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PAPER VII

BASIC ELECTRONICS

Preamble: This course facilitates an understanding of circuit analysis
semiconductor diode and transistor circuits and the basics of operational
amplifier. The paper does not need any special pre requisite except the
basic ideas on Electricity and Electronics at the school level and the
learners are expected to gain knowledge to analyse and design electronic
circuits

UNIT-I: LINEAR CIRCUIT ANALYSIS Constant voltage source,
constant current source, conversion of voltage source into current source
- Maximum power transfer theorem - Thevanin’s theorem - Norton’s
theorem - hybrid parameters - determination of h parameter - equivalent
circuit - the h parameters of a transistor. (12L)

UNIT-11: SEMICONDUCTOR DIODES AND DEVICES PN
Junction - V — | characteristics - Crystal diode as a rectifier - Zener
diode - V — | characteristics -Tunnel diode- Half wave rectifier-Centre
tap full wave rectifier - Full wave bridge rectifier - Comparison of
Rectifiers - Filter Circuits - Types (capacitor filter, choke input filter, IT
filter) -Zener diode as voltage stabilizer.

(11L)

UNIT-111: TRANSISTOR AMPLIFIERS Transistor action -
Transistor connections - common emitter - common base -common
collector - analysis of amplifiers using h- parameters - RC coupled
amplifier - transformer coupled amplifier - power amplifier -
classification of power amplifiers (Class A, Class B and Class C) —

Push pull amplifier - FET charecteristics - JFET characteristics.
(14L)



UNIT-1V: OSCILLATORS AND WAVE SHAPING CIRCUITS
Feedback principle and Barkhaussen criterion - Hartley , Colpitt’s, and
Phase shift oscillators using transistors — Astable - Monostable and
Bistable multi vibrators using transistors - Schmitt trigger - clipping and
clamping circuits - Differentiating circuit - Integrating circuit.

(10L)

UNIT-V: OPERATIONAL AMPLIFIER Op-Amp - pin diagram-
characteristics of ideal Op - Amp - DC and A.C analysis - bandwidth -
slew rate - frequency response - Op- Amp with negative feedback -
applications - Inverting amplifier - Non inverting amplifier - VVoltage
follower- Adder - Subtractor - Integrator — Differentiator- Low pass,
High pass and Band pass filters -Wien bridge oscillator.

(13L)
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BASIC ELECTRONICS

UNIT-1: LINEAR CIRCUIT ANALYSIS

Constant voltage source, constant current source, conversion of
voltage source into current source - Maximum power transfer
theorem - Thevanin’s theorem - Norton’s theorem - hybrid
parameters - determination of h parameter - equivalent circuit - the h
parameters of a transistor.

CONSTANT VOLTAGE SOURCE




CONSTANT CURRENT SOURCE







MAXIMUM POWER TRANSFER THEOREM







THEVENIN’S THEOREM



















HYBRID PARAMETERS AND DETERMINATION OF H PARAMETER







EQUIVALENT CIRCUIT - THE H PARAMETERS OF A TRANSISTOR.




QUESTIONS FROM PREVIOUS YEAR QUESTION PAPERS

PART A
In a p-type semiconductor the majority carriers are ——— and the minority
carriers are :
(@) lons, holes (b) Holes, ions (c) Holes, free electrons (d) Free electrons, holes
A pentavalent impurity has —— valence electrons.
(@4 ()5(c)6d)3
The interval resistance of a constant current source is
(@) small (b) large (c) zero (d) infinite
When a pentavalent impurity is added to intrinsic semiconductor it becomes
(@) an insulator (b) pure semi conductor (c) p-type semiconductor (d) n-type
semiconductor
If the temperature changes, h-parameters of a transistor
(a) may or may not change (b) do not change (c) also change (d) none of the above
Thevenin's theorem reduces a two terminal network to a
(@) Constant current source with parallel impedance (b) Constant voltage source with
a series impedance (c) One terminal network (d) Constant voltage source in parallel
with a high impedance
‘Diode’ belongs to the class of ———— device
(a) Active (b) Passive (c) Hyperactive (d) None of these.
The band gap of Ge ~———— Ev
(@) 0.8 (b) 0.5 (c) 0.6 (d) 0.7.
In a p-type semiconductor the majority carriers are ——— and the minority
carriers are :
(a) lons, holes (b) Holes, ions (c) Holes, free electrons (d) Free electrons, holes
A trivalent impurity has ——— valence electrons.
(@4 (b)5(c)6(d)3



The output current of an ideal current source is
(a) zero (b) constant (c) dependent on load resistance (d) dependent on internal
resistance
To get the Thevenin’s voltage , you have to
(a) short the load resistor (b) open the load resistor (c) short the voltage source (d)
open the voltage source

PART B

Explain constant voltage source.

