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24 BASIC ELECTRONlCS 

Now, the resistance across AB is R which is the series 
combination of IQ, Rp. and IQ. So, 

R = I + R
4 

+ 1 

5 5 13 
=1+-+1=2+-=-

4 4 4 

= 3.25 ohms 

Thus, the effective resistance across AB is 3.25 ohms. 

□□□ 

2 
Capacitors 

Q. 1. What is a capacitor? 

Ans. Capacitor : Capacitor is a device which stores electrical charge. 
The function of the capacitor is to store a large amount of charge 

for a given potential difference or to store a given charge at low 
potential difference. The relation of charge and potential difference in 
a capacitor is used to define capacitance. 
Q. 2. Define capacitance. Mention its MK.Sa Unit. 

Ans. Capacitance : The capacitance of a capacitor is defined as the 
ratio of the charge transferred from one plate to the other of the 
capacitor, to the potential difference produced between the plates. 
Mathematically we can write 

C=Q 
V 

... (16) 

where C is the capacitance of the capacitor, Q is the amount of 
charge transferred from one plate to the other and V is the potential 
difference between the two plates. 

Units. The MKS unit of capacitance is farad. 
1 Farad = 1 coul/1 volt 

Other units used for capacitance are micro farad (µF) and pico 
farad (PF) 

1 µF = 10·6 F 
1 PF = 10·12 F 

Defn. of Farad. A farad is the capacitance of a capacitor which 
acquires a potential difference of 1 volt when it receives a charge of 
1 coulomb. 

Q. 3. How can a capacitor be formed? Give its symbols. 
Ans. Formation of a capacitor : A simple capacitor can be formed 
by taking two separate metallic plates with a non-conducting substance 
(Dielectric) placed in the space between them (fig. 2.1). 
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t 
Diel ectric 

Symbols of capacitor 

) 

)~Lead 

Fig. 2.1 

BASIC ELECTRONICS 

ml Metal JJJ_f Plates 

-11--1 - -)1---I -
(a) Old (b) New 

------4-)fl----
(c) Variable 

Fig. 2.2 

Q. 4. Describe the function of material dielectrics in a capacitor ? 

Ans. Function of material dielectrics in a capacitor : Air is used as 
a medium between the two plates of many types of capacitors. Like 
those in other capacitors, solid and liquid materials such as mica, 
paraffined paper or oil are used as the material medium between the 
plates. These materials have good insulating properties as well as they 
also respond to the presence of the electric field between the plates 
of the capacitor. As a result of which, the capacitance increases 
largely. These substances introduced in between the two plates of a 
capacitor are called dielectrics. The presence of a dielectric between 
the two plates of a capacitor increases the capacitance of the 
capacitor. 

Q. 5. Deduce the capacitance of a parallel plate capacitor ? 

Ans. Capacitance of a parallel plate capacitor : Let us consider a 
parallel plate capacitor whose two plates are charged uniformly to +Q 
and -Q and separated by a dielectric. The potential difference 
developed between the two plates is 'V' . Each plate has a surface 
area 'A ' . 
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Fig. 2.3. Parallel plate capacitor. 

If the plates are large and their separation small, the electric field 
intensity between them is every where uniform. The electric field 
intensity is given by 

E='-¥=_Q_ 
sq sA 

... (17) 

[ ·: '-¥ = Q, i.e. , the total no. of lines of force emerging from 
charge is equal to the charge itself] 

E=F 
From the definition of electric field intensity we have q 

The potential difference between the two plates is given by, 

V = W = FS = Eq S = ES 
q q q 

=2._S 
SA ... (18) 
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28 BASIC ELECTRONICS 

where S is the separation between the two plates. Now, the 
capacitance 'C' of the capacitor is given by 

C = Q = _g_ =EA 
V ..sLs S 

A 

C = ErEo A/S ... (19) 

where Er is the relative permittivity or dielectric constant of the 
dielectric employed between the two plates, E

0 
is the permittivity of 

empty space. 

Q. 6. Describe the factors on which the capacitance of a parallel 
plate capacitor depends. 

Ans. Factors on which the capacitance of a parallel plate capacitor 
depends. 

It is now clear from the above equation (19) that the capacitance 
of a parallel plate capacitor is directly proportional to the area of each 
plate, 'A'; inversely proportional to the distance between the two 
plates, S; directly proportional to the dielectric constant, E . This shows 
that as the area of each plate increases, the capacitance Zvm increase. 
Increasing the distance between the two plates decreases the 
capacitance. As the dielectric constant rises, the capacitance also 
increases. 

Q. 7. What are commercial capacitors ? 

Ans. Commercial capacitors : A multi plate capacitor is formed by 
joining a number of parallel plate capacitors. That means a large 
number of plates, each of large area are used to make a commercial 
capacitor. This capacitor has large capacitance. In such high grade 
capacitors mica is used as dielectric. Low cost capacitors of 
capacitance upto 10 µF are usually made of alternate layers of tin or 
aluminium foil and waxed paper. These are frequently wound into rolls 
under pressure and sealed into moisture-resisting metal containers. A 
multi plate capacitor is shown in fig. 2.4. 

T~---------·----·---------------·------------- _:!! 

Fig. 2.4. Commercial Capacitor 
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Q. 8. What do you mean by dielectric strength ? 

Ans. Dielectric strength : The dielectric strength or breakdown voltage 
is really a measure of the insulating quality of the material. Dielectric 
strength is defined as that property of the insulator which determines 
the maxm. potential gradient which can be applied to the material 
before its insulating properties are destroyed by a disruptive discharge 
of electricity through the insulator. The capacitor will withstand certain 
voltage or potential gradient. After a critical potential gradient, the 
dielectric strength will breakdown and the capacitor will be destroyed 
with sparks through the dielectric material. The dielectric strength is 
always measured in terms of Kilo-volt/centimeter. 

TABLE 
Dielectric Strength (Average values) 

Dielectric material Breakdown voltage in 
KV/cm 

Air 30 

Transfonner oil 75 

Turpentine 110 

Paraffin oil 160 

Kerosene 160 

Paraffin, solid 250-450 

Paraffined paper 300-500 

Polystyrene 250-1500 

Mica 300-700 

Ebonite 300-1000 

Glass 300-1600 

Vacuum > 4000 

Q. 9. Derive expressions for energy stored in a capacitor ? 

Ans. Energy stored in a capacitor : When a capacitor is charged 
energy is stored in the capacitor. When the capacitor is discharged, 
the energy is released from the capacitor. Therefore during charging 
of a capacitor, the current in the circuit falls and during discharging 
of the capacitor, the current in the circuit rises_ 

Let's consider one uncharged capacitor. This capacitor is gradually 
charged by transferring small charges ' dq' from one plate to the 
other. This is done continuously by steps. So, at each step the work 
done is vdq. Since, initially the potential difference between the two 
plates is zero (uncharged capacitor) and the potential increases 
uniformity to a final value 'v' (fully charged capacitor), the average 
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30 BASIC ELECTRONICS 

potential difference between the two plates of the capacitor is thus 
O+V V 
- 2- = 2 . Hence the work done in transferring the total charge 

Q from one plate to the other is given by 

V I 
W = FS = EQS = - QS = - VQ 

S 2 

From the definition of capacitance we have 
Q = CV 

Substituting this value of Q in equn. (20) we have, 

W = _!_ V(CV) = -.!..cv2 

2 2 

Substituting the value of V in equn. (20) we have, 

... (20) 

... (21) 

... (22) 

In the above relations 'C' is measured in Farads, ' V' in volts and 
Q in coulombs and hence the energy is in joules. 
Q. 10. What is power factor in capacitors ? 

Ans. Power factor in capacitors : Power factor of a capacitor 
represents its percentage rating of losses. 

loss of energy 
Power Factor = - - ----x 100% 

energy supplied 

With little or no leakage or losses, a capacitor has zero power factor. 
Q. 11. What is inductance in capacitors ? 

Ans. Inductance in capacitors : In all capacitors there is a small value 
of inductance from the counter emf developed in the leads of the 
capacitor and the current travelling along the plates. In low frequency 
this inductance is negligible. In high frequency above 10MHz, the 
inductance can be taken into account. 

Q. 12. What do you mean by variable capacitors ? Where such 
capacitors are used ? 

Ans. Variable capacitors : Two types of capacitors are there which 
can be adjusted or varied. These adjustable capacitors are generally 
constructed of two or more flat metal plates separated by sheets of 
mica or plastic. The adjustable capacitors are also called padders or 
trimmers. These capacitors have capacitance from 30 PF to I 000 PF. 
The working voltage ranges from I 00 to 600 volts. 
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Variable capacitors are formed of two sets of plates, one stator 
or stationary plates and the other rotor or rotatable plates. In these 
capacitors, air is usually used as dielectric. Sometimes mica sheet, 
plastic or ceramic metals are also used as dielectric. When the shafts 
are rotated the rotor plates mesh into the spaces between stator plates, 
without touching. Consequently, the area of the plates vary and hence 
the capacitance changes. Some special variable capacitors are also 
available which are called vacuum-dielectric variable capacitors. These 
capacitors are used in tuning circuits of radio receivers. 
Q. 13. Discuss various types of capacitors. 
Ans. Types of capacitors : Various types of capacitors are in use. 
These are : 

(a) Vacuum capacitor 
(b) Air capacitor 
( c) Mica capacitor 
( d) Ceramic capacitor 
( e) Paper capacitor 
(f) Plastic capacitor 
(g) Electrolytic capacitor 
(h) Oil-filled capacitor 
(a) Vacuum capacitor. These capacitors are available in both fixed 

and variable type. They have no leakage. They are used in 5000-50,000 
volt service. They have capacitances ranging from 5 to 250 PF. They 
are efficient for frequency 1000 MH

2
• These capacitors are used in 

transmitters. 
(b) Air capacitor. These capacitors are made in fixed, adjustable 

and variable type. They have little leakage except through insulators. 
They are used in both low and high voltage applications. Specifically 
these capacitors are suitable for receivers and transmitters. Fixed and 
variable type of air capacitors have capacitance below 500 PF. 

