PHYSICS

Q.1 A uniform spring of normal length ¢ has a force no JT o /M.g
constant k. It is cut into two pieces of lengths /1, When weight is dipped in water due to buoyancy
and /2 such that /1 = nf, where n is an integer. force, tension decreases and hence frequency
Then the value of ki (force constant of spring of decreases
length £1) is - Q.5  The amplitude and the time period in SHiV are 0.8
A) kn ®) k(n+1)
(n+1) n cm and 0.2 s respectively. If thednitial phase is %
k(n-1 kn . . . .
(©) % (D) 1 radian, then the equation rgfresenting SHM is-
Sol[B] kit = kef2 = k(f1 + 12) (A)y =08 cos 1ont | B)hy 08 sin
Ky +1y) KN, +10y) (C)y=3x0.8sinsat “D)y=0.8sin10xnt
ki= ——=% orky = ——=—== [A]
4 ne,
Sol. =asin (wty+
kD y ((02 o)
v = 0.8 gim ek =
02 2
Q.2  To study the dissipations of energy student Plots a =0:8-cas’10 nt
graph between square root of time and amplitude.
The graph would be a - Q.6 The time period of a mass suspended from a
(A) Straight line (B) hyperbola spring is 5s. The spring is cut into four equal parts
(C) Parabola (D) Exponential  [B] and same mass is now suspended from one of its
Sol. &’ t= constant parts. The period is now -
a+/t = constant (A) 5s (B)25s
so hyperbola.
yp (C)1.25s D) % s B]
Q.3 The pendulum suspended from.4he \ceiling of a
train has a period T when the tfain is at rest. When Sol. T=or M
the train is accelerating\withy an uniform k
acceleration, the periogf adglfation will - Q.7 A particle executes SHM along a straight line so
(A) increase (B) decrease_ N that its period is 12s. The time it takes in
(C) remain unaffecteds—D) become infinite traversing a distance equal to half its amplitude
[B] from its equilibrium position is -
. : l . (A) 6s (B) 4s
Sol. Comparing withy =2 _[—
2y Chskalb A \E (C) 25 D) 1s [D]
1 Sol. E =asin ot
=2 | —— a )
192+32 E=asm ot
elearly, T'< T 1 .
or 5 =sin ot
Q.4 For definite length of wire, if the weight used for 5
. . Y
applying tension is immersed in water, then or sin g: sin Et
frequency will - t=1s
(A) become less (B) become more
(C) remain equal (D) become zero  [A]
Sol.  For stretched string Q.8 The maximum elongation in the spring is -
S.H.M.



K=200N/m

" R kgt 10N . I
(A)2cm  (B)3cm (C)4cm (D)5cm \ 7
Sol.[D] x= 2X10X1+2X4X5 60 —im 5cm A J/
200x6 200x6 200x6 20 K
—>X
U]
Q.9 A particle executes SHM along a straight line so
that its period is 12 s. The time it takes in T
traversing a distance equal to half its amplitude RS K
from its equilibrium position is- /! \\
(A)6s (B)4s 5
€)2s (D) 1s [D] am B
. a . 1 .
Sol. E =asin ot= Ezasmmt or Ezsmwt
or sin X =sinﬁt:>t: 1s
6 12
Q.10  The length of simple pendulum executing SHM is
increased by 21%. The percentage increase in the
time period of the pendulum is -
(A) 10% (B)11% (C)21% (D) 42%
Sol. |
/ _uo
10
( ] x 100% (—— ) %41 00%.
=10% (A1 B) I
Q.11 A particle executes{ SHMYef amplitude 5cm and ©n ©) v [A]
period 3s. Thewyeloeity of the particle at a
distance 4 cm froi the mean position- Q.13 A system is shown in the figure. The time period for
(A) 8 cmis (B) 12 cm/s small oscillations of the two blocks will be -
(C) 4€mls (D) 6 cm/s k 2k
2y 2 — 21 2x3 “
Sol.[D] v=¢walZx :7\/a2—x2 =43 J25-16
3m 3m
26'em/s A) 2n B) 2n .|—
(Ay2n 50 (B) 2n |0
Q.12 A particle is executing S.H.M. along a straight (©) 2n 3m (D) 2r 3m
line. The graph showing the variation of kinetic, 8k 2k
potential and total energy K, U and T respectively
_— . Sol. [B]
with displacement is Both the spring are in series
k(2k) _
eq =
k+2k 3
S.H.M.



