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TOPIC - 01 
UNITS AND MEASUREMENT 

 
1.1. Introduction 
 
Physics is the branch of science which deals with the 
study of nature and natural phenomena.  
It is a quantitative science where various physical 
quantities are measured. 
A quantity which can be measured and with the help of 
which, various physical happenings can be explained 
and expressed in the form of laws, is called a physical 
quantity.  
Example: length, mass time force etc.  
 
Q.1 What is the measurement? 
 
Ans: Measurement: A measurement is a comparison 
with internationally accepted standard measuring unit.  
 
1.2 System of Units  
 
Q.2 Define a system of units? Explain different types 
of systems of units. 
 
Ans: System of units: “The whole set of units i.e. all the 
basics and derived units taken together forms a system of 
units.” 
Systems of units are classified mainly into four types: 
 
i) C.G.S. system: 
This system is based on three fundamental units 
Centimeter-Gram-Second. 
e.g. Unit of mass is ‘gram’ 
       Unit of length is ‘centimeter’ 
       Unit of time is ‘second’ 
 
ii) M.K.S. system: 
This system is based on three fundamental units Meter-
Kilogram-Second. This system also called as (SI) 
system International and this is used all over world. 
e.g. Unit of mass is ‘kilogram’ 
       Unit of length is ‘meter’ 
       Unit of time is ‘second’ 
       Unit of velocity is ‘meter/second’ 
 
iii) F.P.S. system: 
This system is based on three fundamental units foot-
pound-second. In this system, length, mass and time are 
measured in foot, pound and second respectively. This 
is British system. 

iv) S.I. system: 
It stands for Standard International system. This system 
has replaced all other systems mentioned above. It has 
been internationally accepted and is being used all over 
world. 
 
Q.3 List of conventions followed while using SI 
units. 
 
Ans: Following conventions should be followed 
while writing S.I. units of physical quantities.  
i) Unit of every physical quantity should be represented 
by its symbol 
ii) Full name of a unit always starts with smaller letter 
even if it is named after a person, e.g. 1 newton, 1 joule 
etc. But symbol for unit named after a person should be 
in capital letter, e.g. N after scientist Newton, J after 
scientist Joule, etc.  
iii) Symbols for units do not take plural form.  
iv) Symbols for units do not contain any full stops at the 
end of recommended letter. 
v) The units of physical quantities in numerator and 
denominator should be writer as one ratio. For example 
the SI unit of acceleration is m/s2 or m s−2 but not 
m/s/s.  
vi) Use of combination of units and symbols for units is 
avoided when physical quantity is expressed by 
combination of two. For example. The unit J/kg K is 
correct while joule/kg K is not correct.  
vii) A prefix symbol is used before the symbol of the 
unit.  
 
1) Prefix symbol and symbol of unit constitute a new 
symbol for the unit which can be raised to a positive or 
negative power of 10. 
For example,  
1 ms = 1 millisecond = 10−3 S 
1μs = 1 microsecond = 10−6 S 
1 ns = 1 nanosecond = = 10−9 S 
 
2) Use of double prefixes is avoided when single prefix 
is available 
 10−6 S = 1 μs and not 1 mms 
 10−9 S = 1 ns and not 1 m μs 
viii) Space or hyphen must be introduced while 
indicating multiplication of two units e.g. m/s should be 
written as m s−1 or m-s−1  
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1.3 Measurement of Length 
 
Q.4 Define a metre.  
 
Ans: Metre: The metre is the length of the path travelled 
by light in vacuum during a time interval of 1/299, 792, 
458 of a second.  
 
Q.5 What is parallax? 
 
Ans: Parallax: Parallax is defined as the apparent 
change in position of an object due to a change in 
position of an observer. 
 
When a pencil is held in front of our eyes and we look at 
it once with our left eye closed and then with our right 
eye closed, pencil appears to move against the 
background. This effect is called parallax effect.  
 
Q.6 Explain the method of determine the distance of 
a planet from the Earth.  
 
Ans: Method of determine the distance of a planet 
from the earth: 
i) Parallax method is used to determine distance of 
different planets from the Earth.  
ii) To measure the distance ‘D’ of a far distant planet S, 
select two different observations (E1 and E2 ). 
iii) The planet should be visible from E1 and E2  
observatories simultaneously i.e. at the same time. 
iv) E1 and E2 are separated by distance ‘b’ as shown in 
figure. 
∴   E1 E2 = b  

                                   
 
v) The angle between the two directions along which 
the planet is viewed, can be measured. It is parallax 
angle, which in this case is  
∠E1SE2 = θ  
vi) The planet is far away from the (Earth) observers, 
hence 
b < < D  

∴
b

D
< < 1 and θ 

′ ′is also very small.  

Hence, E1 E2  can be considered as arc of length b of 
circle with S as centre and D as radius. 
∴  E1S =  E2 S = D  

∴        θ =
b

D
                   ------ (θ is taken in radian) 

∴      D =
b

θ
  

Thus, the distance ‘D’ of a far away planet ‘S’ can be 
determined using the parallax method. 
 
Q.7 Explain how parallax method is used to 
measure distance of star from Earth. 
 
Ans: Parallax method to measure distance of star 
from earth: 
i) The parallax measured from two farthest distance 
points on Earth for stars will be too small and hence 
cannot be measured. 
ii) Instead, parallax between two farthest points (i.e., 2 
AU apart) along the orbit of Earth around the Sun (s) is 
measured.  

                        
 
Q.8 Explain how size of a planet or star is measured.  
 
Ans: Measurement of size of a planet or star: 
i) To determine the diameter (d) of planet or star, two 
diametrically opposite points of the planet are viewed 
from the same observatory.  
ii) If d is diameter of planet or star, angle subtended by 
it at any single point on the Earth is called angular 
diameter of planet.  
iii) Let angle α be angle between these two directions. 
iv) If distance between the Earth and planet or star (D) 

is known, α = 
d

D
  

v) This relation gives, d = α D 
Thus, diameter (d) of planet or star can be determined.  
 
1.4 Measurement of Mass 
 
Q.9 Explain the method to measure mass.  
 
Ans: Method of measurement of mass: 
i) Mass, until recently, was measured with a standard 
mass of the international prototype of the kilogram (a  
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Q.9 Prove that: Vector addition is commutative. 
 
Ans: Commutative property of vector addition: 

According to commutative property, for two vectors  P⃗⃗  

and Q⃗⃗ , P⃗⃗ + Q⃗⃗ = Q⃗⃗ + P⃗⃗    
 
Proof: 

Let two vectors  P⃗⃗   and Q⃗⃗  be represented in magnitude 
and direction by two sides OA̅̅ ̅̅   and AB̅̅ ̅̅   respectively. 

                      
Complete a parallelogram OABC such that OA⃗⃗⃗⃗  ⃗ =     CB⃗⃗⃗⃗⃗⃗  = 

P⃗⃗  and AB⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗ = Q⃗⃗  then join OB. 
 

In ∆OAB, OA⃗⃗⃗⃗  ⃗ + AB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗  
 (By triangle law of vector addition) 

∴   P⃗⃗  + Q⃗⃗  = R⃗⃗  ---- (1) 

 In ∆OCB,OC⃗⃗⃗⃗  ⃗ + CB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗ 
(By triangle law of vector addition) 

 Q⃗⃗  + P⃗⃗  = R⃗⃗  ---- (2) 
 
From equation (1) and (2), 

 P⃗⃗  + Q⃗⃗  = Q⃗⃗  + P⃗⃗  
Hence, addition of two vectors obeys commutative law. 
 
Q.10 Prove that: Vector addition is associative. 
 
Ans: Associative property of vector addition: 
According to associative property, 

For three vectors P⃗⃗ , Q⃗⃗  and  R⃗⃗  ,  

(P⃗⃗  + Q⃗⃗ ) + R⃗⃗ = P⃗⃗  +  (Q⃗⃗  + R⃗⃗ )  

 

                        
 
Proof: 

Let OA⃗⃗⃗⃗  ⃗ = P⃗⃗ , AB⃗⃗⃗⃗  ⃗ = Q⃗⃗ , BC⃗⃗⃗⃗  ⃗ = R⃗⃗   
Join OB and AC 

 
In ∆ OAB, 

OA⃗⃗⃗⃗  ⃗ + AB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗    (From triangle law of vector addition)  

∴  P⃗⃗  + Q⃗⃗  =  R1
⃗⃗ ⃗⃗  ---- (1) 

   
In ∆ OBC, 

OB⃗⃗⃗⃗  ⃗ + BC⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗    (From triangle law of vector addition)  

∴  R1
⃗⃗ ⃗⃗  + R⃗⃗  = S⃗    

 From equation (1) 

(P⃗⃗  + Q⃗⃗ ) + R⃗⃗  = S⃗  ----- (2) 

 
In ∆ABC,  

 AB⃗⃗⃗⃗  ⃗ + BC⃗⃗⃗⃗  ⃗ = AC⃗⃗⃗⃗  ⃗ 

∴   Q⃗⃗  + R⃗⃗  =  R2
⃗⃗ ⃗⃗   ---- (3) 

 
In ∆ OAC, 

 OA⃗⃗⃗⃗  ⃗ + AC⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗ 

∴   P⃗⃗  +  R2
⃗⃗ ⃗⃗   =  S⃗   

 From equation (3) 

 P⃗⃗  + (Q⃗⃗  + R⃗⃗ ) = S⃗  ------ (4) 

On comparing equation (2) and (4), we get, 

   (P⃗⃗  + Q⃗⃗ ) + R⃗⃗ =  P⃗⃗  + (Q⃗⃗  +  R⃗⃗ ) 

 Hence, associative law proved.  
 
Q.11 State and prove parallelogram law of vector 
addition and determine magnitude and direction of 
resultant vector.  
 
Ans: Parallelogram law of vector addition: 
If two vectors of same type starting from the same point  
(tails at the same point), are represented in magnitude 
and direction by the two adjacent sides of a 
parallelogram then, their resultant vector is given in 
magnitude and direction, by the diagonal of the 
parallelogram starting from the same point.  
 

Proof: i) Consider two vectors P⃗⃗  and Q⃗⃗  of the same type, 
with their tails at the point ‘O’ and ‘θ′ is the angle 

between P⃗⃗  and Q⃗⃗  as shown in the figure below. 
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Scientific ´Ö¸üÖšüß Ã¯ÖÂ™üßÛú¸üÞÖ: 
 
Introduction (¯ÖÏÃŸÖÖ¾Ö®ÖÖ): 
†Ö¯Ö»µÖÖ ¤îü®ÖÓ×¤ü®Ö •Öß¾Ö®ÖÖ´Ö¬µÖê measurements (´ÖÖê•Ö´ÖÖ¯ÖÖ»ÖÖ) †ŸµÖÓŸÖ 
´ÖÆüŸ¾Ö †ÖÆêü, ´ÖÖê•Ö´ÖÖ¯ÖÖ×¾ÖÂÖµÖß †Ö¯Ö»Öê ¾µÖ¾ÖÆüÖ¸ü“Ö ¯ÖãÞÖÔ ÆüÖê‰ú ¿ÖÛúŸÖ 
®ÖÖÆüßŸÖ. Physics (³ÖÖî×ŸÖÛú¿ÖÖÃ¡Ö) ×Æü ×¾Ö–ÖÖ®ÖÖ“Öß ‹Ûú ¯ÖÏ´ÖãÜÖ branch 
(¿ÖÖÜÖÖ) †ÃÖã®Ö, ŸµÖÖ´Ö¬µÖê ÜÖã¯Ö ÝÖÖêÂ™üà“ÖÖ †ŸµÖÓŸÖ ¿ÖÖÃ¡ÖßµÖ ¯Ö¬¤üŸÖß®Öê 
†³µÖÖÃÖ Ûêú»ÖÖ •ÖÖŸÖÖê, ŸµÖÖÃÖÖšüß ´ÖÖê•Ö´ÖÖ¯Ö ÝÖ¸ü•Öê“Öê †ÖÆêü. 
Physics Æêü ¯Ö×¸üÞÖÖŸ´ÖÛú ×¾Ö–ÖÖ®Ö †ÃÖ»µÖÖ®Öê ¯ÖÖ¾Ö»ÖÖê¯ÖÖ¾Ö»Öß Physical 
quantity (³ÖÖî×ŸÖÛú ¸üÖ¿Öß) “Öê †“ÖãÛú ´ÖÖ¯Ö®Ö Ûú¸üÞÖê •Ö¹ý¸üß“Öê †ÃÖŸÖê, 
²Ö·µÖÖ“Ö ¾ÖêôûÖ ¯ÖÏµÖÖêÝÖÖ¾¤üÖ¸êü ×´ÖôûÖ»Öê»µÖÖ ¾Ö ×ÃÖ¬¤üÖÓŸÖÖ¾¤üÖ¸êü †¯Öê×õÖŸÖ 
†ÃÖ»Öê»µÖÖ ´ÖÖ¯Ö®ÖÖ“µÖÖ ´Öã»µÖÖŸÖß»Ö ŸÖ±úÖ¾ÖŸÖß´Öãôêû ®Ö¾Öß®Ö ×ÃÖ¬¤üÖÓŸÖ ¾Ö ÃÖæ¡Öê 
×¾ÖÛúÖÃÖ ¯ÖÖ¾ÖŸÖÖŸÖ. 
Introduction: Physics ×Æü Science “Öß †¿Öß branch †ÖÆêü ×Ûú, 
•µÖÖ´Ö¬µÖê µÖÖ ÃÖéÂ™üßŸÖß»Ö ÃÖ¾ÖÔ materials “Öê †“ÖãÛú ¾Ö ŸÖÓŸÖÖêŸÖÓŸÖ 
description (¾ÖÞÖÔ®Ö) Ûêú»Öê •ÖÖŸÖê. 
³ÖÖî×ŸÖÛú¿ÖÖÃ¡ÖÖ´Ö¬µÖê ×®ÖÃÖÝÖÖÔŸÖ ‘Ö›üÞÖÖ·µÖÖ ×®Ö¸ü×®Ö¸üÖóµÖÖû ÝÖÖêÂ™üà“ÖÖ †³µÖÖÃÖ 
Ûêú»ÖÖ •ÖÖŸÖÖê. 
ˆ¤üÖ: †ÖÛúÖ¿ÖÖ“ÖÖ Ó̧üÝÖ ×®ÖôûÖ“Ö ÛúÖ †ÃÖŸÖÖê? Rainbow (‡Ó¦ü¬Ö®ÖãÂµÖ) ÛúÖ 
×¤üÃÖŸÖê? •ÖÆüÖ•Ö •Ö›ü †ÃÖæ®Ö ÃÖã¬¤üÖ ¯ÖÖÞµÖÖ¾Ö¸ü ÛúÖ ŸÖ Ó̧üÝÖŸÖê? µÖÖ ¯ÖÏ¿®ÖÖÓ“Öß 
ˆ¢Ö¸êü Physics ´Ö¬µÖê ×´ÖôûŸÖÖŸÖ. 
 
