
 



 

 

 

 

(i) A 100 g bullet is fired into a 12 kg block that is suspended by a long cord so that it 

can swing as a pendulum. If the block is displaced, its centre of gravity rises by 

10cm. What was the speed of the bullet? 

Data: 

𝐦𝟏 =   𝟏𝟎𝟎 𝐠 =  
𝟏𝟎𝟎

𝟏𝟎𝟎𝟎
  =   𝟎. 𝟎𝟏 𝒌𝒈 

𝐦𝟐 = 𝟏𝟐 𝐤𝐠 

𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟𝐭𝐡𝐞 𝐛𝐮𝐥𝐥𝐞𝐭  𝐔𝟏 =? 

𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐠𝐮𝐧     𝐔𝟐 = 𝟎 

𝐟𝐢𝐧𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟𝐭𝐡𝐞 𝐛𝐮𝐥𝐥𝐞𝐭  𝐕𝟏 = 𝐕 

𝐟𝐢𝐧𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐠𝐮𝐧       𝐕𝟐 = 𝐕 

𝐜𝐞𝐧𝐭𝐫𝐞 𝐨𝐟 𝐠𝐫𝐚𝐯𝐢𝐭𝐲 𝐫𝐢𝐬𝐞     𝐡 = 𝟏𝟎 𝐜𝐦  

𝐡 = 𝟎. 𝟏 𝐦  

SOLUTION: 

Applying the Law of conservation of 

momentum 

𝐦𝟏𝐔𝟏 +   𝐦𝟐𝐔𝟐 =  𝐦𝟏𝐕𝟏 +  𝐦𝟐𝐕𝟐 

𝟎. 𝟏 𝐔𝟏 +   𝟏𝟐(𝟎) =  𝟎. 𝟏 𝐕 +   𝟏𝟐𝐕 

𝟎. 𝟏 𝐔𝟏 =  𝟏𝟐. 𝟏 𝐕 … … … . . (𝐢) 

After the collision block-bullet system 

moves like a pendulum so their K.E is 

converted into P.E as they rise, 

 loss of K.E = P.E gained 

𝟏

𝟐
(𝐦𝟏 + 𝐦𝟐)𝐕𝟐 = (𝐦𝟏 + 𝐦𝟐)𝐠𝐡 

𝟏

𝟐
 𝐕𝟐 =  𝐠 𝐡 

𝐕 = √ 𝟐𝐠 𝐡   =  √𝟐 × 𝟗. 𝟖 × 𝟎. 𝟏 

𝐕 =  √𝟏. 𝟗𝟔   =   𝟏. 𝟒 𝒎/𝒔 

Putting the value of v = 1.4 m/s in eq (i) 

𝟎. 𝟏 𝐔𝟏 =  𝟏𝟐. 𝟏 × 𝟏. 𝟒  

 𝐔𝟏 =  
𝟏𝟐. 𝟏 × 𝟏. 𝟒 

𝟎. 𝟏
    

 𝐔𝟏  = 𝟏𝟔𝟗. 𝟒    𝒎/𝒔 

 

 
 
 
 
 
 
 
 
 
 

 

SECTION B 

SHORT QUESTION AND ANSWER (SOLUTIONS) 



(ii) A tank 4 m long, 3 m wide, and 2 m deep is filled to the brim with paraffin (density 
800 kg/m³). Calculate the pressure on the base? What is the thrust on the base? 
 
Data: 
L = 4 m 
w = 3 m 
d = h = 2 m 
P = ? 
F = ? 
Solution: 
For “P”. 
By the pressure of fluid. 
    P = ρ g h 

P = 800 x 9.8 x 2 
P = 15680 Pa  

For “F”. 
By the definition of pressure. 
    P = F / A 
    F = P A = P (l x w) 
    F = 15680 (4 x 3) 
    F = 188160 N 

 
(iii) An electron of charge 1.6 x 10-19 C is situated in a uniform electric field of intensity 1200-volt 

/m. Find the force on it.  

Data: 
𝒒  =  𝟏. 𝟔 𝐱 𝟏𝟎−𝟏𝟗    𝑪 

𝑬 = 𝟏𝟐𝟎𝟎
 𝐯𝐨𝐥𝐭

𝒎
   

𝑭 = ? 
                     

