
 

 
 



 

 

 

 

 

 

 

 

 



 

 

 

(i)-  With the help of a diagram show the force acting on a car moving on a banked curve 

and derive the mathematical expression for the banking angle 𝜃 =  tan−1 (
𝑣2

𝑟 𝑔
) 

 

Ans FORCES ACTING ON BANKED CURVE 

A banked curve is a curve that has its surface 

at an angle to the ground on which the curve is 

positioned as shown in the figure. The reason for 

banking curves is to decrease the moving object 

depends on the force of friction. 

On a banked curve, however, the normal 

force acting on the object such as a car, will act at an angle with the horizontal and that 

will create a component normal force that acts along the x-axis. This component's 

normal force will now be responsible for creating the centripetal acceleration required 

to move the car along the curve. 

BANKING DEPENDENCE ON ANGLE AND SPEED OF VEHICLE. 

Consider a car on a frictionless banked curve. If the angle θ is ideal for the 

speed and radius r, then the net external force equals the necessary centripetal force. 

The only two external forces acting on the car are its weight and the normal force of 

the road N. The normal force horizontal component must equal the centripetal force, 

that is. 

   N sinθ =   
m V2

r
  … … … … … (𝑖) 

The vertical component of the normal force is Ncosθ, and the only other vertical force 

is the car's weight. These must be of equal magnitude; thus, 

 N cosθ  =  mg  …………(ii) 

 Dividing equation (i) by (ii) 

        
N sinθ 

N cosθ 
=  

 
m V2

r

𝑚𝑔
 

                  
 sinθ 

 cosθ 
=  

 m V2

 𝑟𝑚𝑔
 

                 tan θ =  
  V2

 rg
 

                      θ = tan−1 (
  V2

 r g
)  

This expression can be understood by considering how θ depends on v and r. A 

large θ is obtained for a large v and a small r.  
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 (ii)  How far apart must two protons be if the magnitude of the electrostatic force acting on 

either one due to the other is equal to the magnitude of the gravitational force on a proton 

at Earth's surface?  (Mass of proton = 1.67 X 10 -27 kg, charge of proton = 1.6 x 10-19 C) 

 

Data: 
(a) 

𝒒𝟏   =  𝟏. 𝟔 𝐱 𝟏𝟎−𝟏𝟗    𝑪 

𝒒𝟐   =   𝟏. 𝟔 𝐱 𝟏𝟎−𝟏𝟗 𝐂 

𝒎  =   𝟏. 𝟔𝟕 𝐗 𝟏𝟎−𝟐𝟕 𝐤𝐠 
𝒓  = ? 
 

SOLUTION: 
Electric force = weight of the object 

𝑭𝒆  =  𝑾 

  
𝒌   𝒒𝟏  𝒒𝟐

𝒓𝟐
  =    𝒎 𝒈 

                     

𝑘   𝑞1  𝑞2

𝑚 𝑔
  =   𝑟2  

  
9 × 109   × 1.6 x 10−19  ×  1.6 x 10−19  

1.67 X 1027 × 9.8

= 𝑟2 

  
2.304 × 10−28    

1.6366 X 10−26
= 𝑟2  

  0.01407 = 𝑟2 

√0.01407 = √𝑟2 

  0.118 𝑚 = 𝑟 

 

 

 (iii)  State Kirchoff’s first and second law. Draw a diagram for both the laws 

 
KIRCHHOFF’S FIRST LAW OR KIRCHHOFF’S CURRENT LAW(KCL) 
Kirchhoff’s Current Law, 
STATEMENT 

 
The sum of the currents entering a junction always equals the sum of the 

currents out of the junction 

 
According to Kirchhoff’s Current Law 

 



 

 

𝐬𝐮𝐦 𝐨𝐟 𝐭𝐡𝐞 𝐜𝐮𝐫𝐫𝐞𝐧𝐭𝐬 𝐞𝐧𝐭𝐞𝐫𝐢𝐧𝐠 𝐚 𝐣𝐮𝐧𝐜𝐭𝐢𝐨𝐧 =  𝐬𝐮𝐦 𝐨𝐟 𝐭𝐡𝐞 𝐜𝐮𝐫𝐫𝐞𝐧𝐭𝐬 𝐨𝐮𝐭 𝐨𝐟 𝐭𝐡𝐞 𝐣𝐮𝐧𝐜𝐭𝐢𝐨𝐧 

 𝐈𝟏  +  𝐈𝟑  +  𝐈𝟓 =   𝐈𝟐  +  𝐈𝟒  +  𝐈𝟔  

KIRCHHOFF’S SECOND LAW OR KIRCHHOFF’S VOLTAGE LAW(KVL) 
Kirchhoff’s Voltage Law, 
STATEMENT 

 
The net electromotive force around a closed-circuit loop is equal to the sum of 

potential drops around the loop 

 

 

(iv) A marter shell is fired at a ground-level target 500 m distance with an initial velocity of 90 m. 

