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Its essential components are 

Tank circuit : A circuit which can produce electrical oscillations of desired frequency 

i) 
is called oscillatory circuit. It is also called a TANK CIRCUIT OR TUNED CIRCUIT. Basicallyit has a capacitor C and an inductance L connected in parallel. The frequency of 
Oscillations depend upon values of C and L. 

Consider a charged capacitor C in parallel with an inductor L as shown in Fig. 4.5(a). When 
Switch S is closed, the capacitor will discharge through the inductor L. Electrostatic energy of the 
capacitor will be converted into electromagnetic energy in the inductor. Inductor has property to oppose any change of current through it. The current through 
inductor increases slowly. When capacitor is fully discharged, magnetic field energy around the 
inductor is maximum as shown in Fig. 4.5(b). When capacitor gets fully discharged, the magnetic field around the inductor begins to collapse. E.M.F. in the inductor maintains flow of current in the circuit. This makes the capacitor to charge in opposite direction as shown in fig. 4.5(c). As change increases, the current flowing through the circuit decreases. The electromagnetic energy of the inductor gets converted in to electrostatic charge on the capacitor. Then capacitor gets fully charged in the opposite direction. The capacitor charged in the reverse direction makes a current to flow through the inductor, but in the reverse direction. Thus the direction of current through the circuit is reversed. The process of discharging and charging of capacitor continues thus producing oscillations in the circuit. 

Ideally all the electrostatic energy stored in capacitor should be converted in to electromagnetic energy on the inductor during discharging and vice versa during charging. There should be no loss of energy during this process. If so, the oscillations so produced would be undamped and no external source of energy would be required to maintain undamped oscillations. But the resistance of the tank circuit causes some loss of energy. 
The loss of energy in the circuit resistance and dielectric loss in the capacitor causes the 

magnitude of oscillations to reduce. Thus the oscillations so produced are damped oscillations. To 
produce undamped oscillations, the loss of energy in the circuit should be compensated by 
Supplying external energy. This is done by connecting a battery in the circuit. If external source of 
energy is not connected the amplitude of oscillation decreases gradually and finally it reduces to 
ZerO. The damped oscillation so produced are shown in fig. 4.5(e) 

S e or i S 

A 
(e) (c) d a) (b) 

Fig. 4.5 Generation of oscillations in a tank circuit 
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cuit depeng Frequency of oscillation: The frequency of oscilation produced in LC ciro. 

the value of inductance of coil and capacitance of capacitor. 

Let I be current flowing through the tank circuit 

voltage across C = voltage across L 

IXc = IX 
Since 

= I.(27f1) 

27fc 

or 

27VLC 
If L is measured in hennery, C is measured in farads, f Is in Hz. This frequency is 

resonant frequency or natural frequency of tank circuit. Thus frequency of oscillation deper 
circuit constants only. 

Amplifier: The transistor amplifier receives dc power form the battery and chane 
(i) 

into a.c. power. The oscillations developed in the tank circuit are applied to the base d transistor amplifier as an input. The transistor amplifier, amplifies the damped oscillation and: 
we get the undamped oscillation. This amplified output of oscillations is due to the dc p supplied by the battery. 

(iüi) Feedback circuit: The transistor amplifier with proper positive feedback work oscillator. The feedback circuit supplies a part of collector energy to the tank circuit in cor phase to aid the oscillation i.e. it provides positive feedback. 
For satisfactory working of an oscillator it is essential that: 

The amount of external energy supplied must meet the losses in tank circuit. When is connected, it draws energy from tank circuit. So external energy source must De 

1. 

to supply this additional required energy. 
Fedback energy must be in phase with oscillations produced in tank circuit. Frequency of energy supplied must be equal to the frequency of oscillations prod 

3. 
oscillations prod in tank circuit. 
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It may be noted that the phase of feedback is correct. The amplifier provides a phase 
difference of 180° between output at the collector and input at its base. Another phase difference 
of 180° is provided by the transformer . Thus the input and output has a phase difference of 36 
or 0°. Hence the feed back is positive. As a result, the energy fed back to the tank circuit is in 
phase with the generated oscillations. 

