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ELECTRICITY AND MAGNETISM 

UNIT- I 

 Principle of a capacitor - energy stored in a capacitor - energy density - 

change in energy due to dielectric slab - force of attraction between plates of a 

charged capacitor - capacitance of a spherical and cylindrical capacitors - 

types of capacitors - electrometers - Kelvin's attracted disc electrometer - 

quadrant electrometer - measurement of potential, ionization current and 

dielectric constant (solid). 
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Topics – UNIT 1: 

I  CAPACITORS 

1. Capacitance – Definition, Types of capacitance 

2. Principle of a capacitor 

3. Energy stored in a capacitor 

4. Energy density of a charged capacitor  

5. Change in energy due to Dielectric Slab 

6. Loss of energy on sharing of charges between two capacitors 

7. Force of attraction between plates of a charged parallel plate      

capacitor 

8. Capacitance of a Spherical capacitor (outer sphere earthed) 

9. Capacitance of a Spherical capacitor (inner sphere earthed) 

10. Capacitance of a Cylindrical capacitor 

11. Types of capacitors 

a. Guard ring capacitor 

b. Mica capacitor 

c. Electrolytic capacitor 

d. Variable capacitor 

12. Uses of capacitors  

II Electrometers 

13. Kelvin's attracted disc electrometer  

14. Quadrant electrometer  

a. measurement of potential,  

b. ionization current  

c. dielectric constant (solid).   
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1. Capacity of a capacitor 

The capacity of a conductor is also defined as the ratio of the charge given (Q) to 

the increase in the potential of the conductor. 

The Capacitance of  a conductor   

        C= Q/V. 

Unit - Farad  

A conductor has a capacitance of one farad, if a charge of 1 coulomb given to it 

raises its potential by 1 volt 

1µF = 10 -6F 

1pF = 10 -12F  

➢ If a charge q is given to an isolated conductor, its voltage is increased by an 

amount V. 

➢ The ratio Q/V is called the Capacitance of  a conductor.  It is denoted by 

the symbol C 

For a given conductor the ratio Q/V is  

➢ independent of Q   

➢ depends only on the size and shape of the conductor. 

The common word used in our daily life for capacitors is Condensers which we use 

in most of our electric appliances. 

Types of capacitors 

Parallel plate capacitors are those in which conductors used are simple parallel 

plates. 

Spherical conductors are those in which spherical conductors are used. 

Third type of conductors are those in which conductors used are of cylindrical 

type. 
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2. Principle of a capacitor 

A small device used to store huge amount of electric charge in a small  room is 

called capacitor.  

Take an insulated metal plate A.  Charge the plate to its maximum potential.  Now 

take another insulated plate B.  Take the plate B nearer to plate  A. You will 

observe that negative charge will be produce on the plate near to plate A and the 

same amount of positive charge will be produced on the other side of plate B. 

 

 

 

 

 

Now the plate B will start affecting the plate A slowly. The negative charge will 

start decreasing the electric potential of plate A.  But positive charge helps in 

increasing the potential. But the effect of negative charge is much more than that of 

the positive because the negative side of plate is near to the plate A.  So potential 

of A will start decreasing and it can be charged again to raise its potential to 

maximum.   

From the above discussion the result is this that the charge carrying capacity 

of a conductor can be increased by bringing an uncharged conductor in its nearby 

area.   It is shown in the figure above. 
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Let us take an another discussion over it.  

Now in this case connect the plate B to earth.  All the positive charge present 

on plate B will go into the earth.   So, only negative charge will remain on the plate 

B.  So the electric potential of plate A will become less to a greater extent.  . So as 

a result A will want much more charge to gain its lost potential due to the effect of 

the negative charge present on plate B.  

Note: By taking an uncharged conductor near an insulated conductor, 

capacitance of the insulated conductor can be increased to a larger amount.  
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3. Energy stored in a charged capacitor 

 

 

 

 

Let q is the amount of charge stored when the whole battery voltage (V) appears 

across the capacitor.  If an additional charge dq is given to the plates, the workdone 

by the battery is given by   dW = V dq  

                Since  

   

Total Work done to charge a capacitor to a charge Q is  

 

 

We know that Q = CV 

 

• This work done  𝐔 =  
𝟏

𝟐
 𝐂𝐕𝟐  is stored as electrostatic potential energy in the 

capacitor. 

• This energy can be recovered if the capacitor is allowed to discharge.  
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4.  Energy density of a charged capacitor 

Consider  a parallel plate capacitor of area A and plate separation d. 