What is the launch angle?  
 

Data: 

R = 500m 

Vo = 90 m/s 

 = ? 

g = 9.8 m / s2  

 

SOLUTION: 

     R =
Vo

2

g
Sin2θ 

 500 =
(90)2

9.8
Sin2θ 

500 =
8100

9.8
Sin2θ 

 

 

500 × 9.8

8100
= 𝑆𝑖𝑛2𝜃 

Sin 2 = 0.6049 

2 = Sin-1 (0.6049) 

2 = 37.22°  

 = 18.61° 

And another possible angle will be, 

 = 90° - 18.61°  

 =  71.39° 

 

 

 

 

 



 

 

(v)  How is energy stored in a capacitor? Derive the mathematical expression for 

the energy stored in a capacitor 

 

Ans Energy stored in a capacitor is electrical potential energy, and it is thus related 
to the charge Q and voltage V on the capacitor. Initially, when the capacitor is 
uncharged, no work is required to move the first bit of charge over. As more charge 
is transferred, work is needed to move the charge against the increasing voltage V. 
The work needed to add a small amount of charge ∆q when a potential difference V 
is across the plates is the total work  W = V∆q needed to move total charge Q is 
equivalent to moving all the charge Q across a voltage equal to the average voltage 

during the process. The average voltage is 
𝑉𝑓 −0 

2
 =  

𝑉𝑓

2
 =  

𝑉

2
 , where V is the 

final voltage; so the work to move the total charge Q from one plate to the other is 

U = Q  
V

2
   

           U =
1

2
Q V … … … . . (i)   

Energy stored in terms of V and C 
We know that  

                      Q = CV 

Substituting the value of Q = C V in the equation (i), we get 

          U =
1

2
(C V) V 

                                                        U =
1

2
𝐶 V2 

(vi)  Define escape velocity. Derive the relation 𝑣𝑒𝑠 =  √2 𝑔 𝑅 for escape velocity 

of the earth’s surface 

Escape velocity 
Escape velocity on Earth or any other planet is defined as the minimum velocity 

with which the body has to be projected vertically upwards from the surface of the 

Earth or any other planet so that it just crosses the gravitational field of Earth or of that 

planet and never return on its own. 

Work is done at the cost of kinetic energy given to the body at the surface of the 

earth. If Ves is the escape velocity of the body projected from the surface of the earth. 

Then kinetic energy of the body will escape out of the gravitational field. 
 

    
𝟏

𝟐
 𝒎 𝒗𝒆𝒔

𝟐  =   
𝑮 𝒎 𝑴𝒆

𝑹
 

      𝒗𝒆𝒔
𝟐  =   

𝟐 𝑮  𝑴𝒆

𝑹
 

     𝒗𝒆𝒔  =   √
𝟐 𝑮  𝑴𝒆

𝑹
… … . . (𝒊) 



 

 

The gravitational acceleration at the surface of the earth is given by 

    𝒈 =   
𝑮  𝑴𝒆

𝑹𝟐  

    𝑮  𝑴𝒆  =   𝒈 𝑹𝟐  … … . (𝒊𝒊) 

Substituting the expression G Me in equation (i) 

   𝒗𝒆𝒔  =   √𝟐 𝒈 𝑹𝟐

𝑹
 

    𝒗𝒆𝒔  =   √𝟐 𝒈 𝑹 

ESCAPE VELOCITY OF EARTH 

𝒗𝒆𝒔  =   √𝟐 𝒈 𝑹 

𝒗𝒆𝒔  =   √𝟐 × 𝟗. 𝟖 ×  𝟔. 𝟑𝟖 × 𝟏𝟎𝟔 

𝒗𝒆𝒔  =   √𝟏. 𝟐𝟓 × 𝟏𝟎𝟖 

𝒗𝒆𝒔  =   𝟏𝟏. 𝟐 × 𝟏𝟎𝟑 𝒎/𝒔 

𝒗𝒆𝒔  =   𝟏𝟏. 𝟐 × 𝑲 𝒎 𝒔−𝟏 

 (vii) The small piston of the hydraulic press has an area of 10 cm2. If the applied 
force is 50 N, what must the area of the large piston to exert a pressing force of 
4800N? 