Example 4.1. The tuned collector oscillator circuit used in the local oscillation of a 
radio receiver makes use of an LC tuned circuit with Li = 58.6 uH and C 300ph. 
Calculated the frequency of oscillation. 

Solution: L 58.6uH = 58.6 10 H 

C = 300 pF = 300x 10F 

Frequency of oscillation, f= F 

27/LC 27 58.6X10" x 300x 10-12 
= 1199 x 10 Hz = 1199 kHz Ans. 



4.10.2 Hartley oscillator 

Eio, 4.7 shows cirCuit of a Hartley oscillator. The circuit uses a radio frequency choke. It 

ides a low resistance path to d.c.: thus collector terminal is connected to Vcc through the coil. 

It provides 

groundec 

orovides a high impedance path to high frequency a.c. oscillations. Thus a.c. can not get 

ied through Radio frequency choke (R.F.C) Capacitor Cacts as a coupling capacitor to 
provid 

a low resista 

Hlock flow of d.c. in to the tank circuit while allowing a.c. to pass through it. R,, R,, R, are used 

for biasing and CE 1s used to bye pass a.c. preventing negative a.c. feed back through R. Output 
for 

is taken across the tank circuit using transformer coupling. Tank circuit consists of two coils Li 

and L wound on the same core. Thus there is mutual inductance between coils Li and La. 

VC cc 

RFC 

Go 

Re Output 
2 

Fig. 4.7: Hartley oscillator 

Working: When Vec is first switched ON, an initial bias is established by (R -R,) and 
OSCillations are produced because of positive feedback form the LC tank circuit (L, and L 
constitute L). e.m.f. induced in coil La is fed back to base of transistor giving it a positive feed 
Dack. When the feedback is proper. it produce undamped oscillation. 

The frequency of oscillation is given by 
1 

f 2TLC (4.6) 

Where 
here M is the mutual inductance between Li and L2. 

L = Li + L2 + 2M 



4.10.3 Colpitts Oscillator 

Colpitts oscillator is similar to Hartley oscillator. It uses a split tank capacitor while Hart 

OScillator uses a split tank inductor. It is commonly used for generation of high frequen 

OScillations above IMHz. RFC serves the same function as in Hartley oscillator i.e. to provide= 

low resistance path for d.c. and a high resistance path for a.c. 

+V cc 

R RFC 

Output 

Fig. 4.8: Colpitts oscillator 
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Sinusoidal Oscillators 

Frequency of oscillations depends upon values of L, C, and C2. 
1 

...(4.7) 
f 

27LC 
Where C is series equivalent of capacitors C, and C 

CC2 C C+C2 
...(4.8) 

Output has been taken by using Cc, as capacitor coupling. Output can also be obtained by using a coil across inductance to L shown in fig. 4.9. 
Vcc 

RFC 
LR 

G 

Output Ce C 

Fig. 4.9 



4.11.2 Wein Bridge Oscillator 

Wein bridge oscillator is used for generation of low frequencies of the order of 10 Hz to 
KHz. Commercial audio signal generators use this circuit. As shown in Fig. 4.10 it essentia 
consists of two blocks of amplifiers and a feed back network for positive feed back. 

Feedback path 
R, 

C 

A1 
C27 A2 

Fig. 4.10: Block diagram of wein bridge oscillator

Blocks Aj and A2 represent two stages of amplifiers. As shown, the output of Az is in pha 

with input of Aj. Thus there is positive fecd back. The amount of feed back is varied by 

components Ri, Ci, R2 and C2 of feed back net work. Voltage developed across R. C is fed back 

to A. 



