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SECTION-I
Answer the following questions (Multiple Choice Questions) (Ix14=14)

|. If area A, force F and velocity V are considered as the fundamental units then what will be the dimension of
Young’s modulus?

a) ML™1T72 b) FAV ¢) F1av d) FA~Y°

2. A body of mass 100g is projected with an initial velocity 2+/2m/s from an inclined
plane making 45° with that plane as shown in the figure. If the plane makes 30° o
angle with the horizontal, then what will be the speed of the body at highest poit?

a)(V3+1)m/s b)(V3-1)m/s ¢)VZm/s d) 2m/s

et

3. Two diagonals of a parallelogram are given by two vectors 21 —J + 3k and 2i + j — k. One area vector of this
parallelogram can be

a)—2 1+ 8] + 4k b)i—4f — 2k ¢)21—8f +4k d) None of these
4. What is the maximum value of the force F supplied on the block (as shown in the -' F
figure) such that the block does not move? Mass of the block = V3 kg, g=10m/s?,
1 _ 1 60" s
Bs =57 M =55 oy
a) 10N b) 12N e)I5N d)20N :

5. A bob is hung with the help of a mass less inextensible thread of length 'I" from the ceiling of a bus which is

moving with a constant velocity v. If the driver suddenly press the break, the maximum angular detlection of
the bob with respect to the vertical direction is

a) 2 cos ™1 (ﬁ) b) sin™ (1 - 5";—1) ¢) cos™ (1 - Z"’ﬁ) d) 2 sin™? (ﬁ)
6. A solid iron ball of mass m and radius r started moving from ground with initial velocity ( of centre of mass) v.
The maxinum height (w.r.t ground) it can roll up on a curved path of radius of curvature R is
b) Tv* " 10v%R
10g Tgr?

2
a) 2 d) None of these
29
7. If the total energy of a revolving satellite around eart is —2E then what is its potential energy?
a) —4E b) —E c) E d) 2E

8. A capillary tube of radius r is immersed in water and m mass of water rises in it to a height h. If another capillary
tube of radius 27 and of same material is immersed in the same water, the mass of water rise in it is

a) % b) m ¢) 2m d) 4m

9. Two identical drops of water are falling through air with terminal velocity . If they coalesce, what will be the
terminal velocity? ‘
a) v b)2v ¢) 3v d) Nomne of these
10. The change in internal energy of certain mole of ideal gas when the volume changes from V to 2V at constant

; c
pressure P is (R is the molar gas constant and y = C—”)

R PV YRV
1 1. For a reversible cyclic process
a) Entropy is zero  b) work done is zero ~ ¢) entropy always increases  d) change of entropy is zero.

12. The internal energy of an diatomic ideal gas at 300K is 100]. In this 100J

a) the potential energy is 40 J b) rotational kinetic energy is 60 J
¢) translational kinetic energy is 60 J d) None of these



13. A particle is executing SHM with amplitude A and time penod T. If the body start moving from the mean
pomtlon then the time taken by the body to move from + —to+Ais

2) ¢ b) ¢ L)— d) -

14, The equatlon of a progressive wave is given as y = 5sin m(t — 0.01 x) along the x axis. Here, all quantltles are
in SI umts The phase dlffekEHCL between the points separated by a distance of 10m along x- axis is

a) ? b) = c) 21w d) None of these
SECTION -1
GROUP -A
Answer the following questions in short.(Alternatives are to be noted): (1xd=4)
1. According to Plank’s quantum theory, the energy of a photon of wavelength 4 is E = "—lf If h be Plank™s
constant and ¢ denotes the velocity of light in vacuum , determine the dimension of h.
. _[EA] _ MLT2LL _ por2me1
Ans; [1] = [5] = 5= = MIPT
2. A body is thrown vertically upward with initial velocity u. Draw velocity versus time graph for Zgl time.
Ans: The graph will be a straight line with slope as ‘~ g” as it will be L
satisfying the equation v = —gt + w. Again, the velocity will be zero at T 2
. u .
time = —. Hence the graph will be +
g graf e \t >t
2 :
Or
A ball is thrown horizontally from the top of a building while another is dropped from the same point at the
same instant. Which ball will strike the ground first?
Ans: Both of them will touch the ground at same instant. For the downward motion, acceleration will be g in
both the cases. Initial velocity for both is zero and vertical distance covered by both are also same.
3. What are the maximum and minimum theoretical values of Poisson’s ratio?
Ans: For all substances, the theoretical value of Poisson’s ratio lies between —1 and 0.5.
4, The displacement —time relationship of a system is given as x = Asinwt + A sin 2wt. Is the motion
periodic or SHM or both? Justify your answer.
Ans: Asinwt is a periodic function with period = 2% =T
A sin 2wt is a periodic function with period = ;—::7 = ?2—1
Hence it is clear that the entire function i.e. x repeats after a minimum time 7' = %T- But the entire expression
cannot be represented as a single sin or cosine function. Hence it is periodic but not SHM.
GROUP -B
Answer the following questions. (Alternatives are to be noted) : (2x5=1 0)
5. An object moving with a constant speed of 6.25m/s decelerated at a rate given by &= 2 5+/v, where 'v