Discuss the effect of temperature in semiconductors.

Explain the concept of a voltage source.

What do you understand by hybrid parameters? What are their dimensions?
Explain Nortons theorem

What are intrinsic semiconductors? Explain briefly.

What are the significant properties of semiconductor materials? Give two examples
for Semiconductors.

Distinguish between intrinsic and extrinsic semiconductors

State and explain maximum power transfer theorem.

PART C

State and prove Thevenin’s theorem.

Describe the formation of N and P type semiconductor.

State and explain Norton's theorem. How is Norton's equivalent circuit related with
the Thevenin's equivalent circuit?

What do you mean by the h-parameters of a transistor? Give their nomenclature.
Discuss the transistor circuit performance in h-parameters.

Explain V-I characteristics of a diode

State and prove Thevenin’s theorem.

Explain the working of the junction diode and discuss its V-1 characteristics.

What is meant by n-type and p-type semiconductors? Explain with neat diagrams
State and explain Thevenin’s theorem and Norton’s theorem.

Explain constant current source. How will you convert voltage source into current
source?

QUESTIONS FROM BOOK

jecti tions
Objective type ques . .
| While Thevenising a circuit between two terminals, Thevenin voltage

equals

(a) short circuit terminal voltage

(b) open circuit terminal voltage

(c) e.m.f. of battery nearest to the terminals
(d) net voltage available in the circuit.



I

ivalent of a circuit consists ofa2 Acurrent g,

lle] with 4 € resistor. The Thevenin equivalent of this Circu; tce :
have]aels:;wu?ce voltage Of ............ in series with4 Q resisto, 'l

@2V BOsV @V @8y
3. The unit of output admittance of two-port net work is

 (@ohm  (Whenry  (c)ampere (€)mho
4. The input impedance of a two port net work is measured with

2. The Norton equ

(a) inputopen (b) output open
(c) output shorted ~ (d)inputshorted
5. Inatwo-port net work, the ratio of change of input voltage oy,

ted, is called

change of input ct

1Pt VOltage, mpm
vely, the indeper
the net work are



10. Norton’s equivalent of a circuit consists of
(a) ideal voltage source and a parallel resistor
(b) ideal current source and a parallel resistor
 (c) ideal voltage source and a series resistor W
* (d) ideal current source and a series resnstor
11. Thevenin’s theorem canbe applledto |
(a) d.c.circuits only b (b)a.c. cn'cults only .
- (c) both d.c. and a.c. clrcmts ~ (d)none of the above e

,AZ In the h-parameter equmalent elre.uli of a two pert ne£ wmk,
output port can be represented by Fos

(a)amplifiercircuit ~ (b)singal generator 2 ;':-? <
(¢)Norton equivalent‘ @ Theveninequival |
3. Opencnrcultvoltagelsﬂwe&g,- stween two
(a) zero unpedanoe i

* (¢)infinite i
14. Shoxjt ue‘










UNIT-1
SEMICONDUCTOR DIODES AND DEVICES

PN Junction - V — | characteristics - Crystal diode as a rectifier - Zener
diode - V — | characteristics -Tunnel diode- Half wave rectifier-Centre
tap full wave rectifier - Full wave bridge rectifier - Comparison of
Rectifiers - Filter Circuits - Types (capacitor filter, choke input filter,
[T filter) -Zener diode as voltage stabilizer.
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V-1 Characteristics of P-N Junction
Biasing a p-n junction: Forward bias

t An external battery is connected across the junction with its positive
terminal to the p-side of the diode and its negative terminal to the n-side
of the diode. This kind of biasing is

known as forward biasing of the Vv ]
junction. ( P to pand N'to n). p n

The positive potential of the
battery repels the holes on the p-side
and pushes them towards the junction
J. The negative potential of the battery b Eei %
repels the electrons onthe n-side and  Fig 59 Forward bias of p-n diode
pushes them towards the junction. This
collapses (tends to narrow down) the depletion region.

Thus, when forward bias (a potential V) is applied across the junction,
the barrier is reduced. So more electrons move from 7 side to the p side.
Therefore an electric current flows across the p-njun::?:ﬁc current

 isinthe direction from p to n side. This current is knowi as the forward
 current and it is of the order of milliamperes. When the applied voltages
Visincreased, the forward current / through the diode also increases.

Iy

Ge and 0.7V for Si). The voltage
" drop due to the ohmic resistance of
" the semiconducting material is
 negligibly smallin the region. In the
high current region, the external bias wa
is used to overcome only ohmic
resistance of the semiconducting 0 07 o F(W
material. Hence the material
~ behaves as an ordinary conductor
(resistance wire) and the current
increases with voltage very sharply. The curve is almost linear beyond
0.7 V for silicon and 0.3 V for germanium.