SOLUTION: 
𝑭𝒆  = 𝒒 𝑬 

𝑭𝒆  = 𝟏. 𝟔 𝐱 𝟏𝟎−𝟏𝟗 × 𝟏𝟐𝟎𝟎 

𝑭𝒆  = 𝟏. 𝟗𝟐 𝐱 𝟏𝟎−𝟏𝟔 𝑵 

 

  

(iv) A satellite is orbiting the Earth with an orbital velocity of 3200 m/s. What is the orbital radius? 

 

DATA 
𝒗 =  𝟑𝟐𝟎𝟎 𝒎/𝒔  
𝒓 = ?  
SOLUTION: 

(a) Centripetal acceleration 

            𝒗 = √
𝑮 𝑴

𝑹
 

Squaring both the side 

(𝒗)𝟐  = (√
𝑮 𝑴

𝑹
)

𝟐

 

𝒗𝟐  =
𝑮 𝑴

𝑹
 

𝑹 =
𝑮 𝑴

𝒗𝟐 
 

𝑹 =
𝟔. 𝟔𝟕 × 𝟏𝟎−𝟏𝟏  ×   𝟓. 𝟗𝟖 × 𝟏𝟎𝟐𝟒

(𝟑𝟐𝟎𝟎)𝟐 
 

𝑹 =
𝟑. 𝟗𝟖𝟖 × 𝟏𝟎 𝟏𝟒 

𝟏. 𝟎𝟐𝟒 × 𝟏𝟎𝟕
 

𝑹 = 𝟑. 𝟖𝟗𝟒 ×  𝟏𝟎𝟕  𝒎 



(v)  When an object is thrown upwards. It rises to a height 'h'. How high is the object in 
terms? of h, when it has lost one-third of its original kinetic energy? 
 
 

DATA 

Height = h ;   H = ? for which  

K.E Lost = EKinitial
3

1
.  

SOLUTION: 

Initial K.E at the ground = 2
mv

2

1
 

but P.E = 0 

At max height ‘h’ i.e. at point P. 

Final K.E = 0 

P.E. = mgh 

 Loss in K.E = Gain in P.E ………. (i) 

  

or mghmv
2

1 2 =  

Let ‘s’ be the height of an object when it 

has lost 
3

1
 of its K.E then Eq. (i)  

                           
3

1
 loss in K.E  = 

3

1
(Gain in 

P.E) 

𝟏

𝟑
(

𝟏

𝟐
𝒎𝒗𝟐) = 𝒎𝒈𝑯 

𝟏

𝟑
(𝒎𝒈𝒉) = 𝒎𝒈𝑯 

                                 𝑯 =
𝟏

𝟑
 𝐡 

 

 

(vi) For an inclined plane, derive the relation between the angle of friction and the angle 

of repose 

RELATION BETWEEN ANGLE OF FRICTION AND ANGLE OF REPOSE 

The angle of repose is defined as the minimum angle made by an inclined plane with 

the horizontal such that an object placed on the inclined surface just begins to slide. 

Consider the plane makes an angle θ with the horizontal, the body just begins to 

move. Let 'R' be the normal reaction of the body, and ‘f ’  be the frictional force. As 

shown in the figure 

Here 

   W sinθ  =  f   

   mg sinθ  =  f  ………………(i) 

   W cosθ  =  R   

   mg cosθ  =  R  …………….(ii) 

Dividing equation (i) by (ii) 



    
𝐦𝐠 𝐬𝐢𝐧𝛉  

𝐦𝐠  𝐜𝐨𝐬𝛉
 =   

𝒇

𝑹
 

                     
 𝐬𝐢𝐧𝛉  

 𝐜𝐨𝐬𝛉
 =   

𝒇

𝑹
      {µ =  

𝒇

𝑹
 }  

                            𝐭𝐚𝐧 𝛉 =   µ   … … … (𝐢)     

The angle of repose is given by 

    𝐭𝐚𝐧 𝛂 =   µ … … … (𝐢𝐢)     

𝐜𝐨𝐦𝐩𝐚𝐫𝐢𝐧𝐠 𝐞𝐪𝐮𝐚𝐭𝐢𝐧 (𝐢) 𝒂𝒏𝒅 (𝒊𝒊)  

                             𝐭𝐚𝐧 𝛉 =   𝐭𝐚𝐧 𝛂           

 𝛉 =    𝛂           

The angle of repose is equal to the angle of friction 

(vii) What capacitance is required to store energy of 3.6 x 107 J at a potential 

difference of l 000 V? 

