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TOPIC - 01 
ROTATIONAL DYNAMICS 

 
1.1 Introduction 
 
Circular motion is an essential part of our daily life. 
Every day we come across several revolving or rotating 
(rigid) objects. 
During revolution, the object (every particle in the 
object) undergoes circular motion about some point 
outside the object or about some other object, while 
during rotation the motion is about an axis of rotation 
passing through the object. 
 
Q.1 What is revolution and rotation of an object? 
 
Ans: Revolution: During revolution, the object (every 
particle in the object) undergoes circular motion about 
some point outside the object or about some other object.  
 
Rotation: During rotation, the motion is about an axis of 
rotation passing through the object. 
 
1.2 Characteristics of Circular Motion 
 
Q.2 What is circular motion? 
 
Ans: Circular motion: Motion of an object around a 
circular path is called as circular motion. 
 
Q.3 State the characteristics of circular motion. 
 
Ans: Characteristics of circular motion: 
i) Accelerated motion: As the direction of velocity 
changes at every instant, it is an accelerated motion. 
 
ii) Periodic motion: During the motion, the particle 
repeats its path along the same trajectory. Thus, the 
motion is periodic. 
 
Q.4 What are kinematical equations of motion? 
 
Ans:  Kinematical equations of motion: 
 

No. Linear motion Rotational motion 
i v = u + at ω = ω0 + αt 
ii s = ut +

1

2
at2  θ = ω0t +

1

2
αt2 

iii v2 = u2 + 2as ω = ω0
2 + 2αθ 

 
Where, 

v = Final linear velocity,  
u = Initial linear velocity,  
a = Linear acceleration,  
s = Linear displacement,  
ω = Final angular velocity,  
ω0 = Initial angular velocity,  
α = Angular acceleration,  
θ = Angular displaacement,   
t = time,  
 
Q.5 State the analogy of the following linear and 
rotational quantities: 
i) Displacement        ii) Velocity        iii) Acceleration 
 
Ans: 
 Quantity  Linear Rotational  

 Displacement  s⃗ θ⃗⃗ 

Velocity  v⃗⃗ =
ds⃗⃗

dt
   ω⃗⃗⃗ =

dθ⃗⃗⃗

dt
  

  
Acceleration  

a⃗⃗ =
dv⃗⃗

dt
 α⃗⃗⃗=

d ω⃗⃗⃗

dt
    

 
Q.6 What is right hand thumb rule? 
 
Ans: Right hand thumb rule: To know the direction of  
𝜔⃗⃗⃗, curl the fingers of the right hand along the sense of 
rotation, with the thumb outstretched. The outstretched 
thumb then gives the direction of  𝜔⃗⃗⃗. 
 
 
 
 
 
 
 
 
 
 
 
Q.7 Give the relation of angular velocity with 
periodic time and frequency? 
 
Ans: Relation between angular velocity(ω), periodic 
time (T) and frequency (n): 
ω = 2πn  
  

=
2π

T
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Q.31 Explain difference cases of liquid-solid 
interactions. 
 
Ans: Different cases of liquid-solid interaction: 
Case: 1) Acute angle of contact: 
i) Net adhesive force between liquid and solid on 
molecule A>net cohesive force between liquid 
molecules. 

i. e. ,FA⃗⃗ ⃗⃗ ⃗>FC⃗⃗⃗⃗⃗  

ii) Resultant force FR⃗⃗ ⃗⃗⃗ is directed inside solid.  
 
 
 
 
 
 
 
 
 
 
 
 
iii) For equilibrium or stability of a liquid surface, the 

net force FR⃗⃗ ⃗⃗⃗ acting on the molecule A must be normal to 
the liquid surface at all points. For the resultant force 

FR⃗⃗ ⃗⃗⃗  to be normal to the tangent, the liquid near the wall 
should pile up against the solid boundary so that the 

tangent AT to the liquid surface is perpendicular to FR⃗⃗ ⃗⃗⃗. 
Thus, this makes the meniscus concave, Such liquid 
wets that solid surface. 
iv) Angle of contact is acute. 
v) Example: Kerosene in a glass bottle. 
 
Case: 2) Obtuse angle of contact: 
i) Net adhesive force between liquid and solid on 
molecule A < resultant cohesive force between liquid 

molecules i.e., FA⃗⃗ ⃗⃗⃗ < FC⃗⃗⃗⃗⃗ 
 

ii) Resultant force FR⃗⃗ ⃗⃗⃗ is directed inside liquid. 
 
 
 
 
 
 
 
 
 
 
 
 

iii) For equilibrium or stability of a liquid surface, the 

net force FR⃗⃗ ⃗⃗⃗ acting on all molecules similar to molecule 
A must be normal to the liquid surface at all points. The 
liquid near the wall should, therefore, creep inside 
against the solid boundary. This makes the meniscus 

convex, so that its tangent AT is normal to FR⃗⃗⃗⃗⃗.  
Such liquid does not wet that solid surface. 
iv) Angle of contact is obtuse. 
v) Example: Mercury in a glass bottle. 
 
Case 3) Zero angle of contact: 
 
 
 
 
 
 
 
 
 
 
i) Liquid molecules near the contact region are very less 

number such that FC is negligible FC⃗⃗⃗⃗⃗ = 0. 
ii) Net adhesive force itself is the resultant force i.e., 

FR⃗⃗ ⃗⃗⃗ = FA⃗⃗ ⃗⃗⃗. Therefore, tangent AT is along the wall within 
the liquid. 
iii) Angle of contact is almost zero (θ ⟶ 0°) 
iv) Example: Pure water in clean glass. 
 
Q.32 Derive the conditions for acute and obtuse 
angle of contact for a solid-liquid interactions. 
 
Ans: Solid-liquid interaction: 
 
 
 
 
 
 
 
 
 
 
 
 
i) Consider a hypothetical liquid having angle of contact 
90° with a solid container. 
ii) The molecule experiences both adhesive and 
cohesive force. Since the wall is vertical, the molecule 
‘A’ is acted upon by a net adhesive force exerted 

horizontally by the molecules of the solid AP as 
FA
→ . Net  
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Scientific ´Ö¸üÖšüß Ã¯ÖÂ™üßÛú¸üÞÖ: 
 
¯ÖÏÃŸÖÖ¾Ö®ÖÖ: •µÖÖ»ÖÖ mass (¾ÖÃŸÖã́ ÖÖ®Ö) †ÖÆêü ¾Ö •Öê (space) †¾ÖÛúÖ¿Ö ¾µÖÖ¯ÖŸÖê 
ŸµÖÖ»ÖÖ matter (¾ÖÃŸÖã) †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ¾ÖÃŸÖã ‘Ö®Ö, ¦ü¾Ö †Ö×ÞÖ ¾ÖÖµÖã †¿ÖÖ ŸÖß®Ö 
†¾ÖÃ£ÖêŸÖ †ÃÖã ¿ÖÛúŸÖê. ‘Ö®Ö ¯Ö¤üÖ£ÖÖÔŸÖß»Ö ÛúÞÖ ‹Ûú´ÖêÛúÖÓ“µÖÖ †×ŸÖ¿ÖµÖ •Ö¾Öôû 
†Ö×ÞÖ ¾µÖ¾Ö×Ã£ÖŸÖ ¸ü“Ö»Öê»Öê †ÃÖŸÖÖŸÖ †Ö×ÞÖ ŸµÖÖÓ®ÖÖ ÆüÖ»Ö“ÖÖ»Ö Ûú¸üÞµÖÖ“Öê ±úÖ¸üÃÖê 
Ã¾ÖÖŸÖÓ¡µÖ ®ÖÃÖŸÖê. ¦ü¾Ö ¯Ö¤üÖ£ÖÖÔŸÖß»Ö ÛúÞÖ ‹Ûú´ÖêÛúÖÓ“µÖÖ •Ö¾Öôû †ÃÖŸÖÖŸÖ, ¯ÖÞÖ 
ŸµÖÖÓ®ÖÖ ‡Ûú›êü×ŸÖÛú›êü Æü»ÖÞÖê ¿ÖŒµÖ †ÃÖŸÖê. ¾ÖÖµÖãÓ́ Ö¬µÖê •Öê ÛúÞÖ †ÃÖŸÖÖŸÖ, ŸµÖÖÓ“Öß 
ÆüÖ»Ö“ÖÖ»Ö ÃÖÆü•Ö ¾Ö ¦ãüŸÖ ÝÖŸÖß®Öê ÆüÖê‰ú ¿ÖÛúŸÖê. ÛúÞÖÖÓ“µÖÖ †¿ÖÖ ¸ü“Ö®Öế Öãôêû 
¾ÖêÝÖ¾ÖêÝÖóµÖÖ †¾ÖÃ£ÖêŸÖ ¾ÖÃŸÖã“Öê ¾ÖêÝÖ¾ÖêÝÖôêû ÝÖãÞÖ¬Ö´ÖÔ ×¤üÃÖã®Ö µÖêŸÖÖŸÖ. 
•Ö¿Öß †Ö¯ÖÞÖ ‘Ö®Ö ¯Ö¤üÖ£ÖÖÔ“Öß »ÖÖÓ²Öß, ¹Óý¤üß ´ÖÖê•ÖŸÖÖê, ŸÖÃÖÖ ¾ÖÖµÖã“ÖÖ ¤üÖ²Ö, ŸÖÖ¯Ö´ÖÖ®Ö 
¾ÖÝÖî̧ êü ´ÖÖê•Ö»Öê •ÖÖŸÖê. ¾ÖÖµÖã ¾Ö ŸµÖÖÓ“µÖÖ ×¾Ö×¾Ö¬Ö ÝÖãÞÖ¬Ö´ÖÖÔ¾Ö¸ü ²ÖÖò‡Ô»Ö,®µÖã™ü®Ö, ²ÖÖê»™Ëü—
Ö´Ö®Ö †¿ÖÖ †®ÖêÛú ¿ÖÖÃ¡Ö–ÖÖÓ®Öß ÃÖÓ¿ÖÖê¬Ö®Ö Ûêú»Öê †ÖÆêü. ŸµÖÖ“ÖÖ“Ö †³µÖÖÃÖ †Ö¯ÖÞÖ 
Ûú¸üÞÖÖ¸ü †ÖÆüÖêŸÖ. 
 
Ideal gas ØÛú¾ÖÖ perfect gas (†Ö¤ü¿ÖÔ ¾ÖÖµÖã)- •ÖÖê gas ÃÖ¾ÖÔ temperature 
†Ö×ÞÖ pressure »ÖÖ gas “µÖÖ ÃÖÓ²Ö¬ÖßŸÖ ÃÖ¾ÖÔ laws (×®ÖµÖ´ÖÖÓ“Öê) ¯ÖÖ»Ö®Ö Ûú¸üŸÖÖê, 
ŸµÖÖ gas »ÖÖ ideal gas †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
¯ÖÏŸµÖõÖÖŸÖ ideal gas ®ÖÃÖŸÖÖê“Ö, ´ÖÖ¡Ö real gases Æêü gas “µÖÖ ÃÖÓ²Ö¬ÖßŸÖ laws 
“Öê ¯ÖÖ»Ö®Ö low pressure †Ö×ÞÖ high temperature »ÖÖ Ûú¸üŸÖÖŸÖ. ŸµÖÖ®ÖÓŸÖ¸ü 
temperature, pressure †Ö×ÞÖ volume µÖÖÓ“µÖÖ´Ö¬Öß»Ö relation ¯ÖÏ¿®ÖÖ´Ö¬µÖê 
×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
Boyles law (²ÖÖò‡Ô»Ö“ÖÖ ×®ÖµÖ´Ö)- ‹ÛúÖ ×Ã£Ö¸ü ŸÖÖ¯Ö´ÖÖ®ÖÖ¾Ö¸ü ×¤ü»Öê»µÖÖ mass 
“µÖÖ gas ®Öê exerts (ÛúÖµÖÖÔ®¾ÖßŸÖ) Ûêú»Öê»ÖÖ pressure ÆüÖ ŸµÖÖ®Öê ¾µÖÖ¯Ö»Öê»µÖÖ 
volume (†ÖÛúÖ¸ü´ÖÖ®ÖÖ“µÖÖ) inversely (¾µÖÃŸÖ) ¯ÖḮ ÖÖÞÖÖŸÖ †ÃÖŸÖÖê. ´ÆüÞÖ•Öê“Ö 

P∝ 
1

V
 

∴ PV = Constant 
Charles law (“ÖÖ»ÃÖÔ“ÖÖ ×®ÖµÖ´Ö)- Gas “ÖÖ pressure ×Ã£Ö¸ü †ÃÖŸÖÖ®ÖÖ gas 
“Öê volume Æêü ŸµÖÖ“µÖÖ absolute temperature (×®Ö¸ü¯ÖêõÖ ŸÖÖ¯Ö´ÖÖ®ÖÖ“µÖÖ) 
ÃÖ´ÖÖ®Öã¯ÖÖŸÖß †ÃÖŸÖê. ´ÆüÞÖ•Öê“Ö V∝ T   
 
i) Free path (´ÖãŒŸÖ ¯Ö£Ö)- ‹ÜÖÖªÖ molecule ®Öê ¤üÖê®Ö successive 
(»ÖÖÝÖÖê̄ ÖÖšü µÖêÞÖÖ-µÖÖ) collisions (ÃÖÓ‘ÖÖŸÖÖ´Ö¬µÖê) ¯ÖãÞÖÔ Ûêú»Öê»µÖÖ distance 
(†ÓŸÖ¸üÖ»ÖÖ) free path †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
ii) Mean free path (´ÖÖ¬µÖ ´ÖãŒŸÖ ¯Ö£Ö)- ‹ÜÖÖªÖ gas molecule ®Öê ¤üÖê®Ö 
successive (»ÖÖÝÖÖê̄ ÖÖšü µÖêÞÖÖ-µÖÖ) collisions (ÃÖÓ‘ÖÖŸÖÖ´Ö¬µÖê) ¯ÖãÞÖÔ Ûêú»Öê»µÖÖ 
average distance (ÃÖ¸üÖÃÖ¸üß †ÓŸÖ¸üÖ»ÖÖ) mean free path †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
 
Law of equipartion energy (‰ú•ÖÖÔ ÃÖ´Ö×¾Ö³ÖÖ•Ö®Ö)- ´ÖÖ¬µÖ´ÖÖŸÖß»Ö 
Total energy ×Æü ‹ÛúÃÖ´ÖÖ®Ö¯ÖÞÖê ÃÖÝÖôûßÛú›êü ÃÖ¾ÖÔ possible modes ´Ö¬µÖê 
×¾ÖŸÖ¸üßŸÖ ÆüÖêŸÖê †Ö×ÞÖ ¯ÖÏŸµÖêÛú mode “Öß energy, 1

2
kT ‡ŸÖÛúß †ÃÖŸÖê. 