Physical quantity (³ÖÖî×ŸÖÛú ¸üÖ¿Öß) ´ÖÖê•Ö´ÖÖ¯Ö Ûú¸üÞµÖÖµÖÖêÝµÖ ¸üÖ¿Öà®ÖÖ 
³ÖÖî×ŸÖÛú ¸üÖ¿Öß †ÃÖê ´ÆüÞÖŸÖÖŸÖ. ¾Ö¸üß»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê»µÖÖ ÃÖã¡ÖÖ®ÖãÃÖÖ¸ 
Physical quantityü ¿ÖÖê¬ÖŸÖÖ µÖêŸÖÖŸÖ. ˆ¤üÖ: ¾ÖÃŸÖã´ÖÖ®Ö, »ÖÖÓ²Öß, ¾Öêôû ‡. 
 
Need of measurements (´ÖÖ¯Ö®Ö¯Ö¬¤üŸÖß“Öß ÝÖ ü̧•Ö): 
i) ³ÖÖî×ŸÖÛú ¿ÖÖÃ¡ÖÖ´Ö¬µÖê ÛúÖêÞÖŸµÖÖÆüß Phenomenon (‘Ö™ü®Öê“ÖÖ) †³µÖÖÃÖ 
Ûúºþ®Ö ´ÖÖ¯Ö®Ö Ûú¸üÞµÖÖÃÖÖšüß ¿ÖÖÃ¡Ö–Ö ¾ÖêÝÖ¾ÖêÝÖôêû experiments (¯ÖÏµÖÖêÝÖ) 
Ûú¸üŸÖÖŸÖ.  
ii) µÖÖ experiment ´Ö¬µÖê mass, length, time ¾Ö volume 
µÖÖÃÖÖ¸üÜµÖÖ Physical quantities “Öê ´ÖÖê•Ö´ÖÖ¯Ö Ûú¸üÖ¾Öê »ÖÖÝÖŸÖê. 
iii) µÖÖ ¯ÖÏµÖÖêÝÖÖ¾¤üÖ¸êü ×´ÖôûÖ»Öê»µÖÖ observations (×®Ö¸üßõÖÞÖÖ¾Ö¹ý®Ö) ®Ö¾Öß®Ö 
×ÃÖ¬¤üÖÓŸÖ ¾Ö ÃÖã¡Öê ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖŸÖ. 
iv) Experimental verification ÃÖÖšüß ¾ÖêÝÖ¾ÖêÝÖôûµÖÖ theories 
(×ÃÖ¬¤üÖÓŸÖ) ´ÖÖÓ›ü»Öê •ÖÖŸÖÖŸÖ.  
v)ÛúÖêÞÖŸµÖÖÆüß Physical quantity “µÖÖ accurate measurements 
ÃÖÖšüß appropriate (®Öê´ÖŒµÖÖ) instruments (ˆ¯ÖÛú¸üÞÖÖÓ“Öß) ÝÖ¸ü•Ö 
†ÃÖŸÖê  
 
Unit of physical quantity (³ÖÖî×ŸÖÛú ¸üÖ¿Öà“Öê ‹ÛúÛú) ÛúÖêÞÖŸµÖÖÆüß 
Physical quantity (³ÖÖî×ŸÖÛú ¸üÖ¿Öà“µÖÖ) ´ÖÖ¯Ö®ÖÖÃÖÖšüß ‹Ûú reference 
standard (ÃÖÓ¤ü³ÖÔ´ÖÖ®ÖÛúÖ“Öß) †Ö¾Ö¿µÖÛúŸÖÖ †ÃÖŸÖê. ŸµÖÖ»ÖÖ Unit †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 

Characteristics of good units (‹ÛúÖ “ÖÖÓÝÖ»µÖÖ ‹ÛúÛúÖ“Öê 
ÝÖãÞÖ¬Ö´ÖÔ): 
i) Unit Æêü ÃÖÆü•Ö¸üßŸµÖÖ ×´ÖôûÞÖÖ ȩ̂ü †ÃÖÖ¾Öê. 
ii) Unit Æêü ¾Öêôû ¾Ö Ã£ÖÖ®Ö µÖÖ®ÖãÃÖÖ¸ Invariable (®Ö ²Ö¤ü»ÖÞÖÖ ȩ̂ü) †ÃÖÖ¾Öê. 
iii) Unit Æêü Reproducible ü (¯Öã®ÖºþŸ¯ÖÖ¤üßµÖ) †ÃÖÖ¾Öê, ŸµÖÖ“Öê 
duplication Ûú¸üŸÖÖ µÖêÞÖÖ ȩ̂ü ®ÖÃÖÖ¾Öê. 
iv) Unit Æê universally (¾Öî×À¾ÖÛú¸üßŸµÖÖ) ÃÖ¾ÖÖÕ®Öß Ã¾ÖßÛúÖ¸ü»Öê»Öê †ÃÖÖ¾Öê.  
v) Unit Æêü ´ÖÖê•Ö»Öê»µÖÖ, Physical quantity »ÖÖ ÃÖãÃÖÓÝÖŸÖ †ÃÖÖ¾Öê. 
vi) Unit Æêü ÃÖÆü•Ö¯ÖÞÖê ŸµÖÖ“µÖÖ ¾ÖêÝÖ¾ÖÝÖôûµÖÖ forms ´Ö¬µÖê ´ÖÖÓ›üŸÖÖ µÖêÞÖÖ ȩ̂ü 
†ÃÖÖ¾Öê.  
 
System of units (‹ÛúÛú ¯Ö¬¤üŸÖß): Basic units/ fundamental 
(´Öã»Ö³ÖãŸÖ ‹ÛúÛêú) ¾Ö Derived (¾µÖãŸ¯Ö®®Ö ‹ÛúÛêú) µÖÖÓ“µÖÖ whole set 
(‹Ûú×¡ÖŸÖ ÝÖ™üÖ»ÖÖ) system of units †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
System of units “Öê ¯ÖÏÖ´ÖãÜµÖÖ®Öê “ÖÖ¸ü ¯ÖÏÛúÖ¸üÖŸÖ ¾ÖÝÖáÛú¸üÞÖ Ûú¸üŸÖÖŸÖ. 
i) CGS System (Centimeter-Gram-Second) (ÃÖë™üß´Öß™ü¸ü-ÝÖÏò́ Ö-
ÃÖêÛÓú¤ü)- µÖÖ´Ö¬µÖê Length (»ÖÖÓ²Öß) ÃÖÖšüß ÃÖë™üß´Öß™ü¸ü, mass (¾ÖÃŸÖã´ÖÖ®Ö) 
ÃÖÖšüß ÝÖÏò´Ö ¾Ö second (¾Öêôû) ÃÖÖšüß ÃÖêÛÓú¤ü ¾ÖÖ¯Ö¸üŸÖÖŸÖ. 
ii) MKS System (Meter-Kilogram-Second) (´Öß™ü¸ü-
×Ûú»ÖÖêÝÖÏò́ Ö- ÃÖêÛÓú¤ü): µÖÖ´Ö¬µÖê Length (»ÖÖÓ²Öß) ÃÖÖšüß ´Öß™ü¸ü, mass 
(¾ÖÃŸÖã´ÖÖ®Ö) ÃÖÖšüß ×Ûú»ÖÖêÝÖò´Ö ¾Ö second (¾Öêôû), ÃÖÖšüß ÃÖêÛÓú¤ü ¾ÖÖ¯Ö¸üŸÖÖŸÖ 
ŸÖÃÖê“Ö velocity ÃÖÖšüß ´Öß™ü¸ü/ ÃÖêÛÓú¤ü ¾ÖÖ¯Ö¸üŸÖÖŸÖ. 
iii) FPS System (Foot- Pound-Second) (±ãú™ü-¯ÖÖˆÓ›ü-ÃÖêÛÓú¤ü): 
µÖÖ´Ö¬µÖê length (»ÖÖÓ²Öß) ÃÖÖšüß ±ãú™ü, mass (¾ÖÃŸÖã´ÖÖ®Ö) ÃÖÖšüß ¯ÖÖ‰Óú›ü ¾Ö 
second (¾Öêôêû) ÃÖÖšüß ÃÖêÛÓú¤ü ¾ÖÖ¯Ö¸üŸÖÖŸÖ. 
iv) SI System: µÖÖ System »ÖÖ system of International units 
†ÃÖê ´ÆüÞÖŸÖÖŸÖ. ÃÖ¬µÖÖ ¾Ö¸üß»Ö ÃÖ¾ÖÔ Systems “µÖÖ ‹ê¾Ö•Öß SI System 
Æüß ÃÖ¾ÖÔ¡Ö ¾ÖÖ¯Ö¸ü»Öß •ÖÖŸÖê. µÖÖ  System »ÖÖ International 
(†ÖÓŸÖ¸ü¸üÖÂ™ÒüßµÖ) ´ÖÖ®µÖŸÖÖ †ÃÖæ®Ö ×ŸÖ ÃÖÓ¯ÖãÞÖÔ •ÖÝÖÖ´Ö¬µÖê ¾ÖÖ¯Ö¸ü»Öß •ÖÖŸÖê. 
 
SI System of units : 
i) ‹ÛúÛú ¯Ö¬¤üŸÖß´Ö¬Öß»Ö Different systems ´Öãôêû •ÖÝÖÖŸÖß»Ö 
¾ÖêÝÖ¾ÖêÝÖôûµÖÖ ³ÖÖÝÖÖÓ´Ö¬µÖê ¿ÖÖÃ¡ÖßµÖ ´ÖÖ×ÆüŸÖß“µÖÖ ¤êü¾ÖÖÞÖ-‘Öê¾ÖÖÞÖ ´Ö¬µÖê ÜÖæ¯Ö 
†›ü“ÖÞÖß µÖêŸÖ ÆüÖêŸµÖÖ. 
ii) µÖÖ ÝÖî¸üÃÖÖêµÖß´Öãôêû ÃÖÓ¯ÖæÞÖÔ •ÖÝÖÖ´Ö¬µÖê ‹Ûú“ÖÖ Common system of 
units ×¾ÖÛú×ÃÖŸÖ ÆüÖêÞÖê ÝÖ¸ü•Öê“Öê ÆüÖêŸÖê. 
iii) October 1960 ´Ö¬µÖê ¯Öò¸üßÃÖ µÖê£Öê International General 
Conference of weights and measures (¾Ö•Ö®Öê ¾Ö ´ÖÖ¯Öê µÖÖÓ“µÖÖ 
†ÖÓŸÖ¸ü¸üÖÂ™ÒüßüµÖ ÃÖ¾ÖÔÃÖÖ¬ÖÖ¸üÞÖ ¯Ö×¸üÂÖ¤êü´Ö¬µÖê) Systems Internationale d 
units †¿ÖÖ ®ÖÖ¾ÖÖ“Öß ÃÖÖ´ÖÖ‡ÔÛú ‹ÛúÛú ¯Ö¬¤üŸÖß †¾Ö»ÖÓ²ÖÞµÖÖŸÖ †Ö»Öß. 
iv) SI system ´Ö¬µÖê ¯ÖÏÖ´ÖãÜµÖÖ®Öê ÃÖÖŸÖ Fundamental units (´Öã»Ö³ÖæŸÖ 
‹ÛúÛêú), ¤üÖê®Ö Supplementary (ÃÖÓ¯Öæ¸üÛú ‹ÛúÛêú) ¾Ö †®ÖêÛú  derived 
units (¾µÖæŸ¯Ö®®Ö ‹ÛúÛêú) µÖÖÓ“ÖÖ ÃÖ´ÖÖ¾Öê¿Ö Ûú¸üÞµÖÖŸÖ †Ö»ÖÖ. 
v) ÃÖ¬µÖÖ“µÖÖ ÛúÖôûÖ´Ö¬µÖê SI system ®Öê ‡ŸÖ¸ü ÃÖ¾ÖÔ ‹ÛúÛú ¯Ö¬¤üŸÖß“Öß 
•ÖÖÝÖÖ ‘ÖêŸÖ»Öß †ÃÖæ®Ö, µÖÖ system ¾¤üÖ¸êü •ÖÝÖÖŸÖß»Ö ¾ÖêÝÖ¾ÖêÝÖôûµÖÖ ³ÖÖÝÖÖŸÖß»Ö  
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Q.9 Prove that: Vector addition is commutative. 
 
Ans: Commutative property of vector addition: 

According to commutative property, for two vectors  P⃗⃗  

and Q⃗⃗ , P⃗⃗ + Q⃗⃗ = Q⃗⃗ + P⃗⃗    
 
Proof: 

Let two vectors  P⃗⃗   and Q⃗⃗  be represented in magnitude 
and direction by two sides OA̅̅ ̅̅   and AB̅̅ ̅̅   respectively. 