(c) Mica capacitor. These capacitors are available as fixed and 
adjustable type. They have little leakage except through some material 
between the plates. The working voltage for them ranges from 350 
to several thousand volts. Their capacitance varies from 1.5 PF to 
0.1 µF. Fixed types are used as RF by pass capacitors. They are 
used in the frequency 300 MHz and more. The efficiency decreases 
as the frequency drops to l OMH

2
. Adjustable types are used as 

padders and trimmers. 
(d) Ceramic capacitor. Both fixed type and adjustable types are 

available. They have more low leakage. Their capacitance ranges from 
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32 BASIC ELECTRONICS 

1.5 PF to 0.01 µF for fixed types and upto 100 PF for adjustable 
types. Their working voltage is about 500 volt and frequency is 300 
MR or more. 

z 

(e) Paper capacitor. Paper covered with oil, wax, poly 
chlorinated. Biphenyly (PCB) or Ester is used. They have low leakage. 
This leakage becomes very high with old once due to contamination 
with moisture. Fixed types of these paper capacitors have frequencies 
from 10 PF to 10 µF. Working voltage ranges from 150 to several 
thousand volts. They are useful in the frequency 1 or 2 MHz. Beyond 
this frequency, they are less effective because there will be dielectric 
fatigue and hysteresis loss. 

(f) Plastic capacitor. Instead of paper sheets, plastics are also 
used as dielectrics. These capacitors are available in tubular forms. 
They work effectively in high frequencies. Their capacitance is about 
2 µF. Their working voltage ranges from 200 volt to 600 volt. 

(g) Electrolytic capacitors. They are available in fixed types only. 
They have leakage if used beyond rated voltage. They work in the 
frequency range from few µF to 50,000 µF or even more. The 
working voltage is 6 to about 700 volts. These are useful only in 
d.c. circuits. Tantalum electrolytic capacitors operate at a higher 
temperatures and hence are used the most. An electrolytic capacitor 
consists of an Aluminium foil emersed in a solution of electrolyte. 
The Aluminium-foil serves as the +ve plate and the electrolyte as the 
-ve plate. To make an electrical connection with the liquid, another 
Aluminium foil is placed in the solution. To prevent the two foils from 
touching each other, a piece of gauze is placed between them. Then 
the combination is rolled into tubular shape and sealed to make air 
tight. A wire lead from one end connected to one of the foil plates 
and a wire lead from the other end connected to the other foil plate 
serve as the connecting leads of the capacitor. 

The electrolytic capacitors are normally polarised. A special type 
of non-polarised electrolytic capacitor may be used during starting 
periods in a.c. electric motors. These capacitors are relatively small 
and less expensive in regard to the high value of capacitance. 

(h) Oil filled capacitor. In these capacitors, insulating oil is used 
as the dielectric. 

Q. 14. Discuss on the colour code for capacitance. 

Ans. Capacitance colour code : The colour codes for capacitance 
are same as for resistors, i.e., 0, I, 2 .... 9 are represented by the 
colours black, brown, red, orange... etc. The capacitance obtained 
from colour code is always in pico farad. In some capacitors, colours 

I 

11, 

L 
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are printed and in some other capacitors numbers are printed. In fixed 
capacitors, however, their capacitance and working voltage are printed. 

There are different types of codes, namely : 
(a) Three-dot code 
(b) Six-dot code 
( c) Marked with number of coloured dots or bands. 

(a) Three-dot code. This is the simplest code used with 500 volt 
mica capacitors with a tolerance 20%. A 580 PF colour-coded mica 
capacitor is shown below in fig. 2.5. 

1st Number Brown (1) 
decimal multiplier ( 1 O' ) 

1st Number Green (5) 2nd Number Gray (8) 

Fig. 2.5. Three-dot code. 

(b) Six-dot code. A six-dot coded capacitor is shown in fig. 2.6. 
There are six-dots which are read clockwise from top left. White 
indicates mica, the next two dots indicate capacitance numbers, the 
fourth dot is the capacitance multiplier, the fifth dot gives the tolerance 
and the sixth dot gives the temperature co-efficient in parts per million 
(ppm). This increases as the numbers decrease from four. Such type 
of capacitor has voltage ratings from 300 volt to 500 volt. 

1st 2nd 

0 0 
- i---

0 0 9 
, 6th 5th 4th 

Fig. 2.6. Six-dot code. 

Note. The three-dot and six-dot coded capacitors are known as 
EIA (Electronic Industries Association) code. 
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34 BASIC ELECTRONICS 

The military standard is similar to EIA except that a black first 
dot indicates a mica dielectric and silver a paper dielectric. 

(c) A capacitor having a series of colour dots. There are some 
ceramic capacitors which are cylindrical in shape and are marked with 
a number of coloured dots or bands. One example of such a colour 
coded capacitor are shown below in fig. 2.7. 

Orange (3) Gray (8) Red (2) Multiplier 

1st 2nd 4th 

- 0 0 0 0 

Black (0), Temp. Coeff. Silver Tolerance (10%) 

Fig. 2.7 

The capacitance of the capacitor is 3800 ± 10%. 

Q. 15. What is temperature co-efficient of capacitance ? Explain. 

Ans. Temperature co-efficient of capacitance : The temperature co­
efficient of capacitance is the degree by which the capacitor will 
change its capacitance with a change in temperature. A capacitance 
has zero temperature coefficient if it doesn't change with temperature. 
If the capacitance decreases with temperature it has negative 
temperature co-efficient. If the temp. co-efficient is -220 then the 
~apacitan~e will be decreased by 220 ppm per degree ~entigrade 
increase m temperature. For ceramic capacitors, temp. co-efficients 
according to colour codes are given below : 

TABLE 
Temperature coefficient for capacitor 

Colour TC/°C 

Black 0 
Brown - 33 
Red - 75 
Orange - 150 
Yellow - 220 
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Colour TC/°C 

Green - 330 

Blue -470 

Violet - 750 

Gray + 30 

White + 500 

Q. 16. Derive the laws of series and parallel combination of 
capacitors. 
Ans. Combinations of capacitors : Two or more capacitors can be 
combined in two ways 

(a) In series 
(b) In parallel 

(a) Series combination of capacitors 

Let' s consider three capacitors joined in series. A potential 
difference ' V' is applied across the group of the capacitors. Let C1, 

C
2

, C
3 

be the individual capacitances of the capacitors and V1, V2 

and V
3 

represent the potential differences over the capacitors. Each 
of these capacitors, holds the same quantity of electricity. This follows 
from the fact that if the capacitors are initially uncharged, a charge 
upon one plate always attracts upon the other plate, a charge equal 
in magnitude and opposite in size. 

1---( ~ 1 1---( --

v, 

L--------1+ I I 
V 

Fig. 2.8. Capacitors in series. 

For the series connection it follows that : 

V=Vl+V2 +V3 

If we substitute in this equation the various values, 
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We have 

Q=R+R+R 
c c1 c2 C3 

Dividing both sides of the equation by Q, we get 

1 1 1 1 
-=-+ - +­c c1 c2 c3 

... (23) 

That is, for capacitors connected in series, the reciprocal of the 
joint capacitance is equal to the sum of the reciprocals of the several 
capacitances. 

(b) Parallel combination of capacitors 

--c 
i-- I 

--L....--
-C-- cl -L....--c 

-I-- J 

Q, Q, Q, 

Fig. 2.9. Capacitors in parallel. 

In fig. 2.9 are shown three capacitors of separate capacitances, 
C1, C2 and C3, connected in parallel and joined to a device for 
establishing a potential difference, such as a cell. Obviously all the 
capacitors are charged to the same potential, since they are all 
connected directly to the same source of potential difference. By defn. 
of capacitance, the charge on each capacitor is, 

Q1 = c1v, Q2 = c2 v, QJ = cJv 
the potential difference over each being the same. The total charge 
Q is equal to the sum of the separate charges, 

Q = QI + Q2 + QJ 
If 'C' represents the joint capacitance, Q = CV and therefore by 
substitution for Q, Q

1
, Q

2 
and Q

3 
we get 

cv = c1 v + c
2 
v + cJ v 

Dividing both sides of the equation by V, we obtain 

c = c1 + c2 + cJ ... (24) 

That is, for capacitors connected in parallel, the joint capacitance is 
the sum of several capacitances. 

Q. I 7. How can the capacitors be selected ? 

Ans. Selection of capacitors Capacitors can be selected by 
considering the following factors : 

I 
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(i) Capacitance. A capacitor can be replaced by another having 
the same capacitance. 

