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SECTION - A
QL. D 1)
Q2. A (1)
Q3. A 1)
Q4. B €8]
Q5. B 1)
Q6. C 1)
Q7. C (1)
Q8. C (1)
Qo. A 1)
Q10. B 1)
Q11. C (1)
Q12. A (1)
Q13. A )
Q14. A (1)
Q15. C 1)
Q16. B 1)
SECTION -B
Q17.
D(t) = 281 + %5, m = 2kg
At t 2:
T = 4i + 47
Momentum:
P = mT = 2(47 + 47) (1)
(8i+8j) kg m/s
Force:
a:§:2%+2tj:»a(2):2%+4} (1/2)
F = ma = 2(2i + 4j) = (1/2)
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Q18(|) Radius r = Hllem = (Lhm

wy = 100 rpm lf]ﬁ rad/s, ws = 4 rpm ﬁ rad /s
: 3 (1/2)
t = bmin = 300 =
Angular acceleration:
i w e L0z T rad /s
t 300 |30 (1/2)
Linear (tangential) acceleration:
a = roe = (L5 = 0 mnl;"s‘ (1)
OR
Q18(I1) (A) Longer wrench
t=rF (1)
Greater arm r produces larger torque for the same force, so less effort is needed.
(B) Diver / skater
By conservation of angular momentum:
L=Iw= constant (1)
Stretching arms increases I, so o decreases.
Q19. i=pi+j—k, b=j—F
Eixb:p 1 -1 :pj+pk (1)
01 -1
@ x Bl = V/p? +p* = V2[pl (172)
Given \&'xa:\/i::» lp| =1
2
Q20(1) (DLimitations (Any two) 172+
1/2)
(T2 1)
OR
o _ ML 1 a1
Q20(I1) T" =ML T2 lq] BT 4] (1.5)
[q] = L* (1/2)
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Q21.

(1
Process 1: Isochoric process
Process 2: Adiabatic process -Steeper

Process 3: Isothermal process (1.5)
(I Cp—Cv=R
The difference represents the extra heat required at constant pressure to do external
work during expansion. At constant volume, no work is done, so less heat is required. (1)
SECTION-C
Q22.
(a) Wire with larger plastic region is more ductile material A. (1)
B Y. , ks Stress
(b) Young’s modulus is Strain
& Yo ¥ M
(c) For given strain, larger stress is required for A than that for B.
.. A is stronger than B. 1)
Q23. T = LY (ML YY(MLT™Y)" 0
T—! = Mooy
For mass A:
b+e=10
For length L:
a—b+e=0
For time T
. 1
—2c= -1 c 3 (1/2)
1
b —3 a=—1 1)
1 T
v b —1v —
l ey (1/2)
Q24. Essential conditions for adiabatic process are:
(1) The container should be perfectly insulating to the surroundings. (a2
(i) The process must be carried out very fast so that there is no suffiecient time for +1/2)
exchange of heat with the surroundings.
Derivation for work done during an adiabatic process 2
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Q25. Derivation of relation between angular momentum and moment of inertia @)
Factors on which centre of mass of a body depends:
The centre of mass of a body depends on the following factors:
1. Distribution of mass — how the mass is spread out in the body. (1/2+)
2. Shape and geometry of the body — because different shapes with same mass (112)
distribution have different COM. _ N (Any
3. Location of the coordinate origin — the numerical position of the COM depends two)
on the chosen reference frame.
Q26. Definition (2/2)
Derivation (1.5)
Escape velocity does not depend on the mass of the body because the formula v. = 1/2G M /r has no
term for the object’s mass. (172)
It depends on the height since escape velocity decreases as the distance r from the centre of the planet (1/2)
increases.
Q27(1) (A)
Fort=4s
For t>4 s, the position-time graph segment AC runs parallel to the time axis, indicating that the particle maintains a
position 3 metres from the origin, implying it iz stationary. Therefore, the force acting on the particle 1s zero. (1/2)
ForOD<t<4
Between 0 < t < 4 5, the position-time graph labelled OA displays a constant slope, which indicates that the velocity (1 /2)
of the particle remains constant during this interval, meaning the particle has zero acceleration. Consequently, the
force on the particle must be zero.
Q23(11) (B)
CAtt=10
Impulse = Change in momentum
= mv —mu
Mass of the particle. m =4 kg
Initial velocity of the particle, u=0
Final velocity of the particle, » — %m 5
~Impulse = 4 (E{ — {]) = Jkgm's (1)
Att=4s
Initial velocity of the particle, u = %m 5
Final velocity of the particle, v=0
=~ Impulse = 4 ({1 — Ei) =-3Ikgm's (1)