 

Data: 

𝐴1  = 10 𝑐𝑚2  =   10 × 10−4 𝑚2  

𝐹1  =  50 𝑁 

𝐴2  =?  

𝐹1  =  4800 𝑁 

SOLUTION: 

   
F1

𝐹2
=

A1

𝐴2
 

 

   
50

4800
=

10 × 10−4

𝐴2
 

 𝐴2 × 50 = 10 ×  10−4 × 4800 

𝐴2 =
10 × 10−4 × 4800

50
 

𝐴2 = 0.096 𝑚 =   960 ×  10−4 𝑚 

𝐴2 = 960 𝑐𝑚2 

 

 
 
 
 
 
 
 
 
 
 



 

 

(viii)  A block is kept on a horizontal table. The table is undergoing simple harmonic motion of 

frequency 3 Hz in a horizontal plane. The coefficient of static friction between the block 

and the table surface is 0.72. Find the maximum amplitude of the table at which the 

block does not slip on the surface. 

 

DATA 

f = 3 Hz 

μ =  0.72 

T = 2.41 s 

x0 = ? 

 

SOLUTIONS 

The maximum force of static friction is 

given as                  

                 f=  𝜇 𝑅 

                 f=  𝜇 𝑚𝑔 

In case the body does not slip 

𝒏𝒆𝒘𝒕𝒐𝒏′𝒔𝒇𝒐𝒓𝒄𝒆 = 𝒇𝒓𝒊𝒄𝒕𝒊𝒐𝒏 𝒇𝒐𝒓𝒄𝒆 

   

        𝑚𝑎 = 𝜇 𝑚𝑔         (𝑎 =   𝑥0 𝜔2)  

𝑚(𝑥0 𝜔2)  = 𝜇 𝑚𝑔 

𝑥0 𝜔2  = 𝜇 𝑔          (𝜔 =   2𝜋 𝑓)  

𝑥0 (2𝜋 𝑓)2  = 𝜇 𝑔 

𝑥0  × 4 𝜋2 𝑓 2 = 𝜇 𝑔 

𝑥0  × 4 (3.142)2 (3) 2 = (0.72) (9.8) 

𝑥0  × 355.305 = 7.056 

𝑥0  =
7.056

355.305
 

𝑥0  = 0.021 𝑚 

𝑥0  = 2. 1 𝑐𝑚 

 

 (ix)  Derive Bragg’s equation for diffraction grating. 

Ans DERIVATION OF BRAGG’S LAW  

Consider two x-rays 1 and 2, of wavelength λ which are incident on the crystal 

salt. These x-rays are reflected from atoms A and D of a crystal with a separation 

distance (d) between its atomic planes. 

Let θ be the angle made by x-rays with the layers, as shown in figure. It can be 

seen in the figure that the second x-ray covers more distance as compared to the first x-

ray, the total path difference will be 

 

Path difference = BD + DC ………(i) 

Consider a triangle DAB, 

𝑆𝑖𝑛𝜃 =  
𝑝𝑒𝑟𝑝

ℎ𝑦𝑝
 

𝑆𝑖𝑛𝜃 =  
𝐵𝐷

𝐴𝐷
 

𝑆𝑖𝑛𝜃 =  
𝐵𝐷

𝑑
 

 𝐵𝐷 =  𝑑 𝑆𝑖𝑛𝜃 



 

 

 
Similarly, Consider another triangle DAC, 

𝑆𝑖𝑛𝜃 =  
𝑝𝑒𝑟𝑝

ℎ𝑦𝑝
 

𝑆𝑖𝑛𝜃 =  
𝐵𝐶

𝐴𝐷
 

𝑆𝑖𝑛𝜃 =  
𝐵𝐶

𝑑
 

 𝐵𝐶 =  𝑑 𝑆𝑖𝑛𝜃 

  

Substituting the expression for BD and BC in equation(i), we get  

Path difference = 𝑑 𝑆𝑖𝑛𝜃 + 𝑑 𝑆𝑖𝑛𝜃 

Path difference  = 2 𝑑 𝑆𝑖𝑛𝜃  … … … … . (𝑖𝑖)  

We know that the condition for constructive interference  

 Path difference  =  m λ   ……………(iii) 

Comparing equations (ii) and (iii) 

           2 𝒅 𝑺𝒊𝒏𝜽 = 𝒎 𝝀  

(x) Calculate the viscous drag on a drop of oil of 0.1 mm radius falling through air at this 

terminal velocity. (Viscosity of air = 1.8 x10-5 Pa. s       ; density of oil = 850 kg/m³) 
 
Data. 

r = 0.1 mm = 0.1 x 10-3 m 
η = 1.8 x 10-5 Pa. s 
ρ = 850 kg / m3 
Fd = ? 
vt = ? 
 



