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20 (a) The two bobs will execute simple harmonic motion 
(SHM) with the same time period, continuously 
exchanging their energy and momentum upon each 
elastic head-on collision. 
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21  
(a) The two bodies may be made up of different materials and 
have different thermal capacities. 
(b) When the piston is pushed down rapidly, the air inside the 
pump is compressed adiabatically, leaving insufficient time for 
heat exchange with the surroundings. The work done on the air 
increases its internal energy, causing its temperature to rise and 
the pump to become warm. 
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22 (a) False. 

In two-dimensional motion, even if the speed remains 
constant, the direction of velocity may change. Since 
displacement is a vector quantity, equal displacements 
in equal time intervals occur only when both the 
magnitude and direction of velocity remain constant 
(uniform velocity). 

(b) 
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24  
(a) The reading of barometer decreases as 

P=  ρgh 
 h=P /ρg 
 As it moves up g= g+a 
 h’=P/ ρ(g+a) 
(b)  

 Pressure on a point in a fluid 

  
 The hydrostatic pressure on area A is due to the 

weight, W, 
 The weight, W, of the fluid above area A is given by: 

W =mg 
Using the density equation, mass can be given as: 
ρ=mV 

       m=ρV=ρAh 
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Substituting this expression for mass into the weight 
equation gives: 
W=ρAhg 

Therefore, the pressure exerted on area A can be given as: 

𝑝𝑝 =  
𝐹𝐹
𝐴𝐴

 =  
𝑊𝑊
𝐴𝐴

 =  
𝜌𝜌𝜌𝜌ℎ𝑔𝑔
𝐴𝐴

 =  𝜌𝜌ℎ𝑔𝑔 
 h=P /ρg 
 As it moves up g= g+a 
 h’=P/ ρ(g+a) 

                                             OR 
 

(a)  
Reason : After some time it attains terminal velocity 

(b)  

A cricket ball has a relatively large radius. It attains a 
much higher terminal velocity than a small sphere. It 
would require a very tall column of a highly viscous 
liquid to reach terminal velocity.  
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27  
(a) Humid air has a lower density than dry air. Since the speed of 
sound is inversely proportional to the square root of the density 
of the medium, sound travels faster in humid air. 
v∝1/ρ 1/2 

where ρ is the density of the medium. 

(b) The speed of sound increases with temperature. As the 
frequency of the source remains constant, the wavelength 
changes according to v=f λ. Hence, an increase in temperature 
changes the wavelength of the sound wave. 

V ∝T1/2  

(c) Solids possess both bulk and shear elasticity, enabling them to 
support both longitudinal and transverse waves. Gases have 
negligible shear rigidity and therefore cannot sustain transverse 
waves; they can propagate only longitudinal waves. 
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30 (i) Low conductivity 
(ii) Reduce to half 
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32 (i) When the two rotating discs are brought into contact, 
friction acts between the discs only. This friction is an 
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internal force for the two-disc system. Since no 
external torque acts on the system about the common 
axis of rotation, the total angular momentum remains 
conserved. 

(ii)  
•  Moments of inertia of the discs = I1 and I2  
•  Initial angular speeds = ω1 and ω2  
•  Final common angular speed = ω 
Initial angular momentum 
Li=I1ω1+I2ω2 

After contact, both discs rotate together. 
Lf=(I1+I2)ω 
Apply conservation of angular momentum 
I1ω1+I2ω2=(I1+I2)ω 
 
ω= I1ω1+I2ω2/ (I1+I2) 
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(ii) Let a force F act at an angle θ with the position vector r. 

Resolving the force into two mutually perpendicular 
components: 

• Radial component: Fr=Fcosθ (along the position 
vector)  

• Tangential component: Ft=Fsinθ (perpendicular to 
the position vector)  

The torque due to the applied force is 

τ=rFsinθ.  

Since Ft=Fsinθ, 

τ=r Ft.  

For the radial component, 

τr=rFrsin0∘=0,  

Because the radial force acts along the line joining the point 
of application and the axis of rotation, giving zero 
perpendicular distance (moment arm). 

Hence, 

• Tangential component alone produces torque.  
• Radial component produces no torque. 

(iii)  
 No.  
 
The weight acts vertically downward, parallel to the 
hinge axis. Hence, its component perpendicular to the 
axis of rotation is zero, so the torque about the hinge 
axis is zero. Therefore, the weight of the door does not 
cause it to rotate about its hinges. 
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33 (i) Harmonics are integral multiples of the fundamental 
frequency, whereas overtones are frequencies higher 
than the fundamental. Since the first harmonic is the 
fundamental itself, it is not an overtone. Hence, every 
overtone is a harmonic, but the first harmonic is not 
an overtone. 
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