                      
Complete a parallelogram OABC such that OA⃗⃗⃗⃗  ⃗ =     CB⃗⃗⃗⃗⃗⃗  = 

P⃗⃗  and AB⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗ = Q⃗⃗  then join OB. 
 

In ∆OAB, OA⃗⃗⃗⃗  ⃗ + AB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗  
 (By triangle law of vector addition) 

∴   P⃗⃗  + Q⃗⃗  = R⃗⃗  ---- (1) 

 In ∆OCB,OC⃗⃗⃗⃗  ⃗ + CB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗ 
(By triangle law of vector addition) 

 Q⃗⃗  + P⃗⃗  = R⃗⃗  ---- (2) 
 
From equation (1) and (2), 

 P⃗⃗  + Q⃗⃗  = Q⃗⃗  + P⃗⃗  
Hence, addition of two vectors obeys commutative law. 
 
Q.10 Prove that: Vector addition is associative. 
 
Ans: Associative property of vector addition: 
According to associative property, 

For three vectors P⃗⃗ , Q⃗⃗  and  R⃗⃗  ,  

(P⃗⃗  + Q⃗⃗ ) + R⃗⃗ = P⃗⃗  +  (Q⃗⃗  + R⃗⃗ )  

 

                        
 
Proof: 

Let OA⃗⃗⃗⃗  ⃗ = P⃗⃗ , AB⃗⃗⃗⃗  ⃗ = Q⃗⃗ , BC⃗⃗⃗⃗  ⃗ = R⃗⃗   
Join OB and AC 

 
In ∆ OAB, 

OA⃗⃗⃗⃗  ⃗ + AB⃗⃗⃗⃗  ⃗ = OB⃗⃗⃗⃗  ⃗    (From triangle law of vector addition)  

∴  P⃗⃗  + Q⃗⃗  =  R1
⃗⃗ ⃗⃗  ---- (1) 

   
In ∆ OBC, 

OB⃗⃗⃗⃗  ⃗ + BC⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗    (From triangle law of vector addition)  

∴  R1
⃗⃗ ⃗⃗  + R⃗⃗  = S⃗    

 From equation (1) 

(P⃗⃗  + Q⃗⃗ ) + R⃗⃗  = S⃗  ----- (2) 

 
In ∆ABC,  

 AB⃗⃗⃗⃗  ⃗ + BC⃗⃗⃗⃗  ⃗ = AC⃗⃗⃗⃗  ⃗ 

∴   Q⃗⃗  + R⃗⃗  =  R2
⃗⃗ ⃗⃗   ---- (3) 

 
In ∆ OAC, 

 OA⃗⃗⃗⃗  ⃗ + AC⃗⃗⃗⃗  ⃗ = OC⃗⃗⃗⃗  ⃗ 

∴   P⃗⃗  +  R2
⃗⃗ ⃗⃗   =  S⃗   

 From equation (3) 

 P⃗⃗  + (Q⃗⃗  + R⃗⃗ ) = S⃗  ------ (4) 

On comparing equation (2) and (4), we get, 

   (P⃗⃗  + Q⃗⃗ ) + R⃗⃗ =  P⃗⃗  + (Q⃗⃗  +  R⃗⃗ ) 

 Hence, associative law proved.  
 
Q.11 State and prove parallelogram law of vector 
addition and determine magnitude and direction of 
resultant vector.  
 
Ans: Parallelogram law of vector addition: 
If two vectors of same type starting from the same point  
(tails at the same point), are represented in magnitude 
and direction by the two adjacent sides of a 
parallelogram then, their resultant vector is given in 
magnitude and direction, by the diagonal of the 
parallelogram starting from the same point.  
 

Proof: i) Consider two vectors P⃗⃗  and Q⃗⃗  of the same type, 
with their tails at the point ‘O’ and ‘θ′ is the angle 

between P⃗⃗  and Q⃗⃗  as shown in the figure below. 
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Q.14 Explain the velocity-time graphs of an object 
moving with zero acceleration. 
 
Ans: Object is moving with zero acceleration: 
i) As the acceleration is zero, the graph will be a straight 
line parallel to time axis. 
ii) Velocity of the particle is constant as the acceleration 
is zero. 
iii) Magnitude of displacement of object from t1 to t2 =
v0 × (t2 − t1) = shaded area under velocity-time graph. 
 

                     
 
Q.15 Explain the velocity-time graph of an object is 
moving with constant positive acceleration. 
 
Ans: Object is moving with constant positive 
acceleration: 
i) The velocity-time graph is linear. 
ii) Velocity increases with increase in time, as 
acceleration is positive (along the direction of velocity).  
iii) The area under the velocity-time graph between two 
instants of time t1 and t2 gives the displacement of the 
object during that time interval. 

iv) Slope of the graph is 
∆v

∆t
= positive acceleration. 

                       
 
Q.16 Explain the velocity-time graph of an object is 
moving with constant negative acceleration. 
 
Ans: Object is moving with constant negative 
acceleration: 
i) The velocity-time graph is linear. 

ii) Velocity decreases with increase in time, as 
acceleration is negative (opposite to the direction of 
velocities).  
iii) The area under the velocity-time graph between two 
instants of time t1 and t2 gives the displacement of the 
object during that time interval. 

iv) Slope of the graph is 
∆v

∆t
= negative acceleration. 

                        
 
Q.17 Explain the velocity-time graph of an object is 
moving with non-uniform acceleration. 
 
Ans: Object is moving with non-uniform 
acceleration: 
i) Velocity-time graph is non-linear. 
ii) The area under the velocity-time graph between two 
instants of time t1 and t2 gives the displacement of the 
object during that time interval. 
area under the velocity-time curve = 

Area = ∫ v
t2
t1

dt = ∫
dx

dt

t2
t1

dt = ∫ dx
t2
t1

= x(t2) − x(t1)  

                   = displacement of the object from  t1 to t2. 
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iii) ÆüÖ force, electromagnetic force (×¾ÖªãŸÖ “ÖãÓ²ÖÛúßµÖ ²Ö»Ö) ¾Ö 
strong nuclear force (¯ÖÏ²Öôû †ÞÖæÛëú¦üßµÖ ²Ö»ÖÖ¯ÖêõÖÖ) ÜÖã¯Ö“Ö weaker 
(×®Ö²ÖÔ»Ö) †ÃÖŸÖÖŸÖ. 
iv) µÖÖ forces, “Öß range (ÛúÖµÖÔõÖê¡Ö) ÜÖã¯Ö“Ö Ûú´Öß †ÓŸÖ¸üÖÓ¯ÖµÖÔŸÖ“Öê 
†ÃÖŸÖê. nucleus “µÖÖ size ´Ö¬µÖê 10-18m ¯ÖµÖÔŸÖ ×Æü forces, effective 
(¯ÖÏ²Öôû) †ÃÖŸÖÖŸÖ. 
 
i) Conservative force (†õÖµÖ ²Ö»Ö/ÃÖÓ¸üõÖß ²Ö»Ö)-‹ÜÖÖªÖ ¾ÖÃŸÖã®Öê 
ŸµÖÖ“µÖÖ closed path (²ÖÓ¤ü ´ÖÖÝÖÖÔ´Ö¬µÖê) ×±ú¸üŸÖ †ÃÖŸÖÖ®ÖÖ Ûêú»Öê»Öê work 
done (ÛúÖµÖÔ) Æêü •Ö¸ü zero †ÃÖê»Ö, ŸÖ¸ü ŸµÖÖ force »ÖÖ conservabive 
force †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
ˆ¤üÖ- gravitational force (ÝÖã¹ýŸ¾ÖÖÛúÂÖÔÞÖßµÖ ²Ö»Ö) 
ii) Non-conservative force (†ÃÖÓ̧ üõÖß ²Ö»Ö): ‹ÜÖÖªÖ ¾ÖÃŸÖã®Öê 
ŸµÖÖ“µÖÖ closed path ´Ö¬µÖê ×±ú¸üŸÖ †ÃÖŸÖÖ®ÖÖ Ûêú»Öê»Öê work done 
(ÛúÖµÖÔ) Æêü •Ö¸ü non-zero †ÃÖê»Ö, ŸÖ¸ü ŸµÖÖ force »ÖÖ non-
conservative force †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
ˆ¤üÖ. Frictinal force (‘ÖÂÖÔÞÖßµÖ ²Ö»Ö) 
 
Work energy (ÛúÖµÖÔ ¿ÖŒŸÖß“ÖÖ ×ÃÖ¨üÖÓŸÖ/ŸÖŸ¾Ö)- ‹ÜÖÖªÖ force 
(²Ö»ÖÖ´Öãôêû) ‹ÜÖÖªÖ ¯Ö¤üÖ£ÖÖÔ“Öê displacement (×¾ÖÃ£ÖÖ¯Ö®Ö) —ÖÖ»Öê ŸÖ¸ü ŸµÖÖ 
force ®Öê Ûêú»Öê»Öê workdone (ÛúÖµÖÔ) Æêü ŸµÖÖ ¯Ö¤üÖ£ÖÖÔ“µÖÖ kinetic 
energy (ÝÖ×ŸÖ•Ö ˆ•Öì“µÖÖ) ²Ö¤ü»ÖÖ‹¾Öœêü †ÃÖŸÖê. ´ÆüÞÖ•Öê“Ö (•µÖÖ¾Öêôûß 
‹ÜÖÖªÖ force Ûú›ãü®Ö work done ÆüÖêŸÖê, ŸÖë¾ÆüÖ ŸµÖÖ ¯Ö¤üÖ£ÖÖÔ“Öß kinetic 
energy ¾ÖÖœüŸÖê, µÖÖˆ™ü •Ö¸ü opposite ×¤ü¿Öê®Öê force »ÖÖ¾Ö»µÖÖÃÖ 
kinetic energy Ûú´Öß ÆüÖêŸÖê ¾Ö kinetic energy ´Ö¬Öß»Ö loss ÆüÖ 
opposite force ®Öê Ûêú»Öê»µÖÖ work done ‡ŸÖÛúß †ÃÖŸÖê, †¿ÖÖ¯ÖÏÛúÖ¸êü   
—ÖÖ»Öê»Öê work ¾Ö kinetic energy ×Æü ÃÖ´ÖÛúõÖ †ÃÖŸÖÖŸÖ). 
¯ÖÏ¿®ÖÖ´Ö¬µÖê m ¾ÖÃŸÖã´ÖÖ®Ö †ÃÖ»Öê»µÖÖ ¯Ö¤üÖ£ÖÖÔ“Öß initial velocity 
(ÃÖãºþ¾ÖÖŸÖß“Öß ÝÖŸÖß) u ¾Ö final velocity (†ÜÖê¸ü“Öß ÝÖŸÖß) v †ÖÆêü, 
ŸµÖÖ¾Ö¸ü »ÖÖ¾Ö»Öê»µÖÖ force F †ÃÖæ®Ö ŸµÖÖ ¯Ö¤üÖ£ÖÖÔ®Öê t µÖÖ ¾ÖêôêûŸÖ 
†ÖÛÎú×´Ö»Öê»Öê displacement s †ÖÆêü, µÖÖ ÃÖ¾ÖÔ notations ¾Öºþ®Ö work 
done “Öê derivation ¯ÖÏ¿®ÖÖ´Ö¬µÖê ¾µÖ¾ÖÃ£ÖßŸÖ ×¤ü»Öê †ÖÆêü, ŸµÖÖ“ÖÖ study 
Ûú¹ý®Ö ÃÖ¾ÖÔ »ÖõÖÖŸÖ šêü¾ÖÖ. 
 

Law of conservation of momentum (ÃÖÓ¾ÖêÝÖÖ“µÖÖ †õÖµµÖŸÖê“ÖÖ 
×®ÖµÖ´Ö): •Öë¾ÆüÖ colliding bodies / interacting bodies 
(‹Ûú´ÖêÛúÖÓ¾Ö¸ü ¬Ö›üÛúÞÖÖ-µÖÖ ¾ÖÃŸÖæ) ¾Ö¸ü“ÖÖ resultant external force 
(‹Ûú¡ÖßŸÖ / ¯Ö×¸üÞÖÖ´Öß ²ÖÖÊ ²Ö»Ö) ÆüÖ zero †ÃÖê»Ö, ŸÖ¸ü  ŸµÖÖÓ“µÖÖŸÖß»Ö 
‹ÛãúÞÖ linear momentum ÃÖÖšü¾Öæ®Ö šêü¾Ö»Öê •ÖÖŸÖê ØÛú¾ÖÖ ŸµÖÖÓ“Öê ÃÖÓ¸üõÖÞÖ 
ÆüÖêŸÖê. 
¯ÖÏ¿®ÖÖ´Ö¬µÖê collision (ÃÖÓ‘ÖÖŸÖ / ¬Ö›üÛú / ™üŒÛú¸ü) ÆüÖêÞµÖÖ¯Öã¾Öá, collision 
ÆüÖêŸÖÖ®ÖÖ ¾Ö collision —ÖÖ»µÖÖ®ÖÓŸÖ¸ü ÃÖ¾ÖÔ equations ×¤ü»Öß †ÖÆêüŸÖ, ŸµÖÖ“ÖÖ 
¾µÖ¾Ö×Ã£ÖŸÖ †³µÖÖÃÖ Ûú¸üÖ. ¿Öê¾Ö™üß ×´ÖôûÖ»Öê»ÖÖ formula/result µÖÖêÝµÖ 
†ÖÆêü ÛúÖ ŸÖê ¯ÖÆüÖ. ´ÆüÞÖ•Öê“Ö collision ¯Öã¾Öá“ÖÖ ÃÖÓ¾ÖêÝÖ ¾Ö collision 

®ÖÓŸÖ¸ü“ÖÖ ÃÖÓ¾ÖêÝÖ ÃÖ´ÖÖ®Ö †ÃÖŸÖÖê, µÖÖ»ÖÖ“Ö †õÖµµÖŸÖê“ÖÖ ×®ÖµÖ´Ö †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 
 