 

Data: 
 

𝑼 = 𝟑𝟔𝟎𝟎𝟎𝟎𝟎  𝐉 =   𝟑. 𝟔 × 𝟏𝟎𝟕 𝑱 

𝑽 =  𝟏𝟎𝟎𝟎 𝐕 

 

 

SOLUTION: 

𝑼 =
𝟏

𝟐
  𝑪 𝑽𝟐 

𝟑. 𝟔 × 𝟏𝟎𝟕 =
𝟏

𝟐
  𝑪 (𝟏𝟎𝟎𝟎)𝟐 

𝟐 × 𝟑. 𝟔 × 𝟏𝟎𝟕 =   𝑪   × 𝟏 ×  𝟏𝟎𝟔 

𝟕. 𝟐 × 𝟏𝟎𝟕

𝟏 ×  𝟏𝟎𝟔
=   𝑪    

𝟕𝟐 𝑭𝒂𝒓𝒂𝒅 =   𝑪 

 

 

 

 

 

 

 

 

 



(viii) Prove that the motion of the projection of a particle describing circular motion with 

constant angular speed ω is simple harmonic motion on one of the diameters of the 

circle. 

Ans PROJECTION OF UNIFORM CIRCULAR MOTION ALONG A DIAMETER OF THE CIRCLE. 

Consider a particle of mass m rotating in a circle 

of radius r with a speed of v, then the projection ‘Q’ of 

the particle moves back and forth along the diameter of 

the circle.  

The centripetal acceleration of particle ‘ P’ ac into 

its rectangular components 

 

𝒂𝒙 =  𝒂𝒄 𝐜𝐨𝐬 𝜽 

                     𝒂𝒙 =  𝒙𝟎 𝝎𝟐  𝐜𝐨𝐬 𝜽 

And 

                   𝒂𝒚 =  𝒂𝒄 𝐬𝐢𝐧 𝜽 

𝒂𝒚 =  𝒙𝟎 𝝎𝟐  𝐬𝐢𝐧 𝜽 

Since 𝒂𝒙 is the component along the diameter AOB and always directed towards the 

equilibrium position ‘0’. At any instant t the direction of the acceleration vector is opposite 

to the direction of the displacement vector. Therefore; 

                          𝒂𝒙 =  −  𝒙𝟎 𝝎𝟐  𝐜𝐨𝐬 𝜽   … … … … . . (𝒊) 

Consider the right- a n g l e  triangle OQP 

𝑪𝒐𝒔𝜽 =
𝒙

𝒙𝟎
. . . . . . . . . . . . . . . . . (𝒊𝒊) 

Substituting cosθ expression in equation (i) 

𝒂𝒙 =  −  𝒙𝟎 𝝎𝟐  (
𝒙

𝒙𝟎

) 

                     𝒂𝒙 =  −   𝝎𝟐  𝒙 

                           𝒂𝒙 =  −   (𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 ) 𝒙 

                         𝒂𝒙     ∝  −   𝒙 

This is an equation representing simple harmonic motion, which indicates that the 

acceleration of ‘Q’ is directly proportional to its displacement and is directed towards mean 

position. Hence the motion of projection ‘Q’ along the diameter of the circle is simple 

harmonic motion. 



(ix) Define electric field intensity and electric potential, and prove 𝑬 = −  
∆𝑽

∆𝒓
 

ELECTRIC FIELD INTENSITY  

DEFINITION: 
 

Electric field intensity is defined as the force exerted on a unit positive charge 

placed at a specific point in an electric field. it's a vector quantity 

𝑬 =
𝑭

𝒒𝒐
 

ELECTRIC POTENTIAL 

DEFINITION: 
  

Electric potential is the amount of work needed to move a unit charge from a reference 

point to a specific point against an electric field.  