Monoatomic (‹Ûú †×Þ¾ÖÛú), diatomic (×«ü†×Þ¾ÖÛú) †Ö×ÞÖ 
polyatomic (²ÖÆãü†Ö×Þ¾ÖÛú) gas molecules “Öê γ= 

Cp

Cv
 “µÖÖ ØÛú´ÖŸÖß 

¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»µÖÖ †ÖÆêüŸÖ, ŸµÖÖ“Öê †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 

Degree of freedom (ÛúÞÖÖÓ“Öß ´ÖãŒŸÖŸÖÖ ÛúÖê™üß)- ‹ÜÖÖªÖ system “Öß 
state (†Ö¾ÖÃ£ÖÖ) specify (ˆ»»ÖêÜÖßŸÖ Ûú¸üÞµÖÖÃÖÖšüß) »ÖÖÝÖÞÖÖ-µÖÖ 
independent variable ØÛú¾ÖÖ coordinates (Ã¾ÖŸÖÓ¡Ö ØÛú¾ÖÖ †¾Ö»ÖÓ²Öã®Ö 
®ÖÃÖÞÖÖ-µÖÖ) (“Ö»Ö ØÛú¾ÖÖ ÃÖÆü×®Ö¤ìü¿ÖÛúÖ“Öß) Ûú´ÖßŸÖÛú´Öß ÃÖÓÜµÖÖ ´ÆüÞÖ•Öê“Ö 
Degree of freedom ÆüÖêµÖ. 
¯ÖÏ¿®ÖÖ´Ö¬µÖê degree of freedom †Ö×ÞÖ ŸµÖÖ¾Ö¹ý®Ö law of equipartition 
energy (‰ú•ÖÖÔ ÃÖ´Ö×¾Ö³ÖÖ•Ö®ÖÖ“ÖÖ ×®ÖµÖ´Ö) “Öê Ã¯ÖÂ™üßÛú¸üÞÖ ×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê 
†¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
i) Coefficient of absorption (a) (†¾Ö¿ÖÖêÂÖÞÖ ÝÖãÞÖÖÓÛú)- ×¤ü»Öê»µÖÖ 
¾Öêôêû´Ö¬µÖê ‹ÜÖÖªÖ ¾ÖÃŸÖã®Öê absorb (¿ÖÖê×ÂÖŸÖ) Ûêú»Öê»Öß heat †Ö×ÞÖ ŸµÖÖ body 
¾Ö¸ü incident (†Ö¯ÖÖŸÖß) ÆüÖêÞÖÖ¸üß  ‹ÛãúÞÖ radiant heat (¯ÖÏÖ×¸üŸÖ ˆÂÞÖŸÖÖ) 
µÖÖÓ“Öê ÝÖãÞÖÖê¢Ö¸ü ´ÆüÞÖ•Öê“Ö Coefficient of absorption ÆüÖêµÖ. 
ŸµÖÖ“ÖÖ formula ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»ÖÖ †ÖÆêü. Coefficient of absorption »ÖÖ“Ö 
absorptance ØÛú¾ÖÖ absorptivity †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ŸµÖÖ»ÖÖ units †Ö×ÞÖ 
dimensions ®ÖÃÖŸÖÖŸÖ. 
ii) Coefficient of reflection (r) (¯Ö¸üÖ¾ÖŸÖÔ®Ö ÝÖãÞÖÖÓÛú)- ×¤ü»Öê»µÖÖ 
¾Öêôêû´Ö¬µÖê ‹ÜÖÖªÖ ¾ÖÃŸÖã®Öê reflect (¯Ö¸üÖ¾ÖŸÖáŸÖ) Ûêú»Öê»Öß heat †Ö×ÞÖ ŸµÖÖ 
body ¾Ö¸ü incident (†Ö¯ÖÖŸÖß) ÆüÖêÞÖÖ¸üß  ‹ÛãúÞÖ radiant heat (¯ÖÏÖ×¸üŸÖ 
ˆÂÞÖŸÖÖ) µÖÖÓ“Öê ÝÖãÞÖÖê¢Ö¸ü ´ÆüÞÖ•Öê“Ö Coefficient of reflection ÆüÖêµÖ. 
ŸµÖÖ“ÖÖ formula ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»ÖÖ †ÖÆêü. Coefficient of reflection »ÖÖ“Ö 
reflectance ØÛú¾ÖÖ reflectivity †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ŸµÖÖ»ÖÖ units †Ö×ÞÖ 
dimensions ®ÖÃÖŸÖÖŸÖ. 
iii) Coefficient of transmission (t) (¯ÖÖ ȩ̂üÂÖÞÖ ÝÖãÞÖÖÓÛú)- ×¤ü»Öê»µÖÖ 
¾Öêôêû´Ö¬µÖê ‹ÜÖÖªÖ ¾ÖÃŸÖã®Öê transmitt (¯ÖÖ¸êüÂÖßŸÖ) Ûêú»Öê»Öß heat †Ö×ÞÖ ŸµÖÖ 
body ¾Ö¸ü incident (†Ö¯ÖÖŸÖß) ÆüÖêÞÖÖ¸üß  ‹ÛãúÞÖ radiant heat (¯ÖÏÖ×¸üŸÖ 
ˆÂÞÖŸÖÖ) µÖÖÓ“Öê ÝÖãÞÖÖê¢Ö¸ü ´ÆüÞÖ•Öê“Ö Coefficient of transmission ÆüÖêµÖ. 
ŸµÖÖ“ÖÖ ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»ÖÖ †ÖÆêü. Coefficient of transmission »ÖÖ“Ö 
transmitance ØÛú¾ÖÖ transmitivity †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ŸµÖÖ»ÖÖ units †Ö×ÞÖ 
dimensions ®ÖÃÖŸÖÖŸÖ. 
Coefficient of absorption (a), Coefficient of reflection (r) †Ö×ÞÖ 
Coefficient of transmission (t) µÖÖÓ“µÖÖŸÖß»Ö relation ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê 
†ÖÆêü, simple-simple formulae †ÖÆêüŸÖ, ŸÖê ×®Ö™ü ÃÖ´Ö•Öã®Ö ‘µÖÖ. 
 
i) Diathermanous body / substances (†ÓŸÖÃŸÖÖ¯Ö®Ö¿Öß»Ö ¯Ö¤üÖ£ÖÔ)- 
•µÖÖ ¯Ö¤üÖ£ÖÖỐ Ö¬Öã®Ö heat radiation •ÖÖ‰ú  ¿ÖÛúŸÖÖŸÖ ŸµÖÖ ¯Ö¤üÖ£ÖÖÕ»ÖÖ 
Diathermanous body †ÃÖê ´ÆüÞÖŸÖÖŸÖ. Diathermanous body ÃÖÖšüß 
Coefficient of transmission (t) ≠ 0 †ÃÖŸÖÖê. 
ˆ¤üÖ. glass, ØÛú¾ÖÖ hydrogen, oxygen ÃÖÖ¸üÜÖê ¾ÖÖµÖã. 
 
ii) Athermanous (adiathermanous) body/ substances 
(†ŸÖÖ¯Ö®Ö¿Öß»Ö ¯Ö¤üÖ£ÖÔ)- •µÖÖ ¯Ö¤üÖ£ÖÖỐ Ö¬Öã®Ö heat radiation •ÖÖ‰ú ¿ÖÛúŸÖ 
®ÖÖÆüßŸÖ, ŸµÖÖ ¯Ö¤üÖ£ÖÖÕ»ÖÖ athermanous body †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
Athermanous body ÃÖÖšüß Coefficient of transmission (t) = 0 
†ÃÖŸÖÖê. 
ˆ¤üÖ. »ÖÖÛãú›ü,¯ÖÖÞÖß, copper, iron ÃÖÖ¸üÜÖê ¬ÖÖŸÖæ 
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Solved and Unsolved Examples  
 
i) An ideal mono-atomic gas is adiabatically 

compressed so that its final temperature is twice its 

initial temperature. Calculate the ratio of final 

pressure to its initial pressure. (Feb/Mar-2023)-2m 

Ans: Given: 

As gas is monoatomic, γ =
5

3
 

T2 = 2T1    ∴  
T2

T1
= 2  

Ratio of final pressure to its initial pressure = 
P2

P1
=? 

We have formula,  

p1
1−γ
T1
γ
= p2

1−γ
T2
γ

  
 

∴ (
p1

p2
)
1−γ

= (
T2

T1
)
γ

  

 

∴ (
p1

p2
)

−2

3
= (

T2

T1
)

5

3
  

 

∴ (
p2

p1
)

2

3
= (

T2

T1
)

5

3
  

On taking cube of both sides, we get, 
 

∴  (
p2

p1
)
2
= (

T2

T1
)
5

  

 

∴  (
p2

p1
)
2
= (2)5 = 32  

Taking square root of both sides, we get 
p2

p1
= √32 = 4√2 = 4 × 1.41 = 𝟓. 𝟔  

 
Ex.01 A gas enclosed in a cylinder is expanded to 
double its initial volume (𝐕𝐢 = 𝟎. 𝟓 𝐮𝐧𝐢𝐭𝐬)  at a 
constant pressure of one atmosphere. How much 
work is done in this process? Is this work done on 
the gas or by the gas? How do you know this? 
 
Solution: Given: Pressure (p) = 1atm = 1.01 × 105 Pa, 
Change in volume (∆V) = (Vf − Vi) 
= (2Vi − Vi)  
= 0.5units  
Find: Work done (W) 
We have, Formula: W = P ∆V = P(Vf − Vi)  
 
Calculation: From formula, 
W = 1.01 × 105 × 0.5  
= 0.505 × 105  
= 𝟓. 𝟎𝟓 × 𝟏𝟎𝟒 𝐉  
Positive sign of the work done implies that the work is 
done by the gas. 
 

Ans: Work done in the process is 𝟓. 𝟎𝟓 × 𝟏𝟎𝟒 𝐉. The 
positive work done implies that the work is done by the 
gas. 
 
Ex.02 104 kJ of work is done on certain volume of a 
gas. If the gas releases 125 kJ of heat, calculate the 
change in internal energy (in kJ) of the gas. 
                                                                                                     OR 
Ex.02) 104 J of work is done on certain volume of a 

gas. If the gas pop releases 125 kJ of heat, calculate the 

change in internal energy of the gas. 

                                                               (Feb/Mar-2023)-2m 
 
Solution: Given: W = −104 kJ, Q = −125 kJ  
 
Find: Change in internal energy (∆U) 
We have, Formula: ∆U = |Q| − |W| 
 
Calculation: From formula, 
∆U = |Q| − |W|  
∴ ∆U = (125 − 104) = 𝟐𝟏 𝐤𝐉  
 
Ans: Change in internal energy is 21 kJ. 
 
Ex.03 A gas contained in a cylinder fitted with a 
frictionless piston expands against a constant 
external pressure of 1 atm from a volume of 5 litres 
to a volume of 10 litres. In doing so it absorbs 400 J 
of thermal energy from its surroundings. Determine 
the change in internal energy of system. 
 
Solution: Given: p = 1 atm = 1.013 × 105Pa, Q = 400J, 
Vi = 5 L = 5 × 10

−3 m3, 
Vf = 10 L = 10 × 10

−3 m3  
 
Find: Change in internal energy of system. 
 
