass is at the lowest point

d. Inclined at an angle of 60° from vertical

A body initially at rest and sliding along a frictionless track

from a height h (as shown in the figure) just completes a

vertical circle of diameter AB = D. The height h is equal to:
(2018)

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
(2016 - 1)

d. 5gR

the loop?

a. \/g_R b. /2gR C. +/3gR
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29. A particle of mass 10 g moves along a circle of radius

30.

31.

32.

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 - 1)

a. 0.1 m/s>  b. 0.15m/s> c. 0.18 m/s? d. 0.2 m/s?
Collision

Two bodies A and B of same mass undergo completely

inelastic one dimensional collision. The body A moves with
velocity v, while body B is at rest before collision. The
velocity of the system after collision is v,. The ratio v,: v, is:

(2024)

d. 2:1
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

a. 4:1 b. 1:4 c.1:2

lost by the colliding body A is: (2019)
a L b 3 c. 4 a 2

9 9 9 9
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

34.

3s.

36.

Two particles of masses m , m, move with initial velocities u,
and u,. On collision, one of the particles get excited to higher
level, after absorbing energy . If final velocities of particles

be v, and v,, then we must have: (2015)

» 1 2 1 sl 2
a. —myu; +—m,u; =—mV; +—m,V; —¢€
2 2 2 2
1 1 1
—mu; +—m,u} —g=—m\V;, +—m,v;
2 2 2 2

1 1 1 1
C. —miu’ +—miul+e=—mv, +—mivi
2 2

2

2 2 2 2
miu, +msu, =€=m,v, +m,v,

d.

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 v/3. The

second block’s speed after the collision is: (2015 Re)
a. ﬁ\, b. &v c. Ev d. iv

2 3 4 2
A ball is thrown vertically downwards from a height of 20 m

with an initial velocity u, It collides with the ground, loses 50
percent of its energy in collision and rebounds to the same
height. The initial velocity u, is: (Take g= 10 ms~*) (2015 Re)

block is v, then the value of coefficient of restitution(e) will a. 10 m/s b. l4m/s  c. 20 m/s d. 28 m/s
be (2018) 37. Two particles A and B, move with constant motion in
a. 0.8 b. 025 c. 05 d 04 one dimensional with velocities vV, and Vv,. At the initial
) . ) o moment their position vectors are Tt and T, respectively.
33. Two identical balls 'A ar.1d B hgvmg V,elocm?s of The condition for particle A and B for their collision is:
0.5 m/s and —0.3 m/s respectively collide elastically in one (2015 Re)
dimension. The velocities of B and A after the collision i vy
respectively will be: (2016, 1998, 1994, 1991) a. T—-1%=v,-Vv, B |j f| = |q2 q1|
I—T -
a. —0.3 m/s and 0.5 m/s b. 0.3 m/s and 0.5 m/s b 2
c. =0.5m/s and 0.3 m/s d. 0.5 m/s and —0.3 m/s C L.V =5V, d. 5xv, =5V,
\ Answer Key \
1. (¢) 2. (¢) 3. (a) 4. (b) 5. (d) 6. (a) 7. (¢) 8. (b) 9. (¢) 10. (a)
11. (a) 12. (b) 13. (¢) 14. (¢) 15. (a) 16. (d) 17. (¢) 18. (d) 19. (d) 20. (b)
21. (a) 22. (d) 23. (d) 24. (b) 25. (b) 26. (¢) 27. (d) 28. (d) 29. (a) 30. (d)
31. (b) 32. (b) 33. (d) 34. (b) 35. (b) 36. (¢) 37. (b)
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1. (¢) Given:
Ax?
Nx+B ‘

For dimensional consistency:
[V] = [Energy] = ML*T?
Denominator v/x + B

= [B]=[x]=L".

Thus:
PRUTE

r (MLmT*z )2
T

Potential energy V' =

MLI/ZT—Z

— MR
2. (¢) Work done by variable force is
Y
W= j Fdy
Yi

Here,y=0,y=1m
1

j20+10y )dy = [20y+5y2:|
0 0

=20 (1-0)+5(1-0)=25
-§=2i-j+3k

W=F.§=(4i+3j).[zi—j+312]=8—3=5J

=(31+]). [(472)i+(370)j+(7171)1<}
=(3i+j).(zi+3j-2l€)=3(2)+1(3)+0(—2)=9 J
5. (d) Before hitting the ground,

KE =mgx10

Just after hitting the ground
K.E|

K.E,=K.E —05K.E =

~KE,=mgh,

K.E|
2

h,=5m

mg %10

=mgh, =

=mgh,

6. (a) If M = m then maximum amount of
energy is transferred.
7. (¢) Required figure,
u
_——
!
S

l

Particle is released, i.e., its initial velocity
is zero, u = 0 m/s.
Let the height at any instant be ‘h’.

E

Total energy remains conserved at any point.
= KE+PE=E

Total

& Explanations\

=3PE+PE=E_,
—4PE=E

Total

= 4(mgh) = mgS = h =§

Velocity of a particle under free fall is

given by;
S /3g
2 =2
g 4
8. (b)
m
m
v
2m
VI

Net momentum of equal masses = /2mv
By conservation of linear momentum

v
2mv, =2mv= vV, =—=
V2

Total K.E generated

4m/s
From conservation of momentum

m(4)=4/(1x12)" +(2x8)’ > m=5kg

10. (a) Potential energy stored in the spring

:lkxz
2

Now 1k(2) _

&Ek(8)2 =U" (say)

64

= U'= —U—16U

11. (a) F = —kx

12.

13.

14.

(b) Given K, > K,
Case (a): x, =X, =X
w, KX g
—*’:12 =—L=W,>W,
Wo 2k x? Q

5o

Case (b): F, =F,=F
For constant force

2
W:F—:>Woci
2K K
So, —L=—=W,>W,
Q P

(¢) Work done:
W =F-A% =(-2)3)+(3)(0)=—6J
From work energy theorem:
K,=K,+W=10J-61=41.
(¢) Work done by gravitational force
=W, = mgh
=103 x10x10°=107J
Apply work energy theorem

all force Kf - Ki
w O+ W

(conservative)

=K, - K,

(non conservative)

W, W, Emv 20K =0]

=>mgh+W,_ = %mvz

=107 %10 x 1000+ W, :%XIO’3X(50)2

= 10+W_=1.25
.. Work done by air resistance =—8.75J

15. (a) AB=5m

A
2 kgl
u=400m/s 10 cm )
centre of gravity
[ !
bullet raises by 10 cm
m=10 gm Wooden block

Apply conservation of linear momentum
mu+0=mv+MV

OV+2V

1000
0.01v+2V =4 ()
According to conservation of energy
PE at max height = KE at bottom
1

MgH=ExMV2
2x10x% & ! xIxVi=>Vi=2
100

\% =\/ZmS’l

Substituting the value of V in Eq. (i),
we get
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16.