(ii) Working voltage. A capacitor can be chosen considering its 
working voltage. The rated voltage should be 10 to 20% higher than 
the maxm voltage of the circuit. 

(iii) Type of dielectric. For radio frequency, the capacitors having 
mica, air, vacuwn or ceramic dielectric should be used. For audio 
frequency, capacitors having mica, ceramic, paper or plastic dielectric 
should be used. For d.c. filter circuits, electrolytic capacitors are 
commonly used. 

(iv) Variable, adjustable or fixed. A similar capacitor is chosen 
as the original one. 

(v) Physical size. Ceramic capacitors are generally smaller than 
equivalent mica and paper capacitors. Electrolytic capacitors are much 
smaller than paper capacitors. 

(vi) Cost. Probable cost per µF increases in the order of 
electrolytic, ceramic, paper, plastic, mica air, and vacuum capacitors. 

Q. 18. What do you mean by a .c. and d.c. resi stance of a 
capacitor ? 

Ans. A.C. and d.c. resistance of a capacitor : When a capacitor is 
connected in a d.c. circ.uit, the plate gets charged up and the electron 
current drops to zero. The capacitor, thereafter, acts as though it had 
an infinite resistance. 

When a capacitor is connected to an alternating source of emf, 
its action is different. The reversing of emf reverses the flow of 
electrons to and from the plates of the capacitor and the alternating 
flow of charge builds an alternating current. The resistance offered 
by the capacitor is called capacitive reactance. In an a.c. circuit, it 
is given by, 

X = -l­
e jroC 

Where 'C' is the capacity of the capacitor ' ro' is the angular 
frequency given by ro = 2 nf, f is the frequency, X:, is the capacitive 
reactance of the capacitor and j is the imaginary quantity. The 

I 
magnitude of X is -C . The capacitive reactance in an a.c. circuit 

C (J) 

plays the role of resistance in d.c. circuit. The current in an a.c. 
circuit having capacitance C only is given by 
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... (25) 

1 
where Xe = ---:---C is called the capacitive reactance of the circuit. 

Jffi 

Q. 19. How does capacitance vary with a.c. emf? 

Ans. Variation of capacitance with a. c. emf : 

In an a.c. circuit 
E = E ejw, 

0 

Where E = q/C 

Then, we have C = q/E 

... (26) 

... (27) 

... (28) 

It shows that as a.c. emf increases the capacitance 'C' falls 
keeping q, the instantane?us charge on the capacitor constant. 

EXERCISES 

Numerical problems with Solutions 
1. Represent the colour code for the following capacitors 

(a) 470 pf± 10% 
(b) 620 pf± 20% 
(c) 33 pf± 5% 
(d) 66 pf± 20% 
(e) 82 pf± 5% 

Solution 
(a) 470 pf= 47 X 101 pf 

The colour code of 4 is Yellow 
The colour code of 7 is Violet 
The colour code of 1 is Brown 
The colour code of 10% tolerance is Silver 

So, the colour code of the capacitor is Yellow, Violet, Brown, 
Silver. 
(b) 620 pf= 62 X 101 pf 

The colour code of 6 is Blue 
The colour code of 2 is Red 
The colour code of 1 is Brown 
The colour code of 20% tolerance is No colour 

So, the colour code of the capacitor is Blue, Red, Brown. 
(c) 33 pf = 33 X 10° pf 

The colour code of 3 is Orange 

CAPACITORS 

The colour code of 3 is Orange 
The colour code of O is Black 
The colour code of 5% tolerance is Gold 

39 

So, the colour code of the capacitor is Orange, Orange, Black, 
Gold. 
( d) 66 pf = 66 X 10° pf 

The colour code of 6 is Blue 
The colour code of 6 is Blue 
The colour code of O is Black 
The colour code of 20% tolerance is No colour 

So, the colour code of the capacitor is Blue, Blue, Black. 
( e) 82 pf = 82 X } 0° pf 

The colour code of 8 is Grey 
The colour code of 2 is Red 
The colour code of O is Black 
The colour code of 5% tolerance is Gold 

So, the colour code of the capacitor is Grey, Red, Black, Gold. 

2. Find the value of the capacitance from the following colour code 
of the capacitors : 
(a) Green, Grey, Brown 
(b) Red, Green, Red, Silver 
( c) Orange, Grey, Red, Silver 
( d) Red, Red, Brown, Gold 
(e) Violet, Orange, Black 

Solution 
(a) Green, Grey, Brown 

First colour Green represents the number 5, second colour Grey 
represents the number 8, third colour Brown represents 101

• As 
there is no fourth colour, tolerance is 20%. 
Hence, the capacitance is 58 x 101 pf ± 20% 

= 580 pf ± 20% 
(b) Red, Green, Red, Silver 

First colour Red represents the number 2 
Second colour Green represents the number 5 
Third colour Red represents 102 

Fourth colour Silver represents 10% tolerance 
Hence, the capacitance is 

25 X 102 pf ± l 0% 
= 2500 pf ± 10% 

( c) Orange, Grey, Red, Silver 
First colour Orange represents the nwnber 3 
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40 BASIC ELECTRONICS 

Second colour Grey represents the number 8 
Third colour Red represents I 02 

Fourth colour silver represents I 0% tolerance 
Hence, the capacitance is 

3 8 X I 02 pf ± 10% 
= 3800 pf± 10% 

( d) Red, Red, Brown, Gold 
First colour Red represents the number 2 
Second colour Red represents the number 2 
Third colour Brown represents 101 

Fourth colour Gold represents 5% tolerance 
Hence, the capacitance is 

22 X }01 pf± 5% 
= 220 pf ± 5% 

( e) Violet, Orange, Black 
First colour violet represents the number 7 
Second colour Orange represents the number 3 
Third colour Black represents 10° 
As there is no fourth colour, the tolerance is 20%. 

Hence, the capacitance is 
73 X 10° of ± 20% 

= 73 pf ± 20% 

3. Three capacitors have capacitances 0.5, 0.3 and 0.2 µf. What is 
their joint capacitance when arranged to give (a) a minimum 
capacitance and (b) a maximum capacitance? 

Solution 
In series, 

1 1 1 1 
- =--+--+--
c 0.5µ/ 0.3µ/ 0.2µ/ 

10 10 10 
=-+-+-

5 3 2 
= 2 + 3.33 + 5 
= 10.33 

1 
C = 

1033 
= 0.0968 µf 

In parallel, 
c = c1 + c2 + cJ 

= (0.5 + 0.3 + 0.2) µ/ 
= 1.0 µf 
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4. Six 1/2 Hf capacitors are connected first in series and then in 
parallel. What are the respective joint capacitances of the 
combination. 

Solution 
In series, 

1 1 1 I 1 1 1 
- = -+- +-+-+-+­
c c1 c1 c1 c1 c1 c1 

6 6 12 1 
= c

1 
= ½ µ/ = µ/ or C = 12 µ/ = 0.083 µ/ 

In parallel, 

C = ~+~ + ~ +~ +~ + ~ = 6~ 

1 
C=6 x-= 3µ/ 

2 

5. Three capacitors of capacitance 0.1 , 0.2, and 0.5 µf, respectively, 
are connected in parallel and the group then connected in series 
with another group of 0.1, 0.2 and 0.5 µf, respectively, connected 
is series. Calculate the total capacitance. 

Solution 
In parallel, 

In series, 

c = c1 + c2 + cJ 
= (0.1 + 0.2 + 0.5) µ/ 
= 0.8 µ/ 

1 1 I 1 1 
- =-+-+-+ ­C1 c c1 c2 c3 

1 1 1 1 
=-+-+-+-

0.8 0.1 0.2 0.5 

10 10 10 10 
=-+-+- + -

8 1 2 5 

=2+ 10+5++2 
4 

5 73 
= 17+ - = -

4 4 
4 

: . C1 =- µf =0.054 µ/ 
73 
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6. A conductor is charged to a potential of 100 volts and has the 
electrical capacity of 2 microfarad (µf). What is the charge on 
the conductor? 

Solution 
V = l 00 volts, 
C= Q/V ⇒ 

C = 2 µ/ 
Q = CV 

= 2 x 100 µC 
= 200 µC 

7. Find the capacity of a spherical charged conductor in vacuum 
whose radius is equal to the radius of the earth. 

Solution 

E0 = 8.85 x 10·12 coul2/N.m2, r = 6.5 x 106m 
C = 4nE

0
r 

= 4 X 3.142 X 8.85 X 10·12 X 6.5 X 106 

= 723.17 x 10~ farad 
= 723.17 µ/ 

8. A capacitor is charged to 100 V. What is charge on its positive 
plate if its capacitance is 2 µ/ ? 

Solution 
C = 2 µf, V = 100 V 
Q = CV = 2 µ/ x 100 V 

= 200 µC 

9. ' n' identical oil drops, each of capacity 'C' are charged to a 
potential of V volts each. The radius of each drop is 'R' , and 
the charge of each drop is 'Q' coulomb. These 'n' oil drops are 
merged to form a bigger drop of radius 'R/. Find the capacitance 
of this bigger drop. 