U
eq

Time period T = 2n

m;.m,
m;+m;

where 1 =

Here p = %

S T=2n 1/m.izzn 3m
22k 4K

Alternative method :

When block is given displacement x spring will

stretch by %

. kx
.. spring force = >
Tension in the string = % x spring force
= kx
4
T=2n M =4 |
3 k
4

E E Q.15 A spring has a force‘eenstant k and mass m . The
: : spring hangs vertigally and a block of unknown
mass is attached to its bottom end: It is known
that the masswaf/the block is much greater than
S MXy = MX2 = X1 =Xz that of.the spring. The hanging block stretches the
force equation for first block; : L
) spring. the twice its relaxed length. How long (t)
2k _ o doxy : .
?(x1+x2) =m ey wolld it take for a low amplitude transverse pulse
) to travel the length of the spring stretched by the
P a4k =0 hanging block ?
utxs =xo = e + 3—m X1 = anging block “
4k 2m \/H
= @'= — A) |— B) .|—
o= o (A) ” (B) ”
3m
T=2n ,|— m 2m
C) .— D) .|—
4k © ,/ K (D) m
Q.14 Find the period of low amplitudeYVertical Sol (Al
vibrations of the system showf Thé®mass of the ' . ¢ soring i " q h
block is m. The pulley hangs from)the ceiling on Since mass o Spring 1s smafl compare _to b
a spring with a force constant\k. The block hangs mass m, the tension force is approximately
from an ideal spring. constant
S T=mg
- _ g
spring kx=mgx = Dy
When x-acceleration of the spring
X = 2L given
Where L — Relaxed length.
New length = 2L
_ 2mg
m m K
(A) 2m \/; (B) 6“\/; <. mass per unit length
"= mk _ k.
(C) 4n \/% (D) 8n \/% 2mg 29
Speed of wave V = \/f
sol.  [C] H
- /mg><2mg
mk
S.H.M.



om simple harmonic motion. He refuses to tell
V=g S whether k is a constant or not. Assume that he has
worked only with positive x and no other force
time = 2L acted on the particle.
V (A) As x increases k increases
2 JK (B) As x increases k decreases
= T« T (C) As x increases k remains constant
2m (D) The motion cannot be simple harmonic
. 2m [A]
time= ,[—
K Q.20  When the displacement is half of the amplitude.
The ratio of potential energy to the total émergy is -
Q.16 A particle of mass m is acted upon by a force 1 1
F = t2 — kx. Initially the particle is at rest at the (A) 2 (B) 7
origin. Then — 1
(A) Its displacement will be in simple harmonic ©1 D) 3
(B) Its velocity will be in simple harmonic 7 1
(C) Its acceleration will be in simple harmonic Sol. [B] P.E. 5 = Me?x*> & T.E. = = mw?A?
(D) Particle will move with constant velocity 2 PE 1 2
Sol. [C] So ratigat X=A2 = — = —
TE. 4
Conceptual
Q.21  Thedistance moved by a particle in simple
Q.17  Two particles A and B execute simple harmonic ?:r)rr:mc motion in one t'”E;fezg\Od IS —
motion with periods of T and % respectively . (C) 4A (D) zero [C]
They start simultaneously from mean position. . . S .
The oh diff bt h hen A Q22  The time period of a particle in simple harmonic
€ phase di erfencg eyveen ém when motion is equal to the smallest time between the
completes one oscillation will be - N
article acquiring a particular velocity v . The
p q gap y
(A)0 ®) lue of v i
= value of v is —
2
(A) Vmax
©Z (D) 2n (B) 0
4 S (C) between 0 and Vimax
Sol.  [D] (D) between 0 and — Vinax [D]
_ _(2r "2rn _2n
A = (01— o)t = [?_STM) T= 5 Q.23 Which of the following quantities are always
positive in a simple harmonic motion ?
Q.18 A simple harmonjesescillator has amplitude 'A' (A) f; (B) 7?
angular fréquency ® and mass m. Then average (©) ar (D) ET [A]
kinetiGenergy in one time period is -
Q.24 A particle moves such that its acceleration is
(A) l Mm2A2 (B) l Mm2A2 given by
2 4 a=-B(x-2)
(C) mw?A2 (D) zero Her_e_: B is a _p(_)sitivg constant and X is_the
position from origin. Time period of oscillations
Sol. [B] is -
171 5. A 2n/p ®) 2n =
Ko= = J-Emoo AZcos? (ot + §) B
6
(C) 2nB+2 (D) 2n 612
Q.19 A student says that he had applied a force F=—  Sol.  [B]
kv/X on a particle and the particle moved in =-p(x-2)
S.H.M.



