
 

 



 



 

(i) Prove that the following equation is dimensionally correct 

 *   𝐓 = 𝟐 𝛑 √
𝐦

𝐊
     * 𝑭  =

𝒎 𝒗𝟐

𝒓
  

SOLUTION 

𝐓 = 𝟐 𝛑 √
𝐦

𝐊
  

[𝐓 ] = 𝟐 𝛑 √
 [𝐦]

[𝐊]
   … … … … (𝒊) 

Dimension of spring constant K 

 [𝑭] = [ 𝑲 ][𝒙] 

[𝑴𝑳 𝑻−𝟐] = [𝑲]{𝑳 ] 

 [𝑴 𝑳−𝟐] = [𝑲] 
Putting the value of K in equation (i) 

 

 .[𝑻] = 𝟐𝝅√ 
[𝑴]

[𝑴 𝑻−𝟐]
 

[𝑻] = 𝟐𝝅√ 
𝟏

[ 𝑻−𝟐]
 

[𝑻] = 𝟐𝝅√ [𝑻𝟐]  =   𝟐𝝅[𝑻] 

𝟐𝝅  𝒉𝒂𝒔 𝒏𝒐 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏 

[𝑻] = [𝑻] 

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

Hence, the given equation is 

dimensionally correct. 
 

SOLUTION 

 

[𝐅 ] =
[𝐦][𝒗𝟐]

[𝒓]
  

[𝑴𝑳 𝑻−𝟐 ] =
[𝐦][(𝑳 𝑻−𝟏)𝟐]

[𝑳]
  

[𝑴𝑳 𝑻−𝟐 ] =
[𝐦][𝑳𝟐 𝑻−𝟐]

[𝑳]
  

[𝑴𝑳 𝑻−𝟐 ] =
[𝐦][𝑳  𝑳  𝑻−𝟐]

[𝑳]
  

[𝑴𝑳 𝑻−𝟐 ] = [𝐦][𝑳 𝑻−𝟐]  

[𝑴𝑳 𝑻−𝟐 ] = [𝑴𝑳 𝑻−𝟐 ]  

 

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

Hence, the given equation is dimensionally 

correct 
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(ii) What is angle of a repose? drive relation between angle of friction and angle of a 

repose 

Ans THE 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. 

RELATION BETWEEN ANGLE ORFRICTION AND ANGLE OF REPOSE 

The angle made by the resultant of the normal reaction and limiting friction with 

the normal reaction is called the angle of friction 

 

Consider a triangle ADC 

𝒕𝒂𝒏 𝜶 =  
𝑪𝑫

𝑨𝑫
 

𝒕𝒂𝒏 𝜶 =  
𝒇

𝑵
      {   𝑵 = 𝑹 } 

𝒕𝒂𝒏 𝜶 =  
𝒇

𝑵
      {   𝑵 =

𝒇

𝑵
 } 

       𝒕𝒂𝒏 𝜶 =   𝝁      {   𝝁 =
𝒇

𝑵
  } 

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     {   𝐭𝐚𝐧 𝛂 =   µ  }         

                             𝐭𝐚𝐧 𝛉 =   𝐭𝐚𝐧 𝛂           

 𝛉 =    𝛂           

The angle of repose is equal to the angle of friction 



(iii) State and prove work energy equation/ theorem 

Ans 

WORK ENERGYEQUATION /THEOREM: 
It states that the total work done on the body is equal to the change in kinetic 
energy 

Consider a body of mass m moving with initial velocity 𝒗𝟏 after travelling 

through displacement S  its final velocity becomes 𝒗𝟐 under the effect of force 
F. 

       
As we know that 

    𝟐 𝒂 𝑺 =  𝒗𝒇
𝟐  −  𝒗𝒊

𝟐 

     𝒂 =  
𝒗𝒇

𝟐  −   𝒗𝒊
𝟐

𝟐 𝑺
 

hence external force acting on the body is 

    𝑭 =   𝒎 𝒂 

    𝑭 =   𝒎 (
𝒗𝒇

𝟐  −   𝒗𝒊
𝟐

𝟐 𝑺
) … … (𝒊) 

Therefore, work done on the body by an external force is 

    𝑾 =   𝑭 𝑺 … … … … . . (𝒊𝒊) 

Substituting the expression for force from equation (i) in equation (ii) 

    𝑾 =   𝒎 (
𝒗𝒇

𝟐  −   𝒗𝒊
𝟐

𝟐 𝑺
)  𝑺 

    𝑾 =   𝒎 (
𝒗𝒇

𝟐  −   𝒗𝒊
𝟐

𝟐 
)  

    𝑾 =  
𝟏

𝟐
 𝒎 (𝒗𝒇

𝟐   −    𝒗𝒊
𝟐) 