Fig. 60 ' Forward bias Characieristics
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output of the half wave rectifier (l,‘é'-) is low compared to the

'ffuu-wave rectifier (21 )

o efficiency of full-wave rectifier (81 1 %) 1stwnce that of Half-
ifier (40 6%).

. kinverse voltage of half-wave rciifieris 7, nv.ofeemre
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9w

s citor C, by-passes a.c. compon whereas

| B choke L ponent the d.c. component
e cf oke L oﬁf?rs high resistance to the a.c. component. But it
almost zero mnstanc:: tothe d.c. component and it allows the d.c
onent t0 flow through it, while the a.c. component is blocked.

; Pt itor C, by-pass the a.c, component which could not be
y the choke. Therefore, only d.c. component appears across

nd we g.et a constant output voltage, free from ripples For
 SMOO thing action, several identical 7 sections are used.

e 7 filter generates high out voltage at low current drains. It provides
1 voltage gain due to capacitor C,. The output voltage drops rapidly

vith the increase in current flowing the load. So the voltage regulation of
filteris poor. The filters are used to demodulate the particular range of

, " communication device.
s 1t filter has some disadvantages. The inductors are heavy and costly.
sreover, the series inductor produces an external field. Hence the se-

juctor is replaced by a high wattage low resistance.

Zener diode as voltage regulator

(A 'voltage regulator is an
electronic circuit that produces
a constant oulput voltag.a Vo
evwnftlmensvamtxo?_ tt;fmput
supply voltage V; or if there IS |
any variation of load current /; supply







QUESTIONS FROM BOOKS













UNIT-II
TRANSISTOR AMPLIFIERS

Transistor action - Transistor connections - common emitter - common
base -common collector - analysis of amplifiers using h- parameters -
RC coupled amplifier - transformer coupled amplifier - power
amplifier - classification of power amplifiers (Class A, Class B and
Class C)- Push pull amplifier - FET charecteristics - JFET
characteristics

N4 . R K7

Junction transistor (Bipolar Junction Transistor - BJT)

A transistor consists of a semi-conductor material such as sifi.
or germanium. The material is doped to from three regions p, nand,
with two junctions J, and J, so as to get a p-n-p transistor. The BJT js ‘
bipolar device involving both types of charge carriers - electron and holes

.E—— P n P | CI
Bl oy
B
(b)

(a)

Fig. 106

The middle region ;
: BlOn is relati : :
o ‘e‘dsl::: g?v'd‘?d in the three ::;f(l){lg:m an(:(hght'y g ectio;ll-
I Eiscalled the “emitras © make electri |
Junction J i nJ, isknow el

Z nas lhe em' . . M

a8 pndiode ‘."“a.s‘hecollec . CMitter-base junction ant
eSS o o, junctione

PR ANSiStor can pe . P ransistor s shownll\{ﬁ

i A

by forming #

A The
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cever, a few of the injected electrons will be lost due to re-
vit iﬂ“ ‘hole’ in the p-region (bas_e) i.e., there is loss of
alance thts loss, the excess electrons from the base are re-
battcl')' V,,» which simultaneously drives equal number of
g the emitter reguon Thus the emitter-base circuit is complete.
ofelectrons in the completed circuit constitutes the base cur-

The electrons crossing the junction J, reach the collector regions

et hey are the majority carriers. These electrons are pulled towards
e battery V _, which drives equal number of electrons to the emitier
gl The cxrcmt is completed around the transistor. The flow of elec-
rons in the completed circuit forms the collector current l,<ﬂ_|e emitter
urren ( ) is the sum of the base current and the collector current. i.e.,

L=1,+1.7

_ Forexample, inan ordinary transistor, for /.= | milliampere (mA)
98 mAand /,=0.02mA, i.e., 98% of the electrons injected by the
tter into the base reach the collector and flow through the circuit. The
‘ I 1) is called transistor alpha, o.(d.c. alpha) or common base

a Eam Theratio (1./1,) is konwn as transistor [ (d.c.beta) com-
1 emitter current gain.

m.r::base circuit has low resistance for current since it is
e collector-base circuit offers a high resistance since

b
lased. But almost the same current flows through the two

e current-flow through
Jow to @ high resi ‘:e emitter base junction J/, is thus

For this reason, the deVlcen‘c ¢ circuit, as if there is lransfer
Ty S€alled the transistor (transfer-

—
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Figure shows the h-parameters

equivalent circuit of a common
emitter transistor amplifier, The dotted box represents h-parameter model
of the transistor, where
h