asa=— (X —Xo) - FrR=— mw?x
. NG
B 20
Q.25 The displacement of two identical particles
executing SHM are represented by equations Q.28  Two identical simple pendulums A and B are
%0 = 4 sin (10“5) and x» = 5 cos ot fixed at same point. They are displaced by very
6 small angles o and B (B > a) and releaSed, from
For what value of ® energy of both the particles is rest. Find the time after which B reaghes'its jnitial
same? _ position for the first time. Collisions“are elastic
(A) 16 unit (B) 6 unit and length of strings is ¢
(C) 4 unit (D) 8 unit gih oF Strings 1S ©.
Sol. D] LTSI IS,
Ei=E 1
1
L myof A = my 0 A2 :
2 2 i
but my = mo :
1
. @f x16= o5 x 25 Y ! B
- 100 x 16 = a2 x 25 : ' -
o = 8 units A ﬁ\/j (B) Zﬁ\/:
g g
Q.26 A simple pendulum 4 m long swings with an c B [l 5 2mB ¢
amplitude of 0.2 m. What is its acceleration at the ©) o 5 ©) o a
ends of its path ? (g = 10 m/s?) Sol. [B]
2
(A) zero (B) 10 m/s Time period of both Aand B T =2xn i
(C) 0.5 m/s? (D) 2.5 m/s? 9
Sol. [C] After first collision, B acquires amplitude of A
and after second collision it acquires its own
o= \/E - Ame = A = 9 A =0%m/s amplitude in this process time taken is
L L T T .7, 7T ‘
=—+ —+ —+ — =T =2 |—
4 4 4 4 g
. ¥y .
Q27 A particle of massS x 1."kg is placed at the Q.29 If a simple harmonic motion is represented by
lowest point of,a Smoeth parabola having the 2y
equation x2= 40y (x, y in cm). If it is displaced e 0, its time period is -
slightly and T, moves such that it is constrained to 21 27
(A) — (B) —=
move alghgsthe parabola, the angular frequency of o Jo
oscillatien will be, approximately - (©) 2n o (D) 2n Jo [B]
(A)1'st (B) 7st
() 55 (D) None of these Q.30 If the displace_ment_ (x) and velo_city (\{) of a
particle executing simple harmonic motion are
Sol. ¥ [D] related through the expression 4v2 = 25 — x2, then
Restoring force = Fr = —mg sin6 where its time period is -
dy _ x (A)n (B) 2n
tan=— = — C)4 D)6 C
x 20 (C) 4n (D) 6m [C]
—mgx Q.31 A simple pendulum has a period T. It is taken
Rz —— . ; ; ; ; ;
20 inside a lift moving up with uniform acceleration
of g/3. Now its time period will be
S.H.M.



Q.32

Q.33

Q. 34

Sol.