We have, Formulae: i) W = p∆V = p(Vf − Vi) 
 
                                        ii) ∆U = |Q| − |W| 
 
Calculation: From formula (i), 
W = 1.013 × 105(10 × 10−3 − 5 × 10−3)  
= 1.013 × 105 × 5 × 10−3  
= 5.065 × 102  
= 𝟓𝟎𝟔. 𝟓 𝐉   
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Ex.07 Find the distance between two successive 
nodes in a stationary wave on a string vibrating 
with frequency 64 Hz. The velocity of progressive 
wave that resulted in the stationary wave is 
𝟒𝟖 𝐦 𝐬−𝟏. 
 
Solution: Given: v = 48 ms−1, n = 64 Hz  

Find: Distance between two successive nodes (
λ

2
) 

We have, Formula: v = nλ  
 
Calculation: From formula, 

λ =
v

n
=
48

64
= 0.75 m  

Distance between two successive nodes  

=
λ

2
=
0.75

2
= 𝟎. 𝟑𝟕𝟓 𝐦  

 
Ans: Distance between two successive nodes is 0.375 
m. 
 
Ex.08 A sound wave in a certain fluid medium is 
reflected at an obstacle to form a standing wave. 
The distance between two successive nodes is 3.75 
cm. If the velocity of sound is 1500 m/s, find the 
frequency. 
 
Solution: Given: Distance between two successive 

nodes (
λ

2
) = 3.75 cm = 3.75 × 10−2 m  

 
Find: Frequency of sound wave (n) 
 

We have, Formula: n =
v

λ
  

 

Calculation: As
λ

2
= 3.75 × 10−2 m  

∴ λ = 7.5 × 10−2 m  

From formula, 

n =
1500

7.5×10−2
= 200 × 102  

= 20 × 103 = 𝟐𝟎 𝐤𝐇𝐳  

 
Ans: The frequency of the sound wave is 20 kHz. 
 
Ex.09 Two sources of sound are separated by a 
distance 4 m. They both emit sound with the same 
amplitude and frequency (330 Hz), but they are 
180° out of phase. At what points between the two 
sources, will the sound intensity be maximum? 
 

Solution: For intensity to be maximum, it should be the 
point of antinodes. At the extremes, nodes are formed. 

Distance between successive nodes and antinodes is 
λ

4
. 

 

 

 

 

 

 

 

Now λ =
v

n
  

=
330

330
                           …….. (∵ speed of sound = 330m/s) 

= 1 m  

Hence, there will be 4 loops in between two sources. 
Taking centre as reference, (as shown in the figure) 
 

Antinode is at ±
λ

4
, ±

3λ

4
, ±

5λ

4
 and ±

7λ

4
 

 
Thus, ± 𝟎. 𝟐𝟓 𝐦,±𝟎. 𝟕𝟓 𝐦,±𝟏. 𝟐𝟓 𝐦 𝐚𝐧𝐝 ± 𝟏. 𝟕𝟓 𝐦 
from the centre are the point of maximum sound 
intensity. 
 
Ex.10 A transverse wave is produced on a stretched 
string 0.9 m long and fixed at its ends. Find the 
speed of the transverse wave, when the string 
vibrates while emitting second overtone of 
frequency 324 Hz. 
 
Solution: Given: l = 0.9 m, n = 324 Hz 
 
Find: Speed (v) 
We have, Formula: v = nλ  
 
Calculation: In 2nd overtone, 3 loops are formed. 

∴ l =
3

2
λ  

∴ λ =
2l

3
  

From formula, 

v = n(
2l

3
) = 324 (

2

3
× 0.9)  

∴ 𝐯 = 𝟏𝟗𝟒. 𝟒 𝐦/𝐬  

Ans: The speed of the transverse wave is 194.4 m/s. 
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Scientific ´Ö¸üÖšüß Ã¯ÖÂ™üßÛú¸üÞÖ: 
 
Introduction - ¤îü®ÖÓ×¤ü®Ö •Öß¾Ö®ÖÖŸÖ †Ö¯ÖÞÖ ×¾Ö×¾Ö¬Ö ¯Ö¬¤üŸÖßÓ“µÖÖ ÝÖØŸÖ“ÖÖ 
†®Öã³Ö¾Ö ‘ÖêŸÖ †ÃÖŸÖÖê. µÖÖ †Ö¬Öß †Ö¯ÖÞÖ particles “Öß ÃÖ¸üôû¸êüÜÖß ÝÖ×ŸÖ ¾Ö 
¯ÖÏõÖê¯ÖÞÖÖÃ¡ÖÖ“Öß ¯ÖÏõÖê¯µÖ ÝÖ×ŸÖ †³µÖÖÃÖ»Öß. µÖÖ ¤üÖê®Æüß ÝÖ×ŸÖ ¯ÖÏÖ Ó̧³Ö —
ÖÖ»µÖÖ¯ÖÖÃÖã®Ö ¾ÖÖ¸Óü¾ÖÖ¸ü ‘Ö›üÞÖÖ·µÖÖ ®ÖÖÆüßŸÖ. µÖÖ“Ö ÃÖ´Ö¾ÖêŸÖ †Ö¯ÖÞÖ ¾ÖŸÖãÔôûÖÛúÖ¸ü 
¾Ö ÝÖÏÆüÖÓ“µÖÖ ³ÖÏ´ÖÞÖÛúõÖßµÖ ÝÖØŸÖ“ÖÖ †³µÖÖÃÖ ¤êüÜÖß»Ö Ûêú»ÖÖ. µÖÖ ¤üÖê®Ö 
ÝÖ×ŸÖ¾Ö¹ý®Ö Æêü ×¤üÃÖã®Ö †Ö»Öê Ûúß, ×¾Ö×¿ÖÂ™ü ÛúÖ»ÖÖ¾Ö¬Öß ®ÖÓŸÖ¸ü ÝÖØŸÖ“Öß 
¯Öã®Ö¸üÖ¾Öé¢Öß ÆüÖêŸÖê. †¿ÖÖ ÝÖØŸÖ®ÖÖ †Ö¾ÖŸÖá ÝÖŸÖß †ÃÖê ´ÆüÞÖŸÖÖŸÖ. µÖÖ“Ö²Ö¸üÖê²Ö¸ü 
‘Ö›ü¶ÖôûÖ“ÖÖ ¤üÖê»ÖÛú, ¯ÖõµÖÖÓ“µÖÖ ¯ÖÓÜÖÖ“Öß ÆüÖ»Ö“ÖÖ»Ö, —ÖÖ›üÖÓ“µÖÖ ±úÖ¤üµÖÖÓ“Öß 
¤üÖê»Ö®Öê ¾Ö Ã¾ÖµÖÓ“Ö×»ÖŸÖ ¾ÖÖÆü®ÖÖÓ´Ö¬Öß»Ö ×¯ÖÃ™ü®Ö µÖÖÓ“Öß ´ÖÖÝÖê¯Öãœêü ÆüÖêÞÖÖ¸üß ØÛú¾ÖÖ 
ÜÖÖ»Öß¾Ö¸üŸÖß ÆüÖêÞÖÖ¸üß ÆüÖ»Ö“ÖÖ»Ö oscillatory motion (¤üÖê»Ö®ÖÛúÖ¸üß ÝÖ×ŸÖ) 
´ÆüÞÖã®Ö †ÖêôûÜÖ»Öß •ÖÖŸÖê.  
 
Periodic motion (†Ö¾ÖŸÖá ÝÖŸÖß)- •Öß motion, equal intervals 
(ÃÖÖ¸üÜµÖÖ“Ö †ÓŸÖ¸üÖ»ÖÖ®Öê) †Ö×ÞÖ same path (‹ÛúÖ“Ö ´ÖÖÝÖÖÔ¾Ö¸ü) ÆüÖêŸÖ 
†ÃÖ»µÖÖÃÖ ŸµÖÖ motion »ÖÖ Periodic motion †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
 
Oscillatory motion (¤üÖê»Ö®ÖÛúÖ¸üß ÝÖŸÖß)- ØÛú¾ÖÖ Vibratory 
motion (Ã¯ÖÓ¤ü®ÖÖŸ´ÖÛú ÝÖŸÖß/ÆüÖ»Ö“ÖÖ»Ö)- ‹ÜÖÖªÖ body “Öß ‹ÜÖÖªÖ 
fixed point ³ÖÖê¾ÖŸÖß“Öß to and fro (´ÖÖÝÖê †Ö×ÞÖ ¯Öãœêü) †¿Öß ‹ÛúÖ 
definite time interval ´Ö¬µÖê ÆüÖêÞÖÖ¸üß motion ´ÆüÞÖ•Öê“Ö 
Oscillatory motion ÆüÖêµÖ. ÆüµÖÖ motion ´Ö¬µÖê body ×Æü mean 
position (´Ö¬µÖ ×Ã£ÖŸÖß¯ÖÖÃÖã®Ö) ¤üÖê®Æüß ²ÖÖ•Öã»ÖÖ ‹ÛúÖ šü¸üÖ×¾ÖÛú limits 
´Ö¬µÖê“Ö ×±ú¸üŸÖ †ÃÖŸÖê.  
 
Linear simple harmonic motion (¸êüÂÖßµÖ ÃÖ¸ü»Ö †Ö¾ÖŸÖá ÝÖŸÖß)- 
‹ÜÖÖªÖ particle “Öß linear SHM ´ÆüÞÖ•Öê“Ö •µÖÖ´Ö¬µÖê ŸµÖÖ particle 
¾Ö¸ü act ÆüÖêÞÖÖ·µÖÖ restoring force “Öê magnitude Æêü ŸµÖÖ particle 
“Öê mean position ¯ÖÖÃÖã®Ö ´ÖÖê•Ö»Öê»µÖÖ displacement (x) ¿Öß 
ÃÖ´ÖÖ®Öã¯ÖÖŸÖß †ÃÖŸÖê. ŸÖÃÖê“Ö ŸÖÖê force ®ÖêÆü´Öß mean position “µÖÖ 
×¤ü¿ÖêŸÖ ÛúÖµÖÖÔ®¾ÖßŸÖ †ÃÖŸÖÖê, ´ÆüÞÖ•Öê“Ö  linear displacement (x) “µÖÖ 
opposite ´Ö¬µÖê †ÃÖŸÖÖê. ´ÆüÞÖ•Öê“Ö 𝐹 ∝ −𝑥, 𝐹 = −𝐾𝑥 µÖÖ´Ö¬µÖê k ÆüÖ 
restoring force constant †ÃÖŸÖÖê, ŸµÖÖ»ÖÖ“Ö spring constant 
†ÃÖêÆüß ´ÆüÞÖŸÖÖŸÖ. K “Öß units †Ö×ÞÖ dimensions ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê»Öß 
†ÖÆêüŸÖ. ŸµÖÖ“Öê †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ.  
ˆ¤üÖÆü¸üÞÖê-  
i) Simple pendulum “Öß motion 
ii) pendulum clock ´Ö¬Öß»Ö pendulum “Öß motion 
iii) Tuning force “µÖÖ prongs (¿Öã»Ö) 
iv) Spring »ÖÖ ²ÖÖÓ¬Öã®Ö »Ö™üÛú¾Ö»Öê»Öß body 
v) Sewing machine (×¿Ö»ÖÖ‡Ô ´Ö×¿Ö®Ö“µÖÖ) needle (ÃÖã‡Ô) “Öß ÝÖŸÖß. 
 