 

 

SOLUTION. 
 

For 𝒗𝒕 

We know that 

𝒗𝒕 =   
𝟐𝒓𝟐𝝆𝒈 

𝟗𝜼
 

 

𝒗𝒕 =   
𝟐(𝟎. 𝟏 𝒙 𝟏𝟎−𝟑)𝟐(𝟖𝟓𝟎)(𝟗. 𝟖)

𝟗(𝟏. 𝟖 𝒙 𝟏𝟎−𝟓)
 

 

𝒗𝒕 =   
𝟐(𝟏 𝒙 𝟏𝟎−𝟖)(𝟖𝟓𝟎)(𝟗. 𝟖)

𝟏. 𝟔𝟐 𝒙 𝟏𝟎−𝟒
 

 

𝒗𝒕 =   
𝟏. 𝟔𝟔 𝒙 𝟏𝟎−𝟒

𝟏. 𝟔𝟐 𝒙 𝟏𝟎−𝟒
 

 
𝒗𝒕 =   𝟏. 𝟎𝟐𝟒 𝒎/𝒔 

For 𝑭𝒅 
By Stoke`s law 

𝑭𝒅 = 𝟔 𝝅 𝜼 𝒓 𝒗𝒕 

𝑭𝒅 = 𝟔 (𝟑. 𝟏𝟒𝟐)(𝟏. 𝟖 𝒙 𝟏𝟎−𝟓)(𝟎. 𝟏 𝒙 𝟏𝟎−𝟑)(𝟏. 𝟎𝟐𝟒) 

𝑭𝒅 = 𝟑. 𝟒𝟖 𝒙 𝟏𝟎−𝟖 𝑵 

(xi) A 20-meter length of cable has a cross-sectional area of 1mm2 and a resistance 
of 5 Ω.  Calculate the conductivity of the cable. 

 
 

Data: 
 

𝑳  =  𝟐𝟎𝟎 𝐦 

𝑨  =    𝟏 𝐦𝐦𝟐  =    𝟏 × 𝟏𝟎−𝟔  𝒎 

𝑹  =  𝟓 𝛀 

𝝆 =  ?  

 

SOLUTION: 
Conductivity is given by 

                    𝝈 =  
  𝑳

𝑹   𝑨
 

                  𝝈 =  
𝟐𝟎𝟎

(𝟓)   (𝟏 𝐱 𝟏𝟎−𝟔)
 

                  𝝈 =  𝟒 × 𝟏𝟎𝟕 𝑺/𝒎   

                

 

 



 

 

(xii)  State the law of conservation of linear momentum. By using the law, Calculate 
the speed of recoil of the gun, when a 100 g bullet is fired from a 10 kg gun 
with a speed of 1000 m/s  

 
 
STATEMENT 
The momentum of a system of two interacting bodies remains constant if the 

net external force acting on the system is zero”. 

 
 

Data: 

𝐦𝟏 =   𝟏𝟎𝟎 𝐠 =  
𝟏𝟎𝟎

𝟏𝟎𝟎𝟎
  =   𝟎. 𝟏 𝒌𝒈 

𝐦𝟐 = 𝟏𝟎 𝐤𝐠 

𝐈𝐧𝐢𝐭𝐢𝐚𝐥𝐥𝐲 𝐭𝐡𝐞 𝐛𝐮𝐥𝐥𝐞𝐭 𝐢𝐬 𝐚𝐭 𝐫𝐞𝐬𝐭  𝐔𝟏 = 𝟎 

𝐈𝐧𝐢𝐭𝐢𝐚𝐥𝐥𝐲 𝐭𝐡𝐞 𝐠𝐮𝐧 𝐢𝐬 𝐚𝐭 𝐫𝐞𝐬𝐭       𝐔𝟐 = 𝟎 

𝐕𝟏 = 𝟏𝟎𝟎𝟎 𝐦/𝐬 

𝐕𝟐 =? 