Elastic collision (¯ÖÏŸµÖÖÃ£Ö ÃÖÓ‘ÖÖŸÖ)- •µÖÖ collision ´Ö¬µÖê ‹ÛãúÞÖ 
linear momentum (‹Ûú¸êü×ÂÖµÖ ÃÖÓ¾ÖêÝÖ) ¾Ö kinetic energy (ÝÖ×ŸÖ•Ö 
ˆ•ÖÖÔ) ×Æü ÃÖŸÖŸÖ ÃÖÖšËü¾Öã®Ö šêü¾Ö»Öß •ÖÖŸÖê, ŸµÖÖ»ÖÖ elastic collision 
(¯ÖÏŸµÖÖÃ£Ö ÃÖÓ‘ÖÖŸÖ/¬Ö›üÛú) †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
Elastic collision ´Ö¬µÖê ¤üÖê®Ö ´ÖÆüŸ¾ÖÖ“µÖÖ conditions †ÖÆêüŸÖ. 
i) Total  linear momentum before collision (†Ö‘ÖÖŸÖÖ¯Öã¾Öá“ÖÖ 
‹ÛæúÞÖ ÃÖÓ¾ÖêÝÖ) ÆüÖ  †Ö‘ÖÖŸÖÖ®ÖÓŸÖ¸ü“µÖÖ ‹ÛãúÞÖ ÃÖÓ¾ÖêÝÖÖ‹¾ÖœüÖ †ÃÖŸÖÖê. 
ii) Total kinetic energy before collision (†Ö‘ÖÖŸÖÖ¯Öã¾Öá“Öß ÝÖŸÖß•Ö 
ˆ•ÖÖÔ) ×Æü †Ö‘ÖÖŸÖÖ®ÖÓŸÖ¸ü“µÖÖ ÝÖ×ŸÖ•Ö ˆ•Öì ‹¾Öœüß †ÃÖŸÖê. 
Ã¯Ö×Â™üÛú¸üÞÖ- µÖÖ´Ö¬µÖê m1 ¾Ö m2 ‹¾Öœêü ¾ÖÃŸÖã´ÖÖ®Ö †ÃÖ»Öê»µÖÖ ¤üÖê®Ö 
bodies “Öê collision figure ´Ö¬µÖê ¤üÖÜÖ¾Ö»Öê †ÖÆêü. u1 ¾Ö u2 µÖÖ 
collision ¯Öã¾Öá“µÖÖ velocities ¾Ö v1 ¾Ö v2 ÊÖ collision —
ÖÖ»µÖÖ®ÖÓŸÖ¸ü“µÖÖ velocities †ÖÆêüŸÖ. µÖÖ®ÖÓŸÖ¸ü“Öê momentum before 
collision ¾Ö after collision µÖÖ“Öß equations ¯ÖÏ¿®ÖÖ´Ö¬µÖê ¾µÖ¾ÖÃ£ÖßŸÖ 
×¤ü»Öß †ÖÆêüŸÖ, ŸµÖÖ“ÖÖ ¾µÖ¾ÖÃ£ÖßŸÖ study Ûú¸üÖ.  
 
Inelastic collision (†¯ÖÏŸµÖÃ£Ö ÃÖÓ‘ÖÖŸÖ): ‹ÜÖÖªÖ ¯Ö¤üÖ£ÖÖÔ“µÖÖ/¾ÖÃŸÖã“µÖÖ 
collision (†Ö‘ÖÖŸÖ/™üŒÛú¸ü) ´Ö¬µÖê linear momentum (ÃÖÓ¾ÖêÝÖ) 
conserved (†õÖµµÖŸÖÖ/ÃÖÖšü¾ÖÞÖãÛú) ÆüÖêŸÖ †ÃÖê»Ö, ´ÖÖ¡Ö kinetic energy 
(ÝÖ×ŸÖ•Ö ‰ú•ÖÖÔ) conserve ÆüÖêŸÖ ®ÖÃÖê»Ö, ŸÖ¸ü ŸµÖÖ collision »ÖÖ 
Inelastic collision †ÃÖê ´ÆüÞÖŸÖÖŸÖ. µÖÖ´Ö¬µÖê ¤üÖê®Ö ´ÖÆüŸ¾ÖÖ“µÖÖ 
conditions †ÖÆêüŸÖ.  
i) Collision ¯Öã¾Öá“Öê total momentum (‹ÛæúÞÖ ÃÖÓ¾ÖêÝÖ) ÆüÖ collision 
®ÖÓŸÖ¸ü“µÖÖ total momentum ‡ŸÖÛúÖ †ÃÖŸÖÖê . 
ii) Collision ¯Öã¾Öá“Öß kinetic energy ×Æü collision ®ÖÓŸÖ¸ü“µÖÖ 
kinetic energy ‹¾Öœüß ®ÖÃÖŸÖê. 
¾Ö×¸ü»Ö ¯ÖÏ¿®ÖÖ´Ö¬µÖê inelelastic collision ¾Ö×¸ü»Ö ÃÖ¾ÖÔ equations ¾Ö 
formula ×¤ü»Öß †ÖÆêüŸÖ, ŸµÖÖ“ÖÖ ¾µÖ¾ÖÃ£ÖßŸÖ †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
Perfectly inelastic collision- •µÖÖ collision ´Ö¬µÖê collision   
—ÖÖ»µÖÖ¾Ö¸ü ¤üÖê®Æüß bodies ‹Ûú´ÖêÛúÖÓ®ÖÖ ×“ÖÛú™üŸÖÖŸÖ ØÛú¾ÖÖ ‹Ûú ÆüÖêŸÖÖŸÖ, ¾Ö 
common (‹ÛúÃÖ´ÖÖ®Ö) velocity ®Öê ¯Öãœêü •ÖÖŸÖÖŸÖ ØÛú¾ÖÖ ŸµÖÖÓ“Öß ÝÖŸÖß 
£ÖÖÓ²ÖŸÖê, µÖÖ collision »ÖÖ perfectly inelastic collision †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 
ˆ¤üÖ: meteorite (ˆ»ÛúÖ“Öê) ¯Öé£¾Öß¾Ö¸ü ¯Ö›üÞÖê, ŸµÖÖ ŸÖê£Öê“Ö ¯Ö›ãü®Ö ¸üÖÆüŸÖÖŸÖ, 
lump of mud (×“ÖÜÖ»ÖÖ“ÖÖ ÝÖÖêôûÖ) Ø³ÖŸÖß¾Ö¸ü •ÖÖê¸üÖ®Öê †Ö¯Ö™Ëü»µÖÖÃÖ ŸÖÖê 
Ø³Ö×ŸÖ»ÖÖ ×“ÖÛú™ãü®Ö ¸üÖÆüŸÖÖê, ÛúÖ¸üÞÖ ŸµÖÖ“µÖÖ kinetic energy “ÖÖ ŸµÖÖ 
×šüÛúÖÞÖß ¯ÖãÞÖÔ ®ÖÖ¿Ö ÆüÖêŸÖÖê. 
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Q.42 Draw a well labelled diagram to show different 
trajectories depending upon the tangential 
projection speed. 
 
Ans:  

 
 
Q.43 Why an astronaut in an orbiting satellite have 
a feeling of weightlessness? 
 
Ans:  i) For an astronaut in a satellite, the net force 
towards the centre of the Earth will always be, F =
mg − N. 
where, N is the normal reaction. 
ii) In the case of a revolving satellite, the satellite is 
performing a circular motion. The acceleration for this 
motion is centripetal, which is provided by the 
gravitational acceleration g at the location of the 
satellite. 
iii) In this case, the downward acceleration, ad = g,or 
the satellite (along with the astronaut) is in the state of 
free fall. 
iv) Thus, the net force acting on astronaut will be, F =
mg − mad = 0 i.e., the apparent weight will be zero, 
giving the feeling of total weightlessness 
 
Q.44 Define time period of a satellite. 
Obtain an expression for the period of a satellite in 
a circular orbit round the Earth. Show that the 
square of the period of revolution of a satellite is 
directly proportional to the cube of the orbital 
radius. 
 
Ans: Time period of satellite: The time taken by a 
satellite to complete one revolution around the earth is 
called its time period. 
 
Expression for time period: 

i) Consider, m = mass of satellite, h =  altitude of 
satellite.  
Thus, r = R + h = radius of orbit of the satellite. 
ii) In one revolution, distance traced by satellite is equal 
to circumference of its circular orbit. 
iii) If T is the period of satellite, then  
 

Critical speed =
Circumference of the orbit

Time period
  

 

∴  vc =
2πr

T
                                                                …… (1) 

 

But, vc = √
GM

r
                                                        …… (2) 

 
Substituting equation (2) in (1), 
 

√
GM

r
=

2πr

T
                                                              …… (3) 

 
Squaring both sides of equation (3),  
 
GM

r
=

4π2r2

T2   

 

∴       T2 =
4π2r3

GM
                                                 ……. (4) 

 
Since π2, G and M are constant, 
 ∴      T2 ∝ r3 
Hence, square of the period of revolution of a satellite is 
directly proportional to the cube of the radius of its 
orbit. 
Taking square roots on both the sides of equation (4) 
we get, 

T = 2π√
r3

GM
  

∴      T = 2π√
(R+h)3

GM
  

This is the required expression for period of satellite 
orbiting around the Earth in circular path. 
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Q.24 Define compressibility. State its unit and 
dimensions.  
 
Ans: Compressibility: The reciprocal of bulk modulus of 
elasticity is called compressibility of the material.  
 

Compressibility =
1

Bulk modulus
   

 
i) Compressibility is the fractional decrease in volume, 
(−dV/V) per unit increase in pressure.  

Compressibility =
−dV

VdP
  

 
ii) Unit: m2/N or Pa−1in SI system.  
iii) Dimensions: [L1M−1T2]  
 
Q.25 What is modulus of rigidity? Derive an 
expression for it.  
 
Ans: Modulus of rigidity: It is defined as the ratio of 
shear stress to shear strain within elastic limit.  
It is denoted by (η).  
 
Unit: N/m2 or  Pa in SI system.  
Dimension: [L−1M1T−2]  
 
Expression for modulus of rigidity:  
Consider a solid cube as shown in the figure.  
 

                   
 
Let, F =  Tangential force  
A = Cross sectional area   
∆l = Relative displaced length    
l = Original length   
θ = Shear strain  
The forces applied on the block is subjected to a shear 
stress,  
Shearing stress =  F/A  
The corner angle which changes by a small amount θ 
(expressed in radian) is given by,  

Shearing strain =
∆l

l
≈ θ  

From definition,  

∴  Modulus of rigidity =
Shearing stress 

Shearing strain
  

=
F/A

θ
                  =

𝐅

𝐀𝛉
  

 
Q.26 Distinguish between Young’s modulus, bulk 
modulus and modulus of rigidity.  
 
Ans: Young’s modulus, bulk modulus and modulus 
of rigidity: 
 

No Young’s 
modulus 

Bulk 
modulus 

Modulus of 
rigidity 

i It is ratio of 
longitudinal 
stress to 
longitudinal 
strain. 

It is ratio of 
volume stress 
to volume 
strain. 

It is the ratio of 
shearing stress 
to shearing 
strain. 

ii It is given by, 

Y =
MgL

πr2l
 

It is given by, 

K =
Vdp

dV
 

It is given by, 

η =
F

Aθ
 

iii It exists in 
solids. 

It exists in 
solid, liquid 
and gases. 

It exists in 
solids. 
 

iv It relates to 
change in 
length of a 
body. 

It relates to 
change in 
volume of a 
body. 

It relates to 
change in 
shape of a 
body. 

 
Q.27 Explain the change of diameter of a wire when 
it is stretched and compressed.  
 
Ans: i) When a wire is fixed at one end and a force is 
applied at its free end so that the wire gets stretched, 
length of the wire increases and at the same time, its 
diameter decreases, i.e., the wire becomes longer and 
thinner as shown in figure.  

                   
 
ii) If equal and opposite forces are applied to an object 
along its length inwards, the object gets compressed. 
There is a decrease in dimensions along its length and 
at the same time there is an increase in its dimensions 
perpendicular to its length. When length of the wire 
decreases, its diameter increases.  
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Thermometer “Öê ¯ÖÏÖ´ÖãÜµÖÖ®Öê ŸÖß®Ö ¯ÖÏÛúÖ¸ü ¯Ö›üŸÖÖŸÖ, 
i) Liquid-in-glass thermometer- ÆüÖ thermometer, glass 
´Ö¬Öß»Ö liquid “Öê volume (†ÖÛúÖ¸ü´ÖÖ®ÖÖ“µÖÖ) ²Ö¤ü»ÖÖ®ÖãÃÖÖ¸ü ÛúÖµÖÔ Ûú¸üŸÖÖê. 
ii) Constant volume of gas thermometer: ÆüÖ thermometer, 
volume ×Ã£Ö¸ü †ÃÖŸÖÖ®ÖÖ pressure ´Ö¬Öß»Ö ²Ö¤ü»ÖÖ®ÖãÃÖÖ¸ü temperature 
“Öê variation ¤êüŸÖÖê. 
iii) Resistance thermometer- ÆüÖ thermometer, electric 
resistance (×¾ÖªãŸÖ ¸üÖê¬Ö) “µÖÖ ²Ö¤ü»ÖÖ¾Ö¹ý®Ö temperature ´Ö¬Öß»Ö 
variation ¤ü¿ÖÔ×¾ÖŸÖÖê. 
 