 
 

Spring †Ö×ÞÖ body oscillator (¾Ö•Ö®Ö ¤üÖê»ÖÛú)-  
i) ¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ¤üÖÜÖ×¾Ö»Öê»µÖÖ figure ®ÖãÃÖÖ¸ü ‹Ûú m ‡ŸÖÛêú mass 
†ÃÖ»Öê»Öß body ‹ÛúÖ elastic spring »ÖÖ attach Ûêú»Öê»Öß †ÖÆêü, 
•µÖÖ“ÖÖ spring constant k †ÖÆêü. ŸÖÃÖê“Ö ×Æü body »ÖÖ frictionless 
smooth horizontal surface ¾Ö¸ü šêü¾Ö»Öê»Öß †ÖÆêü.  
ii) ÊÖ ×Ã£ÖŸÖß´Ö¬µÖê spring ×Æü equilibrium (ÃÖ´ÖŸÖÖê»Ö) †ÃÖã®Ö spring 
ŸµÖÖ body ¾Ö¸ü ÛúÖêÞÖŸµÖÖ“Ö ¯ÖÏÛúÖ¸ü“ÖÖ force, exerts (¯ÖÏµÖãŒŸÖ) Ûú¸üßŸÖ 
®ÖÖÆüß.  
iii) ¯Öãœüß»Ö position ´Ö¬µÖê body »ÖÖ x ‡ŸÖŒµÖÖ distance ®Öê mean 
position ¯ÖÖÃÖã®Ö ˆ•Ö¾µÖÖ ×¤ü¿Öê»ÖÖ †Öêœü»µÖÖ®ÖÓŸÖ¸ü“Öß ×Ã£ÖŸÖß (position-
B) ¯ÖÆüÖ. ŸµÖÖ®ÖÓŸÖ¸ü spring ´Ö¬Öß»Ö elastic properties ´Öãôê body 
¾Ö¸üŸÖß internal restoring force (†ÓŸÖÝÖÔŸÖ ¯Öã®Ö:Ã£ÖÖ¯Öß ²Ö»Ö) ¯ÖÏµÖãŒŸÖ 
ÆüÖêŸÖê. ÊÖ condition ´Ö¬µÖê restoring force “Öß direction ×Æü mean 
position Ûú›êü †ÃÖŸÖê, †Ö×ÞÖ •ÖêÓ¾ÆüÖ ŸÖÖÞÖã®Ö ¬Ö¸ü»Öê»Öß body ÃÖÖê›ãü®Ö ¤êüŸÖÖê 
ŸÖÓê¾ÆüÖ ×ŸÖ mean position Ûú›êü •ÖÖŸÖê.  
iv) ŸµÖÖ®ÖÓŸÖ¸ü inertia (•Ö›üŸ¾ÖÖ´Öãôêû) body ×Æü mean position ¯ÖÖÃÖã®Ö 
›üÖ¾ÖßÛú›êü •ÖÖŸÖê ¾Ö spring compressed (†ÖÛãÓú×“ÖŸÖ/ÃÖÓ¯ÖÖ×¤üŸÖ) ÆüÖêŸÖê. 
(position-A) ¯ÖÆüÖ. spring compressed ×Æü body ¾Ö¸ü restoring 
force †¿ÖÖ¯ÖÏÛúÖ¸êü ¯ÖÏµÖãŒŸÖ Ûú¸üŸÖê ×Ûú, body mean position ¯ÖµÖÕŸÖ 
ÝÖê»Öß ¯ÖÖ×Æü•Öê. 
v) ÊÖ case ´Ö¬µÖê body to and for (¯Öãœêü †Ö×ÞÖ ´ÖÖÝÖê) †¿Öß 
straight line path (ÃÖ¸ü»Ö ¸êüÂÖßµÖ ´ÖÖÝÖÖÔ¾Ö¸ü) ×±ú¸üŸÖê, ŸµÖÖ´Öãôêû ÊÖ 
motion »ÖÖ oscillatory motion †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
vi) ÊÖ oscillatory motion ´Ö¬µÖê restoring force (F) Æêü 
displacement (x) ¿Öß proportional (ÃÖ´ÖÖ®Öã¯ÖÖŸÖß) †ÖÆêü, ´ÖÖ¡Ö ŸµÖÖ“Öß 
direction ×Æü displacement “µÖÖ opposite (×¾Ö¹ý¬¤ü) †ÖÆêü. ŸµÖÖ´Öãôêû 
ŸµÖÖ motion »ÖÖ linear simple harmonic motion (SHM) 
†ÃÖêÆüß ´ÆüÞÖŸÖÖŸÖ. 
vii) •Ö¸ü x Æêü displacement •Öê ×Ûú, mean position (o) ¯ÖÖÃÖã®Ö 
´ÖÖê•Ö»Öê»Öê †ÖÆêü, †Ö×ÞÖ F Æêü restoring force †ÃÖê»Ö ŸÖ¸ü 𝐹 ∝ −𝑥 
´ÆüÞÖ•Öê“Ö 𝐹 = −𝐾𝑥  ÆüµÖÖ formula ®ÖãÃÖÖ¸ü restoring force 
¿ÖÖê¬ÖŸÖÖŸÖ. 
 
i) Displacement (×¾ÖÃ£ÖÖ¯Ö®Ö)- ‹ÜÖÖªÖ particle ®Öê S.H.M 
perform Ûú¸üßŸÖ †ÃÖŸÖÖ®ÖÖ ŸµÖÖ“µÖÖ mean position ¯ÖÖÃÖã®Ö ŸµÖÖ“µÖÖ 
ÛúÖêÞÖŸµÖÖÆüß instant (õÖÞÖÖ¯ÖµÖÕŸÖ“Öê) cover Ûêú»Öê»Öê distance ´ÆüÞÖ•Öê“Ö 
displacement ÆüÖêµÖ. Displacement “Öß units †Ö×ÞÖ dimensions 
¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öß †ÖÆêüŸÖ.  
ii) Amplitude (¯Ö¸ü´Ö¯ÖÏÃÖ¸ü/†ÖµÖÖ´Ö)- ‹ÜÖÖªÖ particle ®Öê SHM ®Öê 
†ÃÖŸÖÖ®ÖÖ ŸµÖÖ“µÖÖ mean position ¯ÖÖÃÖã®Ö cover Ûêú»Öê»Öê distance »ÖÖ 
amplitude †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
iii) Range (¯Ö»»ÖÖ ØÛú¾ÖÖ ™ü¯¯ÖÖ)- particle ®Öê SHM ´Ö¬µÖê †ÃÖŸÖÖ®ÖÖ 
cover Ûêú»Öê»µÖÖ ¤üÖê®Ö extreme (†ÜÖê¸ü“µÖÖ) positions (Ã£ÖÖ®ÖÖÓ´Ö¬Öß»Ö) 
distance ´ÆüÞÖ•Öê“Ö range ÆüÖêµÖ. Æêü distance, amplitude “µÖÖ ¤ãü¯¯Ö™ü 
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Q.51 Why are multiple colours observed over a thin 
film of oil floating on water? Explain with the help 
of a diagram. 
 
Ans: Multiple colours observed over a thin film of 
oil floating on water: 
 
 
 
 
 
 
 
 
 
 
 
 
 
i) The multiple colours observed over a thin oil films on 
the surface of water are due to the interference of light 
waves reflected from the upper and lower surfaces of 
the film.  
ii) Path difference between two rays depends on the 
point on the film that is being viewed as shown in 
figure. 
iii) The incident wave gets partially reflected from 
upper surface as shown by ray AE. The rest of the light 
gets refracted and travels along AB.  
iv) At B it again gets partially reflected and travels along 
BC. 
v) At C it refracts into air and travels along CF.  
vi) The parallel rays AE and CF have a phase difference 
due to their different path lengths in different media.  
vii) The phase difference depends on the angle of 
incidence θ1, i.e., the angle of incidence at the top 
surface, which is the angle of viewing, and also on the 
wavelength of the light as the refractive index of the 
material of the thin film depends on it. 
viii) The two rays AE and CF interfere, producing 
maxima and minima for different colours at different 
angles of viewing. Hence, one sees different colours 
when the film is viewed at different angles. 
 
7.9 Diffraction of Light 
 
Q.52 What is diffraction of light? Give examples. 
 
Ans: Diffraction of light: The bending of light near the 
edge of an obstacle or slit and spreading into the region 
of geometrical shadow is called diffraction of light.  
 

Examples: 
i) At noon, circular patches of Sunlight are seen on the 
ground, when observed from underneath trees. 
ii) When sun is viewed through fine piece of cloth, 
coloured spectra is observed due to diffraction of light. 
iii) The luminous border surrounding the boundary of 
mountain just before the sunrise or sunset is due to 
diffraction of light. 
 
Q.53 Distinguish between interference and 
diffraction. 
 
Ans: Interference and Diffraction: 
 
No. Interference Diffraction 
i Interference due to the 

superposition of waves 
from different 
wavefronts. 

Diffraction is due to 
many waves coming 
from different parts of 
the same wavefront. 

ii All bright fringes are of 
equal intensity. 

Intensity decreases 
with the order of 
bright band. 

iii Minimum intensity may 
be zero. 

Minimum intensity is 
not zero. 

iv Width of the central 
maximum is same as 
that of other bright 
fringes i.e fringe width 
is same for all fringes 
including central 
maxima. 

Width of central 
maximum is broader 
than other maxima 
and it is double the 
fringe width.  

v The waves emitted by 
two coherent sources 
travel in straight line. 

The light waves are 
bent at the corners and 
displaced from their 
straight line path. 

vi The resolving power of 
an optical instrument 
does not depend on the 
phenomena of 
interference. 

The resolving power of 
an optical instrument 
depends on the 
phenomena of 
diffraction. 

 
Q.54 What are Fraunhofer and Fresnel diffractions? 
 
Ans: i) Fraunhofer diffraction: If the distances 
between the primary source of light, the obstacle/slit 
causing diffraction and the screen for viewing the 
diffraction pattern are very large, the diffraction is 
called Fraunhofer diffraction. 
In this case, the wavefront incident on the obstacle can 
be considered to be a plane wavefront. 
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ii) Fresnel diffraction: In this case, the distances are 
much smaller and the incident wavefront is either 
cylindrical or spherical depending on the source. 
 

Multiple Choice Questions 
 
i) The property of light which does not change, when it 
travels from one medium to another is ------                                                                                                                                                                                                                                                              
                                                                          (Feb/March-2022) 
a) velocity    b) wavelength   c) frequency   d) amplitude 
 
Ans: c) frequency    
 
ii) In Young's double slit experiment the two coherent 
sources have different amplitudes. If the ratio of 
maximum intensity to minimum intensity is 16:1, then 
the ratio of amplitudes of the two sources will be -------
---------                                                           (Feb/March-2022) 
a) 4:1                      b) 5:3                   c) 1:4                d) 1:16 
 
Ans: b) 5:3 
 
iii) The property of light which remains unchanged 

when it travels from one medium to another is ------- 

                                                                        (Feb/March-2023) 

a) velocity   b) wavelength    c) amplitude   d) frequency 

 

Ans: d) frequency 

 
iv) In biprism experiment, the distance of 20th 

bright band from the central bright band is 1.2 cm. 

Without changing the experimental set-up, the 

distance of 30th bright band from the central bright 

band will be ________.                             (Feb/March-2024) 

a) 0.6 cm            b) 0.8 cm       c) 1.2 cm           d) 1.8 cm 

 

Ans: d) 1.8 cm 

 
1. Which of the following phenomenon proves that 
light is a transverse wave?  
a) Reflection                                      b) Interference 
c) Diffraction                                    d) Polarization 
 
2. Which property of light does not change when it 
travels from one medium to another? 
a) Velocity     b) Wavelength  c) Amplitude d) Frequency 
 
3. When unpolarized light is passed through a 
polarizer, its intensity 
a) increases                  

b) decreases 
c) remains unchanged  
d) depends on the orientation of the polarizer 
 
4. In Young's double slit experiment, the two 
coherent sources have different intensities. If the 
ratio of maximum intensity to the minimum 
intensity in the interference pattern produced is 
25:1. What was the ratio of intensities of the two 
sources? 
a) 5:1                   b) 25.1                  c) 3:2               d) 9:4 
 
5. In Young's double slit experiment, a thin uniform 
sheet of glass is kept in front of the two slits, 
parallel to the screen having the slits. The resulting 
interference pattern will satisfy:  
a) The interference pattern will remain unchanged 
b) The fringe width will decrease 
c) The fringe width will increase 
d) The fringes will shift. 
 
6. According to wave theory of light, velocity of light 
in rarer medium is 
a) equal to velocity of light in denser medium. 
b) greater than velocity of light in denser medium. 
c) less than velocity of light in denser medium.  
d) approximately equal to velocity of light in denser 
medium. 
 
7. The wavefront originating from the point source 
of light at finite distance is___________ wavefront. 
a) spherical        b) plane    c) cylindrical      d) circular 
 
8. Cylindrical wavefront can be obtained from 
a) point source of light.     
b) light source like slit.  
c) light source like circle  
d) point source of light at infinity.  
9. Plane wavefront can be obtained from 
a) any point source of light 
b) point source placed at focus of convex lens. 
c) linear source of light. 
d) co-axial source. 
 
10. A spherical wavefront propagating in a medium 
will change into____________. 
a) circular wavefront       b) cylindrical wavefront 
c) plane wavefront          d) elliptical wavefront 
 
11. When a ray of light enters into water from 
air,__________. 
a) its wavelength decreases b) its wavelength increases 
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8.4 Electric Potential due to a Point Charge, a Dipole 
and a System of Charges  
 
Q.19 Derive an expression for electric potential due 
to a point charge. 
 
Ans: Expression for electric potential due to a point 
charge: 
 
 
 
 
 
 
 
i) Consider a point charge +q located at point O. Let a 
positive unit charge be brought from ∞ to point A as 
shown in figure.  
ii) Point `M' is an intermediate point on this path such 
that OM =  x.  
iii) Magnitude of electrostatic force on a unit positive 
charge at M is 

E =
1

4πε0
×
q

x2
                                            ……… (1) 

 
It is directed away from O, along OM. 
iv) For infinitesimal displacement dx from M to N, the 
amount of work done is given by 
∴   dW = −Fdx                                        …….. (2) 
 
The negative sign appears as the displacement is 
directed opposite to that of the force. 
v) Total work done in displacing the unit positive 
charge from ∞ to point A is given by, 
 

W = ∫ −Fdx
r

∞
= ∫

1

4πε0

q

x2
r

∞
dx  

     =
−q

4πε0
(
−1

x
)
∞

r
                      ….(∵  ∫ x−2dx =

−1

x
) 

      =
q

4πε0
(
1

r
−
1

∞
)                            ……….. (

1

∞
= 0) 

W =
q

4πε0r
                                                       …… (3) 

v) Electrostatic potential at A due to charge q is V =

W =
q

4πε0r
                                         ……… (4) 

This is the required expression. 
 