    𝑾 =  
𝟏

𝟐
 𝒎 𝒗𝒇

𝟐   −    
𝟏

𝟐
 𝒎 𝒗𝒊

𝟐 

    𝑾 =  (𝑲. 𝑬)𝒇   −    (𝑲. 𝑬)𝒊 

    𝑾 =  ∆(𝑲. 𝑬) 

 

 

 

 



(iv) Drive equation of a continuity 

Ans EQUATION OF A CONTINUITY 

In fluid dynamics the equation of continuity based upon law of conservation of mass and it 
is stated as; 

 
“When the fluid is flowing through a pipe then its total rate of mass flow at any 
instant and at any cross sectional area of pipe remains same” 

 
DERIVATION: 
 

Suppose a steady laminar flow of a 
fluid through an enclosed tube or pipe as 
shown in figure the speed of the fluid varies 
with the diameter of the tube variation. The 
mass flow rate is given by. 

𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =  
∆𝑚

∆𝑡
− − − −(𝑖) 

The volume of a fluid passing through area ‘A1’ in a time ‘Δt’ is ‘A1 Δ ℓ1’, where ‘Δ ℓ1’ is the 
distance the fluid moves in time ‘Δt’. The velocity of fluid passing through ‘A1’, is v₁. Then the mass 

flow rate. By the definition of density 
 

𝜌1 =
∆𝑚1

∆𝑉1
 

∆𝑚1 =  𝜌1 ∆𝑉1 

                             ∆𝑚1 =  𝜌1 𝐴1 ∆ℓ1 − − − −(𝑖𝑖) 

From average velocity. 

∆𝑙1 = 𝑣1 ∆𝑡 

Substitute in equation (1). 

∆𝑚1 =  𝜌1 𝐴1 𝑣1 ∆𝑡 

∆𝑚1

∆𝑡
=  𝜌1 𝐴1 𝑣1 − − − −(𝑖𝑖𝑖)  

similarly 
∆𝑚2

∆𝑡
=  𝜌2 𝐴2 𝑣2 − − − −(𝑖𝑣) 

The mass flow rate through A1 and A2 must be equal. 
 

∆𝑚1

∆𝑡
=  

∆𝑚2

∆𝑡
 

From equation (iii) and (iv) 

𝜌1 𝐴1 𝑣1 =  𝜌2 𝐴2 𝑣2 

If the fluid is incompressible which is an excellent approximation for liquids under most 
circumstances, then ρ1 = ρ2 = ρ, the equation of continuity is. 

  

 𝐴1 𝑣1 =   𝐴2 𝑣2 



(v) At what angle the horizontal range of projectile become equal its vertical range? 
prove a mathematically 

Ans The horizontal range is given by 

       
g

2θSin
2

0
v

R =  -----------------(i)     

 The maximum height attained by the projectile is given by 

g2

θ
2

Sin
2

0

max

v
h =   -------------  (ii)  

According to the given condition  

maximum height of the projectile = horizontal range of the projectile 

                    
max

h    =   R  

 

            
g2

θ
2

Sin
2

0
v

    =  
g

2θSin
2

0
v

 

     

  
g2

θSinθSin
2

0
v

    =  
g

θcosθSin2
2

0
v

 

     

𝐒𝐢𝐧𝛉

𝟐𝐠
    =  

𝟐 𝐜𝐨𝐬 𝛉

𝐠
 

𝐒𝐢𝐧𝛉

𝟐
    =  𝟐 𝐜𝐨𝐬 𝛉 

𝐒𝐢𝐧𝛉

𝐜𝐨𝐬𝛉
    =  𝟒 

          Tan θ       =    𝟒 

                         θ        =    𝐭𝐚𝐧−𝟏(𝟒 ) 

                   θ    =  𝐭𝐚𝐧−𝟏(𝟒) 

                      θ   = 75.960 

 



(vi) A car has been sounding a 4KHz tone.  What frequency will be deducted by a 
stationary listener as the car approach him at 50 km/h ?  [speed of sound in air = 
1200 km/h] 

DATA 
 
  𝒇 = 4 KHz  
  𝒇 = 4000 Hz 
  𝒇′ = ?  
Vs  = 50 km/h towards the listner 
 V  = 1200 km/h 
 
SOLUTION: 

For the apparent frequency heard by the 

stationary listener when a car approach 

him   𝒇′ =  (
𝑽

𝑽 – 𝑽𝒔
) 𝒗 

𝒇′ =  (
𝟏𝟐𝟎𝟎

𝟏𝟐𝟎𝟎 –  𝟓𝟎
) × 𝟒𝟎𝟎𝟎 

 

𝒇′ =  (
𝟏𝟐𝟎𝟎

𝟏𝟏𝟓𝟎
) × 𝟒𝟎𝟎𝟎 

𝒇′ =  (
𝟏𝟐𝟎𝟎 × 𝟒𝟎𝟎𝟎 

𝟏𝟏𝟓𝟎
) 