dt
is the instantancous velocity. What will be the time taken by the object to come to rest?

; d
Ans: given -&-E = —2.5\v

dv _ ; g
Or, A 2.5dt integrating we get

1
Or, [1ye v 2dv = =2.5 [ dt

0

or, 2[Vv] . =-25t
Or, =2 X V625 =-=251
Or,t=2sec

Or
A particle P is moving along a straight line with velocity 3m/s and another Q with velocity 4m/s at an angle
30° to the path of P. find the velocity of Q relative to velocity of P.

Ans; velocity of Q relative to P is actually relative velocity of Q w.r.t P v =5
= VQJ" = VQ - VP N %00 Ed
* 3

S0, [Vop| = V9 + 16 + 2.34c051200 = V13 m/s.




.6. Two blocks A and B of equal mass equal to 1kg are lying on a smooth horizontal
surface as shown in the figure. A mass-less Spring of spring constant k = 200N/m is

—¥
attached with A. B block starts moving with uniform velocity 2m/s and collides with \’E:\ F‘W“\ﬂ
A. Find the maximum compression of the spring. ( Consider the compression to be il

within the elastic limit of the spring)

Ans: In the presence of the spring the momentum and energy both will be conserved.
Tf v be the velocity just at maximum compression then both the blocks will move with v.
By momentum conservation, 1 X 24+ 1x 0= (1 + L)vor,v = 1m/s

If we let the maximum compression of the spring is x then -

By energy conservalion, % 12240 = %(1 +1).1% + % 200.x% {As energy stored in spring = %kxz}

Solving x = Lm=10cm

10
7. Define surface tension. What is the excess pressure inside a soap bubble of radius R and surface tension T
when it is well inside the watet? 1+1

Ans: Surface Tension: It is the property by virtue of which the free surface of a liquid at rest behaves like an
elastic stretched membrane tending to contract so as to occupy minimum surface area.
Or, it is the tensile force acting per unit length of an imaginary line drawn on the free liquid surface at rest.

Inside the water soap bubble will have only one surface (inner one). Hence the excess pressure will be

T
p=2
R

Or
When a spring is stretched by a length x, prove that the elastic potential energy stored in the spring of spring

constant k is £ = %kxz.
Ans: If the spring is stretched by I lengh, then the restoring force acting will be = K1
Now to stretch it by dl length further, the work done will be = K. dl

Hence total work done to stretch it from I = 0 to | = x will be = [ Kldl = %K[Zz]ﬁ = -Kx?

B =

This work will be stored within the spring as the elastic potential energy.
8. Write down the law of equipartition of energy. What is the total translational kinetic energy of a diatomic
molecule at absolute temperature T. ( Take Ky as Boltzman constant ) 1-+1
Ans: The average kinetic energy associated per degree of freedom of a free gas molecule at absolute
temperature T will be % KT where Ky is the Boltzman constant.
For any gas molecule the number of translational degree of freedom is 3. Hence the total translational kinetic
energy of a diatomic molecule at absolute temperature T will be =3 X %KBT = %KBT
9. The bob of a simple pendulum is released when the string makes an angle 8 with the vertical. I m be the
mass of the bob then find the tension when the bob is at the bottommost position.
Ans: let [ be the length of the pendulum ( including the radius of the bob)
When the bob is at 8 angle, the height it is raised is = | — lcos0. If the
instantancous velocity of the bob at bottommost position be v, then, from

. i
the energy conservation, mgl(1 — cos@) = Emvz

2
Or, % = 2mg(1 — cosf) — — — — — — (10

The tension of the string when the bob is at bottommost position is =

2
mg + '% =mg + 2mg(1 — cos8) = mg(3 — 2 cos@)

GROUP-C
Answer the following questions. (Alternatives are to be noted):

10. A small block of mass m is placed on the smooth wedge of mass M as
shown in the figure . Calculate the minimum force applied on the wedge
horizontally for which the small block remains stationary w.r.t the wedge.
Ans: Let F force to be applied. Then the acceleration of the two block

; I
illbe g = ——
system will b s

Because of this acceleration in the smaller block of mass m, a pseudo force
will be acting along the opposite direction of applied force as shown in the
figure.