Triple point of water (¯ÖÖÞµÖÖ“ÖÖ ×¡ÖÛú Ø²Ö¤ãü)-•µÖÖ unique 
(†®Ö®µÖ) temperature ¾Ö pressure ´Ö¬µÖê Water Æêü solid, liquid 
¾Ö gases µÖÖ ×ŸÖ®ÖÆüß †Ö¾ÖÃ£ÖÖÓŸÖ, ‹ÛúÖ“Ö ¾Öêôûß equilibrium 
(ÃÖÓŸÖã×»ÖŸÖ¯ÖÞÖê) ¸üÖÆãü ¿ÖÛúŸÖê, ŸÖÖê Ø²Ö¤ãü ´ÆüÞÖ•Öê“Ö triple point of water 
ÆüÖêµÖ. 
Physical significance (³ÖÖî×ŸÖÛú ´ÖÆüŸ¾Ö)-  
i) ¯ÖÖÞµÖÖ“µÖÖ triple point (×¡ÖÛú Ø²Ö¤ãü¾Ö¸ü) ŸµÖÖ“ÖÖ pressure 4.58 
mm of Hg ¾Ö ŸµÖÖ“Öê Temperature Æêü 273.16 K ´ÆüÞÖ•Öê“Ö 0.01 
0C ‹¾Öœêü †ÃÖŸÖê.  
ii) Triple point “Öê ´ÖÆüŸ¾Ö ´ÆüÞÖ•Öê“Ö µÖÖ point ¾Ö¸ü ‹Ûú unique 
(†®Ö®µÖ/†×«üŸÖßµÖ) †¾ÖÃ£ÖÖ ×¤üÃÖã®Ö µÖêŸÖê, µÖÖ¾Ö¹ý®Ö †Ö¯Ö»µÖÖ»ÖÖ absolute 
temperature (×®Ö¸ü¯ÖêõÖ ŸÖÖ¯Ö´ÖÖ®Ö) šü¸ü×¾ÖŸÖÖ µÖêŸÖê. 
iii) ŸµÖÖ´Öãôêû Kelvin Scale (Ûêú×»¾Ö®Ö ÁÖêÞÖß) ØÛú¾ÖÖ absolute scale 
(×®Ö¸ü¯ÖêõÖ ÁÖêÞÖß) µÖÖ¾Ö¹ý®Ö ¯ÖÖÞµÖÖ“ÖÖ triple point ÆüÖ upper fixed 
point ´ÆüÞÖã®Ö ¾Ö absolute zero ÆüÖ lower fixed point ´ÆüÞÖæ®Ö 
´ÖÖ®Ö»Öê •ÖÖŸÖÖŸÖ. 
 
Charles law (“ÖÖ»ÃÖÔ“ÖÖ ×®ÖµÖ´Ö): Constant pressure (¤üÖ²Ö ×Ã£Ö¸ü) 
†ÃÖŸÖÖ®ÖÖ, ×¤ü»Öê»µÖÖ ¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ gas “Öê volume (†ÖÛúÖ¸ü´ÖÖ®Ö) Æêü 
ŸµÖÖ“µÖÖ absolute  temperature (×®Ö¸ü¯ÖêõÖ ŸÖÖ¯Ö´ÖÖ®ÖÖ“µÖÖ) ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ 
†ÃÖŸÖê. 
´ÆüÞÖ•Öê“Ö V ∝  T, v = K.T µÖÖ´Ö¬µÖê K ÆüÖ constant (×Ã£Ö¸üÖÓÛú) 
†ÃÖŸÖÖê. µÖÖ®ÖÓŸÖ¸ü gas “Öß ¾ÖêÝÖ¾ÖêÝÖôûß volume ¾Ö ŸµÖÖÓ“Öê ÃÖ´Ö¯ÖÏ´ÖÞÖÖŸÖß»Ö 
temperature ¾Ö¹ý®Ö ŸÖµÖÖ¸ü —ÖÖ»Öê»µÖÖ formula (ÃÖã¡Ö), ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê 
†ÖÆêü. ŸÖê »ÖõÖÖŸÖ šêü¾ÖÖ.  
 
Boyles law (²ÖÖò‡Ô»ÖÃÖ“ÖÖ ×®ÖµÖ´Ö)-Temperature (ŸÖÖ¯Ö´ÖÖ®Ö) ×Ã£Ö¸ü 
†ÃÖŸÖÖ®ÖÖ ×¤ü»Öê»µÖÖ ¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ ¾ÖÖµÖã“Öê volume (†ÖÛúÖ¸ü´ÖÖ®Ö) Æêü 

pressure (¤üÖ²ÖÖ“µÖÖ) ¾µÖÃŸÖ ¯ÖḮ ÖÖÞÖÖŸÖ †ÃÖŸÖÖê. ´ÆüÞÖ•Öê“Ö V ∝  
1

P
 

µÖÖ®ÖÓŸÖ¸ü“Öê ÃÖ¾ÖÔ simplification ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü.  
Boyles law ÆüÖ ¤ãüÃÖ-µÖÖ ¯ÖÏÛúÖ¸êü †ÃÖÖ ´ÖÖÓ›üŸÖÖ µÖêŸÖÖê ×Ûú, ×¤ü»µÖê»µÖÖ 
¾ÖÃŸÖã´ÖÖ®ÖÖ“µÖÖ gas “ÖÖ pressure (P) ¾Ö ŸµÖÖ“Öê volume (V) µÖÖÓ“ÖÖ 
ÝÖãÞÖÖÛúÖ¸ü ÆüÖ constant temperature (×Ã£Ö¸ü ŸÖÖ¯Ö´ÖÖ®ÖÖ»ÖÖ) constant 
(×Ã£Ö¸ü) †ÃÖŸÖÖê. 

´ÆüÞÖ•Öê“Ö, PV = k = constant     
 
Ideal gas equation (†Ö¤ü¿ÖÔ ¾ÖÖµÖã“ÖÖ ×®ÖµÖ´Ö)- •µÖÖ expression 
(ÃÖ×´ÖÛú¸üÞÖÖ¾Öºþ®Ö) pressure (¤üÖ²Ö), volume (†ÖÛúÖ¸ü´ÖÖ®Ö) ¾Ö 
temperature (ŸÖÖ¯Ö´ÖÖ®Ö) µÖÖÓ“Öê ‹Ûú×¡ÖŸÖ relation ×¤ü»Öê •ÖÖŸÖê, ŸµÖÖ 
equation »ÖÖ Ideal gas equation ´ÆüÞÖŸÖÖŸÖ. 
Ideal gas equation Æêü Boyles law, Charles law ¾Ö ÊÖ ¤üÖê®Ö 
laws ®ÖãÃÖÖ¸ü ‹Ûú×¡ÖŸÖ equation ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü ŸÖÃÖê“Ö ŸµÖÖ“Öê 
simplification ¾µÖ¾Ö×Ã£ÖŸÖ ×¤ü»Öê †ÖÆêü, ŸµÖÖ“Öê †¾Ö»ÖÖêÛú®Ö Ûú¸üÖ. 
 
Thermal expansion (†ÖîÂÞÖÛú ¯ÖÏÃÖ¸üÞÖ): ÛúÖêÞÖŸµÖÖÆüß matter 
(¾ÖÃŸÖã“Öß) †¿Öß tendency (¯ÖÏ¾Öã¢Öß) ×Ûú, ŸµÖÖ´Ö¬µÖê ŸµÖÖ matter “µÖÖ 
temperature ²Ö¸üÖê²Ö¸ü volume (†ÖÛúÖ¸ü´ÖÖ®Ö) ¾ÖÖœËüŸÖê. 
ˆ¤üÖ. Solid ¯Ö¤üÖ£ÖÔ ÝÖ¸ü´Ö Ûêú»µÖÖ®ÖÓŸÖ¸ü expand (¯ÖÏÃÖ¸üÞÖ) ¯ÖÖ¾ÖŸÖÖŸÖ ¾Ö 
cooling Ûêú»µÖÖ¾Ö¸ü contract (†ÖÛãÓú“Ö®Ö ) ¯ÖÖ¾ÖŸÖÖŸÖ. 
ii) Linear expansion of solids (Ã£ÖÖµÖã / ‘Ö®ÖÖ“Öê ȩ̂üÜÖßµÖ ¯ÖÏÃÖ¸üÞÖ): 
‘Ö®Ö ¯Ö¤üÖ£ÖÔ heat (ÝÖ¸ü´Ö) Ûêú»µÖÖ®ÖÓŸÖ¸ü ŸµÖÖ“µÖÖ length (»ÖÖÓ²Öß ´Ö¬µÖê) ¾ÖÖœü 
ÆüÖêŸÖê, ŸµÖÖ»ÖÖ linear expansion of solids †ÃÖê ´ÅÞÖŸÖÖŸÖ. 
 
Coefficient of linear expansion (¸êüÜÖßµÖ ¯ÖÏÃÖ¸üÞÖÖ“ÖÖ ÝÖãÓÞÖÖÛú): 
‘Ö®Ö ¯Ö¤üÖ£ÖÖÔ“ÖÖ coefficient of linear expansion of solids 
´ÆüÞÖ•Öê“Ö 0℃ ŸÖÖ¯Ö´ÖÖ®ÖÖ»ÖÖ †ÃÖÞÖÖ-µÖÖ original length (´Öãôû ‹ÛúÛú 
»ÖÖÓ²Öß´Ö¬µÖê) per degree rise in temperature (¯ÖÏ×ŸÖ †Ó¿Ö 
ŸÖÖ¯Ö´ÖÖ®ÖÖ“µÖÖ) ¾ÖÖœüß´Öãôêû ÆüÖêÞÖÖ¸üß increase in length (»ÖÖÓ²Öß´Ö¬µÖê      
—ÖÖ»Öê»Öß ¾ÖÖœü) ÆüÖêµÖ. ÆüÖ ÝÖãÓÞÖÖÛú (α) µÖÖ †õÖ¸üÖ®Öê ¤üÖÜÖ×¾ÖŸÖÖŸÖ, µÖÖ“Öê unit 
℃−1 ØÛú¾ÖÖ K−1 (¯ÖÏ×ŸÖ †Ó¿Ö ÃÖë. ØÛú¾ÖÖ ¯ÖÏ×ŸÖ †Ó¿Ö Ûêú×»¾Ö®Ö) †ÖÆêü. 
ŸµÖÖ“µÖÖ dimensions ¯ÖÏ¿®ÖÖ´Ö¬µÖê ×¤ü»Öê †ÖÆêü. 
 
Areal / Superficial expression (õÖê×¡ÖµÖ ¯ÖÏÃÖ¸üÞÖ): •Öê¾ÆüÖ ‹ÜÖÖ¤üß 
metal plate (¬ÖÖŸÖæ“Öß ŸÖ²ÖÛú›üß) heat (ÝÖ¸ü´Ö) Ûêú»µÖÖ®ÖÓŸÖ¸, ŸµÖÖ“ÖÖ 
surface area (õÖê¡Ö±úôû) ¾ÖÖœüŸÖê µÖÖ»ÖÖ areal expansion (õÖê¡ÖßµÖ 
¯ÖÏÃÖ¸üÞÖ) †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
•Ö¸ü Ao = Metal plate “Öê ÃÖã¹ý¾ÖÖŸÖß“Öê area (õÖê¡Ö±úôû) 
   A1 = Metal plate “Öê ¿Öê¾Ö™ü“Öê (ÝÖ¸ü´Ö Ûêú»µÖÖ®ÖÓŸÖ¸ü“Öê) õÖê¡Ö±úôû 
∴ õÖê¡Ö±úôûÖ´Ö¬µÖê —ÖÖ»Öê»Öß ¾ÖÖœü = A1−Ao 
 
Coefficient of superficial (areal) expansion of soild (‘Ö®Ö 
¯Ö¤üÖ£ÖÖÔ“µÖÖ õÖê¡ÖßµÖ ¯ÖÏÃÖ¸üÞÖÖ“ÖÖ ÝÖãÞÖÖÓÛú)- ‘Ö®Ö ¯Ö¤üÖ£ÖÖÔ“ÖÖ coefficient of 
areal expansion (õÖê¡ÖßµÖ ¯ÖÏÃÖ¸üÞÖÖ“ÖÖ ÝÖãÞÖÖÓÛú) ´ÆüÞÖ•Öê 0℃ 
ŸÖÖ¯Ö´ÖÖ®ÖÖ»ÖÖ   †ÃÖÞÖÖ-µÖÖ original surface area (´Öãôû ‹ÛúÛú 
õÖê¡Ö±úôûÖŸÖ), per degree rise in temperature (¯ÖÏ×ŸÖ †Ó¿Ö 
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Solved and Unsolved Examples: 
 
Ex.01) A bar magnet of magnetic moment 5.0Am2 
has the poles 20cm apart. Calculate the pole  
strength. 
 
Solution: Given: m = 5.0 Am2, 2l = 20 cm = 0.20 m 
Pole strength (qm) =? 

We have, Formula: qm =
m

2l
 

qm =
5.0

0.20
= 𝟐𝟓 𝐀𝐦  

Ans: The pole strength of the bar magnet is 25 Am. 
 
Ex.02) A bar magnet of magnetic moment 3.6 Am2 
and pole  strength 10.8 Am. Determine its magnetic 
length and geometric length. 
 
Solution: m = 3.6 Am2, qm = 10.8 Am  
i) Magnetic length =? 
ii) Geometric length =? 
 

We have, Formula: i) Magnetic length =
m

qm
 

ii) Geometric length =
6

5
× magnetic length 

Magnetic length =
3.6

10.8
= 𝟎. 𝟑𝟑 𝐦 

From formula, 

Geometric length =
6

5
× 0.33 

= 𝟎. 𝟑𝟔𝐦 ≈ 𝟎. 𝟒 𝐦  
Ans: i) The magnetic length of the bar magnet is 0.33 m 
ii) The geometric length of the bar magnet is 0.4 m. 
 