17.

18.

19.

20.

21.

EAAP S v:(4—2ﬁ)100

100

~120 ms™'

(d) F=-0.1 x J/m

According to Work Energy theorem
Work done by all force = K, - K,

= [Fdx =K, K,

30
= I(—O.lx) dx=K; —lx mu’
20 2

2 30
(—)0.1{%} =Kf—%><10><102
20
1
10x2

(] =K, -500

L [400-900] =K, - 500
20

30k 500
20

K;=500-25=4751]

(c) s=2t71
ﬁ —(2t 1) =2 (SI unit)
dt

Instantaneous power, P = Fyv
=5 x 2 =10 (SI unit)

(d) Instantaneous power of the particle,
- -

P=F.V

P=(10{ +10] + 20k). (5 — 3]+ 6k)
P=50-30+120

P=140 W

(d) As the velocity is constant, therefore
net upward force is equal to the net
downward force

=>F=W+f
=20000 + 3000 = 23000 N

1
T

As, Power = E.¥

=23000 x 1.5=34500 W

Tvelocity

(b) Energy = Power x time

=100 % 10° x 3600 =36 x 107 J

(a) Input power, P, = @
t

dm
P, =gh
8 [dtj
P =gh(15) =10 x 60 x 15 = 9000 watt
Again,

POU[ = 100 — 10 Of RH
100

=20 9000 = 8100 watt = 8.1 kW
100
22. (d)
F =21 +3t%
m(LV =2ti+ 3tzj
dt
[av= J'(th + 3t23)dt =i+t
Power = F.V = (2ti +3¢ j)- (% + ') = (26743t ) W

dv
dt

23. (d) P=Fv=mav — k = qv—

= vdv :kdt
m

By integrating the equation

k
.[VdV:J.—dt
m
viok 2kt
S>—="t=
2 m m
I\ %[it%]
dt m

-1
F:ma:m(lj §:F: %: gt7
2 )\'mt V2t V2

24. (b) Pressure = 150 mm Hg

-3
Pumping rate — dV 5x107 2207 mbs
dt 60
Power of heart — dV =pgh x v
dt
-3
- (13.6x10° kg/m‘)(lo)x(o.ls)x > X6100
_13.6x5x0.15 172 watt
25. (b) According to the
given question
T-mg=F,
(centrifugal force)
2
We)
T-mg=m-—"—
r Fc
=T=8mg mg

26. (¢) Let the mass m makes a small angle
‘0’ with vertical Now, at pomt P from

figure .
2 "
T-mgcos6="V" .
T .
.. T=mgcos 6 l ir J
2 . 0 .
+ mv . h —p
r Tre—=l——u
From figure, cos 0 mg
_r—h

T
So T will be maximum when cos 6 will be 1
r—h
S

=1 =>h=0

The tension is maximum when the mass is
at the lowest position of the verticle circle,
so the chance of breaking is maximum.

27. (d) To complete verticle circle minimum
velocity required at lowest point of circle
is 4/5gr . So by conservation of energy.

1
mgh =—mv
& 2

here,V = ,ng%

1 D
somgh=—mx5g—
& 2 gZ

p2D
4

28. (d) Minimum  velocity required at
different points to complete full vertical
circle

4/3gR
V3gR

29. (a) Lmy? = :l[l)vz —8x10°
2 21000

1
v? =(8x107)200 = 26 My
100
v=—ms"
10
Now applying v> —u? = 2as

(1‘:))2 —2a(47R );[s =2(27R ) = 4nR |

_ 16 5 (4 ﬁj
100 100
16 7x100 01 m/s
100 8x22x6.4

30. (d) Before collision:

m m
Vi
G
rest

After collision:
—

OO0k

Now, from conservations of momentum,
Momentum before collision = Momentum
after collision.

my, +(0)=2mv,

my, = 2mv,
v 2
vy o1
v,=2:1
31. (b) From law of conservation of

momentum we have
1’nlul = mIVI + mZVZ

Vv, =m(u-v) .. (D)

n’lZV2 = I'Il]u1 —myv
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From the law of conservation of K.E. we

have

1 [ | 2. 1 2
—_mu-=_myv-+ __myVv

2 171 2 11 272
=>myvS’=m (u’-v?) ... (i)
Dividing (if) with (7)
v,=u, +v, ... (iii)

eliminating v, from (i) and (iii) we get
myu; —m,v

14 LSy, +,
m,

mu, —myVv, =mu+myv,
m, —m

=1 2 u; =v;
ml + m2

Fraction of KE of m, carried by m, is

1 1
> mlulz m1Vl2
2

1

> m1Vl2

2

This is also equal to the fractional transfer
of KE of colliding body.

32.

33.

34.

35.

Now,
AKE _ 4(mm,)
KE  (m +m,)

_ 4(4m)2m  3ppm? g

(4m+2m)*  36m> 9

This fractional transfer is equal to the
fraction of energy lost by A.

(b) Since there is no external force on the
system, so momentum of the system will
remain constant.

v
mv=4mv' = v'=—

_ Velocity of separation

- Velocity of approach
o=V YA 1 405
v v 4

(d) Since both bodies are identical and
collision is elastic. Therefore velocities
will be interchanged after collision.

v, =-0.3 m/s and v, = 0.5 m/s

(b) Energy will always be conserved so
K. E. .. = KE.,  + Excitation energy

initial

2 2 1 2 1 2
S, +Em2u2 =5 mv +5mzv2 +e
(b) In elastic collision energy of system
remains same so
(K.E)

before collision (K )aﬁer collision

36.

37.