The component of this pseudo force along the inclined plane will balance
the downward slipping.




11.

12.

13.

Hence, m a cos® = m g sinf or,a = g tant
So, the required minimum force F = (M +m)a = (M +m)g tand
Or &« O
An water container is displaced horizontally with an acceleration a with the
help of an external force. Calculate the angle the upper surface of the water
makes with the horizontal direction. I
Ans: Let the external force is applied from the left as shown in the figure W
and the acceleration produced is a.
If we consider a narrow cylindrical horizontal water column as shown in the
figure, then due to pressure difference, the force acting on the water column L
is = (hypg — hapg)A

J’T\

Due to this force, the water column moves with acceleration a.

Hence FBD of the water column gives (hypg —hapg)A = Alpa
hl—hz

Or,a= g = gtand

1
A block of mass ‘m’ is released at the top ( at a height h w.r.t ground ) of a rough inclined plane of angle of
inclination 6. If it starts sliding down from that point, then calculate the velocity of the block when it just

reaches the ground level. Coetficient of kinetic friction is .
Ans: From the energy conservation,

Potential energy at the top of the inclined plane = work
done by friction + K.E of the block at ground level

Or, mgh = %mvz + umg cos@ .d [ but %= sinf |
h

! = Lanpl
Or, mgh = Smu + umg cosf e

v2

Or, — = gh — pug hcott
Or,v= JZgh(l — pcotd)

State and prove the work energy theorem for a conservative force. 1+2
Ans: The work done by the external force will be equal to the change in kinetic energy of a body.
If a body experience a force F during certain time and its velocity increases to v ftom u with an acceleration

a, then we have v =u®—2as
. . 1 1 1 1
Multiplying both sides by > m we get, Emv2 = E'mu,2 —sm2as
1 1 1
Or, mv? —Emu2 =-m2as

1

1
Or. cmv*— smu? =mas = F.s = work done by external force

Or
Calculate the minimum velocity needed by a point object at the lowest point for vertical circular motion of

radius R. H m
Ans: let v, = minimum velocity needed at highest point

v; = minimum velocity needed at highest point
Z
muvy

The tension of the thread at highest point is Tj =
ForVCM, T, = 0,

2
So,ﬁg—"—- >mg or, V%= gR -memmeee- 6))

Now, from energy conservation,

—mg

1 2 _1 5
—2—va = Emvh +mg 2R
By considering the critical value of v, = gR as obtained in eqn —

(1), we get v = 4/5gR

A square lamina of mass M and of sides ‘a’ is placed in X-Y plane such that its centre coincides with origin.
What will be the moment of inertia of the lamina about an axis parallel to Y-axis and lying on X-Y plane at

e gl =0 0000 peee———— e

Ans: Refer to the figure, : I £ / Y
I = Ma? g, ek Ma?
L =380, by =3 L=
So, Iyp = Ly, + Md?
a® = '




14.

15.

16.

L7

Or
A uniform disc of radius R is rolling without slipping on a rough horizontal
plane with v as the constant linear velocity of its centre. Determine the
magnitude of linear velocity (instantaneous) of a point P lying on the disc at
; R . .
a distance > as shown in the figure.

v
Ans: Refer to the figure, vpltangentm L =5 =5

So, the net velocity of the point is

2 v
2 _ 2 0
Vs (2) + v+ Z‘Z.vcos(180 a)

Or, v, =>/5 —4cos @

Three point masses of equal mass equal to M are placed at three vertices of a square of length 1. Calculate the
distance of the centre of mass of this three mass system from the fourth vertex.

Ans: Refer to the figure

MI+MI+0 2 0, N 250)
.xmm=—3M—=§l (_,r J M M c?
0+MI+ML 2
And Yeom =T:§ l
Hence the coordinate of the COM is (El ; L l)
3 3 . M
So, the required distance = \/@l — 0) +2 Gl - 0) = B l ﬁ!;c) . U‘iOJ

3

Derive the expression for variation of acceleration due to gravity with depth from earth’s surface.
Ans: Refer to the fig
G 2 (R—d)’p m

. MmMgg = (R—d)?
4 M
OT,gd =0 ETE(R —d);—rn_Rg
3
_ (R—d)
=GM S

Or
Calculate the work done in displacing ‘m’ mass from a point R distance above the earth’s surface to another
point 3R above carth’s surface. M and R are the mass and radius of earth.
Ans: ATP, the mass has to be displaced to 4R distance from 2R distance w.r.t the centre of carth.