CALCULATING  ELECTRIC FIELD FROM ELECTRIC POTENTIAL  
 

Suppose that a positive test charge 𝒒𝟎  moves from one point A to another point  B 

against the electric field. As shown in the figure 

 

 
 

The work done in moving a test through a distance 𝛥𝑟 

 Work done on qo against the field =  -𝐹  𝛥𝑟  
                 𝑾 =  − 𝒒𝒐𝑬 𝜟𝑺 

 potential difference between the points 

   𝜟𝑽 =
𝜟𝑾

𝒒𝒐
 

        𝜟𝑽 = −
𝒒𝟎𝑬𝜟𝑺

𝒒𝒐
 

        𝜟𝑽 = −𝑬 𝜟𝑺 

   or       𝑬 = −
𝜟𝑽

𝜟𝑺
  

(
ΔV

ΔS
) is the ratio of change of potential with respect to the distance known as potential 

gradient. 
 

 

 

 

 

https://www.britannica.com/science/work-physics
https://www.britannica.com/science/electric-field


(x) Prove that the work done by the gravitational force in moving a body around a closed 

path is zero.  

 
Ans In a gravitational field, the net work done by the force on an object moving around a 

closed path is zero , therefore gravitational field is a conservative field.  

To prove this statement, consider a 

closed triangular path ABCA as shown. Let us 

calculate the work done around a closed path 

of mass ‘m’ in the gravitational field of Earth. 

work done along AB =  A BW →  

𝑾𝑨→𝑩 = 𝑭
→

. 𝑺𝟏

→

 
  

A B 1W F S Cos→ =  

A B 1W W S Cos ...........(i)→ =  

From the triangle ACD  

  
AD

Cos
AC

 =   

  

1

h
Cos

S
 =        

  3h S Cos ............. (ii)=  

 Substituting the value of h from equation (ii) in equation (i), we get 

 A BW mgh ..............(iii)→ =  

work done from B to C 

    B C 2W F S
→ →

→ = g  

   
0 0

B C 2W F S Cos90 90→ = =  

   
0 0

B C 2W W S Cos90 W mg Cos90 0→ = = =  

   A B 2W mg S (0) ..............(iv)→ =  

 work done along CA = C AW →  

   C A 3W F S
→ →

→ = g  

   C A 3W F S Cos→ =  

( )C A 3W W S Cos 180 180  → = − = −  

( ) ( )C A 3W W S Cos Cos 180 Cos  → = − − = −  

C A 3W mg S Cos→ = −  

( )C A 3W mg h h S Cos→ = − =  

  A B B C C ATotal work W W W→ → →= + +  

( )mgh 0Total work mgh= + + −  

0Total work =  

 Thus, the gravitational field is conservative 

 

 



 

(xi) Prove the following equation is dimensionally correct 

  

*    𝑺 =  𝒗𝒊𝒕 +  
𝟏

𝟐
 𝒂 𝒕𝟐   *    𝑻 =  𝟐 𝝅 √

ℓ

𝒈
 

(ii)     𝑺 =  𝒗𝒊 𝒕 + 
𝟏

𝟐
 𝒂 𝒕𝟐 

SOLUTION 

𝑳. 𝑯. 𝑺 = [𝑺] 

𝑳. 𝑯. 𝑺 = [𝐋] 

𝑹. 𝑯. 𝑺 = [𝒗𝒊 ][𝒕] +  
𝟏

𝟐
 [𝒂] [𝒕𝟐] 

𝑹. 𝑯. 𝑺 = [𝑳 𝑻−𝟏 ][𝑻] +  
𝟏

𝟐
 [𝑳 𝑻−𝟐] [𝑻𝟐] 

𝑹. 𝑯. 𝑺 = [𝑳 𝑻−𝟏 𝑻 ] +  
𝟏

𝟐
 [𝑳 𝑻−𝟐 𝑻𝟐] 

{ 
𝟏

𝟐
   𝒉𝒂𝒔 𝒏𝒐 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏 } 

𝑹. 𝑯. 𝑺 = [𝑳 ] +  
𝟏

𝟐
 [𝑳]  =  [𝑳 ] +   [𝑳] 

𝑹. 𝑯. 𝑺 = 𝟐 [𝑳 ]      {𝟐 𝒉𝒂𝒔 𝒏𝒐 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏} 

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

Hence, the given equation is dimensionally  

(𝒊𝒊)       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. 
 