Let speed of second body after collision is V

1, 1 (v 1., = . 22
—mv’+0=—m| — | +—m(v) =>v'="Fv
2 2 3 3

(¢) Let ball rebounds with speed V so
v=4/2gh =+2%x10x20=20m/s

Energy just after rebound
E :%xmxv2 =200m

50% energy loses in collision means just
before collision energy is 400m
By using energy conservation

%mvf) +mgh =400m

2%mvﬁ+m><10><20:400m

=v,=20ms"

(b) For the collision, the final position of
both the particle should be same

Shtvit=1+v,t

Sh = (v

- — (— —\|5-5
ot = (v —v)
[vy =V |
h-h V-V
-5 [vy—v|
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Centre of Mass and Motion of Centre of Mass

. Two particles A and B initially at rest, move towards each
other under mutual force of attraction. At an instance when
the speed of A is v and speed of B is 3v, the speed of centre of
mass is: (2023-Manipur)
a. 2v b. zero c.v d. 4v

. Two objects of mass 10 kg and 20 kg respectively are
connected to the two ends of a rigid rod of length 10 m with
negligible mass. The distance of the centre of mass of the

system from the 10 kg mass is : (2022)
10 20
a. Sm b. ?m c. ?m d. 10 m

. 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 c. 80 cm d. 33 cm

. Three identical spheres, each of mass M, are placed at the
corners of a right angle triangle with mutually perpendicular
sides equal to 2 m (see figure). Taking the point of intersection
of the two mutually perpendicular sides as the origin, find
the position vector of centre of mass. (2020-Covid)

]
M

2m

M

ME——> B
2m i

a. (f+j) b. %(ﬁ]) c. %(I+3) d. 2(f+])
. Which of the following statements are correct?

A. Centre of mass of a body always coincides with the centre
of gravity of the body

B. Centre of gravity of a body is the point at which the total
gravitational torque on the body is zero

C. A couple on a body produce both translational and
rotational motion in a body.

D. Mechanical advantage greater than one means that small
effort can be used to lift a large load (2017-Delhi)

a. AandB b. BandC c¢. CandD d. Band D

System of Particles

and Rotational Motion

6. Two spherical bodies of mass M and 5M and radii R and
2R are released in free space with initial separation between
their centers equal to 12R. If they attract each other due to
gravitational force only, then the distance covered by the
smaller body before collision is: (2015)

a. 4.5R b. 7.5R c. 1.5R d. 2.5R

Angular Displacement, Velocity and Acceleration

7. Let o, o, and o, be the angular speed of the second hand,
minute hand and hour hand of a smoothly running analog
clock, respectively. If x, x, and x, are their respective angular
distances in 1 minute then the factor which remains constant
(k) is (2024 Re)
p OL_© 5

X X
b, OX = 0yX, =03x; =k
c. o =03 = yx; =k

8. The angular acceleration of a body, moving along the
circumference of a circle, is: (2023)
a. along the axis of rotation
b. along the radius, away from centre
c. along the radius towards the centre
d. along the tangent to its position

9. The angular speed of a fly wheel moving with uniform
angular acceleration changes from 1200 rpm to 3120 rpm in
16 seconds. The angular acceleration in rad/s? is : (2022)
a. 104n b. 2n c. 4n d. 12n

10. The angular speed of the wheel of a vehicle is increased from
360 rpm to 1200 rpm in 14 second. Its angular acceleration

is. (2020-Covid)
a. 28w rad/s? b. 120x rad/s?
c. 1rad/s? d. 2m rad/s?

11. 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 center. It is subjected to a torque which
produces a constant angular acceleration of 2.0 rad s2. Its net
acceleration in ms at the end of 2.0's is approximately:

(2016 - 1)
a. 8.0 b. 7.0 c. 6.0 d. 3.0
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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: (2015 Re)
@y
NG
i ]P b
L

a x=—T2- b x—_mL

m, +m, m, +m,
c. x="hy d x="p

m, m,

Moment of Inertia, Theorem of Parallel

and Perpendicular Axis and Energy in Rotation

13.

14.

15.

16.

17.

18.

The radius of gyration of a solid sphere of mass 5 kg about
XY is 5 m as shown in figure. The radius of the sphere is

5x

~— m, then the value of x is: (2024 Re)
7 X
Y
a. 5 b. V2 c. 3 d. 5

The moment of inertia of a thin rod about an axis passing
through its mid point and perpendicular to the rod is 2400 g
cm?. The length of the 400 g rod is nearly: (2024)
a.20.7c¢cm  b. 720cm c. 8.5¢cm d. 17.5 cm

The ratio of radius of gyration of a solid sphere of mass M and
radius R about its own axis to the radius of gyration of the thin
hollow sphere of same mass and radius about its axis is: ~ (2023)
a. 5:2 b.3:5 c.5:3 d. 2:5

An energy of 484 J is spent in increasing the speed of a
flywheel from 60 rpm to 360 rpm.

The moment of inertia of the flywheel is (2022 Re)
a. 0.07 kg-m? b. 0.7 kg-m?

c. 3.22 kg-m? d. 30.8 kg-m?

The ratio of the radius of gyration of a thin uniform disc about
an axis passing through it centre and normal to its plane to the
radius of gyration of the disc about its diameter is:  (2022)

a. ;M2 b.2:1 c. \/2:1 d. 4:1

From a circular ring of mass 'M' and radius 'R' an arc
corresponding to a 90° sector is removed. The moment of
inertia of the remaining part of the ring about an axis passing
through the centre of the ring and perpendicular to the plane of

the ring is 'K' times "MR?'. Then the value of 'K' is: (2021)
a. 7 b. ! c. 1 d. 3
8 4 8 4

19.

20.

21.

22.

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)
a. W, >W >W_ b. W, >W_>W_

c. W.>W . >W, d W,>W.>W,

A solid sphere of mass m and radius R is rotating about its
diameter. A solid cylinder of the same mass and same radius
is also rotating about its geometrical axis with an angular
speed twice that of the sphere. The ratio of their kinetic

energies of rotation (B pere / E_iner) will be: (2016 - 1)
a. 1:4 b. 3:1 c.2:3 d1:5
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 - 1)
a. 15MR¥/32 b. 13MR?%/32
c. 1IMR?%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 to third
shell. Moment of inertia of the system consisting of these

three spherical shells about XX’ axis is: (2015)
X
XV

a. 3mr? b. 16 /5mr* ¢ 4mr? d. 11/5 mr?

Torque, Angular Momentum and its Conservation

23.

24.

25.

A constant torque of 100 N m turns a wheel of moment
of inertia 300 kg m? about an axis passing through its
centre. Starting from rest, its angular velocity after 3s is:

(2023-Manipur)
a. 1 rad/s b. 5rad/s c. 10 rad/s d. 15 rad/s
A uniform rod of length 200 cm and mass 500 g is balanced

on a wedge placed at 40 cm mark. A mass of 2 kg is suspended
from the rod at 20 cm and another unknown mass 'm' is
suspended from the rod at 160 cm mark as shown in the figure.
Find the value of 'm' such that the rod is in equilibrium.

(g=10 m/s? (2021)
0 20cm 40cm 160 cm
A
2 kg | m |

1 1 1 1
a. =k b. —k c. —k d. =k

3 g 6 g 12 . 2 £
Find the torque about the origin when a force of 3 N acts on

a particle whose position vector is 2 km.
a.6jNm b.—6iNm ¢ 6kNm

(2020)
d. 6 Nm
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26.