. isthe input impedence: (the subscript e is added to represent the
common emitter mode) |

h, isthe output admittance;

L
i ’;...._'.3‘..'.0."'."...."’......‘Vl(‘i,
Vv v hf' i’ 1 hnvz | ‘ l " ) ; | ) esnensnne .(2)
[ Dot 2 —
;] = i+ h“ v) ! } : 2
i 'ltions one can obtain expressions f::eﬂ” °"";$LM
- ghei ";‘:;:t impedance, output impedance and the power
age 231 .
\ Cyrrent gain 4, , _ %

1
. the value of i, from equation (2),
UIINE : v
' ' : irection of 7,)
. R, is opposite to the dire :
ey, =~ 1, R, (current thrf‘fh L)
. szhff+ h“( Ly Rl‘

) hf¢ —hoe A' R"
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(mit and functions of the components b vals

A common emitter

transistor amplifier R
. . . R

circuit with n-p-n N

transistor is shown in the I B

ﬁg\{re. R. is }he load =1
resistance in the v

. R
collector circuit. The s‘;g’n‘;‘l : 2 Ry QI-“C;
resistance R, and R, : v
form the potential divider
arrangement, which is Fig 122

The resistance
Sircuit compar > X1+ R, and R form i
esand 1 alics) e chosen e g6 38 circuit, The biasing -

tor _

~
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Now, lE - IB + IC due to U'm m,

Alsov ie = ’b i ’C

The base currents are very small.
=g
L S

(vii/)‘ Working of the amplifier

~The input a.c. signal is applied to the base with respect to the
and the output signal appears across the load R . at the collector. Ty
output signal is then passed through coupling capacitor C, to the nex
stage. The input signal either aids or opposes the base-emitter-biag
When it aids the base, the base current / goes up because the emitter.
base voltage is increased due to hi gher &rward bias. Hence, collector
current increases and so the voltage drop across R is more. Therefore,

s. Thus when the input signal

the voltage at the collector (output) decrease
increases, the output voltage decreases,

. The opposite happens, when the input signal goes down. Thus there
is phase change of 1 8(° (mradian) in th

tothe input signal,

€ Output voltage when compared

A8 resistance (the load) producesi
SIS the output. Thus the weak
uty ltage, T
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6. The frequency response of RC amplifier provides CONStant g5
over a wide range; hence. most suitable for audio applications,

plifiers g
in Wireleg
of all kings
er is the ratio of the change of inpy
rrent supplied by the source.

n amplifier is the ratio of the change o
of output current supplied to the load.

As the voltage gain and the current gain are large, the C
used in many variety of applications. Amplifiers are used
communications and broadcastings and in audio equipment
“Input impedance’ of an amplifi
voltage to the change of input cu

‘Output impedance® of a
output voltage to the change

Multistage Transistor Amplifier

A transistor circuit containi

ng more than one stage of amplific:
tion is known as multistage transi

stor amplifier.

gain A' A

Ay
Vi [ First cou Is ird |V,
-—> —>—{ COUp | | Isecon coup third

over-all gain A = Ajx A, x A,

Fig. 124 Block di

multistage (3 Stage) amplifier

The outpyt of first . :
stage through a Suitable stage is co

fnected to the input of second
ransformer cane. - PNg deyi .
pling, : gdevice, The ¢co RC cov-
first stage may not%be ling or irecy coupling, UPlou:‘g, :::?;1 be o
w“‘"ﬁm“‘enetunp‘;i‘}iw?ou‘einp‘“inpedance f tp nd his
pling device gy B 000, In > of seco
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154

The two stages are isolated by the use oﬁhc transformer
ling. There i no path for current flow from primary to the

foil.(;fthe gransformer in T - ﬂowwer. the voltage m b
primary cause induced voltage in the secontary, depending on ﬂ'""h

rat (ﬁ,/nz) of the transformer.

Y i’%—- where suffux 1is for primary side and suffu 7 b
| |

for secondary side.
n
V2= (_ﬁl) X V|.

Moreover the current variations in the collector circuit do not dissj
power much as there is no resistance with collector circuit. The output of
the transformer is applied to the base of the second stage as shown in the

diagram, without loss of voltage. : . :
further. s of voltage. The second amplifier amplifies the signal

ovcm" gain 4 = i »
v
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Working

The class B amplifier is biased at cut-off. With no signal M
both the transists T, and T, are cut-off.