 

 

SOLUTION: 

Applying the Law of conservation of 

momentum 

𝐦𝟏𝐔𝟏 +   𝐦𝟐𝐔𝟐 =  𝐦𝟏𝐕𝟏 +  𝐦𝟐𝐕𝟐 

𝟎. 𝟏(𝟎) +   𝟏𝟎(𝟎) =  𝟎. 𝟏(𝟏𝟎𝟎𝟎) +   𝟏𝟎𝐕𝟐 

𝟎 =  𝟏𝟎𝟎 +   𝟏𝟎𝐕𝟐 

− 𝟏𝟎𝟎 =    𝟏𝟎𝐕𝟐 

−
𝟏𝟎𝟎

𝟏𝟎
= 𝐕𝟐 

𝐕𝟐 = −𝟏𝟎𝐦𝐬−𝟏 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 (XIII) Prove that the following equations are dimensionally correct. 

(i) 𝑻 = 𝟐𝝅 √
𝒍

𝒈
    (ii) 𝒙 = 𝒎  

𝝀

𝟐
 

 

(𝒊)       𝑻 = 𝟐𝝅 √
𝒍

𝒈
 

SOLUTION 
𝑳. 𝑯. 𝑺 = [𝑻] 

𝑳. 𝑯. 𝑺 = [𝐓] 

𝑹. 𝑯. 𝑺 = 𝟐𝝅 √
[𝒍]

[𝒈]
 

𝑹. 𝑯. 𝑺 = 𝟐𝝅 √
[𝑳]

[𝑳 𝑻−𝟐]
 

𝑹. 𝑯. 𝑺 = 𝟐𝝅 √
𝟏

[ 𝑻−𝟐]
 

𝑹. 𝑯. 𝑺 = 𝟐𝝅 √𝑻𝟐 

𝑹. 𝑯. 𝑺 = 𝟐𝝅 𝑻 

{ 𝟐𝝅  𝒉𝒂𝒔 𝒏𝒐 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏 } 

𝑹. 𝑯. 𝑺 = 𝑻 

we have [L.H.S] =  [R.H.S] 

Hence, the given equation is dimensionally 

correct. 
 

(ii)     𝒙 = 𝒎  
𝝀

𝟐
 

SOLUTION 

𝑳. 𝑯. 𝑺 = [𝒙] 

𝑳. 𝑯. 𝑺 = [𝐋] 

𝑹. 𝑯. 𝑺 = 𝒎  
𝝀

𝟐
 

𝑹. 𝑯. 𝑺 =
𝒎

𝟐
  [𝝀] 

𝑹. 𝑯. 𝑺 =
𝒎

𝟐
  [𝑳] 

{ 
𝒎

𝟐
  𝒉𝒂𝒔 𝒏𝒐 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏 } 

𝑹. 𝑯. 𝑺 = [𝑳] 

we have [L.H.S] = [R.H.S] 

Hence, the given equation is dimensionally 

correct 

 
(xiv)  Write Newton’s formula for the speed of sound in air. What correction did 

Laplace make it? also, give the corrected formula. 
 
NEWTON’S FORMULA FOR THE SPEED OF SOUND 

 The speed of the sound waves in a medium solid, liquid, or gas depends on the 

elasticity and density of the medium. 



 

 

𝒗 =  √
𝑬𝒍𝒂𝒔𝒕𝒊𝒄 𝒑𝒓𝒐𝒑𝒆𝒓𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒎𝒆𝒅𝒊𝒖𝒎

𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒎𝒆𝒅𝒊𝒖𝒎
  

 

                𝒗 =  √
𝑬

𝝆
 

If the elastic property of the medium is equal to bulk modulus B of the medium, 

the speed of the sound wave in that medium is 

𝒗 =  √
𝑩

𝝆
      … … … … … … … . (𝑖) 

Where B = bulk modulus of medium. 

LAPLACE’S CORRECTION 

In 1816 a French mathematician “Laplace” put forward a correction to Newton’s 

formula. He explained that sound travels through the air as a combination of compression 

and rarefactions. At compression, the temperature of air rises, and at rarefaction temperature 

falls. Because of the very rapid occurrence of compressions and rarefactions and bad 

conductivity of air, there is not sufficient time for heat to be conducted from hot compression 

to cold rarefaction. Hence the temperature of air does not remain constant and the isothermal 

form of Boyle’s law cannot be applied. 

Laplace proposed the adiabatic propagation of sound in which no exchange of heat takes 

place. In this condition  

𝑷 𝑽 𝜸  =   𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕  

Laplace’s correction formula 

𝒗 =  √
𝛄 𝐏

𝝆
 

Where 

          ‘𝛾’ 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑚𝑜𝑙𝑎𝑟 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑔𝑎𝑠𝑒𝑠. 
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