27.

28.

29.

30.

31.

32.

33.

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 2z revolutions is (2019)
a.2x10°Nm b. 2x10°Nm
c. 12x10*Nm d. 2 x10°Nm

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. Rotational kinetic energy b. Moment of inertia

¢. Angular velocity d. Angular momentum

The moment of the force, F =4i + 53 —6k at(2,0, -3), about

the point (2, -2, —2) is given by (2018)
a. —71-8j—4k b. —4i—j-8k
c. -8i-4j-7k d. —7i-4j-8k

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-Delhi)
a. 0.25 rad/s? b. 25 rad/s?
c. 5m/s? d. 25 m/s?

Two rotating bodies A and B of masses m and 2m with
moments of inertia I, and I, (I, > 1,) have equal kinetic
energy of rotation. If L, and L be their angular momenta
respectively, then: (2016 - 1I)
LB
2
An automobile moves on a road 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 kgm?. If the vehicle
is brought to rest in 15 s, the magnitude of average torque
transmitted by its brakes to wheel is: (2015 Re)

a. 2.86 kg m*/s? b. 6.66 kg m%/s?
¢. 8.58 kg m?/s? d. 10.86 kg m?/s?

al,>L, b L >L c L= d. L,=2L,

A force F=oi+3]j+9k is acting at a point T =2i—6j—12k .
The value of a for which angular momentum about origin is
conserved is: (2015 Re)
b. -1 c.2 d. Zero

A mass m moves in a circle on a smooth horizontal plane
with velocity v, at a radius R. The mass is attached to a
string which passes through a smooth hole in the plane as
shown.

a. 1

Vo

8

The tension in the string is increased gradually and finally m

moves in a circle of radius R, . The final value of the kinetic
- 2
energy is: (2015)

a. %mvg b. Zng C. %mvé d. mV(Z)

34.

3s.

36.

37.

38.

39.

40.

41.

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 rev/s? is: (2014)

a. 25N b. S0N c. 785N d. 157N
Rolling Motion

A wheel of a bullock catt is rolling on a level road as shown in

the figure below. If its linear speed is v in the direction shown,
which one of the following options is correct (P and Q are any

highest and lowest points on the wheel, respectively)? (2024)
P
v
e
0

a. Both the points P and Q move with equal speed.

b. Point P has zero speed.

c. Point P moves slower than point Q.

d. Point P moves faster than point Q.

A disc of radius 2 m and mass 100 kg rolls on a horizontal
floor. Its centre of mass has speed of 20 cm/s. How much
work is needed to stop it? (2019)
a. 3] b. 30 kJ c.2] d 1]

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)
a. 10:7 b. 5:7 c. 7:10 d.2:5

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 w,. They are brought into contact
face to face coinciding the axis of rotation. The expression for
loss of energy during this process is: (2017-Delhi)

a. %I(QI "oy’ b. 10, - o7

1
C. gl((})l — 0, )2

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? (2016 - 1)

a. Disk
b. Sphere
c. Both reach at the same time

1
d. El(ml -, )2

d. Depends on their masses

The ratio of the accelerations for a solid sphere (mass m and
radius R) rolling down an incline of angle ‘0’ without slipping
and slipping down the incline without rolling is: (2014)
a.5:7 b. 2:3 c.2:5 d.7:5

Small object of uniform density rolls up a curved surface

with an initial velocity v. It reaches up to a maximum height
2

3
of

4g with respect to the initial position. The object is:

(2013)
a. Disc
c. Solid sphere

b. Ring
d. Hollow sphere
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1. (b) 2. (¢) 3. (b)

11. (a) 12. (a) 13. (d)

21. (b) 22. (¢) 23. (a)

31. (b) 32. (b) 33. (b)

41. (a)

1. (b) Since net external force on system is zero.

Final velocity of centre of mass = Initial
velocity of centre of mass = 0.

2. (¢)
10 kg 20 kg
@ @
0,0) - 1om  (10,0)
X _mx +m,X,
M m +m,
20x10 20
= = ==
MT20+10 3
3. (b) Here, we have two masses let m = 5

kg, m, = 10 kg. For two bodies system

By using x_ = my X, +moXy
¢ m, +m,

_ 5x0+100x10 200

——=66.66cm
5+10 3

. (b) We have three identical spheres, each

of mass M

J
M(0,2)

M(0,0) M(2,0)

MIXI +M2X2 + I\/I3)(3
M, +M, + M,

. M,Y, + MY, + M.Y.

Similarly, Y, = Gy ML Y, + MY

¢ M, +M, + M,
_Mx0+Mx2+Mx0 2
cm 3M 3
Mx0+Mx2+Mx0 2
ch: = —
3M 3

Using X =

X

Position vector 73{ +EA‘ = 7(1 + A')
3 3J 3 ¢

. (d) Centre of mass may lie on centre of

gravity net torque of gravitational pull is
zero about centre of mass.

Load

Effort

Mechanical advantage = >1

Load > Effort

4. (b)
14. (¢)
24. (¢)
34. (d)

\ Answer Key \

5. (d) 6. (b) 7. (a)
15. (None) 16. (b) 17. (¢)
25. (b) 26. (a) 27. (d)
35. (d) 36. (a) 37. (b)

\ Explanations\

6. (b) Here, we have two spheres of mass m

and 5m
(9R —x)

=

Initial distance between their centers
=12R

At time of collision the distance between
their centers = 3R

So total distance travelled by both = 12R
-3R=9R

Since the bodies move under mutual
forces, center of mass will remain
stationary so

mx, =mx,=mx = 5m(9R - x)

X =45R — 5x = 6x =45R

4
X =—5R=7.5R
6

7. (a) Angular Speed (®):

o, (second hand):zl rad/s (completes
27 in 60s).

®, (minute hand) - 2n rad/s
(completes 2w in 3600s). 3600

®, (hour hand) = 432%0 rad/s (completes
27 in 43200s).

Angular Distance in 1 Minute (x):

x = % 60 (since 1 minute = 60s).

x, = 2n rad (second hand completes full
circle).

X, = 27 g (minute hand moves Lth
2760 60
of a circle).
X zzi rad (hour hand moves
720

L th of a circle).
720

18.
28.
38.

10.

(a) 9. (c)  10. (d)
@  19. ()  20. (d)
@  29. b)  30. (a)
(@)  39. (b)  40. (a)

For the second hand:

27
o _60_ 1
x  2m 60
For the minute hand:
2n
© 3600 _ 1
Xy 2 60
60
For the hour hand:
2n

©3 43200 _ 1
X3 2m 60
720

All ratios equal L SO f = 1 isconstant.
60 60

Hence, options 1 is correct.