J2 e
Wt ® T

2T 3T
(©) Wl (D) 7 [B]

For a particle executing simple harmonic motion,
the displacement x is given by x = A cos t.
Identify the graph which represents the variation
of potential energy (PE) as a function of time t
and displacement x -

(A1, I
©) 11, 1

B) 11, IV
O) 1, 1V [A]

A body of mass 1 kg is executing simple
harmonic motion. Its displacement x (in cm) at
time t (in second) is given by,

X = 6 sin (100t+§]

The maximum Kinetic energy of the body is -
(A)6J (B) 187
(C) 241 (D) 36J [B]

A uniform spring has an unstreched Teagth ¢ and a
force constant k. The spring,is\€utjinto two parts
lengthg /3 such that
f1 = nlz where n is &n intéger. The corresponding
force constants kg andhko-are :

(A) knand k(n +'9)

(B) k(n +1)

1

of unstreched and 7,

apd k(n—1)

© YD k1)
n

(D) 0+ k(””) and k(n+1) [D]
fl—nfzzflifzznil
n 1
= /1— —_— f&fz— A
n+1 (n+1)

soklzn—-irl K, kae=(n+1)k
n

Q.35 A particle is vibrating in simple harmonic mation

Sol.

Q.36

Sol.

with an amplitude of 4 cm. At what displacement
from the equilibrium position is its energy half
potential and half kinetic ?

(A) 10 cm (B) J2 cm

(C) 2 cm (D) 2v/2 cm

[D] The total energy E of a particlé\vibrating
SHM is given by

E= % me?a® ... 1)

The Kkinetic energy K is gixen by

K :% maw? (a2 — y?)

where y = displacements of the particle

but K = EE Emcoza2
2\ 2] 2

WIS 20| 1 5 5 5
L AN metat |==me’(a® -

2[2 2] } 5 @ -y°)

2 2

a 2 2 2_a . _a
Ofe =3° —y° Or y2= — LYz —

5 y y 2 y \/5

Hence the Kinetic energy is half of the total
energy when displacement of the particle is

a/+/2 . Given that a = 4cm.

.'.y:4/\/§ =242

A pendulum of length 10 cm is hanged by wall
making an angle 3° with vertical. It is swinged to
position B. Time period of pendulum will be

N

30 6Q \\

(A) n/5 sec
27

B) —sec

®) 15

(C) n/6 sec
(D) Subsequent motion will not be periodic

[B]

Time taken by pendulum in going from A to B

S.H.M.



N

where T =2n \/%

Time taken by pendulum in going from B to C
T
T 12

.. Time period of pendulum

_ 2T _ 2 ©n_2n
=——=2.-=""sec
3 35 15
Altier :
303\,\ ~
T = ﬂ)
360
= ET
3

Q.37  Two blocks of mass 10 kg and 2 kg arg’conqected
by an ideal spring of spring constant®£000" N/m
and the system is placed on a iorizontal surface
as shown.

10kgH 0000000 Y 2kg

= R E R % %R ]

u=0.5 u=0

The coefficignt of friction between 10 kg block
and syfface i”0.5 but friction is assumed to be
absent between 2 kg and surface. Initially blocks
are at rest and spring is unstretched then 2 kg
ploek is displaced by 1 cm to elongate the spring
then released. Then the graph representing
magnitude of frictional force on 10 kg block and
time t is : (Time t is measured from that instant
when 2 kg block is released to move)

f f
@ '\/\ ® lf\/\
t t

© (D) None of these  [A]

ot

Sol. fs = kx
(where fs is frictional force on 20 kg block and xis
instantaneous elongation or compression in

spring)
fs = k (A cos wt)
| fs| = kA |cos ot

Q.38 A particle of mass m is allowed tooscillate near
the minimum point of,a Vertical parabolic path
having the equation€x? ‘& 4ay, then the angular
frequency of smalf oscillations of particle is —

y
" «— x*=4day
m
19
.‘. X
(A) Joa (B) y/20a
© 2 ) |~ D]
a 2a
Sol.
y
N
X
|m§(si:199\ mg cos 0

ma =—mg sin 6

a=-gsin® ora=-gtan06 ...(1)
(as 6 is small)
Now,
X% = day
dy x
dx 2a
a=—gi
2a
ox=— &
2a

S.H.M.



Q.39

Sol.

Q.40

Sol.