Q.20 Show graphical variation of electric field (or 
electric force) and electric potential due to a single 
charge at a distance r. 
 

Ans:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.21 Derive an expression for electric potential due 
to an electric dipole. Discuss the same at axial and 
equatorial point. 
 
Ans: Expression for electric potential due to an 
electric dipole: 
 
 
 
 
 
 
 
 
 
 
 
 
 
i) Consider an electric dipole. Let origin be at the centre 
of the dipole as shown in figure. 
ii) Let C be any point near the electric dipole at a 
distance r form the centre O inclined at an angle θ with 
axis of the dipole. 
Let r1 and r2 be the distances of point C from charges 
+q and –q, respectively. 
iii) Potential at C due to charge +q at A is, 

V1 =
+q

4πε0r1
 

 
Potential at C due to charge –q at B is, 

V2 =
−q

4πε0r2
 

 
iv) The potential at C due to the dipole is, 

VC = V1 + V2 =
q

4πε0
[
1

r1
−
1

r2
]                  ….. (1) 
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Reflection of transverse wave (†¾ÖŸÖ Ó̧üÝÖÖ“Öê ¯Ö¸üÖ¾ÖŸÖÔ®Ö)- •Öë¾ÆüÖ 
´ÖÖ¬µÖ´ÖÖŸÖ ¯ÖÏ¾ÖÖÃÖ Ûú¸üŸÖÖ®ÖÖ incident transverse waves “Öê 
reflecting surfaces (¯Ö¸üÖ¾ÖŸÖáŸÖ ¯ÖéÂšü³ÖÖÝÖÖ¾Ö¸üß»Ö) ‹ÜÖÖªÖ point ¾Ö¹ý®Ö 
turning back (¯Öã®ÆüÖ ¯Ö¸üŸÖ µÖêŸÖÖŸÖ), ŸµÖÖ ‘Ö™ü®Öê»ÖÖ Reflection of 
transverse wave (†¾ÖŸÖ Ó̧üÝÖÖ“Öê ¯Ö¸üÖ¾ÖŸÖÔ®Ö) ´ÆüÞÖŸÖÖŸÖ. 
 
Reflection of transverse wave (†¾ÖŸÖ Ó̧üÝÖÖ“Öê ¯Ö¸üÖ¾ÖŸÖÔ®Ö)- 
Transverse waves “Öê reflection ¤üÖê®Ö ¯ÖÏÛúÖ ȩ̂ü Ã¯ÖÂ™ü Ûêú»Öê †ÖÆêü. 
Reflection of transverse wave from denser medium (‘Ö®Ö 
´ÖÖ¬µÖ´ÖÖŸÖã®Ö †¾ÖŸÖ Ó̧üÝÖÖ“Öê ¯Ö ü̧Ö¾ÖŸÖÔ®Ö)- 
†¿Öß Ûú»¯Ö®ÖÖ Ûú¸üÖ ×Ûú, ‹ÛúÖ string (¤üÖê¸üß“Öê) ™üÖêÛú ‹ÛúÖ rigid wall 
(¥üœü Ø³ÖŸÖß»ÖÖ) ²ÖÖÓ¬Ö»Öê»Öê †ÖÆêü †Ö×ÞÖ ¤ãüÃÖ ȩ̂ü ™üÖêÛú ´ÖÖêÛúôêû †ÖÆêü. ŸµÖÖ 
¤üÖê¸üß“Öê ´ÖÖêÛúôêû ™üÖêÛú ¾Ö¸ü †Ö×ÞÖ ÜÖÖ»Öß ÆüÖ»Ö¾Öã®Ö ŸµÖÖ string ´Ö¬µÖê ‹Ûú 
crest (×¿ÖÜÖÖ) †ÃÖ»Öê»ÖÖ pulse (Ã¯ÖÓ¤ü) ×®Ö´ÖÖÔÞÖ Ûêú»ÖÖ ŸÖ¸ü ×®Ö´ÖÖÔÞÖ —
ÖÖ»Öê»ÖÖ crest ¤üÖê¸üß“µÖÖ fixed end Ûú›êü ¯ÖÖêÆü“ÖŸÖÖê †Ö×ÞÖ upward 
direction ´Ö¬µÖê force ×®Ö´ÖÖÔÞÖ Ûú¸üŸÖê. String ´Ö¬Öß»Ö equal †Ö×ÞÖ 
opposite reaction ´Öãôêû string ´Ö¬Öß»Ö particles “Öß velocity ×Æü 
reverse (¯ÖÏ×ŸÖÛÎú×´ÖŸÖ) Ûêú»Öß •ÖÖŸÖê. Figure ´Ö¬µÖê ¤üÖÜÖ×¾Ö»µÖÖ¯ÖÏ´ÖÖÞÖê ‹Ûú 
trough (¦üÖêÞÖß) ×¾Ö¹ý¬¤ü ×¤ü¿Öê®Öê ¯ÖÏ¾ÖÖÃÖ Ûú¸üŸÖê. †¿µÖÖ ¯ÖÏÛúÖ ȩ̂ü denser 
medium ´Ö¬Öã®Ö transverse wave “Öê reflection ÆüÖêŸÖÖ®ÖÖ phase 
change ÆüÖ 1800 ØÛú¾ÖÖ π radians ‡ŸÖÛúÖ †ÃÖŸÖÖê. 
 
Reflection of transverse wave from rarer medium (×¾Ö¸ü»Ö 
´ÖÖ¬µÖ´ÖÖŸÖã®Ö †¾ÖŸÖ Ó̧üÝÖÖ“Öê ¯Ö ü̧Ö¾ÖŸÖÔ®Ö)- 
•Öë¾ÆüÖ transverse waves Æêü denser medium ´Ö¬Öã®Ö ¯ÖÏ¾ÖÖÃÖ Ûú¸üßŸÖ 
†ÃÖŸÖß»Ö †Ö×ÞÖ rarer medium “µÖÖ boundary (ÃÖß´Öê¾Ö¸ü) incident 
(†Ö¯ÖÖŸÖß) ÆüÖêŸÖ †ÃÖŸÖß»Ö, ŸÖ¸ ×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ¸üÖ resistance (¸üÖê¬Ö) ÆüÖ 
®ÖÝÖÞµÖ †ÃÖŸÖÖê. ŸµÖÖ´Öãôêû reflection ´Ö¬µÖê crest Æêü crest “µÖÖ ¹ý¯ÖÖŸÖ 
†Ö×ÞÖ trough Æêü trough ¹ý¯ÖÖŸÖ ¯Ö¸üÖ¾ÖŸÖáŸÖ ÆüÖêŸÖÖŸÖ. µÖÖ´Ö¬µÖê •Ö¸ü 
particles “µÖÖ velocity “µÖÖ direction ´Ö¬µÖê ²Ö¤ü»Ö ®ÖÃÖê»Ö ŸÖ¸ü 
particles “µÖÖ reflection phase ´Ö¬µÖê ²Ö¤ü»Ö ÆüÖêŸÖ ®ÖÖÆüß. 
 
Reflection of Longitudinal waves (†®ÖãŸÖ Ó̧üÝÖÖ“Öê ¯Ö ü̧Ö¾ÖŸÖÔ®Ö)- 
Longitudinal waves “Öê reflection ¤üÖê®Ö ¯ÖÏÛúÖ ȩ̂ü Ã¯ÖÂ™ü Ûêú»Öê †ÖÆêü. 
Reflection of Longitudinal waves from denser medium 
(‘Ö®Ö ´ÖÖ¬µÖ´ÖÖŸÖã®Ö †®ÖãŸÖ¸ÓüÝÖÖ“Öê ¯Ö¸üÖ¾ÖŸÖÔ®Ö)- †ÖÛéúŸÖß´Ö¬µÖê 
¤üÖÜÖ¾Ö»µÖÖ¯ÖÏ´ÖÖÞÖê ‹Ûú longitudinal wave ×Æü ‹ÛúÖ rigid wall (¥üœü 
Ø³ÖŸÖßÛú›êü) ¯ÖÏ¾ÖÖÃÖ Ûú¸üßŸÖ †ÖÆêü. †¿Öß Ûú»¯Ö®ÖÖ Ûú¸üÖ ×Ûú, denser 
medium “µÖÖ wall ‹Ûú compression (ÃÖÓ¯Öß›ü®Ö) incident †ÖÆêü, 
wall ×Æü rigid †ÃÖ»µÖÖ®Öê ×ŸÖ equilibrium (ÃÖ´ÖŸÖÖê»Ö ×Ã£ÖŸÖß´Ö¬µÖê) 
¸üÖÆüß»Ö. ®ÖÓŸÖ¸ü compressions ´Öãôêû •ÖÃÖ-•ÖÃÖÖ pressure ¾ÖÖœêü»Ö, ŸÖÃÖ-
ŸÖÃÖê compression Æêü Ø³ÖŸÖßÛú›ãü®Ö opposite direction ®Öê ¯Ö¸üŸÖ 
¯ÖÖšü×¾Ö»Öê •ÖÖ‡Ô»Ö. †¿ÖÖ ¸üßüŸÖß®Öê compression Æêü compression “µÖÖ 
¹ý¯ÖÖŸÖ †Ö×ÞÖ rarefaction Æêü rarefaction “µÖÖ ¹ý¯ÖÖŸÖ ¯Ö¸üÖ¾ÖŸÖáŸÖ Ûêú»Öê 

•ÖÖ‡Ô»Ö. •Ö¸ü particle “Öß velocity, reversed (¯Ö¸üÖ¾ÖŸÖáŸÖ) †ÃÖê»Ö ŸÖ¸ü, 
ŸµÖÖ“ÖÖ phase change ÆüÖ 1800 ØÛú¾ÖÖ π radians ‡ŸÖÛúÖ †ÃÖŸÖÖê. 
 
Reflection of Longitudinal waves from rarer medium 
(×¾Ö ü̧»Ö ´ÖÖ¬µÖ´ÖÖŸÖã®Ö †®ÖãŸÖ¸ÓüÝÖÖ“Öê ¯Ö¸üÖ¾ÖŸÖÔ®Ö)- •Öë¾ÆüÖ longitudinal 
waves Æêü denser medium ´Ö¬Öã®Ö ¯ÖÏ¾ÖÖÃÖ Ûú¸üßŸÖ †ÃÖŸÖß»Ö †Ö×ÞÖ 
rarer medium “µÖÖ boundary (ÃÖß´Öê¾Ö¸ü) incident (†Ö¯ÖÖŸÖß) ÆüÖêŸÖ 
†ÃÖŸÖß»Ö, ŸÖ¸ ×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ¸üÖ resistance (¸üÖê¬Ö) ÆüÖ ®ÖÝÖÞµÖ †ÃÖŸÖÖê. 
†¿ÖÖ ¸üßüŸÖß®Öê compression Æêü rarefaction “µÖÖ ¹ý¯ÖÖŸÖ †Ö×ÞÖ 
rarefaction Æêü compression “µÖÖ ¹ý¯ÖÖŸÖ ¯Ö¸üÖ¾ÖŸÖáŸÖ Ûêú»Öê •ÖÖ‡Ô»Ö. 
µÖÖ´Ö¬µÖê •Ö¸ü particles “µÖÖ velocity “µÖÖ direction ´Ö¬µÖê ²Ö¤ü»Ö 
®ÖÃÖê»Ö ŸÖ¸ü particles “µÖÖ reflection phase ´Ö¬µÖê ²Ö¤ü»Ö ÆüÖêŸÖ ®ÖÖÆüß. 
 
Principle of superposition of waves (ŸÖ¸ÓüÝÖÖÓ“Öê †×¬Ö¸üÖê¯ÖÞÖ)- 
•Öë¾ÆüÖ ‹ÛúÖ“Ö medium ´Ö¬µÖê ¯ÖÏ¾ÖÖÃÖ Ûú¸üÞÖÖ-µÖÖ ¤üÖê®Ö ØÛú¾ÖÖ ŸµÖÖÆãü®Ö 
†×¬ÖÛú waves ÊÖ ‹ÛúÖ“Ö ¾Öêôûß ‹ÛúÖ“Ö Ø²Ö¤ãü¾Ö¸ü ¯ÖÖêÆü“ÖŸÖÖŸÖ, ŸÖë¾ÆüÖ 
¯ÖÏŸµÖêÛú waves Ã¾ÖŸÖÓ¡Ö¯ÖÞÖê Ã¾Ö:ŸÖÖ“Öê displacement (×¾ÖÃ£ÖÖ¯Ö®Ö) ×®Ö´ÖÖÔÞÖ 
Ûú¸üŸÖê, ¯Ö×¸üÞÖÖ´Öß resultant displacement (¯Ö×¸üÞÖÖ´Öß ×¾ÖÃ£ÖÖ¯Ö®Ö) Æêü 
ÃÖ¾ÖÔ waves ´Öãôêû ˆŸ¯Ö®®Ö ÆüÖêÞÖÖ-µÖÖ displacements “µÖÖ vector sum 
(ÃÖ×¤ü¿Ö ²Öê¸ü•Öê‡ŸÖÛêú) †ÃÖŸÖê. 
 