. (a) The angular acceleration direction is

given along angular velocity or opposite
to angular velocity depending upon
whether angular velocity magnitude is
increasing or decreasing and this direction
remains along the axis of circular motion.

. (€) o=, ot

W — O
0=O=%
t

where o, = 1200 rpm = 1200 x 2 rad/s
0

3120

and ® = 3120 rpm = x 27 rad/s

o = 47 rad/s?

(d) Initial angular speed of wheel, ,
=2nf,
=27 X 360 rad/s = 12 rad/s

Final angular speed of wheel, o = 2nf

1200

=2 X rad/s = 40mw rad/s.

Hence, t = 14 sec, Now, © = o+ at
~ 0-0, 40n-12n  28=n
>4 — = =—
14 14

= 2w rad/s?
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11. (a) Particle at periphery will have both
radial and tangential acceleration
a=Ra=0.5x2=1ms?

Final angular speed, o = o, + at
®=0+2x2=4rad/sec
a,=0’R=4)x05=16x0.5=8ms”

A =42 +al =17 +8> ~8ms™

12. (a) The position of point P on rod through
which the axis should pass so that the
work required to set the rod rotating with
minimum angular velocity o, is their
center of mass so

mx :mZ(L—x):> X = m,L
m, +m,
13. (d) Moment of inertia about XY

I,=1,,+mR

For a solid sphere: /., = ngZ
Thus: 5
Loy “ 2R R = LR
5 5
But 7, =mk*:
%mRz =m(5)*

_ 25x5
7
RSB _sx
NGl
Thus, x=4/5.
14. (¢)

RZ

ML’
A

2 2
ME 00 = 225 2400
12

_ 2400x12
400
= [=~12 = L=85cm

15. (None)
Radius of gyration of a solid surface,

2
Ko=y3R

Radius of gyration of a hollow surface,

2
KH:\/;R
jgzﬁzﬁ

K, V5 5

16. (b) Initial angular speed, ®, = 60 rpm

=60 x zi =2n rad/s
60

= 2 =72

Final angular speed ® )= 360 rpm

=360 x 2—n =127 rad/s
60

Energy spent = AKE = %1 (o) -0}
1
486 = — X 1x [(120 - 20’

2x 486
1= 2
140m

17. (¢) Moment of inertia of the disc about an
axis perpendicular to the disc of passing
through the centre.

~ 0.7 kg-m?

i
f, <0R%
2
Moment of inertia of the disc about an
axis in the plane of the disc and passing
through the centre.

mR?
Iz = T

k I 2
:>1—\/T— mRZ/Z:\/E:I
ky VI, VmR-/4

18. (d)

After removing on
arc of 90° sector

90°

Mass of new ring, M'=M
Radius, R
Required moment of Inertia, I, = M’R?

_M_3M
4 4

M 3
le :(TJRZ :>IR ZZMRZ

So, value of ‘K’ is 3 y
4

Hence, correct option is (d).

19. (¢) From work energy theorem, to stop
the system

W, = %Iwz => W, ol
[.>,>[=>W.>W,>W,
20. (d) K’Erolalion = llmz
2

Esphere = lIS(JJ2 = l X EMR2 X (DZ
2 5

2
2
Ecylindcr = l [C (2(,0)2 = l X MR X 4(02
2 2 2
Esphel’e — l
cylinder 5

21. (b)

Mass per unit area of disc = M/mnr?
Mass of removed portion of disc

M (RJZ M
£ «xl R =M
nR? 2 4

Moment of inertia of removed portion about
an axis passing through centre of disc.

p-1.M [RJZ M (R)Z
0 —X—X| — | +—X%| —
27472 4"\ 2

, _ 3MR?
r,=
32
Moment of inertia of disc with removed
portion is
1=1,-1/
2 2
1= lype 3MR® _ _ I3MR
2 32 32
X
22. (¢)
1
2 3
X'

IXX, = 11 + I2 + 13
gmr2 +[gmr2 +mr2j+[gmr2 +mr2j
3 3 3

(Using parallel axis theorem)
=1 =2mr’+2mr* = 4mr’

23. (a) The torque acting on the wheel,

t=lo = a= E:mzlrad/sec2
I 300 3
We have given that initial angular speed
iS zero, so
®,=0

1
oa/.:wi+oct:0+ —x3

0= 1 rad/sec

2. (©)

< ;; >

‘20 m' E‘ 60 cm '"
! 05¢g
: mg
2g : |
h 120cm

For balanced torque, net torque on the
system will be zero
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2gx20=0.5g x 60 +mg x 120 = 40
=0.5%60+120m

=40-30=120m=10=120m

—>1=12m = m=-L kg
12

25. (b) F=3jN,f=2k
T =FxF = 2kx3j=6(kx]) = 6(-i)
T=-6iNm

26. (a) angular displacement, 0 = 2w revolution
0 =2n x 21t = 4n’rad

o; =2xf = 2Tc><irad/s wf =is71
60 60

oy =0

Work energy theorem.

W :%l(m% 7miz) :719:%X%m2(027mi2)

2
2
lxlx2(4x10‘2) (—3x2—“j
22 60

47

=1=2x10°Nm

27. (d) As 1., =0 Angular momentum will
remain conserved.
28. (d) Torque,
T =TxF [T is position vector and F is force]
= (0i+2j—k)x (4i+5]—6k)
T=-71—4)-8k
29. (b) Hollow cylinder is equivalent to ring
I. =MR?

ring

t=1Ia .. ()
1=FR .. (i)
Iao =FR
MR?a = FR = MRo = F
q:73$ = o =25 rad/s?
MR 3x40x107
30. (a)
2 2
K/\ :KBji:i
20, 21,

As I,>1, So, I, <L =L, <L,=>L,>L,
31. (b) Velocity of the automobile
V:54Xi:15 ms™
18

mo=l=1—5=@rad/s
R 045 3

So angular acceleration

a:@:u:_@rad/y
t t 45

r:Ia=3x%=6.66 kgm?/s’

32. (b) Since, net torque is zero, so angular
momentum is conserved

T=FxF=0 (—12+12a)] + (6+60)k = 0
=Sa=-1

33. (b) Angular momentum remains constant
because of the torque of tension is zero.