Ex.03) A short magnetic dipole has magnetic 
moment 0.5 A 𝐦𝟐. Calculate its magnetic field at a 
distance of 20 cm from the centre of magnetic 
dipole on  
i) The axis 
ii) The equatorial line 
 (𝐆𝐢𝐯𝐞𝐧 𝛍𝟎 = 𝟒𝛑 × 𝟏𝟎−𝟕 𝐒𝐈 𝐮𝐧𝐢𝐭𝐬) 

 
Solution: Given:  m = 0.5Am2, r = 20 cm = 20 ×
10−2 m 
i) Magnetic field on the axial point (Ba) =? 
ii) Magnetic field on the equatorial point (Beq) =? 

 

We have, Formula: Ba =
μ0

4π
 
2m

r3  

 

Ba = 10−7 ×
2×0.5

(0.2)3
  

     =
10−7

8×10−3  

     = 1.25 × 10−4  
∴    𝐁𝐚 = 𝟏. 𝟐𝟓 × 𝟏𝟎−𝟓 𝐖𝐛/𝐦𝟐  
Again, we have, Ba = 2Beq 

∴  Beq =
Ba

2
  

=
1.25×10−5

2
  

= 𝟎. 𝟔𝟐𝟓 × 𝟏𝟎−𝟓 𝐖𝐛/𝐦𝟐  
 
Ex.04) A magnetic pole of bar magnet with pole 
strength of 100 A m is 20 cm away from the centre 
of a bar magnet. Bar magnet has pole strength of 
200 A m and has a length 5 cm. If the magnetic pole 
is on the axis of the bar magnet, find the force on 
the magnetic pole.   
 
Solution:  Given that  (qm)1 = 200 Am and (2l) =
5cm = 5 × 10−2m  
∴ m = 200 × 5 × 10−2 = 10 Am2  
For a bar magnet, magnetic dipole moment is, m =
qm(2l)  
For a point on the axis of a bar magnet  at distance, r =
20cm  
= 0.2m,  

Ba =
μ0

4π
×

2m

r3   

 

= 10−7 ×
2×10

(0.2)3
  

 
= 0.25 × 10−3  
= 2.5 × 10−4Wb/m2  
The force acting on the pole will be given by, F =
qmBa = 100 × 2.5 × 10−4 = 𝟐. 𝟓 × 𝟏𝟎−𝟐𝐍  
 
Ex.05) Earth’s magnetic field at the equator is 
approximately 𝟒 × 𝟏𝟎−𝟓𝐓. Calculate Earth’s dipole 
moment. (𝐑𝐚𝐝𝐢𝐮𝐬 𝐨𝐟𝐟 𝐄𝐚𝐫𝐭𝐡 = 𝟔. 𝟒 × 𝟏𝟎𝟔𝐦,𝛍𝟎 =

𝟒𝛑 × 𝟏𝟎−𝟕 𝐒𝐈) 

 
Solution: Consider earth’s magnetic field as due to a 
bar magnet at the centre of earth, held along the polar 
axis of earth. 

∴ Beq =
μ0

4π
 
2m

R3              ………. (where, R = radius of earth) 

 

∴ m =
Beq×R3

μ0/4π
  

 
We have, 
Beq = 4 × 10−5T  

r = 6.4 × 106m  
Earth’s dipole can be written as  
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=
4×10−5×(6.4×106)

3

10−7   

= 4 × (6.4)3 × 1020  
= 1048 × 1020  
∴ M = 𝟏. 𝟎𝟒𝟖 × 𝟏𝟎𝟐𝟑 𝐀𝐦𝟐  
Ans: Earth’s dipole moment at equator is 𝟏. 𝟎𝟒𝟖 ×
𝟏𝟎𝟐𝟑 𝐀𝐦𝟐. 
 
Ex.06) A magnet makes an angle of 45° with the 
horizontal in a plane making an angle of 30° with 
the magnetic meridian. Find the true value of the 
dip angle at the place. 
 
Solution: Let true value of dip ϕ. When the magnet is 
kept 450 aligned with declination 300, the horizontal 
component of Earth’s magnetic field.  
BH

′ = BH cos300 Whereas, vertical component remains 
unchanged.  
∴ For apparent dip of 450,  

tan450 =
BV

′

BH
′ =

BV

BHcos300 =
BV

BH
×

1

cos300  

But, real value of dip is,  

tanϕ =
BV

BH
  

  tan 450 =
tanϕ

cos300  

 tanϕ = tan 450 × cos300  

= 1 ×
√3

2
  

∴ 𝛟 = 𝐭𝐚𝐧−𝟏(𝟎. 𝟖𝟔𝟔)  
 
Ans: The true value of angle of dip is tan−1(0.866).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multiple Choice Questions  
 
1) Let r be the distance of a point on the axis of a bar 
magnet from its center. The magnetic field at r is 
always proportional to  
a) 1/r2               b) 1/r3 
c) 1/r                 d) not necessarily 1/r3 at all points 
 
2) Magnetic meridian is the plane  
a) perpendicular to the magnetic axis of Earth 
b) perpendicular to geographic axis of Earth 
c) passing through the magnetic axis of Earth 
d) passing through the geographic axis 
 
3) The horizontal and vertical component of 
magnetic field of Earth are same at some place on 
the surface of Earth. The magnetic dip angle at this 
place will be 
a) 30°                   b) 45°                 c) 0°                d) 90° 
 
4) Inside a bar magnet, the magnetic field lines 
a) are not present 
b) are parallel to the cross sectional area of the magnet 
c) are in the direction from N pole to S pole  
d) are in the direction from S pole to N pole  
5) A place where the vertical components of Earth's 
magnetic field is zero has the angle of dip equal to  
a) 0°                        b) 45°                    c) 60°                 d) 90°  
 
6) A place where the horizontal component of 
Earth's magnetic field is zero lies at  
a) geographic equator  
b) geomagnetic equator  
c) one of the geographic poles  
d) one of the geomagnetic poles  
 
7) A magnetic needle kept nonparallel to the 
magnetic field in a nonuniform magnetic field 
experiences  
a) a force but not a torque  
b) a torque but not a force  
c) both a force and a torque  
d) neither force nor a torque 
 
8) Magnetic field lines 
a) do not intersect each other.  
b) intersect each other at 45°.  
c) intersect each other at 90°.  
d) intersect each other at 60°.  
 
9) The points A and B are situated perpendicular to 
the axis of 2 cm long bar magnet at large distances x 
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Friction (‘ÖÂÖÔÞÖ): •Öë¾ÆüÖ ¤üÖê®Ö bodies (¾ÖÃŸÖã) ‹Ûú´ÖêÛúÖÓ“µÖÖ contact 
´Ö¬µÖê †ÃÖŸÖÖŸÖ, ´ÆüÞÖ•Öê“Ö ŸµÖÖÓ“Öê  surface (¯ÖéÂšü³ÖÖÝÖ) ‹Ûú´ÖêÛúÖÓ¾Ö¸ü 
‘ÖÖÃÖŸÖ †ÃÖŸÖß»Ö, ŸÖ¸ü ŸµÖÖÓ“µÖÖ ‹Ûú´ÖêÛúÖÓ¾Ö¸ü ‘ÖÖÃÖÞµÖÖ®Öê ŸµÖÖÓ“µÖÖ´Ö¬Öß»Ö 
relative motion »ÖÖ ‹Ûú ¯ÖÏÛúÖ¸ü“ÖÖ ×¾Ö¸üÖê¬Ö ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê, †ÃÖÖ 
oppose (×¾Ö¸üÖê¬Ö) Ûú¸üÞµÖÖ“µÖÖ property (ÝÖãÞÖ¬Ö´ÖÖÔ»ÖÖ) Friction 
(‘ÖÂÖÔÞÖ) †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
Force of Friction (‘ÖÂÖÔÞÖ²Ö»Ö): ‹Ûú´ÖêÛúÖÓ“µÖÖ ÃÖÖ×®Ö¬µÖÖŸÖ †ÃÖ»Öê»µÖÖ 
contacting surfaces ´Ö¬µÖê ‹Ûú´ÖêÛúÖÓ“µÖÖ relative motion (ÝÖ×ŸÖ»ÖÖ) 
×¾Ö¸üÖê¬Ö Ûú¸üÞÖÖ¸üÖ tangential force (Ã¯Ö¿ÖÔ ¸êüÂÖßµÖ ²Ö»ÖÖ»ÖÖ) Force Of 
friction †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
Causes (‘ÖÂÖÔÞÖ ²Ö»Ö ×®Ö´ÖÖÔÞÖ ÆüÖêÞµÖÖ“Öß ÛúÖ ü̧ÞÖê): 
i) ¤üÖê®Ö surfaces “µÖÖ ´Ö¬µÖê contact point (Ã¯Ö¿ÖÔ Ø²Ö¤æü) “µÖÖ ×šüÛúÖÞÖß, 
ŸµÖÖ surfaces ´Ö¬Öß»Ö atomic or molecular of force attraction 
(†ÞÖã- ȩ̂üÞÖæ ´Ö¬Öß»Ö) †ÖÛúÂÖÔÞÖ ²Ö»ÖÖ´Öãôêû ‘ÖÂÖÔÞÖ ÆüÖêŸÖê. 
ii) Contacting surface “µÖÖ ¯ÖéÂš³ÖÖÝÖÖ¾Ö¸üß»Ö irregularities 
(ÜÖ›ü²Ö›üßŸÖ¯ÖÞÖÖ/†×®ÖµÖ×´ÖŸÖŸÖÖ ØÛú¾ÖÖ Ó̂“ÖÃÖÜÖ»Ö¯ÖÞÖÖ) µÖÖ´Öãôêû ŸµÖÖÓ“µÖÖ´Ö¬µÖê 
interlocking (†ÓŸÖ:¯ÖÖ×¿“ÖŸÖ) ÆüÖêŸÖê ¾Ö ŸµÖÖ´Öãôêû ‘ÖÂÖÔÞÖ ÆüÖêŸÖê. 
 
Origin of friction (‘ÖÂÖÔÞÖÖ“ÖÖ ˆÝÖ´Ö / ‘ÖÂÖÔÞÖ•Ö®µÖ ²Ö»ÖÖ“Öê ´Öãôû ¾Ö 
ŸµÖÖ“Öê Ã¾Ö¹ý¯Ö): 
i) Moving body (Æü»ÖÞÖÖ-µÖÖ ¾ÖÃŸÖã“ÖÖ) ¯ÖãÂšü³ÖÖÝÖ †Ö¯Ö»µÖÖ»ÖÖ 
›üÖêóµÖÖÓ®Öß ¯ÖÖ×Æü»Öê, ŸÖ¸ü Smooth (ÝÖãôûÝÖãôûßŸÖ) ³ÖÖÃÖŸÖÖê, ¯ÖÓ¸üŸÖã ŸµÖÖ 
Surface ¾Ö¸ü †ÃÖÓÜµÖ hills ¾Ö dales    (™êüÛú›ü¶Ö ¾Ö ÜÖøêü) †ÃÖŸÖÖŸÖ, Æêü 
†Ö¯Ö»µÖÖ»ÖÖ microscopes  (ÃÖãõ´Ö¤ü¿ÖÔÛúÖÜÖÖ»Öß ) ¾µÖ¾Ö×Ã£ÖŸÖ ×®Öü¤ü¿ÖÔ®ÖÖŸÖ 
µÖêŸÖê. 
ii) †¿ÖÖ ¯ÖÏÛúÖ¸ü“Öê ¤üÖê®Ö surfaces (¯ÖéÂšü³ÖÖÝÖ), ‹Ûú´ÖêÛúÖÓ“µÖÖ  contact 
´Ö¬µÖê †Ö»Öê, ŸÖ¸ü ‹ÛúÖ surface “Öê elevations    (“Öœü) ÆüÖ ¤ãüÃÖ-µÖÖ 
surface “µÖÖ depressions ´Ö¬µÖê interlock (†ÓŸÖ: ¯ÖÖ×¿ÖŸÖ) ÆüÖêŸÖÖŸÖ. 
iii) •Öë¾ÆüÖ µÖÖ ¤üÖê®Ö surfaces “Öß ‹Ûú´ÖêÛúÖÓ¾Ö¸ü relative motion ÆüÖêŸÖê, 
ŸµÖÖ¾Öêôûß µÖÖ surfaces “Öê ‹Ûú´ÖêÛúÖÓ´Ö¬µÖê      —ÖÖ»Öê»Öê interlocking  
ŸµÖÖ motion  »ÖÖ oppose   (×¾Ö¸üÖê¬Ö) Ûú¸üŸÖê, µÖÖ opposition »ÖÖ 
force of friction    (‘ÖÂÖÔÞÖ•Ö®µÖ²Ö»Ö) ´ÆüÞÖŸÖÖŸÖ. 
iv) Modern theory ®ÖãÃÖÖ¸ü Point of contact (Ã¯Ö¿ÖÔ Ø²Ö¤ãü“Öê) 
molecules (¸êüÞÖã) ‹Ûú´ÖêÛúÖÓ¾Ö¸ü force of attraction (†ÖÛúÂÖÔÞÖ ²Ö»Ö) 
ÛúÖµÖÔ¯ÖÏ¾Ö×ÞÖŸÖ Ûú¸üŸÖÖŸÖ. 
v) µÖÖ´Öãôêû contacting surface ´Ö¬µÖê ŸµÖÖÓ“µÖÖŸÖß»Ö relative motion 
»ÖÖ opposition ÆüÖêŸÖê, µÖÖŸÖã®Ö“Ö friction    (‘ÖÂÖÔÞÖ/ ‘ÖÂÖÔÞÖ ²Ö»Ö) µÖÖ“ÖÖ 
ˆÝÖ´Ö ÆüÖêŸÖÖê. 
Friction ‘Ö›üÞµÖÖ“Öß ´ÖãÜµÖ ¤üÖê®Ö ÛúÖ¸üÞÖê ¯Öãœüß»Ö¯ÖÏ´ÖÖÞÖê †ÖÆêüŸÖ. 
a) Contact surface “µÖÖ ¯ÖéÂšü³ÖÖÝÖÖ¾Ö¸üß»Ö irregularities  
( Ó̂“ÖÃÖÜÖ»Ö¯ÖÞÖÖ) ´Ö¬Öß»Ö interlocking. 
b) ¤üÖê®Ö surface ´Ö¬Öß»Ö Intermolecular forces of attraction 
(†ÖÓŸÖ¸ü- ȩ̂üÞÖã †ÖÛúÂÖÔÞÖ ²Ö»Öê) 
 