𝒇′ =  (
𝟒𝟖𝟎𝟎𝟎𝟎𝟎 

𝟏𝟏𝟓𝟎
) 

𝒇′ =  𝟒𝟏𝟕𝟑. 𝟗𝟏 𝑯𝒛 

𝒇′ =  𝟒𝟏𝟕𝟒 𝑯𝒛 

 

 

 

(vii) A parallel plate capacitor consists of two plates with an area of 0.01 m2 each, 

separated by a distance of 0.002 m.  The capacitor is filled with a dielectric 

material having a relative permittivity (𝝐𝒓) of 4. Calculate the capacitance of this 

capacitor 

 

Data: 
𝑨 =  𝟎. 𝟎𝟏 𝐦𝟐 

𝒅 =  𝟎. 𝟎𝟎𝟐 𝐦 

𝜖𝑟 =  𝟒 

𝑪 = ? 

 

SOLUTION: 

𝐂 =
𝐀 𝛜𝟎   𝛜𝐫 

𝐝
 

𝐂 =
(𝟎. 𝟎𝟏) (𝟖. 𝟖𝟓𝟒 × 𝟏𝟎−𝟏𝟐)   (𝟒) 

𝟎. 𝟎𝟎𝟐
 

𝐂 =
𝟑. 𝟓𝟒 × 𝟏𝟎−𝟏𝟑 

𝟎. 𝟎𝟎𝟐
 

𝐂 = 𝟏. 𝟕𝟕 × 𝟏𝟎−𝟏𝟎  

𝐂  = 𝟏𝟕𝟕 × 𝟏𝟎−𝟏𝟐 

𝐂  = 𝟏𝟕𝟕 × 𝒑𝑭 

 

 

 

 

 

 



 

(viii) 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 
 

(ix) A machine gun fires 10 bullets per second at a target. Each bullet weighs 30 gm and 

has a speed of 1500 m/sec. Find the force necessary to hold the gun in position. 

Data: 

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒃𝒖𝒍𝒍𝒆𝒕𝒔 𝒏 =   𝟏𝟎 

t = 1 second 

𝐦𝐚𝐬𝐬 𝐨𝐟 𝐞𝐚𝐜𝐡 𝐛𝐮𝐥𝐥𝐞𝐭   𝐦𝟏 = 𝟑𝟎 𝐠 

𝐦𝟏 =  
𝟑𝟎

𝟏𝟎𝟎𝟎
  =   𝟎. 𝟎𝟑 𝒌𝒈 

(𝐦𝐚𝐬𝐬 𝐨𝐟 𝟏𝟎 𝐛𝐮𝐥𝐥𝐞𝐭𝐬)  𝐦

= 𝟏𝟎 × 𝟎. 𝟎𝟑 

𝐦 = 𝟎. 𝟑  𝐤𝐠 

𝐈𝐧𝐢𝐭𝐢𝐚𝐥𝐥𝐲 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐛𝐮𝐥𝐥𝐞𝐭𝐬  𝐕𝒊

= 𝟎 

𝐟𝐢𝐧𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐛𝐮𝐥𝐥𝐞𝐭𝐬  

 𝐕𝒇 = 𝟏𝟓𝟎𝟎 𝐦/𝐬 

𝑭 =? 

SOLUTION: 

Acceleration of the bullets 

𝐚  =
𝐕𝒇 − 𝐕𝒊

𝐭
 

 

𝐚 =
𝟏𝟓𝟎𝟎 − 𝟎

𝟏
 

a = 1500  m/s2 

 

𝐅 =    𝐦 𝐚 =   𝟎. 𝟑 × 𝟏𝟓𝟎𝟎  

𝑭 = 𝟒𝟓𝟎 𝐍 

 



 

(x) What is the period of a simple pendulum of a 6.0 kg mass oscillating on a 4.0 m 

long string?    

DATA 

m = 5.0 g 

𝑳 = 𝟏. 𝟐 𝒎 

T =? 

 

 SOLUTIONS 

𝑻 = 𝟐 𝝅  √
𝑳

𝒈
 

 

𝑻 = 𝟐 𝝅  √
𝟏. 𝟐

𝟗. 𝟖
 

𝑻 = 𝟐 𝝅  √𝟎. 𝟏𝟐𝟐𝟒 

 

𝑻 = 𝟐. 𝟏𝟗𝟖𝟔 𝒔 

𝑻 = 𝟐. 𝟐 𝒔 

 

(xi)    What is meant by the interference of light? Write three conditions of interference of 

light 

Ans DEFINITION  

When two waves of light superpose each other under suitable conditions, they 

reinforce each other at some points and cancel their effects at other points. This is 

called interference. 