. ; ; GM
The potential energy of the mass at 2R distanceis V, = — 2—:—
. ) M
That at 4R distance is V, = — ¢ 4;;1
The work done = difference in potential energy
w5, o, v e GMm_ (_ GMm) _ GMm _ gR*m _ mgR
b= Ya ™ TR 2k J T TarR 4R 4

The ratio of angular frequencies of revolution of two identical satellites placed at two different orbits around
earth is 8:1. If the first one is at a distance ‘’ from the centre of earth, calculate the separation between two
satellites in terms of r.

Ans: From Kepler’s law, T2 oc 13

21 3
O[',JOC?"Z A 6
1 ” -
OT,W & — - & 1)
rZ
3

g 3

Now, ATP, 2t = 2 = (12}?
wa 1 sl

Or, 1y = 4ry but,ry =71

Hence the shortest distance of the two satellites =15 — 1y = 4r —r = 3r

With the help of first law of thermodynamics prove that ¢, — ¢, = R for Imole ideal gas.

Ans: dQ = dU + PV -=emmm- €))
Cv = j_g - %% + 0 [ from 1st law and as dV = 0 for constant volume] — — — — — — — (2)
1
: 80 S L pdhl o @y o
CP_dTp"dT+Pdrp“Cv+PdT_p by (1) and (2)
Now, for Imole ideal gas, PV = RT and at constant pressure , P | - 3)

arl,
So, ¢, b = c, +PY| =¢,+R
0, Cp ecomes, Cp = Cy ar . =Cy

Hence ¢, — ¢, = R



Or
Provey =1+ }2— y = Z—p and f is the degree of freedom of gas molecules.

Ans: For | mole of ideal gas, the total internal energy U = gRT [ from the law of equipartition of energy|

R N B /

Now, ¢, = 2= =LR andc, = ¢, +R=ER+R=R(1+1)
o R 2

So,y-—c_v— }?R —1+f

&

Keeping the temperature constant at T Kelvin, volume of n mole of ideal gas is changed from V; to Vy.
Calculate the thermodynamic work done in this process.
Ans: dW = PdV also for n mole ideal gas, PV=nRT

by __ quf RT _ LI vy
So,W = [/ PdV = J,fn~-dV = nRT V], = nRT lnrf:
Group-D
Answer the following questions. (Alternatives are to be noted): (5x3=15)
19. - a)What is the importance of null vector?

b) Find out the unit vector perpendicular to the plane contained by the Z-axis and the vector T+7 .

¢ ) A ball is projected from the top of a tower with an initial velocity of 10m/s at an angle of 309 with the
horizontal. it hits the ground at a distance of 17.3m from the base of tower. Calculate the height of the
tower. ( take g = 10m/s* and V3 = 1.73 ) 1+1+3
Ans: a) Tt is the additive identity element in the set of all vectors or in vector field .
b)The unit vector along Z-axis is k . So, one vector perpendicular to the said plane will be
=kx(@+H=f-1

o
o~ CLHD)

And the unit vector of this vector will be =

Note: Another unit vector can be just the anti parallel vector of this i.e. & (i— ])

¢) Refer to the diagram, the range of the projectile part is
_ u*sineo” _ _'“\5 _ )
e e e I L
50, AB=17.3m— 5V3m = (10353 )m =53 m - * ST i
After this complete projectile motion, l
Time taken to travel AB path horizontally = time taken to l \CAES
fall h height vertically.
3 - : . losimze’
Now, time taken to travel AB path = . . 1 sec '
3 p U Cos300 T 1043 T l l b =z emfy
2 «
So the body has come down h height in 1 sec with initial ' :
velocity u Sin30° = %m/s = 5m/s |
|

Henceh:(5x1)+%><10x12m =10m "k s \

Or [(':7'3 -5 )W\ S !{—— V™.

a) Resultant of P (|P| # 0) and another unknown vector making an angle 120° with P is perpendicular
to P. Determine the magnitude of that unknown vector in terms of |f_’ |

b) A person sees a train leaving the station from rest with a constant acceleration of 2 m/ s”. He started
running with a constant velocity to catch the train which was 9m ahead of him at that moment and
finally he catches the train. Find out his velocity. ' 213