Energy of the capacitor 

For a parallel plate capacitor, the capacitance  C = (ε0A) / d 

Volume of the space between the plates = Ad  

(Volume = length *breadth *width = Area * Thickness) 

Energy density (u) is the potential energy per unit volume 

 

W.K.T   (E = V/d) 

 

Thus we can associate an electrostatic energy density                                   with 

every point in space where an electric field E exists 
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5. Change in Energy due to   Dielectric Slab 

Change in energy of a Parallel Plate Capacitor on introduction of a dielectric 

slab of relative permittivity εr between the plates 

Case 1. When the charge remains the same 

When the capacitor is charged by connecting the plates to the + ve  and – ve ends 

of a battery, and the battery is then withdrawn, 

(a) Without the slab, energy stored 

𝑼 =
𝒒𝟐

𝟐𝑪 
=  

𝒒𝟐𝒅

𝟐𝜺𝟎 𝑨
  

(b) Let the space between the parallel plates be introduced by a slab of thickness 

d and relative permittivity 𝜀𝑟 . 

Now capacitance C’ = 
𝜀0𝜀𝑟

𝑑
𝐴  

With the slab, the energy stored is  

U’ = 
𝑞2

2𝑐′ 
 = 

𝑞2𝑑

2𝜀0𝜀𝑟𝐴
 

Thus the energy will increase by a factor 1/ 𝜀𝑟 

When a slab of thickness t, (t < d) is introduced, 

C
’ = 

∈𝟎 𝑨

(𝒅−𝒕) +  𝒕 𝜺𝒓⁄
 

 𝑼′ =  
𝒒𝟐

𝟐𝒄′ 
=  

𝒒𝟐 [(𝒅−𝒕) + 𝒕 𝜺𝒓 ⁄  ]

𝟐 ∈𝟎 𝑨
 =

𝒒𝟐

𝟐 ∈𝟎 𝑨
 [𝒅 − 𝒕 (𝟏 −

𝟏

𝜺𝒓
 )]    

  Reduction in energy stored  = U – U’ 

                                                             =  
𝒒𝟐 𝒕 (𝟏− 𝟏

𝜺𝒓
 )

𝟐 ∈𝟎 𝑨
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Case: (ii) When the potential remains the same. 

e.g  when the battery is kept connected to the plates. 

(a)  without the slab, energy stored, 

𝑈 =  
1

2
 𝐶𝑉2 =  

1

2

∈𝟎 𝑨

𝑑
 𝑉2 =  

∈𝟎 𝑨𝑉2

2𝑑
   

(b)   On introducing a dielectric slab of thickness d, 

U′ =  
1

2
 C′𝑉2 =  

1

2
 
∈0∈r A

d
 V2 =   

∈0∈r  AV2

2d
 

Thus the energy will increase by a factor ∈𝒓. 

When a slab of thickness t, (t < d), is introduced, energy stored 

𝑈′ =  
1

2
 𝐶′𝑉2 =  

∈0 AV2

2 [d−t (1−
1

εr
 )]

   

In this case, U’ > U. 
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6. Loss of energy on sharing of charges between two capacitors: 

 Consider two capacitors of capacitances C1 and C2 charged to potentials V1 

and V2.  When they are joined by a wire, they attain a common potential V. 

V =  
Total charge

Total Capacitance
=  

C1V1 + C2V2 

C1 + C2
 

Total energy of the two capacitors before contact  

U1  =
1

2
  C1V1

2 + 
1

2
  C2V2

2  

Total energy of the two capacitors after contact 

U2  =
1

2
  (C1 + C2) V2 =  

1

2
  (C1 + C2) [

C1V1 + C2V2 

C1 + C2
]

2

    

        U2 =  
1
2

 (C1V1+C2V2)
2

C1+C2
     

Loss of energy due to contact,  

U1 – U2 = 
1

2
  C1V1

2 + 
1

2
  C2V2

2 − 
1

2
 
(C1V1+C2V2)2

C1+C2
   

   = 
1

2 (C1+C2)
 [(C1 + C2)( C1V1

2 + C2V2
2) − (C1V1 + C2V2)2]  

          =  
1

2 (C1+C2)
 [( C1

2V1
2 + C1C2V2

2 + C1C2V1
2 +   C2

2V2
2) −

                                      (C1
2V1

2 +  C2
2V2

2 +  2C1V1C2V2)] 

          =  
1

2

  C1C2 

C1+C2

[V1
2 + V2

2 − 2 V1V2] 

  =  
 C1C2 (V1−V2)2

2 (C1+C2)
 

Since (V1 – V2)
2 is always positive, U2 must be less than U1.  Hence there is a loss 

of energy on sharing the charges.  The loss of energy appears partly as heat in the 

connecting wire and partly as light and sound if sparking occurs. 
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7. Force of attraction between plates of a charged parallel plate capacitor 

Let q be the charge on each of the plates.  A be the area and d be the distance 

between them.  Let 𝜎  be the surface charge density and E the intensity of electric 

field between the plates.  