81 Frequency of oscillation 

f RR,CC2 
..(4.9) 

If RI = R2 =R, C = C2 =C 

f=- 
27TRC .(4.10) 

Feedback path 
The value of feed back factor ß should be 

and hence gain should be equal to 3 so as to satisfy the condition Aß = 1. To reduce gain of the 
amplifier, a negative feed back is provided in the 
circuit. Negative feed back not only reduces gain of 
the amplifier, but it also improves stability of 
frequency of oscillations. This is done by using resistors R3 and R4 in the feed back net work as 

R 

Fig. 4.11: Circuit for positive as well 
as negative feed back 

shown in Fig. 4.11. 

Capacitors Ci and C2 are generally ganged variable capacitors. Their value can be changed to change the frequency of oscillation. The feed back network can be drawn in a slightly different manner to show formation of a bridge as shown in Fig. 4.12. A practical circuit of Wein bridge Oscillator is shown in Fig. 4.13. 

Fig. 4.12 : Formation of bridge 

When Vcc is switched ON the noise voltage is amplified by amplifier A. It is further 
nplified by amplifier A2 which shifts the phase of input by another 180°. When this output is fed 
ack, through feed back network of R, C R2 and C2, a positive feed back takes place. 
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O 
R R 

R 

(b) Vector diagram 
(a) RC circuit 

Fig. 4.15 

4.11.3 Phase Shift Oscillator 
Fig. 4.16 shows the circuit of a phase shift oscillator. It consists of a conventional sin 

Stage transistor amplifier and a three-section R-C phase shift network. The three phase network are R, Ci, R2 C2, R Ca. It produces a total phase shift of 180 (i.e. 60 per section) in- signal feed back to the base. 

oVoe 

Ro C Phase Shift Network 

C Ca C3 

Output Ra 

Fig. 4.16: Block diagram of phase shift oscillator 

The frequency of oscillation is given by 
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Piezo-electric crystal uses as a resonant tank circuit in the ose 
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4.13 
INTRODUCTION TO PIEZO -ELECTRIC 

CRYSTA 

Rochelle 

phosphate, lithium sulphate, quartz., and ceramics, which exhibit the piezoeleectri 

called Piezolectric crystal. Except for quartz and ceramicS, A andB are manmade cCmvcta 

ceramic materials do not have piezoelectric properties in their original state but these 

are produced by special polarizing treatment. 

The quartz crystal is most commonly used because it is inexpensive and readily avail 

nature. It also has control of frequency in oscillator which comes from its permance, low ter 

efficient and high mechanical strength of quartz. 

oscillator). Certain Crystalline materials, namely 
Rochelle salts, ammonium 

ctric efie 

se prt 

4.13.1 Piezoelectric Effect 

When the mechanical stresses are applied on the opposite faces of quartz like (piezoele crystal, electrical charges appear at some other faces and vice-versa. It is called piezoelec effect. Thus, when an alternating voltage is applied to appropriate faces, mechanical vibr are produced at some other faces. If the frequency of the applied ac voltage matches the n frequency of vibrations of the crystal, the amplitude of vibration will be maximum. 
4.13.2 Properties of Pizo-Electric Crystals 

The desirable properties of piezo-electric materials are stability, high output, insensiüv temperature humidity and ability to be formed into most desirable shape. Quartz is most sui 
piezo-electric material. However, its output is quite small. 
4.13.3 Quartz Crystal 

It is normally used material for crystal oscillator because of its stability, their 
mechanical strength and also of its frequency control in oscillators. The shape of quartz cry 

in oscillators. The shape of quartz 
hexagonal. It contains three axis x - axis, Y axis ana z- axis. The x -axis is known as elec 

cryst axis. yaxis is called mechanical axis and z- axis 1s called optical axis. Many different cuts 
be made from it depending on the application. 