Ans: a) Refer to the figure, if (_2’ be the unknown vector,

then 1—’;[ = Sinn 30°
||
So.13] = 2I7|
b) Let he catches the train after ¢ seconds running with a

constant velocity v m/s.
So at that instant, the velocity of the man will be equal to the
velocity of the train. > v

The train started from zero with acceleration 2Zm/s?. Hence }3 -
/ 7 G O; OD

after ¢ time the speed of the train will be



20. -

21-

= ( + 2t = velocity of the man = v
Also, distance travelled by man - dist travelled by train = 9 m
Or, vt — (o.t + %.Z.tz) =9,
Or. 2t.t—t*=9
O, 1P s0, t=3
Hence the velocity of the man =2t = 2 X 3m/s = 6 m/s

a) Define stress.

b) Write down Hook’s law. What do you mean by permanent set of a body?

¢) A cylindrical vod of length L, radius R and mass M is hung vertically with one of its ends fixed with
rigid  ceiling. If the rod is elongated due to its own weight, calculate the increase in length. Young’s
modulus of the material of the rod is Y. (112
Ans: a) The restoring force developed per unit area of a body when body undergoes external applied
force that tends to deform the body, is known as stress.
b) Within the elastic limit, the stress is directly proportional to strain.
If stress is increased beyond the elastic limit, then the body will not get back its own original shape and
gains a permanent deformation (strain) even if the external force is withdrawn. This stage of the body is
known as the permanent set.

¢)As the rod is elongated because of its own weight which acts at the centre of mass of the body i.e. %
distance below the supporting end, so, the Young’s modulus will be Lt b
M, . .
¥ = —%—-f— where , [ is the elongation.
e (G)

Mgl b |
Or, | = 2wRYY Ma
0]’ ‘i',__r/"

a) Derive the expression for the terminal velocity of a spherical body of radius r and densitg\a when
falling under gravity through a viscous medium of density p and coefficient of viscosity 1.
b) Two identical soap bubble of radii R and surface tension S have excess pressure P inside both. If they

coalesce to form a single soap bubble, then what will be the excess pressure of this bigger bubble in
terms of P? 342
Ans: The body achieves terminal velocity when
Viscous force + Buoyant = weight of the body
Or, 6mrnw, + %nrgp — %HTSU'
e

O ng =2

9 7

b) Excess pressure inside one bubble at initial condition is P = %f—.

When they coalesce to form a single bubble, let the radius be Ry. Then, 2R® = R;

1 - - 1

= S EEL x : 45 48 el

Or, R; = 23R.  Hence the excess pressure inside in this case will be P; = s - ap
L 23R

a) What do you mean by stationary wave and how is it produced?

b) In a transverse progressive wave of amplitude A, the maximum particle velocity is 4 times its wave
velocity. Determine the wave length of the wave. (1+1)+3
Ans: a) The wave which is not progressive in nature and confined within a particular boundary is known as
stationary wave.

When two waves of same amplitude and same frequency superimpose travelling from opposite direction
with opposite phase, then progressive wave is generated.

b)let y = A Sin (wt — kx) be the wave equn.

. ; 1
So, the particle velocity v = % = Aw Cos(wt — kx)
So, maximum particle velocity v, = Aw
Sty = N B
Also the wave velocity v, = =

ATP, vy, = 4w,

wi A
Or, Aw=4— o1, A=—
: 21 2



Or

a) What do you mean by beats?

b) The equation of motion of a particle executing S.H-M is x = asin (wt + g-) with time period T. Find out

the time interval at which the velocity is being half of its maximum value.
¢) Two vibrations simultancously act on the same point and cause the disturbances as y; = asinwt

and y, = asin (wt + g—) Determine the maximum resultant displacement of the point. 1+2+2

Ans: a) When two waves of slightly different frequencies travelling along same path in the same direction in
a medium superpose upon each other, the intensity of the resultant wave at any point becomes maximum and
minimum periodically with a constant time interval. This periodic variation of intensity is known as beats.

b)xzasin(wt-’r%)

T
S0, v = aw cos (wt + E) S0, V), = aw

ATP, aw cos (wt + %) = .“21

2

37 3n
. . s 2

So, the interval of phase = either 30T 3T

w Fid 5
Then, wt + = , FTete

Hence the interval of time = either % or %

¢) resultant y = yy -+ v, = asinwt + a sin (wt + %) = @.2.sin (wr + %) cos%
2a . b

50,y = v sin (wt + Z)

hence the maximum resultant disp is v2a