𝑬 =  
𝝈
𝜺𝟎

 

Casse (i). When the charge on the plates is constant. 

 

 

 

 

 

 

 

Force of attraction per unit area between the two plates is equal to the outward 

electrical force per unit area on the surface of plate P.  It is given by 

𝑝 =  
σ2

2ε0
=  

(
𝑞

𝐴⁄
2

)

2ε0
 = 

𝑞2

2ε0 A2 = 
1

2
 ε0E2                               where  ( 𝑬 =  

𝝈

𝜺𝟎

) 

 

Force of attraction between the plates =  F = Ap =  
𝑞2

2ε0 A2  𝐴 =  
1

2
 ε0E2A 

Case (ii): When the P.D between the plates remain constant: 

In this case, a battery of EMF V volts is connected across the plates of a capacitor.  

Now, E = V/d 

 F = 
1

2
 ε0E2A =  

1

2
 ε0(V

d⁄ )
2

A  

Thus we can find F if we know  𝜎, 𝑜𝑟 𝐸 𝑜𝑟 𝑉. 
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UNIT II 

Carey–Foster Bridge – theory – temperature coefficient of resistance – potentiometer – 

calibration of ammeter and high range voltmeter – thermoelectricity – laws of thermo e.m.f., 

intermediate metals, intermediate temperature – measurement of thermo e.m.f. using 

potentiometer–Peltier effect and Peltier coefficient – Thomson effect and Thomson coefficient – 

relation between π and σ – thermo electric  diagrams and its uses. 

 

TOPICS: 

 

1. Carey–Foster Bridge – theory – temperature coefficient of resistance – 

2. Potentiometer – calibration of ammeter and high range voltmeter  

3. Thermoelectricity  

1. Seebeck effect 

2. laws of thermo e.m.f.,  

a. Law of Intermediate Metals  

b. Law of Intermediate Temperature  

3. Measurement of Thermo emf using Potentiometer 

4. Peltier Effect and Peltier Coefficient 

5. Thomson Effect and Thomson coefficient 

6. Thermodynamics of Thermocouple (Relation between π and σ) 

7. Thermo-Electric diagrams 

8. Uses of Thermoelectric diagrams 

i. Determination of Total emf 

ii. Determination of Peltier emf 

iii. Determination of Thomson emf 

iv. Thermoemf in a general couple, neutral temperature and temperature 

inversion 

 

 



CAREY FOSTER BRIDGE 

DESCRIPTION 

1. The carey foster bridge is a form of wheatstone’s bridge.   

2. It consists of a uniform wire AB of length l metre stretched on a wooden board 

 

Two equal resistances P and Q are connected in gaps 2 and 3.  The unknown resistance R is 

connected in gap 1.  A standard resistance S, of the same order of resistance as R, is connected in 

gap 4.   A Lechlanche cell is connected across MN.  A galvanometer G is connected between the 

terminal C and a sliding contact maker D.   

THEORY 

The contact maker is moved until the bridge is balanced.  Let l1 be the balancing length as 

measured from end A.  let α  and  β be the end resistances at A and B.  Let ρ be the resistance per 

unit length of the wire.  From the principle of wheatstone’s bridge, 

𝑃

𝑄
=  

𝑅+𝛼+𝑙1𝜌

𝑆+𝛽+(100−𝑙1)𝜌 
 ------------1 

The resistances R and S are interchanged and the bridge is again balanced.  The balancing length 

l2 is determined from the same end A.  

 Then, 

 

𝑃

𝑄
=  

𝑆+𝛼+𝑙2𝜌

𝑅+𝛽+(100−𝑙2)𝜌 
   -------------2 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 & 3 represents the equivalent wheatstone’s bridge circuit in two cases. 