CONDITIONS OF INTERFERENCE  

Interference occurs whenever two waves come together, but certain conditions need to 

be fulfilled to produce an observable interference. 
1 The waves should be monochromatic; they should be of a single wavelength. 
2. The distance between the screen and the source must be large. 
3 The two sources of light should be coherent. 

 

(xii) Define Electric flux. Prove that the net electric flux through a closed surface is 

equal to 
𝟏

𝜺𝟎
 times the total charge enclosed in the surface. 

Ans DEFINITION- 

 
Electric flux is defined as the total number of electric field lines passing through a vector 
area is called electric flux or “The scalar product of electric intensity E and vector area A”.. 

 

∆Φ = EA 
UNIT: 

SI unit of electric flux is N /m²/C 
 

FLUX THROUGH CLOSED SURFACE DUE TO CHARGE ENCLOSED IN THE SURFACE 
Consider a hollow sphere of radius ‘r ‘. Let a positive point charge ‘q’ is placed at the 
center of a sphere.  
To calculate the flux  through the surface of a sphere, the whole surface, is divided in 

to small area elements i.e., nAAA  .........,, 21  

https://eduinput.com/introduction-to-electric-field-lines/


Now, flux through ∆A1 

Φ1 = 
→

E . 
→

 1A                 

Φ1 = E  1A Cos 0o 

∆Φ1 = E ∆A1  

 

 

Flux through ∆A2 

 ∆Φ2 = E ∆A2 

 

similarly Flux through ∆An  

∆Φn = E ∆An 
 

The total flux through the surface of the sphere will be the sum of all fluxes.  

 

  n++++= ......................321  

       =  n321 AE..............AEAEAE ++++  

       =  ( )n21 A...........AAE +++  

     = E   (surface area of sphere) 

     =  E   ( 4 π r 2 ) 
     

     = ( )2

2

o

r4
r

q

4

1






    

24

1

r

q
E

o
=


 

  ( )q
1

o
=  

o

1


= (Enclosed charge) 

(xiii) A 20 m length cable has a cross-sectional area of 1.0 mm2 and a resistance of 5 Ω. 

Calculate the resistivity of the cable. 

Data: 
 

𝑳  =  𝟐𝟎 𝐦 

𝑨  =    𝟏𝐦𝐦𝟐 

𝑨  =    𝟏 𝐱 (𝟏𝟎−𝟑)𝟐𝐦𝟐 

𝑨  =    𝟏 𝐱 𝟏𝟎−𝟔  𝐦𝟐 

𝑹  =  𝟓 𝛀 

𝝆 =  ?  

SOLUTION: 

                    𝑹 =  
𝝆   𝑳

𝑨
 

                  𝝆 =  
𝑹   𝑨

𝑳
 

                  𝝆 =  
(𝟓)   (𝟏 𝐱 𝟏𝟎−𝟔)

𝟐𝟎
 

                  𝝆 =  𝟐. 𝟓 ×  𝟏𝟎−𝟕 𝛀 𝒎 

 

 

 

 



(xiv) Calculate the value of one of two equal charges if they repel one another with a force  
of 0.15 N when situated 40 cm apart in a vacuum. ( Coulomb’s constant for vacuum is 

𝟗 × 𝟏𝟎𝟗 𝑵 𝒎𝟐/𝑪𝟐  ) 

Data: 
𝒒𝟏   =   𝒒 
𝒒𝟐   =   𝒒 
𝑭  =   𝟎. 𝟏𝟓 𝑵 
𝒓  =   𝟒𝟎 𝒄𝒎  =   𝟎. 𝟒 𝒎 
                     

SOLUTION: 
Coulomb force given by: 

𝑭 =   
𝒌   𝒒𝟏 𝒒𝟏

𝒓𝟐
 

𝑭 =   
𝒌   𝒒    𝒒

𝒓𝟐
 

𝟎. 𝟏𝟓 =   
𝟗 × 𝟏𝟎𝟗   𝒒𝟐  

(𝟎. 𝟒)𝟐
 

𝟗 × 𝟏𝟎𝟗   𝒒𝟐   =   𝟎. 𝟏𝟓 × (𝟎. 𝟒)𝟐 

𝟗 × 𝟏𝟎𝟗   𝒒𝟐   =   𝟎. 𝟎𝟐𝟒  

 

   𝒒𝟐   =   
𝟎. 𝟎𝟐𝟒

𝟗 × 𝟏𝟎𝟗
 

𝒒𝟐   =   𝟐. 𝟔𝟔 × 𝟏𝟎−𝟏𝟐 
Taking the square root of both sides 

√𝒒𝟐  =   √𝟐. 𝟕𝟕 × 𝟏𝟎−𝟏𝟐 
𝒒 =   𝟏. 𝟔𝟑 × 𝟏𝟎−𝟔 𝑪 

 

 

END SECTION B 