So, initial angular momentum = final
angular momentum

R
=1L :Lf:mvoR:mvz
=v=2v,

KE, = %m(ZVO)2 = 2mvé

M4.d 2

Here, mass of the cylinder, M = 50 kg
Radius of the cylinder, R =0.5 m
Angular acceleration, a = 2 rev/s?
=2x2nrad s?=4nrad s
Torque t=TR
Moment of inertia of the solid cylinder
about its axis,

1

I=-MR®
2
.. Angular acceleration of the cylinder
o MR
1 lMRZ
2
T= M?a _ 50><0.25><47t 157N

35. (d) In case of rolling, the velocity of the
point of contact with the surface is zero.

Also, the velocity of the point at the
highest point of the rolling body is twice
the velocity of COM of the body.
So, point P moves faster than point Q.
36. (a) Work needed = change in kinetic energy
Here, Final KE =0
- 1 o, 1.5 3 5
Initial KE = —mv” +—lo" =—mv
2 2 4

( 1= lmr2 ando = XJ
2

T
:%XIOOX(ZOXIOQ)Z:M

work needed =3 J

37. (b) e -2
K

5
.’ 1 2 7
—mv’ +—x-mR> V—z
2 2 5 R
38. (a) External torque = zero
By conservation of angular momentum

Lo +Lo,= +Do

[ =1=1
0)=0)1+C02
2
KE1=11mf+lIm§
2 2

KE, = %(21)(,)2

2
KE, = I[L “‘)2}
2
1 2
AKE = ZI[col - o,]

39. (b) Time taken by the body to reach the
bottom when it rolls down on an inclined

[t, is time taken by disk and t _is time
taken by sphere]

40. (a) For rolling motion without slipping
on inclined plane

_ gsin0
4= 7 [0 is the angle of inclined
K
1+ R
plane with the ground]
And for slipping motion on inclined plane
a,=gsin0
1 1 5
Required ratio = L -2 7
a, 1+ 1+2 7
R 5

41. (a) From conservation of mechanical energy

2
= %mv2 {1 +E2] =mgh

1, K’ 3v? K> 1
S—mv | l+— |=mg|-—— |=>—5=
2 R 4g R* 2

.. The object is a Disc
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Kelper's Laws and Dynamics of Planetary Motion

1. The kinetic energies of a planet in an elliptical orbit about the
Sun at positions A, B and C are K,, K, 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)

B
G
S
a. K, <K, <K, b. K, > K, > K,
c. K, <K, <K, d K, >K, > K,

2. 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., T? = Kr?
here K is constant. If the masses of sun and planet are M
and m respectively then as per Newton’s law of gravitation

4 . M
force of attraction between them is F= 2m here G
r
is gravitational constant. The relation between G and K is
described as: (2015)
a. GMK = 472 b. K=G
Kok d. GM=4m
G

3. 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
(2011 Mains)

the ratio is
2 2
. H b : H 0 o
1Y) 4 i} 1Y)
Newton’s Law of Gravitation
& Acceleration Due to Gravity

4. The mass of a planet is %th that of the earth and its diameter

is half that of the earth. The acceleration due to gravity on
that planet is: (2024)

a.49ms? b. 392ms? ¢ 19.6ms? d. 9.8 ms?

5. The mechanical quantity, which has dimensions reciprocal of
(2023-Manipur)

mass (M) is:
a. angular momentum
b. coefficient of thermal conductivity

Gravitation

c. torque
d. gravitational constant

. If R is the radius of the earth and g is the acceleration due

to gravity on the earth surface. Then the mean density of the

earth will be (2023-Manipur)
a nRG b, 3nR .. 3g d 4nG
12g 4¢G 4nRG 3gR

. A gravitational field is present in a region and a mass is

shifted from A to B through different paths as shown. If W,
W, and W, represent the work done by the gravitational force

along the respective paths, then: (2022 Re)
1
2
A B
a. W <W<W, b. W =W =W,

. W, >W,>W, d W, >W,>W,

. If the mass of the Sun were ten times smaller and the universal

gravitational constant were ten times larger in magnitude,
which of the following is not correct? (2018)

a. Time period of a simple pendulum on the Earth would
decrease

b. Walking on the ground would become more difficult
c. Raindrops will fall faster
d. ‘g’ on the Earth will not change

Variation in g Due to Altitude, Depth
and other Factors

. An object of mass 100 kg falls from point 4 to B as shown

in figure. The change in its weight, corrected to the nearest

integer is (R, is the radius of the earth) (2024 Re)
A
%
2y |2R,
B
ground g=10ms?
a. 499N b. 89N c.5N d. 10N
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11.

12.

13.

14.

15.

16.

17.
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A body weighs 72 N on the surface of the earth. What is the
gravitation force on it, at a height equal to half the radius of
the earth? (2020)
a. 32N b. 30N c. 24N d. 48N

What is the depth at which the value of acceleration due to

. 1 .
gravity becomes — times the value that at the surface of
n

earth? (radius of earth = R) (2020-Covid)

a. R . Rn c. R d. R
n (n—1) n n’
A body weighs 200 N on the surface of the earth. How much
will it weigh half way down to the centre of the earth? (2019)
a. 150N b. 200 N c. 250N d. 100N
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-Delhi)
a.d=1km b, d:%km
c. d=2km d. d:%km
Starting from the center of the earth having radius R, the
variation of g (acceleration due to gravity) is shown by:
(2016 - 1)
T TA
a © b. £ —L
0 R r% Y R ﬁ
c. © d
O R — O R —

Gravitational Intensity, Potential
and Potential Energy

Two bodies of mass m and 9m are placed at a distance R. The
gravitational potential on the line joining the bodies where
the gravitational field equals zero, will be (G = gravitational

constant): (2023)
~ 20Gm _8Gm _12Gm ~16Gm
a TR b. TR ¢ TR d. R
In a gravitational field, the gravitational potential is given by,
)
X
The gravitational field intensity at point (2, 0, 3)m is: (2022)
a. +5 b. +5 c. —E d. —E
4 2 2 4
A body of mass 60 g experiences a gravitational force of

3.0 N, when placed at a particular point. The magnitude of

the gravitational field intensity at that point is: (2022)
a. 180 N/kg b. 0.05 N/kg
c. 50 N/kg d. 20 N/kg

18

19.

20.

21.

22.

Gravitation @

. Match List-I and List-II (2022)
List-I List-I1
A. Gravitational constant (G) (i) [L*T?]
B. Gravitational potential Energy (i) [M™'L3T?2]
C. Gravitational potential (iii) [LT?]
D. Gravitational Intensity (iv) [ML?T?]