 

 

 

 

 



(xii)   Define resistivity and derive its mathematical expression 

 

RESISTIVITY 

DEFINITION: 

 Resistivity is defined as the resistance offered by the material per unit length 

per unit cross-section of the material 

Unit: 

 The SI unit of resistivity is ohm-meter. Which is written in symbols as Ω m. 

Formula: 

It is found experimentally that the resistance R of a metal wire is directly proportional 

to its length “L”   

    𝑅  𝛼   𝐿  … … . . (𝑖) 

It is found experimentally that the resistance R of a metal wire is inversely proportional 

to its area of cross-section “A”, that is    

R  α   
1

A
  … … . . (ii)   

 

Combining equations (i) and (ii), we get 

R  α   
L

A
   

R = constant    
L

A
  

R = ρ   
L

A
 

 𝐴 × R = ρ × L 

 
𝐴 ×R 

L
= ρ  

  ρ =
𝐴 ×R 

L
  

Where ρ (Greek Letter Rho) is a constant of proportionality, it is called resistivity and 

depends on the material used.  

 

 

 



(xiii) What is projectile motion? Derive the mathematical expression for its range 

PROJECTILE MOTION 

The motion of a body is said to be projectile motion if its velocity has two components, 

where one component remains constant and the other changes continuously 

throughout the motion. It is a two-dimensional motion under gravitational force and 

negligible frictional resistance of air; this motion follows a parabolic path 

 HORIZONTAL RANGE:- 
 

The distance between the point of projection and the point where it hits the level from 

which it was launched is known as its horizontal range. 
 

DERIVATION 
Let R be the range of the projectile, then it can be found by using the formula 

                       𝐱 = 𝐯𝐢𝐱   t  +  
𝟏

𝟐
𝒂𝒙 𝐭𝟐 … … . (𝒊) 

Where  X   =   R  Vix =  Vox = Vo cosθ 

   ay  =  - g     𝐭 = 𝐓 =
𝟐𝐕𝐨Sinθ

𝐠
 

  substituting these values in equation (i) 

𝐑 = 𝐕𝟎 𝐜𝐨𝐬𝛉 ×
𝟐𝐕𝐨Sinθ

𝐠
  +  

𝟏

𝟐
(𝟎) 𝐭𝟐

 

 

       𝐑 = (𝐕𝐨𝐂𝐨𝐬𝛉) (
𝟐𝐕𝐨𝐒𝐢𝐧𝛉

𝐠
) 

  𝐑 =
𝐕𝐨

𝟐   𝟐 𝐒𝐢𝐧𝛉  𝐂𝐨𝐬𝛉

𝐠
             ∵ 𝟐𝐒𝐢𝐧𝛉 𝐜𝐨𝐬 𝛉 = 𝐒𝐢𝐧𝟐𝛉         

  𝐑 =
𝐕𝐨

𝟐   𝐒𝐢𝐧𝟐𝛉

𝐠
 

(xiv) A train sounds its whistle with a frequency of 200 Hz. A stationary observer measures 

this frequency of 219 Hz. Find the speed of the train ( speed of sound is 340 m/s) 

 

DATA 
 

  𝒇 = 200 Hz  

  𝒇′ = 219  Hz  

 Vs  = ? 

 V  = 340 m/s 

 

SOLUTION: 

  𝑓′ =  (
𝑽

𝑽 – 𝑽𝒔
) 𝑓  

𝟐𝟏𝟗 =  (
𝟑𝟒𝟎

𝟑𝟒𝟎 – 𝐕𝐬
) 𝟐𝟎𝟎 

𝟐𝟏𝟗(𝟑𝟒𝟎 − 𝐕𝐬 ) =  𝟑𝟒𝟎 𝐱 𝟐𝟎𝟎 

𝟕𝟒𝟒𝟔𝟎 − 𝟐𝟏𝟗 × 𝐕𝐬 =  𝟔𝟖𝟎𝟎𝟎 

𝟕𝟒𝟒𝟔𝟎 − 𝟔𝟖𝟎𝟎𝟎 =   𝟐𝟏𝟗 × 𝐕𝐬 

𝟔𝟒𝟔𝟎 =   𝟐𝟏𝟗 × 𝐕𝐬 

 𝐕𝐬  =   
𝟔𝟒𝟔𝟎

𝟐𝟏𝟗
=   𝟐𝟗. 𝟓 𝐦/𝐬 

 

 