Static friction (×Ã£ÖŸÖßÛú ‘ÖÂÖÔÞÖ): ¤üÖê®Ö bodies “µÖÖ contact ´Ö¬µÖê 
†ÃÖ»Öê»Öê †ÃÖê friction ×Ûú, •µÖÖ ´Ö¬µÖê ‹Ûú body, ¤ãüÃÖ-µÖÖ body “µÖÖ 
surface ¾Ö¸ü move ÆüÖêÞµÖÖ“ÖÖ Ûú»Ö Ûú×¸üŸÖ †ÃÖê»Ö, ŸÖ¸ü ŸµÖÖ friction 
»ÖÖ static friction †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
 
First Law of Static Function (×Ã£Ö×ŸÖÛú ‘ÖÂÖÔÞÖÖ“ÖÖ ¯Ö×Æü»ÖÖ 
×®ÖµÖ´Ö): 
¤üÖê®Ö Surfaces ‹Ûú´ÖëÛúÖ“µÖÖ Contact ´Ö¬µÖê †ÃÖŸÖß»Ö ŸÖ¸ü Limitig 
Force of Static Friction (×Ã£Ö×ŸÖÛú ‘ÖÂÖÔÞÖÖ“Öê ×ÃÖ´ÖÖÛúÖ¸üß ²Ö»Ö) (Fs) 
Æêü ¾ÖÃŸÖæ´Ö¬Öß»Ö, Normal Reaction (N) (»ÖÓ²Ö ¯ÖÏ×ŸÖ×ÛÎúµÖÖ) µÖÖÓ“µÖÖ¿Öß 
ÃÖ´Ö¯ÖÏ´ÖÖÞÖÖŸÖ †ÃÖŸÖê. 
´ÆüÞÖ•Öê“Ö Fs α N = Fs = μs N  
µÖÖ ×šüÛúÖÞÖß μs = coefficient of static friction (×Ã£Ö×ŸÖÛú  
‘ÖÂÖÔÞÖÖ“ÖÖ ÝÖãÞÖÖÓÛú) †ÖÆêü. 
Second Law of Static Friction (×Ã£Ö×ŸÖÛú ‘ÖÂÖÔÞÖÖ“ÖÖ ¤ãüÃÖ¸üÖ 
×®ÖµÖ´Ö): 
Limiting Force of Staic Friction Æêü ¤üÖê®Ö ¯ÖéÂšü³ÖÖÝÖÖ´Ö¬Öß»Ö 
¯Ö¸üÃ¯Ö¸üÖÓ®ÖÖ Ã¯Ö¿ÖÔ ÆüÖêÞÖÖ-µÖÖ area (õÖê¡ÖÖ¾Ö¸ü) †¾Ö»ÖÓ²Öæ®Ö ®ÖÃÖŸÖê. 
Third Law of Friction (‘ÖÂÖÔÞÖÖ“ÖÖ ×ŸÖÃÖ¸üÖ ×®ÖµÖ´Ö): 
Limiting Force of Static Frication (×Ã£Ö×ŸÖÛú ‘ÖÂÖÔÞÖÖ“Öê ÃÖß´ÖÖÛúÖ¸üß 
²Ö»Ö) Æêü ¯Ö¸üÃ¯Ö¸üÖÓ®ÖÖ Ã¯Ö¿ÖÔ ÆüÖêÞÖÖ-µÖÖ Nature (¯ÖéÂšü³ÖÖÝÖÖÓ“µÖÖ ®ÖîÃÖÙÝÖÛú 
Ã¾Ö¹ý¯ÖÖ¾Ö¸ü) ¾Ö materials (¯ÖéÂšü³ÖÖÝÖÖÓ“µÖÖ ¯Ö¤üÖ£ÖÖÔ¾Ö¸ü) †¾Ö»ÖÓ²Öæ®Ö †ÃÖŸÖê. 
 
Limiting Force Of Static Friction (×Ã£Ö×ŸÖÛú ‘ÖÂÖÔÞÖÖ“Öê 
ÃÖß´ÖÖÛúÖ ü̧ß²Ö»Ö): •Öë¾ÆüÖ ‹ÜÖÖ¤üß Body ¤ãüÃÖ-µÖÖ Body “µÖÖ Surface 
¾Ö¸üŸÖß just begins to slide (‘ÖÃÖ¸üÞµÖÖÃÖ ®ÖãÛúŸÖß“Ö ÃÖã¹ýü¾ÖÖŸÖ Ûú¸üŸÖÖŸÖ) 
ŸµÖÖ“Ö¾Öêôûß ŸµÖÖ Sliding »ÖÖ (ÃÖã¹ý¾ÖÖŸÖß“µÖÖ Sliding »ÖÖ) oppose 
Ûú¸üÞÖÖ¸üÖ Frictional Force ÆüÖ Maximum †ÃÖŸÖÖê, ŸµÖÖ“Ö 
Frictional Force »ÖÖ Limiting Force Of Static Friction †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 
 
Kinetic friction (ÝÖ×ŸÖ•Ö ‘ÖÂÖÔÞÖ): ¤üÖê®Ö bodies ´Ö¬Öß»Ö †ÃÖê 
friction ×Ûú, •µÖÖ´Ö¬µÖê ‹Ûú dody, ¤ãüÃÖ-µÖÖ body ¾Ö¸ü slide (‘ÖÖÃÖŸÖ) 
†ÃÖê»Ö, ŸÖ¸ü ŸµÖÖ Friction »ÖÖ kinetic Friction †ÃÖê ´ÆüÞÖŸÖÖŸÖ. 
 
Law Of Kinetic Friction (ÝÖ×ŸÖ•Ö ‘ÖÂÖÔÞÖÖ“Öê ×®ÖµÖ´Ö): 
i) First Law (¯Ö×Æü»ÖÖ ×®ÖµÖ´Ö): Force Of Kinetic Friction 
(ÝÖ×ŸÖ•Ö ‘ÖÂÖÔÞÖÖ“Öê ²Ö»Ö) Æêü Surface in Contact (¯Ö¸üÃ¯Ö¸üÖÓ®ÖÖ Ã¯Ö¿ÖÔ 
Ûú¸üÞÖÖ-µÖÖ) ¯ÖéÂš³ÖÖÝÖÖÓ´Ö¬Öß»Ö Normal Reaction (»ÖÓ²Ö ¯ÖÏ×ŸÖ×ÛÎúµÖê¿Öß) 
ÃÖ´ÖÖ®Öã¯ÖÖŸÖß †ÃÖŸÖê. 
´ÆüÞÖ•Öê“Ö, Fk α N = Fk = μk N 
µÖÖ×šüÛúÖÞÖß  
Fk = Kinetic Force Of Friction (ÝÖ×ŸÖ•Ö ‘ÖÂÖÔÞÖÖ“Öê ²Ö»Ö) 
Nü = Normal Reaction (»ÖÓ²Ö ¯ÖÏ×ŸÖ×ÛÎúµÖÖ) 
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11.1 Introduction  
 
The valence electrons become de-localized when large 
number of atoms come together in a metal. These 
electrons become conduction electrons or free 
electrons constituting an electric current when a 
potential difference is applied across the conductor.  
 
11.2 Electric current 
 
Q.1 Define current. State its formula and SI unit.  
 
Ans: Current: Current is defined as the rate of flow of 
electric charge. 

Formula: I =
q

t
  

SI unit: ampere (A)  
 
Q.2 Derive an expression for a current generated 
due to flow of charged particles across a plane.  
 
Ans: Expression for a current generated due to flow 
of charged particles across a plane: 
i) Consider an imaginary gas of both negatively and 
positively charged particles moving randomly in 
various directions across a plane P.  
 

                  
 
ii) In a time interval t, let the amount of positive charge 
flowing in the forward direction be q+ and the amount 
of negative charge flowing in the forward direction be 
q− . Thus, the net charge flowing in the forward 
direction is q = q+ − q− 
iii) Let I be the current varying with time. Let ∆q be the 
amount of net charge flowing across the plane P from 
time t to (t + ∆t), i.e. during the time interval ∆t.  
iv) Then the current is given by  

I(t) = lim
∆t→0

∆q

∆t
  

Here, the current is expressed as the limit of the ratio 
(∆q/∆t) as ∆t tends to zero. 
 
11.3 Flow of current through a conductor 

 
Q.3 Explain flow of current in different conductor.  
 
Ans: Flow of current in different conductor: 
i) A current can be generated by positively or negatively 
charged particles.  
ii) In an electrolyte, both positively and negatively 
charged particles take part in the conduction.  
iii) In a metal, the free electrons are responsible for 
conduction. These electrons flow and generate a-net 
current under the action of an applied electric field.  
iv) As long as a steady field exists, the electrons 
continue to flow in the form of a steady current.  
v) Such steady electric fields are generated by cells and 
batteries.  
 
Q.4 State the sign convention used to show the flow 
of electric current in a circuit.  
 
Ans: The direction of the current in a circuit is drawn in 
the direction in which positively charged particles 
would move, even if the current is constituted by the 
negatively charged particles, (electrons), which move in 
the direction opposite to that the electric field. 
  
11.4 Drift speed  
 
Q.5 Explain the concept of drift velocity with neat 
sketch. 
 
Ans: Drift velocity: 
i) When no current flows through a copper rod, the free 
electrons move in random motion. Therefore, there is 
no net motion of these electrons in any direction.  
 

                      
 
ii) If an electric field is applied along the length of the 
copper rod, a current is set up in the rod. The electrons 
inside rod still move randomly, but tend to 'drift' in a 
particular direction. 
iii) Their direction is opposite to that of the applied 
electric field. 
iv) The electrons under the action of the applied electric 
field drift with a drift speed vd. 
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Q.6 What is current density? State its SI unit. 
 
Ans: Current density: Current density at a point in a 
conductor is the amount of current flowing per unit area 
of the conductor. 
 

Current density, J =
I

A
 

Where, I = Current 
             A = Area of cross-section 
SI unit: A/m2. 
 
Q.7 Prove that the current density of a metallic 
conductor is directly proportional to the drift speed 
of electrons.  
 
Ans: i) Consider a part of conducting wire with its free 
electrons having the drift speed vd in the direction 

opposite to the electric field E⃗⃗ .  
ii)All the electrons move with the same drift speed  vd 
and the current I is the same throughout the cross 
section(A) of the wire. 
iii) Let L be the length of the wire and n be the number 
of free electrons per unit volume of the wire. Then the 
total number of free electrons in the length L of the 
conducting wire is nAL.  
iv) The total charge in the length L is, q = nALe  ..…. (1)  
Where, e is the charge of electron. 
v) Equation (1) is total charge that moves through any 
cross section of the wire in a certain time interval t.  

∴ t =
L

vd
                                                                             …… (2) 

vi) Current is given by,  
 

I =
q

t
=

nALe

L/vd
  ….. [From equations (1) and (2)]  

= n Avde  
Hence, 

 vd =
I

nAe
  

=
J

ne
                                                          …..(∵ J =

I

A
)  

Hence for constant ‘ne’, current density of a metallic 
conductor is directly proportional to  the drift speed of 
electrons, J ∝ vd . 
 

Q.8 DC current flows in a metal piece of non-
uniform cross-section. Which of these quantities 
remains constant along the conductor: current, 
current density or drift speed?  
 
Ans: Drift velocity and current density will change as it 
depends upon area of cross-section whereas current 
will remain constant.  
 
11.5 Ohm’s Law 
 
Q.9 State and explain ohm’s law. 
 
Ans: Statement: The current I through a conductor is 
directly proportional to the potential difference V applied 
across its two ends provided the physical state of the 
conductor is unchanged. 
 
Explanation: 
According to ohm’s law, I ∝ V 

∴       V = IR    or    R =
V

I
  

Where, R is proportionality constant and is called the 
resistance of the conductor. 
 
Q.10 Draw a graph showing the I-V curve for a good 
conductor and ideal conductor. 
 
Ans:  

 
 
Q.11 Define one ohm. 
 