Q.41

S

If the same weight is suspended from three
springs having lengths 1 : 3 : 5, the period of
oscillations shall be in the ratio of -

(A)1:3:5 (B)1: 3 : 5
(€)15:5:3 (D)l'i'i[B]
1 1
Toe— and Ko« =
JK ¢
ST \/Z
The displacement of two identical particles

executing SHM are represented by equations

X1 =4sin (10t+g) and X2 =5 cos wt

For what value of w energy of both are particles is

same ?

(A) 16 unit (B) 6 unit

(C) 4 unit (D) 8 unit [D] \3}
E= 1 mA?w? e, E o« (Aw)?

or (Aro1)? = (Axap)? QQ)
or A1m = Az
ordx10=5%x®

or o = 8 unit
A simple pendL?M m long swings with an
amplitudw%.z . What is its acceleration at the

ends @g\ ? (g = 10 m/s?)
)zg' (B) 10 m/s?
05 m/s?

(D) 2.5 m/s? [C]

T =mg cos 6
.. Fret=mgsin 6

in6=gtan 6 (sin

and acceleration %
6 =tan 0) é}

Q. block with an Iron Pendulum keeps correct time

Sol.

at 20°C. How much will it lose or gain if
temperature changes to 40°C? [Given cubical
expansion of iron = 36 x 107 °C™]

(A) 10.368 sec gain (B) 10.368 sec loss

(C) 5.184 sec gain (D) 5.184 sec loss

(B]

L' =L(1 x oL At)
_y _36x10"°
3 3
=L(1+12x10°%x20) =12 x 106°C?

L’ = L(1.00024)

T _ [1.00024 L
T L

S.H.M.



or T? =1.00012 (- T =2sec)

''=2.00024
Loss in time per day
(2.00024 —2)x 24 x 60 x 60
= sec
2
=10.368 sec. Loss/day

this expression may be considered to be a result

of the superposition of ...... independent
harmonic motions -
(A) Two

(C) Four

(B) Three
(D) Five

Sol. [B] y = 4 cos? (%) sin (1000 t)
Q.43 A particle of mass 'm' kept at origin is subjected =2{1 + cos t} sin (1000 1)
to a force F = (pt—qgx)i where 't : time elapsed y = 25in (1000 t) + 2 cos t sin 10Q0 t
and x : x-coordinate of position of particle. =2 sin (1000 t) + sin (999't) + sin’(1001 1)
. . . . . = it is the super of threg
Particle starts its motion at t = 0 with zero initial
velocity. Ifp and g are positive constants, then - Q.46 A particle undergoes simple harmonic motion
(A) Acceleration of the particle will continuously having timg-pefiod “T. The time taken 3/8th
keep on increasing with time oscillation ig
(B) Particle will execute S.H.M. (A) (B8)F (®) G/ T
N - (LT (D) (TN2)T [C]
(C) Force on particle will have no upper limit
(D) The acceleration of particle varies Q47 W0 particles are in SHM with same angular
sinusoidally with time frequency and amplitudes A and 2A respectively
Sol D] along same straight line with same mean position.
F=pt—qgx They cross each other at position % distance
—~a=Pi 9y from mean position in opposite direction. The
m m phase difference between them is
d%a ( q j 51 1 n 1
=111 A) =— —sint| = B) = —sint | =
dt? m e 6 (4j ®) 6 (‘J
51 a(1 T L4 (1
Q.44 A particle executes SHM\ofYamplitude 5¢cm and ©) 5 (Z) ©) 6 s (Zj
period 3s. The velocity/ of the particle at a [A]
distance 4 cm from the mean position -
(A) 8 cm/s (B) 12 cm/s Sol.
(C) 4 cm/s (D) 6 cm/s / —~
Sol. [D] A "
e
v =tow/a?— x> \ A
A 2 57 ¥\/25—16 =6 cmls ”
. . . Al2 1
Q.45% The displacement y of a particle executing sin ¢1 = A = >
periodic motion is given by b n
1 ==
6
y = 4cos? GJ sin (1000 t) A2 1
2 sin(m—¢p) = —— ==
2A 4
1
=qm-sint| =
bom [4)
S.H.M. | 9 |