Choose the correct answer from the options given below:

a. A-(iv), B-(ii), C-(i), D-(iii)

b. A-(ii), B-(i), C-(iv), D-(iii)

c. A-(ii), B-(iv), C-(i), D-(iii)

d. A-(ii), B-(iv), C-(iii), D-(i)

The work done to raise a mass m from the surface of the earth

to a height h, which is equal to the radius of the earth, is:
(2019)

1 3
a. mgR b. 2mgR C. Eng d. Eng
At what height from the surface of earth the gravitation
potential and the value of g are -5.4 x 107 J kg' and
6.0 ms respectively. Take the radius of earth as 6400 km:
(2016 - 1)
a. 2600 km b. 1600km c. 1400km  d. 2000 km

Dependence of intensity of gravitational field (E) of earth
with distance (r) from center of earth is correctly represented
by: (2014)

! !
R
a. o /» b. o) = =
E !
c. O d.
NS © R >

Infinite number of bodies, each of mass 2 kg are situated on
x-axis at distances 1 m, 2 m, 4 m, 8m, ..... respectively, from
the origin. The resulting gravitational potential due to this

system at the origin will be: (2013)
a. 4G b -G ¢ 3¢ a4 _4g
3 3
23. A body of mass ‘m’ taken from the earth’s surface to the
height equal to twice the radius (R) of the earth. The change
in potential energy of body will be: (2013)
a. éng b. 2 mgR c. %ng d. 3 mgR

24

Satellite, Orbital Velocity and Escape Velocity

. The escape velocity for earth is v. A planet having 9 times

mass that of earth and radius, 16 times that of earth, has the
escape velocity of: (2024 Re)
4 2
3

a. b.

=2
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25.

26.

27.

28.

29.

30.

The minimum energy required to launch a satellite of mass m
from the surface of earth of mass M and radius R in a circular
orbit at an altitude of 2R from the surface of the earth is:

(2024)
GmM GmM
a. — b. ——
2R 3R
5GmM 2GmM
c. d.
6R 3R

A satellite is orbiting just above the surface of the earth with
period T. If d is the density of the earth and G is the universal

3n
constant of gravitation, the quantity Gd represents: (2023)
a T b. T c. T2 d T

The escape velocity of a body on the earth surface is 11.2
km/s. If the same body is projected upward with velocity
22.4 km/s, the velocity of this body at infinite distance from
the center of the earth will be: (2023-Manipur)

a. 11.2+/2 km/s b. Zero

c. 11.2 km/s d. 11.24/3 km/s

The escape velocity from the Earth’s surface is v. The escape
velocity from the surface of another planet having a radius,
four times that of Earth and same mass density is:  (2021)
a. 2v b. 3v d. v

A particle of mass ‘m’ is projected with a velocity v = kV,
(k < 1) from the surface of the earth. The maximum height

c. 4v

above the surface reached by the particle is: (2021)
2 2
R( k j Rk
1+k 1+k

Rk?
-k

2
d. R(Lj
1-k
The ratio of escape velocity at earth (v ) to the escape velocity
at a planet (v ) whose radius and mean density are twice as

31.

32.

33.

34.

35.

A satellite of mass m is orbiting the earth (of radius R) at a
height h from its surface. The total energy of the satellite in
terms of g, the value of acceleration due to gravity at the

earth’s surface, is: (2016 - 1I)
2
o 2mgR’ b 2mgR
R+h R+h
c. MER® _ _mg,R*
2(R+h) 2(R+h)

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 m/s?, then the

orbital speed of the satellite is: (2015 Re)
a. 6.67 km/s b. 7.76 km/s
c. 8.56 km/s d. 9.13 km/s

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 Re)

a. The acceleration of S is always directed towards the center
of the earth.

. The angular momentum of S about the center of the earth
changes in direction, but its magnitude remains constant.
c.
d.
Ablack 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 10** kg) have to be

The total mechanical energy of S varies periodically with time.
The linear momentum of S remains constant in magnitude.

compressed to be a black hole? (2014)

a. 107 m b. 10°m c. 10m d. 100 m
Weightlessness

Two astronauts are floating in gravitational free space after

having lost contact with their spaceship. The two will:
a. Move towards each other (2017-Delhi)

b. Move away from each other

that of earth is: (2016 -1 c. Will become stationary
a. 1:2 b. 1:242  c. 1:4 d. 1:2 d. Keep floating at the same distance between them
\ AnswerKey \
1. (b) 2@  3.(b) 4 (b 5.d 6 () 7 (b 8. (d 9 (@ 10. (a)
. @ 12 13. () 14(@ 15 () 16 (d) 17. ¢) 18. (¢) 19. (©)  20. ()
M. (@) 22 () 23 (c) 24.(c) 25 () 26 () 27.(d) 28 (c) 29.(c) 30. (b
3. (d) 32 (b) 33 (2 - 34 35 (a)
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& Explanations\

1. (b) When a planet revolves around the 7. (b) Gravitational force is a conservative As the new acceleration due to gravity

sun its angular momentum is conserved

force work done by a conservative force

1 ..
becomes — times,

= mvr = constant does not depend on the path. n
. Thereft =W, =
v oo [~ mass is constant] erefore, W, =W R 2 E_ g[l - S]
r GM n n R
8. g=
Asrt, <1, <1, R? (n-1)R
=W, >V B, If universal constant becomes =d= n
hence 10 times, then 12. @)
KA>KB>KC G’ =10G g
) New acceleration due to gravity is g’
. (a) sz =Kr’ given . ()

As the planet revolves in nearly circular
orbit
Circumference of the orbit

Time Period=

_G'M _, 10GM
ah-eall ey

So g on earth surface will change

= g'=10g

Orbital speed 9. (a) Given:
2nr | . GM Mass m =100 kg, Acceleration due to gravity at a depth d
Tt = v | orbital speed V, = T At point A: Height 7 = 2R, from surface of earth
P
2rrt’? At point B: Height / :%, g':g(l_gj )
JG g=10m/s%.

~ JGM
T = 2mr?
" JGM

Squaring Eq. (ii), we have

(i)

(-1) of M.
. (¢) Acceleration due to gravity on the
earth surface,

4 3g
= 2 GRp,r= —%_
73T 4 GR

11.

Gravitational acceleration at height 4:

R 2
r_ E
¢ g(RE*'h]

(a) Inside the earth at depth d from the
surface

d
Sy =8 I_E

Here g = acceleration due to gravity at
earth’s surface

Multiplying by mass ‘m’ on both sides of a.