Solution 

So, 

or, 

Volume of bigger drop = 1nR/ 

4 
Volume of small drops = n x - nR3 

3 

4 3 4 3 -nR1 =nx-nR 
3 3 

CAPACITORS 43 

We know that the capacity of a sphere is proportional to its 
radius. 

.ft_ __ n½ R __ n½ Hence, 
C R 

or, C1 =n½C 

10. The area of each plate of a capacitor is lm2 and are separated 
by 0.1 cm. Find the capacitance considering air as the dielectric. 

Solution 
A = l m2, S = 0.1 x 10·2 m 

C = E
0 

AIS 

8.85 X 10- 12 
X 1 

= 
0.1 X 10- 2 

= 8.85 X 10-9 f 

11. A multiplate commercial capacitor is made of 350 plates separated 
by fine sheets of mica (s = 2.5) of thickness 10·5 m. The 
effective area of the plates i~ 45 x 10·3 m2

• Find the capacitance. 

Solution 
2N = 350 plates 

E = 2.5 r 

t = 10·5 m, S = 10·5/350 m 

A = 45 X 10·3 m2, 
efT 

A= 45 x 10-3 m2 

350 

ceff = ? 
C = EE X AIS 

C = 
elf 

r o 

2.5 X 8.85 X 10- 12 
X 45 X 10-3 

350 x 10-5 I 350 

2.5 X 8.85 X 45 X lQ•lO = 995.625 

(2N - 1) C 

(350 - 1) X 995.625 X 10·10/ 

349 X 995.625 X lO·lO f 
347473 X lQ·lO j 
34.7473 X 10·6 j 
34.7473 µ/ 
35 µ/ 

X 10-10 f 
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12. A 10 µ/ capacitor is charged to a potential of 400 volts and is 
then discharged through a conductor. Find the energy given to 
the conductor due to discharge of the capacitor. 

Solution 
C = 10 µ/ 
V = 400 volts 

Energy of the charged capacitor 

= ..!..cv2 

2 

Energy given to the conductor 

1 6 ( 2 )
2 

2 
x 10 x 10- x 4 x 10 Joule 

..!_ x 10-5 x 16 x 104 Joule 
2 

= 8 x 10·1 Joule 
= 0.8 Joule. 

13. A 2000 µ/ capacitor is charged at a steady rate of 25 µC per 
second. After what time the P.D. across the capacitor plates shall 
be 20 volts. 

Solution 
Total charge on the capacitor plates, 

Q = CV 

= 2000 µ/ x 20 volts 
= 4 X 104 µC 

Time needed for charging the capacitor to 20 volts is 

4 X 104 

t =--=1600 S 
25 

□□□ 

3 
Inductors 

Q. 1. What is an Inductor ? 

Ans. Inductor : Inductor is a device that stores energy in the form 
of magnetic field. A straight wire bent into the form of a coil 
possesses inductance which is known as self inductance of the coil. 

Q. 2. How does an inductor act ? 

Ans. Function : An inductor offers resistance to the flow of a.c. 
through it. A pure inductance doesn' t offer any resistance to the flow 
of d.c. through it. 

Q. 3. Discuss on various types of inductors. 

Ans. Types of inductors : Different types of inductors are 

(a) An air core inductor 

(b) Iron core inductor 

( c) A special type of inductor called toroid 

(a) An air core inductor. In most electronic applications of 
inductance where space is limited, wire is wound into either single­
layer or multi-layer coils with air. Such an inductor is known as air 
core inductor. 

(b) Iron core inductor. When an inductor has core made of 
powdered-iron compound (Ferrite) or laminated (thin iron sheet) cores, 
it is called an iron core inductor. Ferrite materials like zinc or 
manganese-iron oxides have magnetic permeability but are insulators. 
Therefore a coil with a ferrite core makes an inductor of inductance 
many times more than that of an air core inductor. In many 
applications, coils are wound around a ferrite cylinder that can be 
screwed into or out of the core space of the coil. This results in a 
controlled variations of inductance. The inductor has maxm. inductance 
when the iron core (slug) is screwed into the coil and the inductance 
is minimum when the slug is backed out. 
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(c) A special type of inductor or toroid. A special type of 
inductor called toroid which consists of a doughnut-shaper ferrite core, 
either single-layer-wound as shown in the figure below or multi-layer­
wound. Such an inductor has high values of inductance with less wire 
and therefore little resistance in the coil. Moreover all the lines of 
force remain in the core. As a result of which, no shielding is 
required to prevent its field from surrounding circuits or electrical 
appliances. Even two toroids very close to each other will have no 
interaction between them. 

Q. 4. Give the symbols of inductors. 

Ans. Inductor symbols : 

(L) 
____ _f•n-o-omoITTOR'Oi"-'---- (a) 

(Air core inductor) 

___ __j,'R'oomornorIT(f~' ----(b) 

(Iron core inductor) 

(c) 
Toroid ' 

Fig. 3.1. (a) Air core inductor, (b) Iron core inductor, 
(c) A special type of inductor or toroid. 

Q. 5. What are variable inductors ? 

Ans. Variable inductors : There are some inductors, mainly iron core 
inductors whose inductance is required to be varied in accordance 
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with the need of the applications. In such inductors, coils are wound 
around a ferrite cylinder which is screwed into or out of the core 
space of the coil. Consequently, there is a controlled variations of 
inductance. In such cases, the inductance may be maximum or 
minimum depending upon the position of the "slug". 

Q. 6. Deduce the law of combination of inductors in series and in 
parallel. 

Ans. Combination of inductors : Inductors can be combined in two 
ways . 

(a) In series 
(b) In parallel 

Self-inductances combine like the series and parallel combinations of 
resistances. 

(a) Inductors in series. When inductances are placed in series. 
The total induced emf is the sun1 of the separate emf's. Hence, if 
' i' is the current flowing through the inductances and 'L' is the 
resultant or equivalent inductance of the series, then 

di di di di 
L -=L,-+L2 - + ..... +Ln-

dt dt dt dt 

Since, 

n 

So, L = L Lj ... (29) 
I 

Where j = l , 2, 3 ....... n 
Expanding equn. (29) we have, 

L = L, + L
2 

+ L
3 

.L 
n 

LI L2 L3 

... (30) 

-----' 00000 L• ____ J,11"omoorr10ITofl-• ---_f,n-oomornorroi"-· --

Fig. 3.2. Inductors in series 

(b) Inductors in parallel : When inductors are joined in parallel 
the induced emf across each inductor is the same as the induced emf 
across the combination. But the currents are different in different 
inductors. Let the current in each inductor be ii' i2 .... i" respectively 
and the current across the combination is i. Then i = i

1 
+ i

2 
+ i

3 
+ ...... i = total current 

II 
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di dii di2 din 
Thus L -= Li-= Li -= ..... = Ln -

' dt dt dt dt 
From the above equation we get 

dii =..!:__ di 
dt Li dt 

di2 =..!:__ di 
dt f--i dt 

din L di 
-=--
dt Ln dt 

Adding the above relations we get, 

BASIC ELECTRONICS 

... (31) 

(t + ~ + l + .... + t) :; = ~; + ~: + ~: + .... ~; 

But 
di dii di2 din -=-+-+ ..... -
dt dt dt dt 

L L L L 
So, we have - +-+-+ ..... +-= ! 

' Li Lz L3 Ln 

1 1 l I I 
or, - = - +-+- + .... +-

L Li L2 ½ Ln 

l n -"i or, L - LJ T; 
j= i 

Where, j = I, 2, 3, 4 .. .. n. 

... (32) 

... (33) 

Therefore, the sum of the reciprocals of individual inductance is equal 
to the reciprocal of the combined inductance of all inductors joined 
in parallel. 

Fig. 3.3. Inductors in parallel 

INDUCTORS 49 

Q. 7. Define Inductance. Mention its units. 

Ans. Inductance : A coil which produces induction effect in itself 
by a current flowing through it has co-efficient of self-induction or 
inductance L. 

Definition of L : Self-inductance L of an inductor is defined as 
the magnetic flux linked with it when a unit current flows through 
it. Mathematically, it is given by 

When i = 1, $ = L 

... (34) 

... (35) 

where $ is the flux linked with the coil when the current is unity. 

Units of inductance 
MKS - Henry 

1 volt 
1 Henry = 1 amp./sec. 

CGS - Emu of inductance 

. I emu of potential difference 
Emu of mductance = 

1 
f t / emu o curren sec. 

Relation between Henry and emu of inductance 

1 Henry = 109 emu of inductance. 

Q. 8. Derive an expression for the energy stored in an inductor. 

Ans. Energy stored in an inductor : When current through an inductor 
changes, the flux linked with inductor also changes. The rate of 
change of flux induces an emf in the inductor which opposes the 
inducing current. To increase the current in the inductor energy must 
be spent externally. This energy gets stored in the inductor. 

From Faraday's law of electro magnetic induction, we have, 

But 

Hence 

d$ 
e= - -

dt 
$ = Li 

d(Li) 
e= - --

dt 

=-L di 
dt 
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Electrical work done by the field = ei dt 

di . = L-(zdt) 
dt 

dw = Lidi 

BASIC ELECTRONlCS 

Total work done by a current i
0 

in the inductor is given by 
w ;0 

J dw= J Lidi 
0 0 

io 

w=Lfidi 
0 

(;2)i0 

=L-
2 0 

1 . 2 w =-Lz0 2 ... (36) 

where 'L' is the self-inductance of the inductor and w is the total 
energy stored in the inductor. 