From eqns 1 & 2  

𝑅+𝛼+𝑙1𝜌

𝑆+𝛽+(100−𝑙1)𝜌 
=  

𝑆+𝛼+𝑙2𝜌

𝑅+𝛽+(100−𝑙2)𝜌 
  ---------3 

Adding 1 on both sides of eqn 3 

 

𝑅 + 𝛼 + 𝑙1𝜌

𝑆 + 𝛽 + (100 − 𝑙1)𝜌 
+  1 =  

𝑆 + 𝛼 + 𝑙2𝜌

𝑅 + 𝛽 + (100 − 𝑙2)𝜌 
+  1 

 

𝑅 + 𝛼 + 𝑙1𝜌 + 𝑆 + 𝛽 + 100𝜌 − 𝑙1𝜌

𝑆 + 𝛽 + (100 − 𝑙1)𝜌 
 =  

𝑆 + 𝛼 + 𝑙2𝜌 + 𝑅 + 𝛽 + 100𝜌 −  𝑙2𝜌

𝑅 + 𝛽 + (100 − 𝑙2)𝜌 
 

 

𝑅 + 𝛼 + 𝑆 + 𝛽 + 100𝜌

𝑆 + 𝛽 + (100 − 𝑙1)𝜌 
 =  

𝑆 + 𝛼 + 𝑅 + 𝛽 + 100𝜌

𝑅 + 𝛽 + (100 − 𝑙2)𝜌 
 

Since the numerators are equal the denominators must be equal 

𝑆 + 𝛽 + (100 − 𝑙1)𝜌 =  𝑅 + 𝛽 + (100 − 𝑙2)𝜌 ----------------4 

𝑆 + 𝛽 + 100𝜌 − 𝑙1𝜌 =  𝑅 + 𝛽 + 100𝜌 − 𝑙2𝜌 

𝑆 − 𝑙1𝜌 =  𝑅 − 𝑙2𝜌 

𝑅 =  𝑆 + (𝑙1  − 𝑙2) 𝜌 -------5 



To find 𝝆 

A standard resistance of 0.1 Ω is connected in gap 1.  A thick copper strip is connected in gap 4.  

i.e., R = 0.1 Ω and S = 0.  The balancing length 𝑙1
′  is determined.  The standard resistance and the 

thick copper strip are interchanged.  The balancing length 𝑙2
′  is determined. 

From eqn 5  

0.1 =  𝑆 + (𝑙2
′

− 𝑙1
′

)  𝜌  

or                                                       

    𝜌 =  
0.1

𝑙2
′ − 𝑙1

′  

 

Thus by knowing S and  𝜌, the unknown resistance R is calculated. 

 

Determination of temperature coefficient of resistance 

Let R0 and R1 be the resistances of a wire at temperatures 0℃ and t℃.  Then  

𝑅𝑡 =  𝑅0 (1 + 𝛼𝑡) 

 Or                                                           𝛼 =  
𝑅𝑡− 𝑅0  

𝑅0 𝑡
 

Where 𝛼 is the temperature coefficient of resistance of the material. 

The increase of resistance per unit original resistance per degree rise of temperature is 

called temperature coefficient of resistance. 

The given wire is wound non-inductively in the form of a double spiral on a glass tube.  It 

is immersed in a beaker containing ice at 0℃.  The resistance of the wire is determined as above.  

The resistance of the wire is determined at 10℃, 20℃,  30℃  -----100℃.   A graph is drawn with 

temperature along the X – axis and resistance along the Y – axis.  A straight line is obtained. 

 

 

 

 

 

 

 

 



Slope of the line = 𝑡𝑎𝑛 𝜃 =  
𝑑𝑅

𝑑𝑡
  

Y intercept = 𝑅0  

𝛼 is calculated using the formula 𝛼 =  
1

𝑅0
 
𝑑𝑅

𝑑𝑡
 

Note: 

If 𝑅1 𝑎𝑛𝑑  𝑅2   𝑏𝑒 𝑡ℎ𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑎𝑡 𝑡1℃𝑎𝑛𝑑 𝑡2 ℃ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦, 𝑡ℎ𝑒𝑛  

 

𝑅1  =  𝑅0 [1 + 𝛼𝑡1 ]  𝑎𝑛𝑑  𝑅2  =  𝑅0 [1 + 𝛼𝑡2 ] 

 

𝜶 =  
𝑹𝟐 −  𝑹𝟏

𝑹𝟏𝒕𝟐 −  𝑹𝟐𝒕𝟏
 

------------------------------------------------------------------------------------- 



POTENTIOMETER  

Principle 

A potentiometer is a device for measuring or comparing potential differences.    