When a sine wave voltage is applied as the input ac

rimary of the input transformer (IT), a sine wave voltage om.,e Samg
Phase appears in the upper half of the sccondary.of IT. Thus, the Inputy,
gase of transistor T  is a siné(\g/g[xe voltage, which has the same

as in the input voltage i.e.,the transistor T, gets th.e positive volt
during the first half of the sine wave and it conducts in first half,

The voltage appearing at the lower half of the secondary of [T
has a phase opposite to that of the in

put voltage. So, the transistor T, gets
positive voltage only during the second half of the sine wave and it con-
ducts in the second half.

0SS thy

Since the transistors are biased at cut-off, the transistor T, am |
plifies the first half of the sin

€ wave and T, amplifies the second half of
the input signal

g current for the first half of the ’
PPer half of the Primary of the output transformer

d the centre-tap upwards. This produces
Secondary of'¢
phase with the first hal A& e 0]

: -and this part of output is in
fofthe Nput signa| p E
Asthe trans;

. SIStor T _ {5 Conductin
the signal through the Iowzer half of th
from the centre t4 flow .

s
the secondary of the O.T.down

gonly during the second halfof
Prima

. ary of the O.T. the current |
V;/: :‘:s i Uces induced voltage in
" Phase ity the second half of the

S18al whic, iest]femﬁig“a' 8ets power-ampli-
Plica of the ; lete
. Wesee . Nput comp

gnal, the circuit

cYele, the Circuit pyllsthe | ¢
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I *c
Constant - current Break-
arca 1down

s —>
V5 (pinch-off voltage) Vbs

Fig. 143 Drain characteristics: 7%ree regions of JFET characteristics

(iti) l@ breakdown region BC where the drain current increases more or
less vertically fora slight increase of ¥ fr

To understand the nature of these curves:consider the case when

Vs=0. When the voltage ¥, isincreased from zero to a small amount,

the n-channel bar acts as a simple resistor. Hence the current /,, increases
linearly with ¥ sinthis region,

ps the curve bends at A and
s the current 1, saturates. This




Fig. 143 Drain characteristics: Three regions of JFET characteristics.

(iti) t@ breakdown region BC where the drain current increases more or
less vertically fora slight increase of ¥ s Y

To understand the nature of these curves':consider the case when

Vs=0. When the voltage V/ ps I8 increased from zero to a small amount,

the n-channel bar acts as a simple resistor. Hence the current /, increases
linearly with Vsinthis region,

the voltage is
P ge the current /_saturates. Th
value of drain current is = -+

> : 1, (drain to source current with gate shorted):
g,i,: :\:’h:ﬁmm'ﬁuer: :.r:in cuner?t.that aspecific JFET cang;'oduce ‘"d '
i 3900 Al Gs=0V. Thechannelisnows‘i_d_
PRy ed the pinch-off voltage. Tll'
Y broadens the depletion region and th¢
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- oo the circuit diagram of a simple power amplifier with transistor
Ll explain its action. Obtain expression for its collector efficiency.

o , wthe block diagram of a power amplifier. Bring out the differ-

" ences between voltage amplifier and power amplifier. Why are power
 ansistors bigger in size and provided with heat sink?

i ,'lain how power amplifiers are classified. Compare the perfor-
~ mance of various classes of power amplifier.

g‘pnwthe circuit diagram of a push-pull transistor power amplifier
 andexplain its functioning. What is the requirement on coil winding

in the output transformer for maximum power output?

14, Describe the structure of JFET and explain its working principle.
Bring out the difference between JFET and bipolar junction transistor.
Write about the importance and advantages of FET,

13. Explain the action of JFET as an amplifier.

16. Define JFET parameters. Obtain the relation connecting them. Draw
 the output characteristics of a JFET and show how the JFET
parameters could be determined from it. Give an expression for
drain current.
og)ecﬁve type questions

l~Wlnch is the largest current in a p-n-p transistor functioning in an
amplifier circuit?

(a) emitter current (b) base current
(' (¢) collector current (d) output current
2“P"'*P\lll amplifier is operated mostly under
= (@) class A (b) class B

| 5"””‘“‘0 (d) class D condition

gy D€ by-pass capacitor in the emitter circuit of a CEAr
" v--?(UJFBTmp“ﬁ“) is removed, the gain of the amj

50
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UNIT-1V
OSCILLATORS AND WAVE SHAPING CIRCUITS

Feedback principle and Barkhaussen criterion - Hartley , Colpitt’s, and
Phase shift oscillators using transistors — Astable - Monostable and
Bistable multi vibrators using transistors - Schmitt trigger - clipping
and clamping circuits - Differentiating circuit - Integrating circuit.










. Eect o negative feedback on stabily of the amplifier
* The negative feedback reduces the gain but improves the stability.
This can be seen from the relation between A’ and A for negative
feedback. 3 |

Closed loop gain 4" = ]—_—AZ-B. If Bis very large, the quantity A >1.