Q. 9. What do you mean by d.c. and a.c. resistance of an inductor? 

Ans. A. C. and D. C. resistance : As the inductor has negligible 
resistance it doesn't oppose the flow of d.c. But when alternating 
current passes through an inductor, induced emf is set up, which 
opposes the a.c. This opposition to a.c. is measured by inductive 
reactance XL or a.c. resistance of an inductor. 

XL = roL = 2 rtfL ... (37) 

where 'L' is the self-inductance of the coil measured in Henry and 
'f is the frequency of applied a.c. measured in Hertz. 

Q. 10. How does inductance vary with emf? 

Aus. Variation of L with emf: In an inductive circuit, the current 
is given by, 

. . . ( rt) z = lo Stn rot - 2 
. Ea 

where z0 =­
roL 

or, L= Ea 
roi0 
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where E is the peak value of alternating emf applied across L and 
i is the 

O 
peak value of alternating current flowing through L. ro is 

the angular frequency given by 
ro = 2 rt/ 

where f is the frequency of the applied a.c. emf. 

Thus inductance of the coil varies with the emf. 

Q. 11. Write down the uses of an inductor. 

Ans. Application of inductor : An inductor is generally used as a 
choke. An air core inductor maintains constant inductance even at a 
very high current while an iron core looses its ability to smooth out 
variations beyond that current. To prevent this, a small air gap may 
be left in the iron core to introduce sufficient reluctance in the 
magnetic circuit. 

Q. 12. What is a choke coil? Mention various types of chokes. 

Ans. Types of chokes : An inductor is known as a choke coil since 
it chokes out variation of amplitudes. There are different types of 
choke coils depending upon the reactances. These are : 

(a) Radio frequency choke (RFC) 
(b) Audio frequency choke (AFC) 
( c) Power frequency choke (PFC) 

(a) Radio frequency choke (RFC) 

For radio frequency applications (20 KH2 to 500 MHz), an arr­
core coil with low value of inductance is used as RFC. 

(b) Audio frequency choke (AFC) 

In case of lower frequency circuits, coils having greater 
inductance are required. For this reason iron core choke coils with 
higher inductance are used as AFC. Here the frequency is limited to 
20 KHZ. 

A laminated iron core choke : 

Fig. 3.4 

ADVANCED MICRO DEVICES, INC. 
 

     IPR2023-00788 Ex. 1008, p. 16 of 30



52 BASIC ELECTRON1CS 

(c) Power frequency choke (PFC) 

The power frequency is about 50 Hz. Therefore inductors having 
still higher inductances are required for chokes. 

EXERCISES 

Numerical problems with solutions 

1. Find out the self-inductance of a coil of 100 turns when a 
current of 5 amp passing through it produces a magnetic flux 
of 0.5 x 10·14 weber. 

Solution 

Here, 

or, 

N = 100 turns 
I= 5 amp 

<I> = 0.5 x 104 weber 
N<j> = LI 

L=Nq> 
I 

100 X 05 X 10-4 

= 
5 

1000 x 10·5 henry 

= 1000 x 10·6 henry 
= 1000 µH 

2. Find out the co-efficient of self-inductance of a coil of 500 turns 
when a change of current of 1.25 amperes produces a magnetic 
flux of one microweber. 

Solution 

N = 500 turns 
dl = 1.25 amps 
dq> = 1 µ weber = 1 x 10·6 weber 
L=? 

Here, Nd<j> = Ldl 

or, L = Nd<j> 
di 

500 X 10-6 

125 

= 400 x 10·6 henry 

INDUCTORS 

= 0.4 x 10·3 henry 

= 0 .4 millihenry 

53 

3. The current in a circuit drops from l0A to 2A in 0.1S. An average 
emf of 32 V is induced in the circuit while this happens. Find 
the inductance of the circuit. 

Solution 
J; = 1 0A, 12 = 2A 

dl = 1
2 

- 1
1 

= 2 - 10 = - 8A 

Induced emf. = 32 V, t = 0. l S 

di 
e=-L-

dt 

32=-L (-
8
) 

0.1 

= L (80) 

L = 
32 

=~= 0.4 hemy 
80 5 

4. Two coils are coupled together. When current in one of the coils 
decays from IA to Zero in 0.12S, emf of 1 V is induced across 
the second. Find the co-efficient of mutual induction. 

Solution 
di= - lA 

dt = 0.12S 
e = IV, M = ? 

di 
Here, e= - M-

dt 

l =-~ - 0.~2) 

M 

.12 

or, M = 0.12 henry 

5. A circuit in which there is a current of SA is changed so that 
the current falls to Zero in 0.1 S. If an average emf of 200 V 
is induced, what is the self-inductance of the circuit ? 
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Solution 

Here, 

or, 

dl = - 5A 
dt = 0.1 S 
e = 200 V 
L = ? 

dl 
e =-L­

dt 

200 = -L ( -
5
) 

0.1 

= L (50) 

L = 200 = 4 henry 
50 

BASIC ELECTRONlCS 

6. The current in a coil of 325 turns is changed from zero to 6.32 
A, thereby producing a flux of 8.46 x 104 wb. What is the self­
inductance of this coil ? 

Solution 

Here, 

or, 

N = 325 turns 

I= 6.32 Amps 

<I> = 8.46 x 104 wb 

L=? 
N<j> = LI 

L = Nq> 
I 

335 X 8.46 X 10-4 
= henry 

6.32 

= 435 x 10·4 henry 

= 43.5 x 10-3 henry 

= 43.5 millihenry 

= 43.5 mH 

7. An air-core solenoid is 50 cm long and has 120 turns per 
centimeter and a diameter of 12 cm. What is the self-inductance 
of the solenoid ? 

Solution 
I = 50 cm 

INDUCTORS 

Here, 

n = 120 turns/cm, N = 50 x 120 turns 

d = 12 cm, r = !!_ = 6 cm 
2 

L = ?, µ
0 

= 4n x 10·1 wb/A.m 

= 4n x 10-9 wb/A.cm 

L = µ 0 N
2 A = 4n x 10-9 x (6000)2 n(6)2 

L 50 

41t2 
X 36 X 36 X 106 

X 10-9 4 X 9.87 X 1296 X 10-4 

=---------=- ------
50 5 

L = 10233 x 104 henry 

= 1023.3 x 10-3 henry 

= 1023.3 millihenry 

= 1023.3 mH 

55 

8. Two coils A and B are placed near each other. A current change 
of 6A in A produces a flux change of 12 x 10-4 Wb in B, which 
has 2000 turns. What is the mutual inductance of the system. 

Solution 

Here, 

or, 

di = 6A, dq> = 12 x 104 wb 

N = 2000 turns, M = ? 

Nd<j> = Md! 

Nd<I> 2 x 103 x 12 x 10-4 
M = -- = -------

dl 6 

= 400 X 10-3 hemy 

= 400 mH 

9. In an inductor, a current of SA is maintained. If the self­
inductance of the inductor is 100 mH, find the energy stored in 
the inductor. 

Solution 

Here, 

I = SA, L = 100 mH = 100 x 10·3 H 
E =? 

E= }_LI2 

2 
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= _!_ X 10-I X 25 
2 

= 12.5 x 10·1 Joules 

= 1.25 Joules. 

BASIC ELECTRONICS 

10. What will be the self-inductance of an inductor if it stores up 
20 joules for a current 4 A in it ? 

Solution 
E = 20 Joules, I = 4 A 

L=? 

I 
Here, E = 2 LP 

or, 
L _ 2E _ 2 x 20 _ 40 H 
-y- (4)2 -16 

=~H =25 H 
2 

□□□ 

4 
Electromagnetic Induction 

Q. 1. What do you mean by electromagnetic induction ? Explain. 

Ans. When there is a relative motion between a coil and a magnet, 
there is change in magnetic flux which causes a current in the coil. 
This phenomenon is called electromagnetic induction. This was 
discovered by Faraday in 1831 . 

Definition of electromagnetic induction : 
The process of producing electric current or emf by the relative 

mation between a coil and a magnet is known as electromagnetic 
induction. In this process the electric current is produced by the 
magnetic field. The current so produced is called induced current and 
the emf which causes induced cunent is called induced emf. 

Experimental remonstration of the phenomenon of electromagnetic 
induction : 

Michael Faraday of England and Joseph Henry of America 
independently demonstrated that the change of magnetic flux linked 
with a coil induces an emf in the coil. The induced emf is found to 
oppose the inducing emf by Lenz. 

(a) 
Magnet moving 

towards the coil 

0 ''!-' 

(b) 
Magnet is stationary 

Fig. 4.1 

0 1~ ...... ...i 

G 

( c) 
Magnet moving away 

from the coil 
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The above figure 4.1 represents a coil of wire connected to a 
sensitive galvanometer ' G'. If the north pole of a bar magnet is 
moved towards the coil, there is deflection in the galvanometer 
indicating a momentary current in the coil in the anti clockwise 
direction [fig. 4. l(a)]. This current which is set up in the coil due 
to the change of flux linked with the coil is known as the induced 
current and the process of generating the induced emf is known as 
electromagnetic induction. 