OR
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Diagram 1)
Derivation for maximum permissible speed (1.5)
Expression for optimum speed (2/2)
Q28. (DA =0.005m (2/2)
k =80rad/m
Wavelength A is given by:
2 2 T
A:?:%:EmNO.OTSE)m
w = 3rad/s (172)
Frequency f is:
Fo ¥ 3 My~ 0477 H (172)
2 27
w 3 (2/2)
V=4 = 20 m/s = 0.0375 m/s
(1) In SHM, The velocity leads the displacement by a phase /2 radians and acceleration
leads the velocity by a phase n/2 radians. (1)
SECTION-D
Case Study Based Questions
Q29. @i C 1)
(i) A 1)
@iicC 1)
(iv) A ()
Q30. ()
myvy + mavs = (1M + ma)v
0.25(3) + 0.25(—1) = (0.25 + 0.25)v
0.75 — 0.25 = 0.5v (1)
0.5 =0.5v = v =1m/s (1)
(1)
p=mv+m(-v)=0 (1)
(rm
Key rule for elastic collision of identical masses (1D):They exchange velocities.
"UA = —0.3m/s, wvp = +0.5 m/s‘ 0
SECTION - E
Q31(I) (A &B)
Terminal velocity: Steady speed achieved by an object freely falling through a gas or 1)

liquid.
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Fg=mg = gm’pg (downward force) (l/ 2)
4 . (4/3 xr:'og + Bmmrv)
Up thrust, U —;ur:‘og (upward force)
Viscous force F = 6mnrv, (1/2)
At terminal velocity v,,
Downward force = upward force
4 4
Fg—U=F= ;xr’pg ) or’cg = 6mnrv, 4/3 nrpg (1/2)
v= 2, 2P0 o o (1/2)
o n
Air bubble formed in liquid obtained acceleration in upward direction and it is rising in liquid,
because the density of air bubble (p) is less than density of liquid (o). (p<o) hence terminal (1)
velocity of bubble is negative and hence it rises in liquid.
(©) |
" 2rg(ps — py)
Ov
2(2.0 < 1073)2(9.8)(8.9 — 1.5) =< 10 (1/2)
K 9(6.5 = 10-2)
2(4 < 1079)(9.8)(7.4 = 10%)
" 0.585
0.580
7 0.585
=0.99 deca poise
Or0.99 Pas (1/2)
OR
31(1) (A) To show that there is always an excess pressure on the concave side of the meniscus of @)
a liquid.
(B) expression for the excess pressure inside (i) a liquid drop (ii) air bubble inside a liquid. (@)
©
Effect of pressure:
(a) Melting point of ice:
* Iceis less dense than water.
® 1 Pressure — melting point ! (ice melts at lower temperature). (1/2)
(b) Boiling point of water:
e 1 Pressure — boiling point 1 (water boils at higher temperature). (1/2)
Q32(1) (A)Expression for Maximum Height (1+1)
To show for two complimentary angles R is same.
(B)Expression for Time of flight @
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(®)
R = u?sin2e

_ u’sin@ x 45°)
g

2

u
= = ...(1

AR C)
Maximum height for angle of projection 45° is,

2 2
H=V sin“B
20

2

— u®sin®45° _ u
29 49

(2

Therefore, from equation (1) and (2),

R=4H
OR
Q32(1) | (A)
a’ a? 4+ a? + 2a%cos @
a” 2a”(1 + cos 8)
1 2(1 + cos @)
1 2+ 2cos#
2cosB 1
cos f x
2
So angle is 120°
(B)
(i) When the motion started, B is ahead of A by distance
OP =100 km
i) Speed fE::%:%:flm h

(1/2)

(1/2)

(1/2)

(1/2)

(1/2)

(1/2)

(1)
(1)

1)

(1)
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Q33(1)

Q33(1l)

(A)Derive an expression for resultant displacement of standing waves.

(B) Show that only odd harmonics are present in a closed organ pipe.
Case 1

Diagram

Derivation

Case 2
Diagram
Derivation

Case 3
Diagram
Derivation

OR

(A)Derivation of Kinetic Energy

Derivation of Potential Energy
Total Energy

Graph
(B)

As the airplane flies higher, the effective gravitational acceleration decreases.

Since the time period T" o LE'
v

the time period of oscillation increases.

)

(1/2)
(1/2)

(1/2)
(1/2)

(1/2)
(1/2)

(1)
(1)
(1)
1)

(1/2)

(1/2)
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