The term P is the feedback ratio and it is a function of the feedback
network only. Tt does not depend upon the amplifier parameter changes
or supply voltage variations. So, the gain is steady. Thus the negative
feedback improves stability of gain of the amplifier.

Advantages of negative feedback da=
|. Negative feedback stabi,l_i;c{an amplifier. The _f,_‘
independent of the transistor parameters and temperature.

2. Negative feedback increases the input impedance ofana
which will not then draw much current from the sour :
3. Negative feedback decreases the 0 e = ".) .

which can then supply Jarge amountof current tot

4. The output noises and hum inan “; ed by
ndbacy, e SR

3. The distortion in the output‘ﬁ ;

cancellation of out-of-pha signals. Bott

frequency distortion are reduced.

6d. The negative feedback increases
ecreases its gain, L
Functions of the tank circuit in oscillat
1. The tank circuit is an essential part 01 an O3
feedback path so that part of output is feedbs )
2. The tank circuit produces a phase shift of 180 '
the output and input from the tank. \
3. The tank circuit produces attenuation in’

that only a portion of the output of ¢ olif
4. The tank circuit decides the frequenc

oscillator. The frequency depends on
such as L and C. o ,,.& -'



Oscillators

mum |

PR - a

: Jr—
csential parts #mogcﬂlawr T ,..'_I;,l.}'” u('no ?l"m& "y
 An oscillator has essentially the followffr'tgcvs&ﬁghf‘;‘ M
1. An ﬁpliﬁér with external .:egenerattve feed back to provige ,
negative resistance in the circuit. | | tigy o
2 gSome nonlinear circuit element (like transistor) to fix the amplityde
of oscillation. : 4 |
3. A net-work to produce oscillation at the desired frequency, Th;s
part is known as the tank circuit.
4. A.d.c. power supply.
Starting voltage in an ascillator

Every resistor contains some free electrons. At the room
temperature, these free electons move randomly in different directions
and generate a noise voltage across the resistor. This voltage may

be of a large range of frequencies, ie., each resistor is a small ac.
voltage source producing all frequencies. :

When we first switch on the power supply of the oscillator, the
only signals in the system are the noise voltages generatcd_bg, the
resistors. These noise voltages are amplified and appear at the outpu
terminals. The amplified noise passes through the feed back ci
and appear at the inputs in phase. Thus the oscillator starts funct
Colpitt’s oscillator

output waves,
L — \\
Circuit diagram




across R, gives the necessary base bias to the transistor. The
yolt3g® the amplifier appears to the base through the capacitor C.
Wt:;put s available at the collector through the capacitor C with
g‘eswt to ﬁ]e gfound.

+Vee

Fig. 154 Colpitts oscillator.

The value of the components R and R . are chosen such that the
gain of the amplifier is greater than unity (A > 1).

The feedback circuit is a tank circuit containing inductance L
and capacitance C. and C, as shown. Because of the earth connection
4G, the potentials at Q and P are 180° out of phase. If Qis positive:
going, P will be negative - going in potential.

Workin g

Th When the switch is closed, the collector current starts '

|\ee a]::)mnﬁal at the collector Vc starts decred
m?,#mns in potential. Hence the poten
Nsiti;/e 1s makes the transistor to conduct more

feedback action, The collector voltage

iV, =0, e, the transistor is in saturation Wﬁng
maximum current. Now, the rate of current variationv(dlc I dy ::

W;?h no current in the feedback path, the electric figlq in C.
collapses and the capacitor discharges. The mh‘n&
that at the base now starts decreasing and the end Q becomes

& \ More
and more positive; the end P goes more and more negative, This




trend goes on till the collector current is zero hWVC— = Vcc F
( the maximum). Again df_./ dt = 0. (rate of change) =4

With no current in the feedback circuit, the electric field ip C,
collapses in the opposite direction and the whole process repeats,
Thus, the output voltage goes on decreasing, increasing and again

decreasing and so on, producing sinusoidal voltage waves at the
output.

The capacitor C, couples, the collector circuit energy back to the
tank circuit. In this way, energy is continuously supplied to the tank
circuit, which is the feed back path, introduces a phase shift of 180°
atits resonance frequency and the transistor in the CE mode produces
a phase shift of another 180° between the input and the output. Thus
the net phase shift around the loop = 2x radian and there is strong -
positive feedback. As these two conditions are satisfied, the ,
readily functions as an oscillator and the electrical oscillators are
maintained. The LC tank circuit provides the necessary ph”é}. b
and acts as a resonant filter that passes only the desired frequency

of oscillation.