When the bar magnet remains at rest within the coil, no current 
is induced so there is no deflection by the galvanometer [fig. 4.2(b)]. 
When the magent is quickly removed from the coil, the galvanometer 
will indicate a current in the direction opposite to that observed in 
the 1st case. This current is in clockwise direction. 

Conclusion. By conducting a series of such experiments, Faraday 
found that an emf is induced in a coil (conductor) when there is 
any change of magnetic flux linked with the conductor. 

Note 
(i) fu the above experiments, magnet is moved towards or away 

from the coil and induction effect is noticed. The same effect 
can also be produced by moving the coil (conductor) towards 
a fixed magnet. 

(ii) An emf may also be induced in a coil by the change in the 
magnetic field association with a change in current in a near 
by circuit. This is due to the fact that the change in current 
in a coil or in a circuit produces a magnetic field. fu this 
magnetic field, if a conductor is moved, a current is set up 
in the conductor. This is nothing but the induced current. 

Q. 2. State and explain Faraday's laws of electromagnetic induction. 

Ans. Faraday :S laws of electromagnetic induction : 

Law-1. Whenever there is a change in the magnetic flux linked 
through the coil, an induced current flows through it. 

Increase in magnetic flux produced an inverse (opposite sense) 
current and decrease in magnetic flux produces a direct (same sense) 
current. 

Law-2. The magnitude of the induced emf 'E' is directly 
proportional to the number of turns (N) of the coil and the rate of 
change of flux (d~ldt) linked through the coil. 
Mathematically, E ex: N 

Ea d~ 
dt 

ELECTROMAGNETIC INDUCTION 

or, 

EaN d~ 
dt 

59 

... (38) 

where K = constant of proportionality = 1, using suitable units. 'd~' 
is the change in flux linked through the coil in time interval 'dt'. m 
M.K.S. system 'd~' is expressed in webers, 'dt' in seconds and 'E' 
in volt. 
Q. 3. State and explain Lenz's Law. 

Ans. Lenz :S Law : This law states that whenever an emf is induced, 
the induced current is in such a direction as to oppose (by its 
magnetic action) the change inducing the current. 

Lenz's law and the principle of conservation of energy 

Lenz's law is a particular example of the principle of conservation 
of energy. An induced current can produce heat to do chemical or 
mechanical work. The energy must come from the work done in 
inducing the current. When induction is due to motion of a magnet 
or a coil, work is done; therefore the motion must be resisted by a 
force. This opposing force comes from the action of the magnetic 
field of the induced current. When a change in current in a primary 
coil induces an emf in a neighbouring secondary coil, the ctment in 
the secondary will be in such a direction as to require the expenditure 
of additional energy in the primary to maintain the current. 
Q. 4. How can Lenz's law be verified experimentally ? Describe. 

Ans. Experimental verification of Lenz :S law : 

s 0 N s 

cii= E 

Fig. 4.2 
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Components 
(i) Coil AB 
(ii) Hallow wooden cylinder 
(iii) Galvanometer (G) 
(iv) Battery (E) 
(v) Switches (St' S) 

Procedure 

The circuit is completed as shown in fig. 4.2. Gap 1 is closed 
by S1 keeping gap 2 open. Consequently the source of emf E sends 
a current through the circuit in the direction as shown in the figure. 
The direction in which the pointer of galvanometer moves is noted. 
Let us say, it moves towards right. The direction of this current, 
when looked into face 'A' of the coil is anticlockwise. So we conclude 
that a current which appears anticlockwise from face 'A', gives a 
deflection toward right in galvanometer. Now gap 2 is closed by S

2 
keeping gap 1 open, so that battery goes out of circuit. A magnet 
N-S towards the end 'A' of the coil is moved. It will be observed 
that if north pole, 'N' of the magnet approaches the coil, the current 
set up in the coil produces a deflection towards right indicating that 
the direction of induced current must be anticlockwise as seen 
through the face 'A'. According to the rule of magnetic effects of 
currents, face 'A' should develop a north polarity due to magnetic 
field of induced current. The approaching north pole of the magnet 
is opposed by this north polarity i.e., the cause which produces 
induced emf. Hence Lenz's Law is verified. 

Q. 5. What are the consequences of Lenz's law? 

Ans. Consequences of Lenz s law : The following results are observed 
from the electromagnetic induction and Lenz's law : 

(i) If the magnetic flux linked with a coil increases, the induced 
current set up in the coil rises. 

(ii) If the magnetic flux linked with a coil decreases, the induced 
current produced in the coil also decreases. 

(iii) Any change of magnetic flux through the coil causes induced 
current in the coil. 

(iv) The induced current or the induced emf is always in a 
direction opposite to the very cause from which it is due. 

In the light of Lenz's law, the final expression for induced emf 
is modified as : 

E = - Ndq> 
dt ... (39) 
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Q. 6. What do you mean by self-induction ? 

Ans. Self-induction : Self-induction is the property of an electric 
circuit due to which any change in the magnetic flux linked through 
it, induces an emf in it. The emf induced is called self-induced emf 
or back emf. 

Q. 7. Define self-inductance of a coil. Mention its MK.Sa Unit. 

Ans. Self-inductance : The self-inductance of a coil is equal to the 
number of flux linkages per unit current. 

The magnetic flux linked with the circuit is directly proportional 
to the flow of current I , i.e., <I> oc I 

or, <I>= LI 
where L the constant of proportionality is called the coefficient of 
self-induction or self-inductance. 

When, I= 1, then L = <I> ... (40) 

Hence self-inductance of a coil is equal to the magnetic flux linked 
with it due to flow of unit current through it. 

Now from the Faraday's law of electromagnetic induction the induced 
emf ( e) is given by 

i.e., 

e = - dqi = _ !!.._ ( LI) = - L dl 
dt dt dt 

e 
L=--

('/Ji) 

di - I L When, dt - , = -e 

... (41) 

... (42) 

The - ve sign comes from the Lenz's law. Hence from equn. ( 42), L 
is numerically equal to 'e'. 

Thus, self-inductance of the coil is defined as the ratio of the 
emf of self-induction to the rate of change of current in the coil. 

Units of self-inductance : 

MKS or SI unit of self-inductance is called Henry. a 

1 volt 
One Henry = 1 Amp / sec. 

Hence, one Henry is the self-inductance of a coil in which an emf 
of 1 volt is induced when the current is changing at the rate of 
1 Amp/Sec. 
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Q. 8. Find an expression for the self-inductance of an inductor. 

Ans. Self-inductance of an inductor : The value of 'L' for a straight 
wire is negligibly small. But if the same wire is made into the form 
of a coil, its inductance increases. The value of 'L' of a coil depends 
upon: 

(i) permeability of the material used in the core of the coil. 
(ii) number of turns in the coil. 
(iii) gap between the two adjacent turns of the coil. 
(iv) the area of each tum of the inductor. 

From the above we have 
µN2A 

L=--
1 

... (43) 

where µ = permeability of the magnetic core on which one coil is 
wound to prepare the inductor. 

N = Number of turns. 
A = The area of each tum. 
l = Total length of the inductor. 

Q. 9. What is mutual induction ? 

Ans. Mutual induction : When there is a current in one of two 
adjacent circuits, some of the magnetic flux associated with the first 
or primary circuit 'P' links the near by or secondary circuit 'S' 
(Fig. 4.3). If the current changes in 'P' there results a change of 
flux in 'S'. Hence an emf is induced in the secondary circuit. This 
phenomenon is called mutual induction. 

I , I, 

+ 

1 p s G 

Fig. 4.3 

Mutual induction of two circuits is the property by virtue of which 
a current changing in the first results in the induction of an emf in 
the second. 
Q. 10. Define mutual inductance. Mention its units. 

Ans. Mutual inductance : Let ~ be the magnetic flux I inked with 
the coil 'S' due to a current 'I' flowing through 'P'. 

ELECTROMAGNETlC INDUCTION 

~ ex: I 
or, ~ =Ml 

63 

... (44) 

where M is called the co-efficient of mutual induction of two circuits. 
If I= 1, then ~ = M ... (45) 

Therefore, co-efficient of mutual induction of two circuits or 
mutual inductance is defined as the magnetic flux linked with the 
second circuit due to a unit current flowing through the first. 

Differentiating equn. ( 44 ), 

d~ =Mdl 
dt dt 

According to Faraday's law of electromagnetic induction 

d~ 
e = - - (if N is one) 

dt 
where 'e' is the emf induced in the second circuit 

Now, 
d(MI) 

e=----
dt 

Mdl 
e=---

dt 

e 
⇒ M=-­

d1 
dt 

di 
when dt = 1, M = - e ... (46) 

The -ve sign comes from the Lenz's law. Hence from equn. ( 46), 
M is numerically equal to e. 

Thus, co-efficient of mutual induction of two circuits or mutual 
inductance is defined as the emf induced in the second circuit due 
to current changing at a unit rate in the first. 

Units 
(i) SJ system : Unit of co-efficient of mutual induction or mutual 

inductance in SI unit is 'Henry' . 

1 volt 
1 Henry = 1 amp / sec. 

Coefficient of mutual induction of two circuits is said to be 1 
Henry if an emf of 1 volt is induced in the secondary circuit due to 
a current changing at the rate of 1 amp/sec in the first. 
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(ii) CGS system : Unit of mutual inductance in CGS system is 
emu of inductance. 