Working: In order to use crystal in an electronie circuit, a crystal is suitshl cat aN 
nted hetween two metallic plates. Tne crystal Denaves lke a dielectric, Dlaced hetween " 

any 

cut 
conducting plates. Mechanical vibrations are produced in the crystal when 

a.c. 
Placed 

volt:age 
betwee 

is apt 
to it. Frequency of vibration depends upon. 
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ere 
C

' 
is 

eq
u

iv
alen

t 
cap

acitan
ce 

o
f 

C
 

parallel w
ith Cm

 

C
'
C

C
m

 

C+Cm 
.(4

.1
4

) 

P'arallel 
re

so
n

a
n

t frequency fp 
is alw

ays g
reater th

an
 

H
ow

ever, 
d

ifferen
ce 

b
e
tw

e
e
n

 f 
a
n

d
 f, 

is 
sm

all. 
W

h
en

 a cry
stal 

is u
sed

 as 
an

 o
scillato

r, 
its 

reso
n

an
t 

frequency lies betw
een f, andf,. 

Fig. 4
.1

8
: Frequency R

esponse o
f C

rystal. 
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4
.1

4
 

C
R

Y
S

T
A

L
 O

S
C

IL
L

A
T

O
R

 

F
ig

u
re 

4,.19 
sh

o
w

s 
th

e 
circu

it 
d

iag
ram

 
o

f 

tra
n

s
is

to
r erystal oseillator. In this crystal 

is used 
to

 
stabilize 

th
e frequeney 

o
f 

a 
tuned -collecto 

O
scillato

r 
w

h
ich

 
h

as 
a 

crystal 
in 

th
e 

feedback 
R

FC
 

circu
it. 

W
h

en
 V

cc 
is sw

itched 
o

n
. the capacitor C

i 
g

ets 
charged. 

D
ischarging 

o
f C

 
through 

Li 
Crystal 

produces o
scillatio

n
s in tank circuit. It induces a

n
 

e
.m

.f. 
in

 
L

 
by 

m
u

tu
al 

induction. 
T

his 
is 

positively 
fed 

back 
to 

the 
am

plifier 
and 

the 
oscillations b

u
ild

 u
p

. C
rystal provided in th

e b
ase 

Ra 
RE 

c
ire

u
it 

m
a
k

e
s 

th
e 

oscillations 
to

 
sustain 

a
t 

re
s
o

n
a
n

t 
frequency 

o
f 

th
e 

crystal 
an

d
 

also 
provides positive 

feed
b

ack
 w

ith
 necessary phase 

sh
ift. 

R
F

C
 

co
il provides 

d
c 

collector 
lo

ad
 

an
d

 
Fig. 4.19:C

rystal oscillator circuit 
using transistor 

a
lso

 p
rev

en
ts an

y
 
a
c
 signal form

 entering the d
e 

supply. 
H

e
re

, th
e crystal 

is ex
cited

 
in

 th
e
 
s
e
rie

s
 re

s
o

n
a
n

c
e
 m

o
d

e because it is co
n

n
ected

 a
s
 

a series 
a
le

m
e
n

t 
in

 
th

e 
feedback 

path 
fo

rm
 

c
o

lle
c
to

r 
to

 
th

e
 

b
ase. Since, 

in series-resonance, 
crystu 

im
p

ed
an

ce 
is 

th
e sm

allest, 
th

e
 
a
m

o
u

n
t 

o
r
 p

o
siav

e fe
e
d

b
a
c
k

 is th
e largest. 

T
h

e
 crvstal 

n
o

t onl 
p

ro
v

id
es 

th
e feedback 

b
u

t 
a
ls

o
 prO

V
Iaes 

c 
n

ccessary
 p

h
ase shift. H

ere, 
R

i, R
, an

d
 
R

r provide 
i
i
d

e
r
 d

c bias circuit. T
he capacitor E

 
IS S

h
u

n
ted

 a
c
ro

ss RE 
to

 avoid degeneration. 
1

7
.
 

A
 
c
r
y

s
ta

l h
a
s
 L

 
=

 3
H

, C
 

=
 

0
.0

5
p

F
, R

 
=

 2
k

O
 n

d
.
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