\Ihe frequency of oscillation is given by
1 _ ] :
e i fl" )‘"d L is the inductance
| ' ?  thecoil in the tank ¢
scillations are produced if p > c

The oscillator can be set into working by .adjuaﬁng_ sting the val {‘;_,' |
¢ and C, initially. The frequency of oscillation can be changed by
g:ng-t\mingthetwocapacim C,and C,.

Colpitt’s oscillator can be used to produce ele;tricgl ?ocillaﬁom
oigwidermgeofﬁequenci.esfr‘om 1 toSOOh.de. Colpitt aosmllh:ttor;z
;s widely used in commercial signal generations above 1 mega
frequency.
Condition for oscillation

‘or an oscillator to start functioning, the positive feedback must

be strong, 1e., AR > 1.

where A is the open loop gain and B is the feedback ratio.




For the common emitter amplifier circuit used in the oscillator,
the voltage gain A = -R;,C. where R, is the load resistance and r, is
the dynamic resistance of the base-emitter junction.

wa=Re s s e aars

voltage feedtobase - Vi '\
output voltage at the collector ¥,

o !
ol i
|

¢
Now, the feedback ratio B =

Hartley Oscillator s
~ Hartley osciallator is a type of oscillator CIreW £

; 1 '
\ (B 3

Hartley oscillator circuit using npn transistor in the
emitter mode, is shown in the diagram. It is an amplifier vy,
positive feed back arrangement. The transistor amplifier com.m:
R, as the load resistance, R, as the emitter resistance and ¢,
by-pass capacitor to provide the a.c. path. V... is the power '“EPPl
to the transistor. The resistance R, and R, form the potential diVid;
arrangement. The voltage across R, gives the necessary base by
to the transistor. Theinputtotheampﬁﬁerappemtot}wbm
the capacitor C . The output is available at the collector through the
;apacit:; C, with ;espect to the ground. The value of the com

an are chosen such that the stage gain of th i
gfeater th:n unity (A > 1). i -

+V,
—e CC

J —e—1" 1),

Fig.155 Hartley oscillatoy




jecause of earth connections at G, the potential at Q and P are 180"

qutof phase. IfQis positive going, P will be negative going in potential

Working
When the switch S is closed, the collector current starts increasing.

—

The potential at the collector V. starts decreasing, making the end

Q negative going in poﬁential.’cmMnéaLLPis_g(;ﬁve
going. This makes the transistor to conduct more and more due to
positive feed back action. The collector volta continues (o deeredse

till V=0 i.e., the transistor is in saturation, conducting the maximum

current. Now rate of change of collector current —daf- = ().

With no current in the feedback path, the magnetic field in L,
collapses and discharges the capacitor. The potential at Pand hence
that at the base now starts decreasing and the collector current starts
decreasing. This causes V. to increase and the end Q becomes more
and more positive and the end P goes more and more negative. This
trend goes on till the collector current is zero and V= V. (the

maximum). The transistor is now in cut-off state. ST S

Again id{—c =0.

With no current in the feedback circuit, the magnetic field in L,
collapes in the opposite direction and the whole process repeat&Thus
the output voltage goes on decreasing, increasing and again decreasing

and 50 on, producing sinusoidal voltage waves at the °,"tp“t'v _
back to the

The coil L, couples the collector circuit energy ““:
circuit by means of the mutual inductar;ce bet“,"’: , e
this way energy is continuously supplied 10 the &
°"°"=.0!:e the egnyergy losses in the tank circuit. The wa g
- Which is the feedback path, mu'odlweiaphiwﬁSllmole 4 - ;
A its resonant frequency and the mﬂmm“!" cectd

* Mode produces a phase shift of another 180° (% FEEEE
"put and the output. Thus, the net phase SAEEEEEEE




i itive feedback. As these two ooy .
adi andtherensstrongposlt.we . € (W0 congy
::' :;t with, the circuit reac}nly .funcuons as an oscill
elelctrical oscillations are maintained.

e frequency of oscillations is given by

] 1
s 2n\LC |
when L=L, +L,+2M. Here M denotes mutual inductance betwee,

the two coils of self inductance L and L,. Cis the capacitance in
tank ciwuﬁ;mstained oscillations will be produced if
L +M
> 9
By 2 L+M
where h_ is the forward current gain of the transistor. The oscillator
can be set into working by adjusting the value of L, or L, initially,

The frequency of oscillations can be changed by varying the
capacity of the capacitor C in the tank circuit. The Hartley oscillaor
is easy to tune. It can be used to produce electrical oscillations of s
wide range of frequencies. Hartley oscillator is commonly used as
high frequency local oscillator in radio receivers and for productic
of ultrasonic waves using piezo-electric crystal in the tank circuit.
Condition for oscillation

an oscillator to start functioning, the positive feed back must
be strong. je., A B > 1; ~¢ 3008

v A S Fl where A is the open loop gain and B is the feed w atio.