Co-efficient of mutual induction of two circuits is equal to 1 emu 
of inductance, if an emf of 1 emu is induced in the second due to 
a current changing at the rate of 1 emu in the first. 

Q. 11. Discuss on the mutual inductance of two circuits or coils. 

Ans. Mutual inductance of two circuits : When two circuits or coils 
are closed to each other and current flowing in one circuit or coil, 
the mutual inductance 'M' between two circuits or coils is given by, 

M= µN,N2A 
l 

... (47) 

where µ is the permeability of the cores on which the coils are 
wound and also the permeability of the medium separating the two 
coils. 

N 1 = number of turns in primary 
N2 = number of turns in the secondary 
A = area of the coils of primary and secondary 
l = the length of the primary coil. 

Thus the mutual inductance between the two coils or circuits depends 
upon: 

(i) the permeability of the cores on which the coils are wound 
and also the permeability of the medium separating the two 
coils. 

(ii) the number of turns of coils in primary and secondary. 
(iii) the area of the coils primary and secondary. 
(iv) the orientation of the two coils. 

G 4G I / 

s ' 0000 " 

() ) 
p 

fllli111 'lflf//llllllll/ll J, 

p 
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(a) Mutual induction in parallel (b) Mutual induction in .ler 

Fig. 4.4 

r 
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The value of 'M' is maximum when the two coils or circuits 
are parallel and wound over a single iron core. The value of 'M' is 
minimum when one coil is _ier to another. The value of 'M' varies 
by changing the orientation of one coil with respect to the other when 
all other factors remain the same. 

EXEROSES 

Numerical Problems with Solutions 
1. Find out the flux linking through a single turn of a coil placed 

in an uniform magnetic field of induction 8 x 10-5 weber/m2
• The 

coil is rectangular of length 50 cm and breadth 20 cm and is so 
placed that the coil normal makes an angle of 60° to magnetic 
field direction. 

Solution 
B = 8 x 10-5 weber/m2 

A = 50 x 10-2 x 20 x 10-2 m2 

= 1000 x J0-4 m2 = 10-1 m2 

a = 60°, $ = ? 
Here, $ = BA Cos a 

= 8 x 10-5 x 10-1 Cos 60° 
= 8 x I0-6 x l/2 = 4 x 10-6 weber 

2. The north pole of a barmagnet is moved away from a coil of 
400 turns, so that the flux linked through the coil changes from 
4 x 1 o-6 weber to 2 x 1 o-6 weber in 1 millisecond. What is the 
average emf in the coil ? 

Solution 

Here, 

N = 400 turns 

d$ 4 X 10-6 - 2 X 10-6 

=-------
dt 1 x 10-3 

E = ? 

E = - N d$ 
dt 

400 X 2 X 10-6 
10-3 

= - 400 X 2 X J o-J 
= - 800 X 10-3 

= - 0.8 Volt. 

weber/second 

.... 
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3. A pair of adjacent coils has a mutual inductance of 1 henry. The 
current in primary changes from 0 to 10 amp in 0.04 second. 
What is the average emf induced in the secondary ? If the 
secondary has 400 turns, what is the change in flux linked with 
the secondary during this time ? 

Solution 

Here, 

Again, 

M = 1 henry 

di 10 10 x 102 

dt = 
0

_
04 

amp/Sec = 
4 

= 250 amp/Sec. 

E. = ? N. = 400 turns, d$ = ? 

dl 
E = - M- = - l x 250 = - 250 volts 

• dt 

d$ _ Esdt 
E = -N - or d$ = 

s s dt NS 

(- 250) X 0.04 250 X 4 X 10-2 

d$= = 
400 400 

25 X 4 X 10- I X 10-2 

=-------
4 

= 25 X 10-3 weber 

= 0.025 weber 

4. A coil has an inductance of 10 millihenry_ Find the emf induced 
in the coil when the current flowing through it changes at the 
rate of 120 amp per second. 

Solution 

Here, 

L = 10 x 10-3 henry 

dl = 120 
dt 

E=? 

amp/Second 

E=-Ldl =-10x10-3 x 120 
dt 

= - 12 x 10-1 volts 

= - 1.2 volts. 
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5. The p lane of a coil is at right angles to a magnetic field of 
induction I 0-12 weber/m2. If the flux linkage is 1 weber, what is 
the area of the coil? 

Solution 

Here, 

or, 

B = l 0-2 weber/m2 

$ = 1 weber 

A=? 

$ = BA 

A =j_= 1 weber 
B 10-2 weber / m 2 

= 102 m2 

= 100 m2 

6. F ind the flux linking through a coil of single turn of area 
100 cm2 if it is placed in a magnetic field of induction 5 x 10-2 

weber/m2, such that the coil normal makes an angle of 60° to 
field direction. 

Solution 

Here, 

A = 100 cm2 = 100 x (10-2m)2 

= 102 x 10-4 m2 = 10-2 m2 

B = 5 x 10·2 weber/m2 

a = 60°, $ = ? 
$ = BA Cos a 

= 5 x 10-2 x 10-2 x Cos 60° 

1 
= 5 x 10-4 x 2 = 2 .5 x 10·4 weber 

7. A coil of 500 turns is threaded by a changing magnetic flux, 
changing at the rate of 0.4 x 10-2 weber/sec. F ind the average 
emf induced in the coil. 

Solution 

Here, 

N = 500 turns 

d$ = 0.4 x 10-2 weber/Sec 
dt 

E=? 

E=-Nd$ 
dt 
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= - 500 x 0.4 x 10-2 volts 

= - 2 volts 

BASIC ELECTRONlCS 

8. A magnetic field of 2 x 10-3 T produces a flux of 2.4 x 10-s 
Wb in an iron bar of cross-section 0.2 cm2

• Calculate its 
permeability. 

Solution 

Here, 

B = 2 X 10-3 

<I> = 2.4 x 10-5 Wb 

A = 0.2 cm2 = 0.2 x (l0·2m)2 = 0.2 x 104 m2 

µ = ? 

Where, q>
0 

= BA = 2 x 10-3 x 0.2 x 104 Wb 

= 0.4 X 10-1 Wb 

So, 

= 4 x l0-8 Wb 

2.4 X 10-S 
µ = 4 X 10-S 

= 0.6 X }03 

= 600 

9. A coil has inductance of 5 mH. Find the emf induced in it when 
the current is changed in it at the rate of 20 NSec. 

Solution 

Here, 

L = 5 mH = 5 x 10-3 H 

dl 
dt = 20 Amp/sec. 

E = ? 

E = -L dl 
dt 

= - 5 X 10·3 X (20) 

= - 100 x 10-3 = - 10-1 volt 

= - 0.1 volt 

10. The coil of 600 turns is threaded by a flux of 8 x 10-5 Wb. If 
the flux is reduced to 3 x 10-s Wb in 0.015 S , what is the 
average induced emf? 

ELECTROMAGNETIC INDUCTION 

Solution 

Here, 

N = 600 turns 

d<I> 8 X 10-5 - 3 X 10-5 

= Wb/S 
dt O.Ql5 

5 x 10- 5 

= 15 X 10-3 Wb/S 

= _!_ X 10-2 

3 

E = ? 

E= - N dq> 
dt 

= -600 X _!_ X 10-2 

3 

= - 2 volts 

69 

11. A wire "cuts" a flux of 0.03 Wb in 0.02 S. What average emf 
is induced in the wire? 

Solution 

Here, 

dq> = 0.3 Wb, dt = 0.02 S 

E =? 

E = _ dq> = - ~ = _ 30 
dt 0.02 2 

= - 15 volts 

□□□ 
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A.C. Fundamentals 

Q. 1. What do you mean by alternating emf and alternating current. 

Ans. Alternating emf : The emf produced by a coil rotating in a 
uniform magnetic field is called an alternating emf This emf is so 
named because it alternates between the +ve and -ve half cycle after 
each half time period. This emf alternates reversing direction twice 
in each rotation of the coil. This emf is periodic in nature. It is given 
by 

E = E0 sin rot 

where E
0 

is the steady values of the emf and ro is the angular velocity 
of the coil. 

i 
Coil Coil 

horizontal vertical horizontal vertical 
Coil Coil 

emf 

time~ 

Fig. 5.1 

Alternating current : It is the current which, when flowing 
through a conductor, changes continuously in magnitude and varies 
periodically in direction. 
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A graph between instantaneous value of a.c., '/' and ' t' is shown 
in fig. 5.2. The graph indicates that magnitude of current varies 
continuously in between '+I' and '-I'. Its direction also changes 
after equal intervals of tim; of (T/2) 

0 

second where T is the time 
period of a.c. The curve, '/' against ' t' is a 'sine curve'. 

I 

+I, 
Peak 
Value 

o ____ _..__ ___ ......, ___ ~---~---

Fig. 5.2 

Therefore instantaneous value '/' of current is given by 
I = 1

0 
sin rot 

where 'lo' is called the peak value and 'ro' is the angular velocity of 
rotation of conductor. 

'/ being the frequency of a.c. 
I = 1

0 
sin 2nft. 