Stationary waves- ¯ÖÏÃŸÖÖ¾Ö®ÖÖ- ´ÖÖÝÖß»Ö ¯ÖÏÛú¸üÞÖÖŸÖ †Ö¯ÖÞÖ ¯ÖÏÝÖÖ´Öß 
ŸÖ Ó̧üÝÖÖ“ÖÖ †³µÖÖÃÖ Ûêú»ÖÖ. ×®ÖÃÖÝÖÖÔŸÖ †Ö¯Ö»µÖÖ»ÖÖ ³ÖãÛÓú¯Ö ŸÖ Ó̧üÝÖ, ÃÖÖÝÖ¸üß 
ŸÖ Ó̧üÝÖ, ¯ÖÏÛúÖ¿Ö ´ÆüÞÖ•Öê ×¾ÖªãŸÖ“ÖãÓ²ÖÛúßµÖ ŸÖ Ó̧üÝÖ †ÃÖê †®ÖêÛú ¯ÖÏÛúÖ¸ü“Öê ¯ÖÏÝÖÖ´Öß 
ŸÖ Ó̧üÝÖ †®Öã³Ö¾ÖÖÃÖ µÖêŸÖÖŸÖ. ¯ÖÏÝÖÖ´Öß ŸÖ Ó̧üÝÖÖŸÖ ‰ú•ÖÖÔ ¯Öãœêü •ÖÖŸÖê, ¯ÖÞÖ ×Ã£Ö ü̧ 
ŸÖ Ó̧üÝÖÖŸÖ ŸÖß ²ÖÓ×¤üÃŸÖ †ÃÖŸÖê. •µÖÖÓ“Öê amplitude †Ö×ÞÖ frequency 
‹ÛúÃÖÖ¸üÜµÖÖ †ÖÆêüŸÖ, †¿ÖÖ ¤üÖê®Ö †¾ÖŸÖ¸ÓüÝÖÖ“Öê ×Ã£Ö¸ü ´ÖÖ¬µÖ´ÖÖŸÖ †×¬Ö¸üÖê¯ÖÞÖ 
Ûêú»µÖÖ®Öê stationary waves ×´Öôãû ¿ÖÛúŸÖÖŸÖ. ŸµÖÖÃÖÖšüß ÊÖ waves 
×¾Ö¹ý¨ü ×¤ü¿ÖêŸÖ ¯ÖÞÖ ‹ÛúÖ“Ö ȩ̂üÂÖêŸÖ ¯Ö¸üÃ¯Ö¸üÖÓ¾Ö¸ü †×¬Ö¸üÖê×¯ÖŸÖ ¾ÆüÖ¾Öê »ÖÖÝÖŸÖÖŸÖ. 
 
Stationary waves (×Ã£Ö ü̧ ŸÖ Ó̧üÝÖ)- •Öë¾ÆüÖ ¤üÖê®Ö identical simple 
harmonic progressive waves (‹ÛúÃÖÖ¸üÜÖê ¤üÖê®Ö ÃÖ¸ü»Ö †Ö¾ÖŸÖÔ 
¯ÖÏÝÖÖ´Öß ŸÖ Ó̧üÝÖ) ×Ûú, •µÖÖÓ“Öê amplitude, period, wavelength †Ö×ÞÖ 
speed ‹ÛúÃÖÖ¸üÜÖê“Ö †ÃÖŸÖê, ŸÖÃÖê“Ö ÊÖ waves ‹ÛúÖ“Ö medium ´Ö¬Öã®Ö 
‹ÛúÖ ÃÖ¸üôû ȩ̂üÂÖêŸÖ ´ÖÖ¡Ö opposite direction (×¾Ö¹ý¬¤ü ×¤ü¿Öê®Öê) ¯ÖÏ¾ÖÖÃÖ 
Ûú¸üŸÖ ŸµÖÖÓ“Öê interference (¾µÖ×ŸÖÛú¸üÞÖ) ÆüÖêŸÖ †ÃÖê»Ö ŸÖ¸ü ŸµÖÖ ¤üÖê®Ö 
waves ¯ÖÖÃÖã®Ö ×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ¸üß resultant wave ×Æü forward (¯Öãœü“µÖÖ) 
ØÛú¾ÖÖ backward (´ÖÖÝÖ“µÖÖ) ×¤ü¿Öê®Öê ¯ÖÏ¾ÖÖÃÖ Ûú¸üßŸÖ ®ÖÖÆüß, ×ŸÖ ŸÖ¿Öß“Ö 
stationary (×Ã£Ö¸ü) ¸üÖÆüŸÖê, ŸµÖÖ wave »ÖÖ stationary wave †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 
Incident †Ö×ÞÖ reflected wave µÖÖÓ“µÖÖ velocity (¾ÖêÝÖÖ“Öê) 
magnitude ‹ÛúÃÖÖ¸üÜÖê“Ö †ÃÖŸÖê, ´ÖÖ¡Ö ŸµÖÖÓ“Öß direction ×Æü opposite 
†ÃÖŸÖê, ŸµÖÖ ¤üÖê®Ö waves ¯ÖÖÃÖã®Ö ×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ¸üß resultant wave ×Æü 
forward (¯Öãœü“µÖÖ) ØÛú¾ÖÖ backward (´ÖÖÝÖ“µÖÖ) ×¤ü¿Öê®Öê ¯ÖÏ¾ÖÖÃÖ Ûú¸üßŸÖ 
®ÖÖÆüß, ×ŸÖ stationary (×Ã£Ö¸ü) †ÖÆêü, †ÃÖê ³ÖÖÃÖŸÖê, †Ö×ÞÖ ŸµÖÖÓ“µÖÖÛú›ãü®Ö  
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Ex.04) A battery of emf 4 volt and internal 
resistance 1𝛀 is connected in parallel with another 
battery of emf 1 V and internal resistance 1Ω (with 
their like poles connected together). The 
combination is used to send current through an 
external resistance of 2Ω. Calculate the current 
through the external resistance. 
 
 
 
 
 
 
 
 
 
Solution: Given: E1 = 4 V, r1 = 1Ω, E2 = 1 V, r2 = 1Ω  
R = 2Ω  
Applying Kirchhoff’s 2nd law in Loop 1 (ABCDEFGHA),

− (I2 + I1)R − I1r1 + E1 = 0 

∴ I2R + I1(R + r1) = E1  

∴ 2I2 + 3I1 = 4                                                      …. (i) 

Applying Kirchhoff’s 2nd law in Loop 2 (FGHAKJF), 

−I1r1 + E1 − E2 + I2r2 = 0  

∴ −I1 + 4 − 1 + I2 = 0  

∴ I1 − I2 = 3  

∴ I1 = 3 + I2                                                        ….  (ii) 

Substituting equation (ii) in equation (i), 

2I2 + 3(3 + I2) = 4  

∴ 5I2 = −5  

∴ I2 = −1 A  

∴ I1 = 3 − 1 = 2A  

Current through external resistance ‘R’ = I1 + I2 
= 2 − 1  
= 1A  
Ans: Current through external resistance is 1A. 
 
Ex.05) Two cells of emf 1.5 volt and 2 volt having 
respective internal resistances of 1 Ω and 2Ω are 
connected in parallel so as to send current in same 
direction through an external resistance of 5Ω. Find 
the current through the external resistance.          
                                                                                                     OR 
Ex.5) Two cells of emf 4V and 2V having respective 
internal resistance of 1Ω and 2Ω are connected in 

parallel, so as to send current in the same direction 
through an external resistance of 5Ω. Find the current 
through the external resistance.    (Feb/Mar-2022)-3M 
Ans: Solve as per above Ex.                   
 
 
 
 
 
 
 
 
 
 
Solution: Given: E1 = 1.5 V, r1 = 1Ω, E2 = 2 V, r2 = 2Ω  
R = 5Ω  
Applying Kirchhoff’s 2nd  law in Loop 1 (ABCDEFGHA), 

−(I1 + I2)R − I1r1 + E1 = 0  

∴ (I1 + I2)R + I1r1 = E1  

∴ I1(R + r1) + I2R = E1  

∴ I1(5 + 1) + 5I2 = 1.5  

∴ 6I1 + 5I2 = 1.5  

∴ 12I1 + 10I2 = 3                                            …. (i) 

Applying Kirchhoff s 2nd  law in Loop 2  (FGHAKJF), 

−I1r1 + E1 − E2 + I2r2 = 0    

−I1 × 1 + 1.5 − 2 + I2 × 2 =0  

∴ 2I2 − I1 = 0.5  

∴ 4I2 − 2I1 = 1  

 

∴ I2 =
1+2I1

4
                                                     …. (ii) 

Substituting equation (ii) in equation (i), 

12I1 + 10 × (
1+2I1

4
) = 3  

∴ 48I1 + 10 + 20I1 = 12  
∴ 68 I1 = 2  

∴ I1 =
1

34
A  

 

∴ I2 =
1+2×

1

34

4
                                        …. [From (ii)] 

=
9

34
A   

Current through external resistor 
= I1 + I2  
 

=
1

34
+

9

34
=
10

34
=

5

17
 A  
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9) A magnetising field of 𝟐 × 𝟏𝟎𝟑  ampere/m 
produces a magnetic flux density of 𝟖𝛑 tesla in an 
iron rod. The relative permeability of the rod will 
be 
a) 102                   b) 10°                 c) 104                   d) 101 
 
10) If a diamagnetic material is placed in a 
magnetic field, the flux density inside the material 
compared to that outside will be 
a) slightly less                                b) slightly more 
c) very much more                      d) same 
 
11) Paramagnetism is ____________. 
a) an orientation effect 
b) distortion effect 
c) both orientation and distortion effects 
d) neither orientation effect nor distortion effect 
 
12) S.I. unit of magnetic dipole moment is ___________. 
a) A m3⁄                b) Am−2             c) Am2           d) A −m 
 
13) Which of the following materials is repelled by 
an external magnetic field? 
a) Iron           b) Cobalt            c) Steel          d) Copper 
 
14) A non-magnetic material when brought near a 
powerful magnet, it gets repelled. The material 
is_____________. 
a) paramagnetic                      b) ferromagnetic 
c) non-magnetic                      d) diamagnetic 
 
15) Which of the following groups are diamagnetic? 
a) Hydrogen, oxygen, argon      b) Oxygen, copper, silver 
c) Hydrogen, argon, copper      d) Lead, copper, bismuth 
 
16) If a diamagnetic substance is brought near 
north or south pole of a bar magnet, it is 
a) attracted by the pole.              b) repelled by the poles. 
c) repelled by north pole and attracted by the south 
pole. 
d) attracted by the north pole and repelled by the south 
pole. 
 
17) In a ferromagnetic material, range of magnetic 
susceptibility is 
a) 102 to 103                             b) 1020 to 1040 
c) −10−3 to −10−5                 d) 0 to 10−3 
 
18) The magnetic moment is not represented by 
a) accelerated charge.              
b) stationary charge. 
c) retarded charge  

d) charge moving with constant velocity. 
 