A potentiometer can be used to measure any electrical quantity which can be 

converted into a proportionate D.C. potential difference. 

  

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

 

It consists of a uniform wire AB of length 10 m stretched on a wooden 

board.  A steady current is passed through the wire AB with the help of a cell of 

EMF E.   

Let  𝜌 = resistance per unit length of potentiometer wire, and  

I= steady current passing through the wire. 

Consider ‘C’ be a variable point, then AB = L and AC = l   

PD across AB = L 𝜌I 

PD across AC = l 𝜌I  



PD across AB

PD across AC
 =  

𝐿𝜌𝐼

𝑙𝜌𝐼
=  

𝐿

𝑙
   

PD across AC = 
𝑙

𝐿
 (PD across AB)  

i.e., for a steady current passing through the potentiometer wire AB, the PD across 

any length is proportional to the length of the wire. 

If a D.C. voltmeter is connected between A and the variable point C, it will be 

noted that the voltmeter registers greater values of PD’s as the point C slides from 

A to B. 

CALIBRATION OF AMMETER 

Connect the ends of the potentiometer wire to the terminals of a storage cell 

through a key K1.  S is a standard cell.  Connect the ammeter (A) to be calibrated in 

series with a battery, key K2, a rheostat and a standard resistance R.  When a 

current I pass through the standard resistance R, the PD across R is IR.  This 

potential drop is measured with the help of potentiometer. 

 

 

 

 

 

 

 

 

 

 

 



Connect 1 and 3 and balance the EMF of the standard cell against the 

potentiometer.  Find the balancing length (l) from A.  the PD per cm of the 

potentiometer = E/ l. 

Connect 2 and 3.  Adjust the rheostat so that the ammeter reads a value A1.          

Balance the PD across R against the potentiometer and find the balancing        

length    l1.   

PD across R = E l1/ l 

Current through R = E l1/ IR  

Correction to ammeter reading (El1/ IR) – A1 

Similarly, the corrections for other ammeter readings are determined.  A 

Calibration curve is plotted for ammeter, taking ammeter readings on X – axos and 

corrections on Y – axis. 

CALIBRATION OF LOW RANGE VOLTMETER 

 The connections are made as shoen in fig.  the voltmeter is connected 

parallel to R.   

 

 

 

 

 

 

 

 

 



 

Let l be the balancing length for the standard cell.  The PD across R is balanced 

against the potentiometer.  Let l1 be the balancing length when the voltmeter reads 

V1.   

PD across R = E l1 / l 

Correction to the voltmeter = (E l1 / l) – V1. 

The experiment is repeated for various readings of the voltmeter and a calibration 

graph is drawn. 

 

CALIBRATION OF HIGH RANGE VOLTMETER 

 Connections are made as shown in Fig.  Take suitable high resistances in P 

and Q such that the PD across P does not exceed the PD across the potentiometer. 

 

 

 

 

 

 

 

 

 

 

 

 



The balancing length l for the standard cell is determined first.  Then the PD across  

P is balanced against the potentiometer and the balancing length l1 is determined  

 PD across P = E l1 / l 

PD across P+Q = [
𝑃+𝑄

𝑃
] [

E l1

l
] 

Correction to voltmeter = [
𝑃+𝑄

𝑃
] [

E l1

l
] −  𝑉1 

The experiment is repeated for various readings of the voltmeter.  A calibration 

curve is plotted for voltmeter, taking voltmeter readings on X – axis and 

corrections on Y – axis. 









 



 



 



 



 















 

































UNIT IV 

Transient current – growth and decay of current in a circuit containing 

resistance and inductance – growth and decay of charge in a circuit 

containing resistance and capacitance – measurement of high resistance by 

leakage – growth and decay of charge in a LCR circuit – condition for the 

discharge to be oscillatory – frequency of oscillation. 

 

 

1. Growth of a current in a circuit containing a resistance and an inductance 

2. Decay of a current in a circuit containing a resistance and an inductance 

3. Growth of a charge in a circuit containing resistance and capacitance 

4. Decay of a charge in a circuit containing resistance and a capacitance 

5. Measurement of high resistance by leakage 

6. Growth of charge in a LCR circuit – condition for the discharge to be oscillatory and 

frequency of oscillation. 

7. Decay of charge in a LCR circuit – condition for the discharge to be oscillatory and 

frequency of oscillation. 

 
































