Phase difference (A) LI g (B) zero
5n (EJ m

G2 — 1= ? —sin? 2

Q.48 The wvelocities of a particle in SHM at
displacements x; and x, from mean position are

v, and v, respectively. Its amplitude will be -
°
1/2 < ,
22 22
(A) XaV1 —X1V2J &
2_ 2
Vi -V T ‘\)

12
X5V3 —Xivi

B) | 25—+ &°
oo
202 2,2 2 T—mg=mmzRQ

(©) | X2¥i —xavs T 2

Vs —V? — —g=o

. 3@
1/2
(D) M [A] \

V3 Vi

Q.49 A particle of mass m is attached to three identical

springs A, B and C each of force constant k as %E )

shown in figure. If the particle of mass m is pushedv
slightly against the spring A and released, the%

time period of oscillation is -
B C %

Sol.

M / M
=2n | =2n
K(1+2cos” 45) 2K

Q.50 A simple pendulum with angular frequency ®
oscillates simple harmonically. The tension in the
string at lowest point is T. The total acceleration
of the bob at its lowest position is -

SHM.



PHYSICS

Q.1 A weightless rigid rod with a small iron bob at Sol.  Let the piston are displaced by ‘x’
the end is hinged at point A to the wall so that it Process isothermal
can rotate in all directions. The rod is kept in the p
horizontal position by a vertical inextensible S AP = vAV
string of length 20 cm, fixed at its mid point.
The bob is displaced slightly, perpendicular to a= OP(A -Ay)
the plane of the rod and string. Find period of m
small oscillations of the system in the form X [As - Area of upper piston
m = 1.5 kg]
sec. and fill value of x. (g = 10 m/s?) p
= — (A=A AV
mV( 1 2)
P 2
= —(A]5A)X
mV( 1 2)
|« Y >le Y » P
Sol. The bob will execute SHM about a stationary —_— mv (A—A2)
axis passing through AB. If its effective length
7 = T=0.5sec
is'¢"then T = 2n g Q.3 As shown in figure a particle of mass m = 100
gm is attached with four identical springs each
. l = J2 of length ¢ = 10 cm. Initial tension in each
sind ) spring is fo = 25 N. Neglecting gravity the
' period of small oscillations of the particle in 10~
g =§ICOS@=9I/\/E 2 sec along a line perpendicular to plane of
figure is nearly.
T=2n % = E = ﬂ
g 5 10
X =4.
Q.2 A smooth vertical conducting tube have two
different section is open/from both ends and m
equipped with two, piston” of different areas.
Each piston slides.in respective tube section. 1
liter of ideal gas\at pressure 1.5 x 105 Pa is
enclosed “between the piston connected with a
ligh ! i f i .
_|g tfod.<The cross section area of upper pI.SIOI’I Sol.[6] F=_4Fosin6=_ 4Ry
is 10m.cm? greater than lower one. Combined 4
mass,of two piston is 1.5 kg. If the piston is / Ly R
displaced slightly. Time period of oscillation 9 9
will be (in 107 sec). X
Q4 A weightless rigid rod with a small iron bob at
the end is hinged at point A to the wall so that it
[0005] can rotate in all directions. The rod is kept in the
horizontal position by a vertical inextensible
S.H.M.



Q5

Sol.

Q.6

Sol.

string of length 20 cm, fixed at its mid point.
The bob is displaced slightly, perpendicular to
the plane of the rod and string. Find period of

small oscillations of the system in the form %

sec. and fill value of x. (g = 10 m/s?)

A container consist of hemispherical shell of
radius 'r* and cylindrical shell of height 'h' radius
of same material and thickness. The maximum
value h/r so that container remain stable
equilibrium in the position shown (neglect
friction) is -

[1]

For stable equilibriumh <r = 23 1

A solid uniform sphere of radius r rolls without
slipping along the innerysurface of a fixed

spherical shell of radius'R and performs small
oscillations and itsyperiod is found with an

unknown x-to be 2x X(Rs)—g_r) then the value
of x will be.
[7]

1
[Po,+"p2gh + pag(h — 20)] = Po + 5 p1V?

1/2
ve {Z[ngmplg(h—zon}
P1

=4 m/sec

S.H.M.