19) If a magnetic material moves from stronger to 
weaker parts of a magnetic fields, then it is known 
as ___________. 
a) diamagnetic                    b) paramagnetic 
c) ferromagnetic                d) anti-ferromagnetic 
 
20) In paramagnetic substances, the atom has ______. 
a) no magnetic moment                            b) torque 
c) magnetic moment                                  d) domain 
21) If the relative permeability of iron is 2000, its 
absolute permeability in SI unit is 
a) 8π × 10−4 T m/A                     b) 80π × 10−4 T m/A 

c) 
800

π
 T m/A                                   d) 

5×109

π
 T m/A 

 
22) Which of the following is incorrect relation? 

a) χ =
MZ

H
                                 b) B = μ0(1 + χ)H 

c) μ0 = μ(1 + χ)                  d) μr = 1 + χ 
23) Which of the following is not a unit of the 
intensity of magnetization? 
a) A m−1                             b) J T−1m−3 
c) N T−1m−2                     d) A T−1m−2 
 
Answers to multiple choice question 
 

1 a 11 a 21 a 
2 a 12 c 22 c 
3 d 13 d 23 d 
4 b 14 d 24  
5 c 15 d 25  
6 d 16 b 26  
7 b 17 a 27  
8 a 18 b 28  
9 c 19 a 29  

10 a 20 c 30  
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Cyclotron (ÃÖÖµÖŒ»ÖÖê™ÒüÖò®Ö)- ÆüÖ ‹Ûú low voltage source 
†ÃÖ»Öê»ÖÖ circular accelerator †ÃÖã®Ö ŸµÖÖ“ÖÖ ˆ¯ÖµÖÖêÝÖ high energy 
particles (ˆ““Ö ˆ•ÖÖÔ ÛúÞÖ) ×®Ö´ÖÖÔÞÖ Ûú¹ý®Ö ŸµÖÖÓ®ÖÖ ÝÖÖê»Ö-ÝÖÖê»Ö ×±ú¸ü¾Öã®Ö 
ŸµÖÖÓ“ÖÖ ¾ÖêÝÖ ¾ÖÖœü×¾Ö»ÖÖ •ÖÖŸÖÖê. ÊÖ ÛúÞÖÖÓ“µÖÖ ÝÖÖê»ÖÖÛúÖ¸ü ÝÖŸÖß´Öãôêû ÊÖ 
ˆ¯ÖÛú¸üÞÖÖ»ÖÖ cyclotron †ÃÖê ®ÖÖ¾Ö ¤êüÞµÖÖŸÖ †Ö»Öê.  
Cyclotron »ÖÖ Magnetic resonance accelerator †ÃÖêÆüß 
´ÆüÞÖŸÖÖŸÖ. Positively charged particles ´ÆüÞÖ•Öê“Ö protons, 
deuterons, α-particles µÖÖÓ®ÖÖ accelerate Ûú¸üÞµÖÖÃÖÖšüß ´ÆüÞÖ•Öê“Ö 
ŸµÖÖÓ“Öß ÝÖŸÖß ¾ÖÖœü×¾ÖÞµÖÖÃÖÖšüß cyclotron “ÖÖ ˆ¯ÖµÖÖêÝÖ ÆüÖêŸÖÖê.  
Principle (ŸÖŸ¾Ö)- cyclotron ´Ö¬µÖê positively charged (¬Ö®Ö 
¯ÖÏ³ÖÖ×¸üŸÖ) ÛúÞÖ ¯Öã®Ö: ¯Öã®ÆüÖ high frequency electric field (†×ŸÖ 
ˆ““Ö ¾ÖÖ¸Óü¾ÖÖ¸üŸÖê“µÖÖ) ×¾ÖªãŸÖ õÖê¡ÖÖŸÖ ¯ÖÏ¾ÖÖÃÖ Ûú¸üŸÖÖŸÖ, ¾ÖêÝÖ ¾ÖÖœüŸÖÖê ¾Ö 
ŸµÖÖ´Öãôêû ÛúÞÖÖÓŸÖß»Ö ÝÖŸÖß•Ö ‰ú•ÖÖÔ ¾ÖÖœüŸÖê. µÖÖÃÖÖšüß ¿ÖŒŸÖß¿ÖÖ»Öß “ÖãÓ²ÖÛúßµÖ 
õÖê¡ÖÖŸÖã®Ö spiral (ÃÖÙ¯Ö»ÖÖÛéúŸÖß) ´ÖÖÝÖÖÔ®Öê ¬Ö®Ö ÛúÞÖÖÃÖ ¯ÖÏ¾ÖÖÃÖ Ûú¸üÖ¾ÖÖ 
»ÖÖÝÖŸÖÖê.  
¯ÖÏ¿®ÖÖ´Ö¬µÖê cyclotron “Öê construction ¾Ö working ÃÖÖê¯µÖÖ ³ÖÖÂÖêŸÖ 
×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ.  
 
Cyclotron “Öê uses-  
i) Heavy positively charged particles ´ÆüÞÖ•Öê“Ö ∝- particles, 
helium ion ÃÖã¬¤üÖ accelerate ÆüÖê‰ú ¿ÖÛúŸÖÖŸÖ. 
ii) High Speed positively charged particles “ÖÖ ˆ¯ÖµÖÖêÝÖ 
atomic nuclei “Öê artificial disintegration Ûú¸üÞµÖÖÃÖÖšüß ÆüÖêŸÖÖê.  
iii) cyclotron ´Öãôêû accelerated ions “ÖÖ continuous stream 
(‹ÛúÃÖÖ¸üÜÖÖ ¯ÖÏ¾ÖÖÆü) ×´ÖôûŸÖÖê.  
Cyclotron ´Ö¬Öß»Ö Limitations-  
iv)Cyclotron ´Öãôêû neutron ÃÖÖ¸üÜµÖÖ uncharged (ˆ¤üÖ×ÃÖ®Ö) 
ÛúÞÖÖÓ“ÖÖ ¾ÖêÝÖ ¾ÖÖœü×¾ÖŸÖÖ µÖêŸÖ ®ÖÖÆüß. 
v) Cyclotron Æêü electrons “Öß ÝÖ×ŸÖ ¾ÖÖœü×¾ÖÞµÖÖÃÖÖšüß †õÖ´Ö †ÖÆêüŸÖ, 
ÛúÖ¸üÞÖ electrons “Öê mass ÜÖã¯Ö Ûú´Öß †ÃÖŸÖê, ¾Ö ŸÖê †ŸµÖÓŸÖ ŸÖß¾ÖÎ ¾ÖêÝÖÖ®Öê 
•ÖÖŸÖÖŸÖ, ŸµÖÖ´Öãôêû “ÖãÓ²ÖÛúßµÖ õÖê¡ÖÖ“µÖÖ ¯ÖÏÖ¾ÖÃ£Öê²ÖÖÆêü¸ü •ÖÖŸÖÖŸÖ. 
vi) Charged particles ´ÆüÞÖ•Öê“Ö positive particles Æêü cyclotron 
´Ö¬Öß»Ö ×¤ü»Öê»µÖÖ speed ¯ÖêõÖÖ •ÖÖ¤üÖ ¾ÖêÝÖÖ®Öê ÝÖ×ŸÖ´ÖÖ®Ö ÆüÖêŸÖ ®ÖÖÆüßŸÖ, 
´ÆüÞÖ•Öê“Ö ¬Ö®Ö³ÖÖ×¸üŸÖ ÛúÞÖÖ“µÖÖ ¾ÖêÝÖÖ¾Ö¸ü ´ÖµÖÖÔ¤üÖ †ÖÆêü.  
vii) Cyclotron ´Öãôêû 500 Mev ¯ÖµÖÕŸÖ“Ö ‰ú•ÖÖÔ †ÃÖÞÖÖ ȩ̂ü energetic 
particles ×®Ö´ÖÖÔÞÖ Ûú¸üŸÖÖ µÖêŸÖÖŸÖ.  
 
Moving Coil galvanometer (“ÖÖ»ÖÛãÓú›ü»Ö ×¾ÖªãŸÖ ¬ÖÖ ü̧Ö¤ü¿ÖÔÛú)-  
i) Moving Coil galvanometer “µÖÖ ¸ü“Ö®Öê´Ö¬µÖê ‹Ûú Æü»ÖÛúß 
rectangular ¾Ö insulated copper wire ×Æü non-magnetic 
aluminum frame ¾Ö¸ü ÝÖãÓ›üÖôû»Öê»Öß †ÃÖŸÖê.  
ii) ×Æü coil ´ÆüÞÖ•Öê“Ö “ÖÖîÛú™ü ¬ÖÖÝµÖÖ®Öê ¾Ö¸ü ™üÖÓÝÖŸÖß ²ÖÖÓ¬Öã®Ö šêü¾Ö»Öß •ÖÖŸÖê, ×Æü 
“ÖÖîÛú™ ´ÖãŒŸÖ¯ÖÞÖê ×±ú¸üŸÖ †ÃÖŸÖê, ŸµÖÖ“µÖÖ³ÖÖê¾ÖŸÖß ‹ÛúÃÖ´ÖÖ®Ö radial 
magnetic field ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê.ü 

iii) ŸµÖÖ“µÖÖ´Ö¬µÖê strong cylindrical concave pole “Öê pieces N 
†Ö×ÞÖ S ¾ÖÖ¯Ö¹ý®Ö magnetic field ×®Ö´ÖÖÔÞÖ Ûêú»Öß •ÖÖŸÖê.  
iv) †ÖÛéúŸÖßŸÖ ¤üÖÜÖ×¾Ö»µÖÖ¯ÖÏ´ÖÖÞÖê soft iron cylinder C ÆüÖ radial 
gap ´Ö¬µÖê ²ÖÃÖ×¾Ö»Öê»ÖÖ †ÃÖŸÖÖê. ŸµÖÖ´Öãôêû gap ´Ö¬µÖê magnetic field “Öß 
strength ¾ÖÖœüŸÖê. 
v) Phosphor bronze wire “µÖÖ ´Ö¤üŸÖß®Öê coil ²ÖÖÓ¬Ö»Öß •ÖÖŸÖê.  
vi) ‹Ûú »ÖÆüÖ®Ö †Ö¸üÃÖÖ ÆüÖ Phosphor bronze fibre ¾Ö¸ü fix Ûêú»Öê»ÖÖ 
†ÃÖŸÖÖê, ŸµÖÖ“ÖÖ ˆ¯ÖµÖÖêÝÖ lamp †Ö×ÞÖ scale arrangement ÃÖÖšüß 
¾ÖÖ¯Ö¸üŸÖÖŸÖ.  
vii) Coil “Öê ¤ãüÃÖ¸êü end Æêü Phosphor bronze helical spring »ÖÖ 
•ÖÖê›ü»Öê»Öê †ÃÖŸÖê, ŸµÖÖŸÖã®Ö current ²ÖÖÆêü¸ü µÖêŸÖÖê, Helical spring ´Ö¬Öß»Ö 
elastic property ´Öãôêû coil current cut off —ÖÖ»µÖÖ¾Ö¸ü ¯Öã®ÆüÖ ´Öãôû 
×Ã£ÖŸÖß¾Ö¸ü µÖêŸÖê.  
 
Moving coil Galvanometer “Öê principle (ŸÖŸ¾Ö)- •Öê¾ÆüÖ 
current ¾ÖÖÆãü®Ö ®ÖêÞÖÖ¸üß coil ×Æü radial magnetic field ´Ö¬µÖê 
´ÖãŒŸÖ¯ÖÞÖê šêü¾Ö»Öß †ÃÖŸÖÖ, ŸµÖÖ¾Ö¸ü maximum torque (†Ö‘ÖãÞÖÔ) ŸÖµÖÖ¸ü 
ÆüÖêŸÖê, ¾Ö ŸµÖÖ´Öãôêû coil deflect ÆüÖêŸÖê, ÊÖ coil ´Ö¬µÖê ÆüÖêÞÖÖ ȩ̂ü deflection 
Æêü coil ´Ö¬Öã®Ö ¾ÖÖÆüÞÖÖ-µÖÖ current “µÖÖ ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ †ÃÖŸÖê. ¾Ö¸üß»Ö 
¯ÖÏ¿®ÖÖŸÖß»Ö figure ¯ÖÆüÖ. ŸµÖÖ¾Ö¹ý®Ö Moving coil galvanometer “Öê 
principle ×¤ü»Öê †ÖÆêü. ÃÖ¾ÖÔ derivation ¾µÖ¾Ö×Ã£ÖŸÖ ÃÖ´Ö•Öã®Ö ‘µÖÖ.  
 
Biot- Savarts law (²ÖÖµÖŸÖ- ÃÖÖ¾Ö™ÔüÃÖ“ÖÖ ×®ÖµÖ´Ö) ØÛú¾ÖÖ 
Laplacesú(»ÖÖ ¯»ÖÖÃÖ “ÖÖ ×®ÖµÖ´Ö)- 
×¾ÖªãŸÖ ¾ÖÖÆüÛúÖ“µÖÖ small element (‹ÛúÖ ÃÖãõ´Ö/ »ÖÆüÖ®Ö ³ÖÖÝÖÖŸÖã®Ö) 
electric current ¾ÖÖÆüŸÖ †ÃÖê»Ö ŸÖ¸ü ŸµÖÖ“µÖÖ ÛúÖêÞÖŸµÖÖÆüß point •Ö¾Öôû 
×®Ö´ÖÖÔÞÖ ÆüÖêÞÖÖ ȩ̂ magnetic inductionü (“ÖÓ²ÖÛúßµÖ ¯ÖÏê¸üÞÖ) Æêü 
i) Conductor ´Ö¬Öæ®Ö ¾ÖÖÆüÞÖÖ·µÖÖ current “µÖÖ ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ 
ii) Conductor “µÖÖ length (»ÖÖÓ²Öß“µÖÖ) ÃÖ´Ö¯ÖÏ´ÖÖÞÖŸÖ 
iii) ¾ÖÖÆüÛúÖ“Öß ×¤ü¿ÖÖ ¾Ö conductor †Ö×ÞÖ ŸµÖÖ“µÖÖ centre •ÖÖê›üÞÖÖ¸üß 
¸êüÂÖÖ µÖÖÓ“µÖÖ´Ö¬Öß»Ö sine angle µÖÖÓ“µÖÖ ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ. 
iv) ŸÖÖê Ø²Ö¤ãü ¾Ö element “ÖÖ centre µÖÖÓ“µÖÖ´Ö¬Öß»Ö †ÓŸÖ¸üÖ“µÖÖ ¾ÖÝÖÖÔ“µÖÖ 
¾µÖÃŸÖ ¯ÖÏ´ÖÖÞÖÖŸÖ ²Ö¤ü»ÖŸÖê. ¯ÖÏ¿®ÖÖ´Ö¬µÖê µÖÖ²Ö§ü»Ö“ÖÖ formula ¾µÖ¾Ö×Ã£ÖŸÖ 
×¤ü»ÖÖ †ÖÆêü. ×¤ü»Öê»µÖÖ figure ¾Öºþ®Ö †ÃÖê »ÖõÖÖŸÖ µÖêŸÖê ×Ûú, dl ‹¾ÖœüÖ 
»ÖÖÓ²Öß“ÖÖ conductor “ÖÖ ³ÖÖÝÖ †ÃÖã®Ö ŸµÖÖ´Ö¬Öã®Ö I ‡ŸÖÛúÖ current ¾ÖÖÆüŸÖ 
†ÖÆêü, µÖÖ¯ÖÖÃÖæ®Ö r ‡ŸÖŒµÖÖ †ÓŸÖ¸üÖ¾Ö¸ P üÆüÖ point †ÖÆêü, ŸµÖÖ®ÖÓŸÖ¸ θ-
angle üÆüÖ element ¾Ö ŸÖÖê point ŸÖê element “ÖÖ centre •ÖÖê›üÞÖÖ·µÖÖ 
¸êüÂÖê“µÖÖ ´Ö¬Ö»ÖÖ †ÖÆêü. ŸµÖÖ´Öãôêû Biot-Savrtes law ®ÖãÃÖÖ¸, db α 
I(dl) sinθ

r2
ü 
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7.7 Polarization 
 
Q.28  Explain what is meant by polarization. 
 