Ans: One ohm: If potential difference of 1 volt across a 
conductor produces a current of 1 ampere through it, 
then the resistance of the conductor is one ohm. 
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n-type semiconductor (n-ŠúÞÖ ¯ÖÏÛúÖ¸ü“ÖÖ †¬ÖÔ¾ÖÖÆüÛú)-  
i) Germanium (Ge) ÆüÖ semiconductor »ÖõÖÖŸÖ ‘µÖÖ. ŸµÖÖ´Ö¬µÖê “ÖÖ¸ü 
valence electrons †ÃÖŸÖÖŸÖ. 
ii) Antimony (sb) ØÛú¾ÖÖ Arsenic (As) ÊÖ 5 ¾µÖÖ group ´Ö¬Öß»Ö 
electron “ÖÖ ÛúÖÆüß ³ÖÖÝÖ ÆüÖ impurity ´ÆüÞÖã®Ö Germanium crystal 
´Ö¬µÖê ™üÖÛú»ÖÖ •ÖÖŸÖÖê. •µÖÖ process ´Ö¬µÖê semiconductor ´Ö¬µÖê 
impurity add Ûêú»Öß •ÖÖŸÖê, ŸµÖÖ process »ÖÖ dopping ´ÆüÞÖŸÖÖŸÖ. 
iii) Sb ×Ûú¾ÖÖ As “µÖÖ atom ´Ö¬µÖê ¯ÖÖ“Ö valence electrons 
†ÃÖŸÖÖŸÖ. Impurity atom ´Ö¬Öß»Ö ¯ÖÖ“Ö ¯ÖîÛúß “ÖÖ¸ü electrons Æêü 
¿Öê•ÖÖ¸ü“µÖÖ Ge, ÃÖÖ¸üÜµÖÖ atoms ´Ö¬Öß»Ö electrons ²Ö¸üÖê²Ö¸ü covalent 
bond (ÃÖÆüÃÖÓµÖã•Ö ²ÖÓ¬Ö) ×®Ö´ÖÖÔÞÖ Ûú¸üŸÖÖŸÖ.  
iv) Dopant atom “ÖÖ 5 ¾ÖÖ (•ÖÖ¤üÖ †ÃÖ»Öê»ÖÖ) electron ÆüÖ 
covalent bond “ÖÖ ³ÖÖÝÖ ®ÖÃÖŸÖÖê, ŸµÖÖ´Öãôêû ŸÖÖê Ã¾ÖŸÖÓ¡Ö×¸üŸµÖÖ core ²Ö¸üÖê²Ö¸ü 
bound ÆüÖêŸÖÖê, ŸµÖÖ»ÖÖ ´ÖãŒŸÖ Ûú¸üÞµÖÖÃÖÖšüß †ÝÖ¤üß Ûú´Öß ¯ÖÏ´ÖÖÞÖÖŸÖ energy 
»ÖÖÝÖŸÖê.  
v) n-type semiconductor ÃÖã¬¤üÖ µÖÖŸÖß»Ö bonds thermally 
(†Öî×ÂÞÖÛú¥üÂ™ü¶Ö / ˆÂÞÖŸÖê®Öê) ŸÖã™ü»µÖÖ´Öãôêû electrons †Ö×ÞÖ holes 
×®Ö´ÖÖÔÞÖ Ûú¸üŸÖÖŸÖ, ŸµÖÖ´Ö¬µÖê electron Æêü majority carriers †ÃÖŸÖÖŸÖ 
†Ö×ÞÖ holes Æêü minority carriers †ÃÖŸÖÖŸÖ.  
vi) •ÖÓê¾ÆüÖ doping —ÖÖ»Öê»µÖÖ Ge crystal “µÖÖ across potential 
difference apply Ûêú»µÖÖ¾Ö¸ü free electrons Æêü positive potential  
end Ûú›êü move ÆüÖêŸÖÖŸÖ, ŸµÖÖ´Öãôêû ŸµÖÖŸÖã®Ö electric current ¾ÖÖÆãü 
»ÖÖÝÖŸÖÖê. ÆüÖ current, ÆüÖ negatively charged electrons ´Öãôêû ¾ÖÖÆüŸÖ 
†ÃÖ»µÖÖ®Öê ŸµÖÖ semiconductor »ÖÖ n-type semiconductor †ÃÖê 
´ÆüÞÖŸÖÖŸÖ. 
vii) •Ö¸ü n-type semiconductor ´Ö¬µÖê electrons “Öß ÃÖÓÜµÖÖ ÜÖã¯Ö 
†ÃÖê»Ö, ŸÖ¸ü ŸµÖÖÓ“ÖÖ net charge zero †ÃÖŸÖÖê.  
viii) ÊÖ case ´Ö¬µÖê impurity atom Ûú›ãü®Ö Ge crystal »ÖÖ free 
electron ×¤ü»Öê •ÖÖŸÖÖŸÖ, ŸµÖÖ´Öãôêû ŸµÖÖ impurity »ÖÖ donor impurity 
†ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
ix) †¿ÖÖ ¯ÖÏÛúÖ¸êü n-type semiconductor ÆüÖ pentavalently, 
doped germanium †ÃÖŸÖÖê.  
 
p-Type semiconductor- (¬Ö®Ö ¯ÖÏÛúÖ¸ü“ÖÖ †¬ÖÔ¾ÖÖÆüÛú)-  
i) Germanium ØÛú¾ÖÖ silicon ÆüÖ semiconductor »ÖõÖÖŸÖ ‘µÖÖ. 
ŸµÖÖ´Ö¬µÖê “ÖÖ¸ü valence electrons †ÃÖŸÖÖŸÖ. 
ii) ÃÖ´Ö•ÖÖ, ×ŸÖÃÖ·µÖÖ group ´Ö¬Öß»Ö element Indium (In) ØÛú¾ÖÖ 
Aluminum (Al) µÖÖÓ“ÖÖ ÛúÖÆüß ³ÖÖÝÖ impurity ´ÆüÞÖã®Ö Germanium 
crystal ´Ö¬µÖê add Ûêú»ÖÖ. Impurity add Ûú¸üÞµÖÖ“µÖÖ process »ÖÖ 
doping †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
iii) In ØÛú¾ÖÖ Al ÊÖ elements “µÖÖ atom ´Ö¬µÖê ŸÖß®Ö valence 
electrons †ÃÖŸÖÖŸÖ, impurity atom ´Ö¬Öß»Ö ŸÖß®Ö valence 
electrons Æêü ¿Öê•ÖÖ¸ü“µÖÖ Ge atoms ´Ö¬Öß»Ö valence electrons 
²Ö¸üÖê²Ö¸ü covalent bonds ×®Ö´ÖÖÔÞÖ Ûú¸üŸÖÖŸÖ.  
iv) In atom “µÖÖ ÃÖ³ÖÖê¾ÖŸÖÖ»Öß electrons “ÖÖ absence †ÃÖŸÖÖê,  

ŸµÖÖ»ÖÖ“Ö hole ´ÆüÞÖŸÖÖŸÖ, Æêü holes, positive charge “µÖÖ ÃÖ´ÖŸÖÖê»Ö 
†ÃÖŸÖÖŸÖ.  
v) †¿µÖÖ ¯ÖÏÛúÖ¸ü“µÖÖ doping —ÖÖ»Öê»µÖÖ Ge crystal »ÖÖ potential 
difference, apply Ûêú»ÖÖ ŸÖ¸ü ¿Öê•ÖÖ¸ü“µÖÖ covalent bond ´Ö¬Öß»Ö 
electron ÆüÖ hole ´Ö¬µÖê ˆ›üß ´ÖÖ¸üŸÖÖê, ŸµÖÖ´Öãôêû ŸµÖÖ band ´Ö¬µÖê bond 
×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê, ×Æü ¯ÖÏ×ÛÎúµÖÖ †¿Öß“Ö “ÖÖ»Öã ¸üÖÆüŸÖê †Ö×ÞÖ hole Æêü field “µÖÖ 
direction ´Ö¬µÖê move ÆüÖêŸÖ †ÃÖ»Öê»Öê ³ÖÖÃÖŸÖê, Æêü electrons “µÖÖ 
jumping ´Öãôêû ³ÖÖÃÖŸÖê.  
vi) •Ö¸ü p-type semiconductor »ÖÖ ØÛú¾ÖÖ p-type 
semiconductor ´Ö¬µÖê ´ÖÖêšü¶Ö ¯ÖÏ´ÖÖÞÖÖŸÖ holes †ÃÖŸÖß»Ö, ŸÖ¸ü 
ŸµÖÖ¾Ö¸üß»Ö net charge zero ³ÖÖÃÖŸÖÖê.  
vii) †¿ÖÖ ¯ÖÏÛúÖ¸êüü p-type semiconductor »ÖÖ thermally (ˆÂÞÖŸÖê®Öê) 
ŸÖã™ü»Öê»µÖÖ bonds ×®Ö´ÖÖÔÞÖ —ÖÖ»Öê»µÖÖ electron hole pairs †Ö×ÞÖ 
trivalent dopant ´Öãôêû ×®Ö´ÖÖÔÞÖ —ÖÖ»Öê»Öß holes “Öß ÃÖÓÜµÖÖ •ÖÖÃŸÖ 
†ÃÖŸÖê, ŸµÖÖ´Öãôêû p-type semiconductor »ÖÖ holes Æêü majority 
carriers †Ö×ÞÖ electrons Æêü minority carriers †ÃÖŸÖÖŸÖ. 
viii) ÊÖ case ´Ö¬µÖê impurity atom Æêü Ge atom Ûú›ãü®Ö electron 
accept Ûú¸üŸÖÖŸÖ, ŸµÖÖ´Öãôêû ÊÖ impurity »ÖÖ acceptor impurity 
´ÆüÞÖŸÖÖŸÖ.  
ix) ŸµÖÖ´Öãôêû p-type semiconductor ÆüÖ trivalently doped 
germenium †ÃÖŸÖÖê.  
 
p-n junction (¬Ö®Ö ŠúÞÖ •ÖÖê›ü —Ö›ü¯Ö)- •Öê¾ÆüÖ p-type 
semiconductor ÆüÖ n-type semiconductor ²Ö¸üÖê²Ö¸ü •ÖÖê›ü»ÖÖ •ÖÖŸÖÖê, 
ŸµÖÖ ¤üÖê®Æüß semiconductor “µÖÖ ´Ö¬Öß»Ö common (ÃÖ´ÖÖ®Ö) 
contacting region »ÖÖ p-n junction ´ÆüÞÖŸÖÖŸÖ.  
 
Barrier potential (×¾Ö³Ö¾Ö ¸üÖê×¬ÖÛúÖ)- Junction “µÖÖ region ´Ö¬µÖê 
ÛúÖÆüß ÛúÖ»ÖÖÓŸÖ¸üÖ®Öê potential difference ´Öãôêû electrons †Ö×ÞÖ 
holes “Öê ¯Öãœüß»Ö diffusion ¸üÖêÜÖ»Öê •ÖÖŸÖê, ŸµÖÖ potential »ÖÖ Barrier 
potential †ÃÖê ´ÆüÞÖŸÖÖŸÖ. Electrons †Ö×ÞÖ holes “µÖÖ diffusion 
´Öãôêû junction “µÖÖ •Ö¾Öôû, ions “ÖÖ ‹Ûú layer (¯Ö¼üÖ) ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê, 
ÊÖ ions “µÖÖ layer ´Öãôêû“Ö junction “µÖÖ across potential 
difference ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖÖê. ¯ÖÏ¿®ÖÖŸÖß»Ö diagram ¯ÖÆüÖ.  
 
Depletion layer (®ÖÂ™ü ÆüÖêÞÖÖ¸üÖ / Ûú´Öß ÆüÖêÞÖÖ¸üÖ ÃŸÖ ü̧)- Junction 
“µÖÖ •Ö¾Öôû“ÖÖ ³ÖÖÝÖÖ´Ö¬µÖê free charges ´ÆüÞÖ•Öê“Ö electrons †Ö×ÞÖ 
holes Æêü disappear (†¥ü¿µÖ) ÆüÖêŸÖÖŸÖ / ®ÖÂ™ü ÆüÖêŸÖÖŸÖ), ´ÆüÞÖ•Öê“Ö 
junction •Ö¾Öôû“ÖÖ region ÆüÖ free charge ´Öãôêû deplete ÆüÖêŸÖÖê, 
ŸµÖÖ´Öãôêû ŸµÖÖ»ÖÖ depletion layer †ÃÖê ´ÆüÞÖŸÖÖŸÖ.  
Depletion layer “Öß width ×Æü 0.5 μm ŸÖê 1 μm ‡ŸÖÛúß †ÃÖŸÖê. 
Electrons †Ö×ÞÖ holes Æêü junction †Öê»ÖÖÓ›üŸÖÖ®ÖÖ ions “Öß ‹Ûú 
wall ×®Ö´ÖÖÔÞÖ Ûú¸üŸÖÖŸÖ, ŸµÖÖ´Öãôêû junction “µÖÖ ³ÖÖê¾ÖŸÖß potential 
difference ×®Ö´ÖÖÔÞÖ ÆüÖêŸÖê. 
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13.4 Propagation of EM Waves 
 
Q.21 Draw a schematic structure of earth's 
atmosphere describing different atmospheric 
layers.  
 
Ans: Structure of earth's atmosphere: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.22 Draw a diagram showing different types of EM 
waves.  
 
Ans: Different types of EM waves: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.23 Explain ground (surface) wave propagation. 
 
Ans: Ground wave propagation: 
i) When a radio wave from a transmitting antenna 
propagates near surface of the Earth so as to reach the 
receiving antenna, the wave propagation is called 
ground wave or surface wave propagation.  
ii) In this mode, radio waves travel close to the surface 
of the Earth and move along its curved surface from 
transmitter to receiver.  

iii) The radio waves induce currents in the ground and 
lose their energy by absorption. Therefore, the signal 
cannot be transmitted over large distances.  
iv) Radio waves having frequency less than 2 MHz (in 
the medium frequency band) are transmitted by ground 
wave propagation.  
v) This is suitable for local broadcasting only. For TV or 
FM signals (very high frequency), ground wave 
propagation cannot be used.  
 
 
Q.25 Explain the concept of range of the signal. 
 
Ans: Range of signal: The maximum distance over 
which a signal can reach is called its range. 
 
 
 
 
 
 
 
 
 
 
 
i) For large TV coverage, the height of the transmitting 
antenna should be as large as possible. This is the 
reason why the transmitting and receiving antennas are 
mounted on top of high rise buildings. 
ii) Range is the straight line distance from the point of 
transmission (the top of the antenna) to the point on 
Earth where the wave will hit while travelling along a 
straight line. 
iii) Let the height of the transmitting antenna (AA’) 
situated at A be h. B represents the point on the surface 
of the Earth at which the space wave hits the Earth. 
 
iv) The triangle OA’B is a right angled triangle. 
From ∆OA′B, 
(OA′)2 = A′B2 + OB2  
(R + h)2 = d2 + R2            or 
R2 + h2 + 2Rh = d2 + R2  
As h << R, neglecting h2 

d ≈ √2Rh  
 
v) The range can be increased by mounting the receiver 
at a height h’ say at a point C on the surface of the Earth. 
The range increases to d + d′ where d’ is 2Rh’. Thus, 
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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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