L, 4nr mg‘:mg(l—iJ ; (d=5j
T =um AtA (h=2R,): 3 2
K 24w g, =% :200[1—5}@:1001\1
GM 9 2R )02
- 47° 3R, 13. (¢) Acceleration due to gravity at a height
K= AtB (h = Tj : 1 km above earth’s surface
. (b) According to the law of conservation 2 a, = g[l _ &} - g[l _ﬁ} - g[ _ 3}
of angular momentum R R R
L =L, gz=g Re — 4_g Acceleration due to gravity at depth ‘d’
mv,r, =mv,r, = v,I, = Vv,r, R 3R 25 below earth surface
2 E + - =
w5 : =g 1-5]
v, 1 Change in weight: ¢ R
4%x10 10 Voay=ay
4. ) o=M_9g8ms () AW =m(gz —g,4)=100 -—
8= 25 9 2 d
R =gll- e gll-—
Now for Planet, =49 N
M'=2_ p'== [Dis diameter of earth] 10. (a) Initial weight on the surface of earth
10 2 W =mg=72N 14. (d) For0<r<R,
1
. R GM,
. R‘=E Weightofthebodyataheighth=% gz[ R3°]r =gxr
. . m 72N 7 .
Now’g.:GMZZGMXj:iXGA;I W, =mg'=—"8 - 7574 Forr>R,
(R)* 10xR*> 10 R b 1. R/2 GM, 1
R R g="3 =g =
Substitute value of M from equation (7)
2 cge 8 15. ()
e R
' = 0.4 x 9.8 m/s? = 3.92 m/s? (1 +h)2 « _,
. (d) Gravitational constant = [M LT ?] R e g N
So, gravitational constant has power of W,=32N «— om
X

Let the gravitational field is zero at a
distance x from the mass m.

Gm _GY9m
x> (R-x)’
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16.

17.

18.

19.

20.

= R-x=3xor X:E
4

Gravitational potential at 3
4

4Gm 12Gm _16Gm
R R R

(d) The gravitational potential,
v(x) = _K
x

- _dv__d(-k
€ dx dx\ x

R
K -
Eg =— —;
x2

KK

2? 4

(¢) Gravitational field intensity is

_F__ 3

T m 60x107
[+ m=60g =60 x 10°kg]

(¢) Gravitational constant = [M LT 2]

Gravitational potential energy = [ML*T?]

5
Now |Eg (2,0,3)] =

I

. =50N/kg

Gravitational potential = [L*T?]
Gravitational intensity = [LT2]

(c)

Initial gravitational potential energy
~GMm
R
Final gravitational potential energy at
height h=R
U, = —GMm
(R+R)

U=

As work done = Change in PE
L W=U,-U,

_ GMm _ ngm _ mgR
2R 2R 2

(a) Magnitude of Gravitational Potential
at a height h

( GM = ng)

GM .
= =54x10"JKg"' .. ()
R+h 5
= GM 5 =6m/s’ (ll)
(R+h)

21.

22.

23.

24,

Dividing eqn. (7) by (i)

)
SAXN0 6 9%107m =9000 km

(R+h)=

h =9000 km — 6400 km = 2600 km

(a) Gravitational field intensity

s -GM
For a point inside the earth E = ¥ !
For a point outside the earth E = _GZM
T

Where —ve sign indicates that the
gravitational field is attractive

E R r

-E

Accurate graph to show variation of E with r

(a) Total Gravitation Potential

:V:_GM+(_GM)+
b L

=V=-G(2) E+%+%+%+..}

Because it forms geometric progression
and for a geometric progression

L V==2G xS,
=-2G x2=-4G
(¢) Change in gravitational P.E. = U-U,

GMm (

(¢) Given:

Escape velocity for Earth = v.

For the planet:

Mass (M) = 9M, (where M, is Earth’s
mass),

Radius (R) = 16 R, (where R, is Earth’s
radius).

Escape velocity,

2GM
V, =, [——
R

Therefore,
(), [m, =,
(ve)e Rp M,
(ve), fom, & [9 3
= X = [— =—
v 16R, M, 16 4
3
(ve)pzzv

25. (¢) (TE)

26.

27.

28.

29.

.= PE of satellite
initial

_ —GMm
R

(T.E)

final

=P.E of satellite + K.E of satellite
2
~GMm 1 GM —GMm
= + _ml|.fj— | =
\ 3R 6R

3R 2

Minimum energy required

= ~GMm + %

6R R
_ —GMm+6GMm _ 5GMm
- 6R ~ 6R

(¢) Time period of satellite

@V, = v -V2
We have given that,
V=2V,

So, By using the above formula,
V., =@Vv,)? -2
V., =3V, =11.24/3 kin/s

(c) Escape velocity from the earth’s

surface is,

V=\/2G7M :>V=\/§xinR3p
R 3

R
*> Mass = Volume x density

.'.M:inR3><p
3
= VxR

= v = R =V =4V
. 4R ¢
(¢) Given,
v =Ky,
where,
2GM

v, = escape velocity =

Let maximum height reached above the
surface of earth be ‘h’.
Total energy remains conserved at each
point.

Total energy at the surface of earth
= Total energy at height h
- lmv27M207 GmM
(R+h)

2 R

[+ at max™ height, velocity becomes zero.]
1, GmM | GmM

T2™ TR T (R+h)

_GmM _ GmM

1
~m(KV,)? =
R Ty R
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R
)

= RK2+hK?=h

(R+h)
RK’®
=h= >
I-K
30. (b) v, =/2gR
GM G 4 _;
=——=—x—7nR"d,
TROR 3
Where d is density
= g:%nGdR

= v, :J2x§nGdR.R :\EnGdRz

8 >
Vv, = gnsz(zk) [d,=2d,R, =2R]

V 1 1

e _

v, 8 22
31. (d) PE of the satellite at a height h
_ —GMm
R+h

2
KE:lm GM
2 R+h

{ Orbital velocity =

GM}
R+h

GMm

2(R+h)

GMm
2[R +h]

g - ZGMm |
R+h
~ -GMm R’

2(R+h)R*>

_ _chnRZ
2[R +h]

32. (b) For the satellite revolving around
earth

V_\/GMS [ oM, [ gR,
R

Re+h) \/R [1+hj \/1+£
‘U R, R,

33.

34.

35s.

Gravitation @

Substituting the values

v, =v60x10° m/s

v, =7.76 X 10° m/s
=7.76 km/s

(a) Acceleration due to earth to the
satellite is centripetal, hence directed
towards centre.

Angular momentum conservation holds
good for comparable masses but
M __ >M

earth satellite

2GM _

(a) Escape velocity (v)) =
R
¢ = speed of light

_2GM 2%x6.6x107" X5'98X1024m

2

=R 5
c (3><108)

=102m

(a) Since two astronauts are floating
in gravitational free space, the only
force acting on the two astronauts is
the gravitational pull of their masses,

Gm,m L. ..
F= % which is attractive in nature.
r

Hence they move towards each other.