Q. 2. Distinguish between a.c. and d.c. 

Ans. Distinction between a.c. and d.c. : 

Alternating current 

1. An alternating current is a 
current which continuously 
changes in magnitude and 
periodically reverses in 
direction. 

2. It fluctuates between +ve & 
-ve half cycle. 

Direct current 

1. A direct current changes 
continuously in magnitude 
but does not change in 
direction. 

2. It is unidirectional having only 
+ve or -ve half cycle. 
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3. 

Fig. 5.3 

4. Alternating current is given by 

I = I sincot 
0 

5. Alternating current is more 
dangerous. 

BASIC ELECTRONlCS 

3. 

wt 

Fig. 5.4 

4. Direct current is given by 1
0 

= E/ R 
where E

0 
is the steady emf & 

R is the resistance in the 
circuit. 

5. Direct current is less 
dangerous. 

Q. 3. Find the average, mean and rms value of a.c. 

Ans. Average value of a.c. (for fit!! cycle) : It is the value of 
alternating current averaged over a complete cycle. It can be shown 
that the average value of a.c. is zero. Let 'T' be the time period of 
a.c. Alternating current is given by 

or, 

I = 10 sin cot 

T 

f 10 sin cot dt 

I av = _;O::....__T __ _ 

f dt 
0 

T 

= ~10 f sin cot dt 
0 

1 = 10 [ - coscot]T 
av T co 0 

A.C. FUNDAMENTALS 

or, 

I = _o [ ( - cos rot) - ( cos 0)] 
roT 

I 
=-0 (-cos2n+cos0) (·:coT=2n) 

coT 

I 
=-0 (-1+1) 

coT 

I 
=-0 xO 

roT 
I = 0 

av 
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Mean value of A. C. or D. C. value of A. C. (for half cycle) : Mean 
value of a.c. for half cycle is that value of steady current which 
sends the same charge through a circuit as is done by the a.c. m 
half cycle i.e., in a time 'T/2'. 

Let 'dq' be the charge transferred in a small time 'dt'. 
dq = I dt 

Since, I = 1
0 

sin cot 
dq = 1

0 
sin cot dt 

If 'q' is the charge transferred in half the cycle of a.c., 

i.e., 

q T/2 

q = f dq = f I O sin cot dt 
0 0 

-lo 
q=- (-1-1) 

co 
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2/o 
or, q=-

ro 
... (48) 

If 'Imean' is the mean value of a.c., 

T 
q=fmeanx 2 

From equns. (48) and (49) 

I X T = 210 
mean 2 ro 

I = 410 
mean roT 

But roT = 2n 

. 4/o 
.. /mean=-

2n 

2/o 
or, !mean = -

1[ 

... (49) 

... (50) 

R.MS. value of A.C. or virtual value of A.C. : R.M.S. value of 
A.C. is that value of steady current which when flowing through a 
resistance produces same heat as is done by a.c. in half of its cycle 
flowing through same resistance. 

Let 'dH' be the heat produced by a.c. in a small time 'dt '. 
dH = PR dt 

or, dH = I~ R sin2 rot dt (where I = 1
0 

sin rot) 

Heat produced in half the cycle of a.c. is 
H T/2 

H = f dH = f 10R sin
2 

rotdt 
0 0 

T/2 

H = l5 R f [1-c;srot] dt 

0 

or, 

+/ R[ r dt- i:o, 2d] 
or, 

H = 15 R [t _ sin 2rot ]T/2 
2 2ro 0 

or, H = 15
2 

R [ ( ~ _ si;:T)- ( O _ s;ro O)] 

I 

.L 

A.C. FUNDAMENTALS 

or, 

If I,,,,, is the r.m.s. value of a.c., 

z T 
H=f rms xR X -

2 
From equns. (51) & (52) 

2 T 15 R T 
f rms X R X - = --X -

2 
2 l o 

f rms =-
2 

l o 
or, l,.,,,s = ✓2 

2 2 2 

Q. 4. Find the rms value of a.c. emf. 

Ans. R.MS. value of emf: The a.c. emf is given by 
E = E

0 
sin rot = £

0 
sin a 

75 

... (51) 

... (52) 

... (53) 

The limiting value of 'a.' for a complete cycle is o to 2n. So 
the mean square value of a.c. emf is given by 

2n 

f E5 sin2 a. d a. 
£ 2 = """o ____ _ 

2n 

f da. 
0 

2 2n 

= ~ f sin2 a. d a. 
· 2n 

0 
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i.e., 

or, 

i.e., 

= El [_!_{a}2'' _ _!_{sin 2cx}
2

"] 

2re 2 ° 2 2 0 

EJ [ 1 2 1 { . . o}] =- - re-- sm4re-sm 
2re 2 4 

E2 
=-o .re 

2re 

E2 
=-0 

2 

Eo 
E,ms = ✓2 

Q. 5. Define virtual emf and virtual current. 

BASIC ELECTRONlCS 

... (54) 

Ans. Virtual emf : Virtual emf is defined as that potential difference 
which when maintained across a resistor produces the same heat as 
produced by a steady d.c. across the same resistor in the same time 
interval. The r.m.s. value of emf is the virtual emf. 

Virtual current : Virtual current can be defined as that a.c. which 
produces the same heat as produced by a steady d.c. through the 
same resistance for the same time interval. The rms value of current 
is the virtual current. 

Q. 6. What are different circuit elements ? Mention their functions. 

Ans. Circuit elements and their functions : The circuit elements 
are: 

(a) Resistance 
(b) Inductance 
( c) Capacitance 

I 

! 
: 
L 

A.C. FUNDAMENTALS 77 

(a) Resistance. An electron current flows through a conductor, 
electrons move forward while they are colliding with each other also. 
Opposition offered by the conductor due to these collisions is called 
resistance. Schematic diagram of resistance is shown in fig. 5.5. It 
is denoted by R. It is equally effective in constant as well as variable 
currents. 

Resistance of a conductor opposes the flow of current in the 
conductor. 

R 
~ 

Fig. 5.5 

(b) Inductance. Let us consider a wire wound over a wooden 
cylinder having large number of turns. Let it have a negligible 
resistance. If a constant current flows through it, it offers no 
opposition ( ·: R = 0). In case of variable currents an induced emf 
is set up in such a direction that it opposes the changing current. 
This opposition to the flow of electricity is called inductive reactance 
and is dfflOta:l by 'X/. 

XL= wL 
Where ro = 2 ref, f being frequency of a.c. and 

L = coefficient of self-induction of coil. 

Schematic diagram of an inductor is shown in fig. 5.6. 

Inductance in an electric circuit plays the role of friction in 
mechanics. Inductor is called as choking coil as it chokes a.c. The 
role of inductance m a.c. circuit is same as the role of resistances 
in d.c. circuit. XL=wL 

'00000000' 

Fig. 5.6 

Capacitance. When a condenser is inserted in a d.c. circuit, the 
plate gets charged up, and the electron current drops to zero. The 
capacitor (fig. 5. 7), thereafter, acts as though it had an infinite 
resistance, when connected to an alternating source of emf, it acts 
differently. In reversing of emf reverses the flow of electrons to and 
from the plates of the capacitor and the alternating flow of charge 
constitutes an alternating current. The opposition offered by the 
capacitor to a.c. is called capacitative reactance. It is denoted by 'Xe', 

l 
Xc=­

wC 
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where C = Capacity of the condenser. 

A capacitor allows a.c. to flow and blocks d.c. 

Fig. 5.7 

Q. 7. Find current in an a.c. circuit containing pure resistance only. 
Show by graph the phase relationship between emf and current. 

Ans. Circuit containing pure resistance : Let us consider a source 
of a.c. connected in a circuit comprising of pure resistance [fig. 
5.8(a)]. If E is the instantaneous voltage of the source, 

E = E
0 

sin rot ... (55) 

where E
0 

is the peak value of the emf. If '/' is the instantaneous 
value of current, from ohm's law, 

where 

1 
= Instantaneous value of emf 

resistance 

= 
E0 sin rot 

R 

i.e., I = 1
0 

sin rot 

E 
I= +-0 is the peak value of current. 

R' 

j._________,=-· j 
(a) 

Fig. 5.8 

... (56) 

I 

. .L 
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Comparing expressions for 'E' & ' I' it is seen that there is no 
phase difference between emf and current in a circuit containing pure 
resistance i.e., emf and current are in same phase in a pure resistive 
a.c. circuit. 

A graph between time (along x-axis) and emf (-) and current 
(--) along y-axis is shown in fig. 5.8 (b). 

Q. 8. Find current in an a.c. circuit containing pure inductance only. 
Show by graph the phase relationship between emf and current. 

Ans. Circuit containing inductance only : Let a source of a.c. be 
applied to a circuit containing pure inductance [fig. 5.9(a)]. The 
instantaneous emf is 

E = E
0 

sin rot .. . (57) 

If E' is the emf induced in the coil, 

dl 
E' = - L dt 

where 'L' is the co-efficient of self-inductance of the coil and 'I' is 
the instantaneous current. 

j j 
L 

(a) (b) 

Fig. 5.9 

At any instant the current can be in equilibrium if the applied 
voltage is equal and opposite to the induced voltage. 

i.e. , E = - E' 

or, E0 sin rot =-(-L :) 

or, L dl E . - = 0 sm rot 
dt 
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