Ans: Polarization: The phenomenon of restriction of the 
vibration of light waves in a particular plane 
perpendicular to direction of wave motion is called 
polarization of light. 
 
Q.29 Define: i) Unpolarised light 
                         ii) Plane polarised light.  
Give its symbolic representation. 
 
Ans: Unpolarised light: A light in which the vibrations 
of the electric vectors are in all possible directions, which 
are perpendicular to the directions of propagation, is 
called as unpolarised light. 
Symbolic representation of unpolarised light is as 
shown in figure. 
 
 
 
 
 
 
 
 
 
ii) Plane polarised light: The light waves in which 
vibrations of the electric field vectors are confined only to 
one plane are called plane polarised light. 
Representations of a plane polarised beam travelling 
perpendicular to plane of paper. 
 

                    E⃗⃗⃗
 

E⃗⃗⃗      

          Fig. Polarized light with electric field along the horizontal direction. 

 
Q.30 State methods to produce plane polarised 
light. 
 
Ans: Plane polarised light can be produced by: 
i) reflection     ii) scattering  iii) refraction     iv) polaroid 
 
Q.31 Define the terms:  
i) Polarizers 
ii) Polaroid 
iii) Polarizing axis of the polarizer 
 
Ans: i) Polarizers: Certain types of materials which 
allow only those light waves which have their electric 
field along a particular direction to pass through and 

block all other waves (which have their electric field in 
other directions) are called polarizers. 
 
ii) Polaroid: A polaroid is a kind of synthetic plastic 
sheet which is used as polarizer. 
 
iii) Polarizing axis of the polarizer: The particular 
direction along which the electric field of the emergent 
wave is oriented is called the polarizing axis of the 
polarizer. 
 
Q.32 Define plane of vibration and plane of 
polarization. 
 
Ans: a) Plane of vibration: The plane in which the 
vibrations of polarised light take place is called as plane 
of vibration. 
 
b) Plane of polarisation: The plane perpendicular to 
the plane of vibration in which there are no vibrations of 
polarised light is called as plane of polarisation. 
 
Q.33 Explain the intensity of an unpolarised wave 
passing through a polarizer. 
                                                                                                     OR  
Q.33  Show that the intensity of an unpolarised 
wave reduces by half after passing through a 
polarizer. 
 
Ans: Intensity of an unpolarised wave passing 
through a polarizer: 
i)  Consider an unpolarised wave having angular 
frequency ω and wave vector k, travelling along the X-
direction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ii) The magnitude of its electric field is                                     
E = E0  sin(kx − ωt) , E0  being the amplitude of the 
wave and direction of the electric field can be anywhere  
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Q.32 Obtain expression for magnetic field at a   
distance r from straight current conducting wire 
using Ampere's law.  
 
Ans: Expression for magnetic field at a   distance r 
from straight current conducting wire using 
Ampere's law: 
i) Consider a long straight wire carrying a current I as 
shown in figure below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B⃗⃗⃗ and dl⃗⃗⃗⃗  are tangential to the Amperian loop which in 
this case is a circle.  

B⃗⃗⃗ ⋅ dl⃗⃗⃗⃗ = B dl                      
           = B r dθ  

ii) The field B⃗⃗⃗ at a distance r from the wire is given by  

                 B =
μ0

2π

I

r
  

 

∴  ∮ B⃗⃗⃗ ⋅ dl⃗⃗⃗⃗
 

c
= ∫

μ0I

2πr
rdθ

2π

0
            

                   = μ0I  
 
10.16 Magnetic Field of a Solenoid and a Toroid 
 
Q.33 Write note on solenoid. 
 
Ans: Solenoid: When a copper wire with a resistive 
coating is wound in a chain of loops (like a spring), it is 
called as solenoid.  
i) A solenoid is long, insulated copper closely wound on 
a hollow cylindrical glass or plastic tube in the form of a 
helix. Length of the solenoid is very large as compared 
to its diameter. 
ii) Whenever electric current passes through a solenoid, 
magnetic lines of force are produced in a pattern as 
shown in the figure.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
iii) The magnetic field produced by a solenoid is similar 
to the magnetic field of a bar magnet.  
One end of the coil acts as south pole and the other end 
acts as north pole whereas, the field lines are parallel 
inside the solenoid.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.34 Explain magnetic field around solenoid 
carrying current.  
 
Ans:  Magnetic field around solenoid carrying 
current: 
 
 
 
 
 
 
 
 
 
 
 
 
i) Consider a long, closely wound helical coil of a 
conducting wire such that the diameter of the coil is 
much smaller than its length. This forms a solenoid.  
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Q.21 Compare resistance and reactance.  
 
Ans: Resistance and Reactance: 
 

No. Resistance Reactance 
i Equally effective for 

AC and DC.  
 

Current is affected 
(reduced) but energy 
is not consumed (heat 
is not generated). The 
energy consumption 
by a coil is due to its 
resistive component. 

ii Its value is 
independent of 
frequency of the AC 

Inductive reactance 
(XL = 2πfL) is directly 
proportional and 
capacitive reactance 

(XC =
1

2πfC
)  is 

inversely proportional 
to the frequency of the 
AC. 

iii Current opposed by a 
resistor is in phase 
with the voltage. 

Current opposed by a 
pure inductor lags in 
phase while that 
opposed by a pure 
capacitor leads is 
phase by πc over the 
voltage. 

 
Q.22 Derive an expression for the impedance of an 
LCR circuit connected to an AC power supply.  
                                                                                                      OR 

Q.22 Derive an expression for the impedance of an 

LCR circuit connected to an AC power supply. Draw 

phasor diagram.                               (Feb/Mar-2024)-3m 

 
Ans: Expression for impedance of AC circuit 
containing LCR in series: 
i) Consider an alternating e.m.f applied to a series 
combination of pure inductor of inductance L, capacitor 
of capacitance C and resistor of resistance R as shown 
in figure (a). 
ii) Let eL, eC and eR be the r.m.s voltage across inductor, 
capacitor and resistor. As R, L and C are in series, the 
current at any instant through the three elements has 
the same amplitude and phase and given as, i =
i0 sinωt. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
iii) As ′eR′ is in phase with current i, the vector eR is 
drawn in the same direction as that of i along positive 
direction of X axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 

iv) eC lags the current i by 
π

2
 radian (90°), hence the 

vector ′eC′ is drawn in the negative direction of the Y 
axis eC along OY’. 

v) eL leads the current by 
π

2
 radian (90°), hence vector 

eL is drawn in the positive direction of Y axis. 
 
vi) The voltages through L, C and R are given by  
eL = iXL, eC = iXC and eR = iR                             ……. (1) 
 
vii) The voltages across L and C have a phase difference 
of 180°. Hence, the net reactive voltage is (eL − eC) 
viii) Consider eL > eC. The net reactive emf (eL − eC) is 
in the direction of eL as shown in figure (b). Resultant of 
eR, eL and eC given the r.m.s value (e) of applied e.m.f 
which is represented by diagonal OP in figure (b). 
 
ix) From the figure (b), 

OP = √OK2 + OM2  
 
∴   e2 = eR

2 + (eL − eC)
2  

 
Q.49 Explain the working of n-p-n transistor with 
the help of diagrams.                                                          OR 
Q.49 Explain the working of n-p-n transistor in 

common base configuration.  (Feb/March-2023)-3M 
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Ans: Working of n-p-n transistor: 
i) Majority charge carriers in the emitter of n-p-n 
transistor are electrons. 
ii) A typical biasing of a transistor is shown in figure (a). 
In this, emitter-base junction is forward biased while 
collector-base junction is reverse biased. 
 
 
 
 
 
 
 
iii) At the instant when the EB junction is forward 
biased, electrons in the emitter region have not entered 
the base region as shown in figure (b). 
 
 
 
 
 
 
 
 
iv) When the biasing voltage VBE is greater than the 
barrier potential (0.6-0.7 V for Si transistors). Many 
electrons enter the base region and form the emitter 
current IE as shown in figure (c). 
 
 
 
 
 
 
 
 
 
v) These electrons can either flow through the base 
circuit and constitute the base current (IB), or they can 
also flow through the collector circuit and contribute 
towards the collector current (IC). 
vi) The base being thin and lightly doped, base current 
is only 5% of IE. 
vii) Electrons injected from the emitter into the base 
diffuse into the collector-base depletion region due to 
the thin base region. When the electrons enter the 
collector-base depletion region, they are pushed into 
the collector region by the electric fields at the 
collector-base depletion region. The collector current IC 
flows through the external circuit as shown in figure 
(d). The collector current IC  is about 95% of IE. 

From the figure we can conclude that, IE = IB + IC Since 
the base current IB is very small we can write IC ≈ IE. 
 
 
 
 
 
 
 
 
 
 
Q.50 What are the possible configurations of 
transistor in a circuit? Explain each in brief. 
 
Ans: The possible configurations of transistor in a 
circuit are, 
i) Common emitter (CE): The emitter of the transistor 
is common to both the input and the output. 
 
 
 
 
 
 
 
 
 
 
 
ii) Common Base (CB): The base of the transistor is 
common to both the input and the output. 
 
 
 
 
 
 
 
 
 
iii) Common collector (CC): The collector of the 
transistor common to both the input and the output. 
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†¿ÖÖ“Ö ¯ÖÏÛúÖ¸êü ... 
 

ÃÖ¾ÖÔ Topics “µÖÖ ÃÖ¾ÖÔ ¯ÖÏ¿®ÖÖÓ“Öß ˆ¢Ö¸êü †ÝÖÖê¤ü ü̧ English 

´Ö¬µÖê ×¤ü»Öß †ÃÖæ®Ö ŸµÖÖ“Öê Ã¯ÖÂ™üßÛú¸üÞÖ Scientific 

´Ö¸üÖšüß´Ö¬µÖê ×¤ü»Öê †ÖÆêü... 

 

ˆ³µÖÖ ´ÖÆüÖ¸üÖÂ™üÒÖŸÖ †ÃÖÖ ‹ÛúÆüß ×¾ÖªÖ£Öá ¸üÖÆüÞÖÖ¸ü ®ÖÖÆüß 

Ûúß, ŸµÖÖ»ÖÖ ÃÖ´Ö•ÖÞÖÖ¸ü ®ÖÖÆüß.. 

 

 ÃÖ¾ÖÖÕ®ÖÖ ÃÖ¾ÖÔ ÃÖ´Ö•ÖÞÖÖ¸ü...  

 ÃÖ¾ÖÔ•ÖÞÖ ÃÖ¾ÖÔ ×»Ö×ÆüÞÖÖ¸ü...  

 ´ÖÖŒÃÖÔ/ –ÖÖ®Ö ÃÖ¾ÖÖÕ“Öê ¾ÖÖœüÞÖÖ¸ü... 

 –ÖÖ®Ö ¾ÖÖœü»µÖÖ®Öê ²Öê¸üÖê•ÖÝÖÖ¸üß Ûú´Öß ÆüÖêÞÖÖ¸ü... 

 ¯ÖÖšüÖÓŸÖ¸ü/ ‘ÖÖêÛú´Ö¯Ö¼üß Ûúºþ®Ö ÛúÖÆüßÆüß ˆ¯ÖµÖÖêÝÖ 

®ÖÖÆüß... 

 

µÖÖÃÖÖšüß ±úŒŸÖ –ÖÖ®Ö¤üÖ“Öß ¯ÖãÃŸÖÛêú 

 

¯ÖãÃŸÖÛú ´ÖÖÝÖÞÖßÃÖÖšüß ÃÖÓ¯ÖÛÔú - 9657961490 

 

†Ö•Ö“Ö ÃÖÓ¯ÖÛÔú Ûú¸üÖ.. 
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