For a common emitter amplifier Igircuit used in this osci

voltage gain 4 = i S
r

where R is the load resistance a;d r.is the dynamic ‘" ‘-;'

the base-emitter junciton, Since A> L

p

p=3 2 i
, output voltage is across l,-ﬂu'ﬁadwk'vohph-” 'l.,l.
e
. = iLio
. B i m - . .L
where i is the circulating current at any instant mtheunkcnq'ln
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Foraﬂxeddesu'edﬁequcncy,ﬂ!evalueofCochmbendjw _
to have §=60° i.e.,tan 60= V3= i . Withtheseva]mfw

and R, the network is capable of producing a phase shift by 600

[By constsructing a ladder of three such net works in series g
total phase shift =3 x 60° = 180° can be produced between the t
and the output. This network can be used as the feed back pathtoa (g
amplifier so as to obtain a phase shift osclllatop
Circuit diagram

The circuit diagram of a phase shift oscillator, em employinga CE
transistor amplifier and a CR:!%dder network is shown in fig. Rcl“
collector load resistor and R_is the emitter resistor. The CR ladder net-
work is connected across the base and the emitter. The ladder is the
feed back path for the oscillator. mncmd&ram
lar frequency f. |
Working -

The input to the ladder is v_; which is the oscillator o tp
agesignal. Let v, be the inputio the CE amplifier. ThlSlS obtair
thelﬁd:&ntput tas shown.” T
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e The Hartley oscillator, Colpitt’s oscillator, R-C Phase shift |
oscillator and Wein bridge oscillator are examples of sinusoidal oscilla-
jors since they generate output voltage varying as a sine wave. 3
There is a class of R- C coupled oscillators which generate
nonsinusoidal waves at the output such as square wave, rectangular wave

or saw-tooth wave. This class of oscillators is called Mudtivibrators
(MV). Instead of generating sine waves, the Multivibrators proddcc
oscillations between the *high’ voltage level (1 state) and the ‘low’ volt-
age-level ( 0 state ) at the output terminal.

One cycle includes the time for a high state and a low state.
When each level takes the same time, the output is a symmetrical square
wave. With unequal times, the circuit produces unsymmetrical pulses.
The output voltage levels oscillate between high and low levels because
of the changes between the conduction and cut-off states of the device
(transistor or op-amp) used in the multivibrator circuit. This type of oscil-
lator is sometimes called a relaxation oscillator, because of the period
of cut off. i.e., the device alternately supplies power to the load at the
output and relaxes when it is in cut-off.
1. Multivibrators may be self-excited, requiring no external ex-
 citation, i ., they may not need any input signal. In this case, neither of
the two output states (high or low) is stable. Such multivibrators are known
8sastable multivibrators. The output lc.:velsstux:esm’t?el!‘"""’8"ﬁ"‘!m
One state to the other, For this reason, the astable multivibrators are also
Called free-running multivibrators. B _, 4
. 2. Multivibrators may also be ‘driven" oscillato Abnit
mm(olled by external driving voltages. Since
S (vol i he driven multivibral
'Oscillatom‘(?g s)arcRqiine i dﬁm oundiyitets

W
h

v

v L e ALe

(@) the monostable mt Lo
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through one of the transistors will be more. wﬂ‘e"""‘“‘ﬂw
Q, be sﬁghﬂy?greater than that of Q, . = | ,
I the collector voltage of Q,1s shgh.tly less than ey
s the base current of Q,, since the collectq, Q,

This causes decrease in it v OfQ
iscoupled with base of Q, through C,. Asaresult,the collecior,, !

: and its collector voltage increasgs. This inc
g:gzéziz:::?g' because of the coupling capacitor C,. Thig i,
increases the collector current of Q, and S0 the collector voltage ofq|i;
decreased. The falling collector voltag.c in Q, further decreasc. the oy,
rent of Q,, causing further decrease of its collector current. This gy,
|ative action (regenerative action) puts t!le .tl‘anSlStOI' Q, in saturation and
the transistor Q, under cut -off. At this msta.nt the cf)llector onl is
nearly at zero potential and Q, is at V.. This state is, however, not
permanent. The capacitor C, gets charged to V. volts through R,B
Q.E,R, path. The transistor Q, is in OFF state.

How long this will be in OFF state is determined by the time
constant C, and R,. The capacitor C, discharges through C,QERC
path, since Q, is on. The discharge of capacitor C, causes the potential
at A and hence at the base of Q, to rise above the cut-in voltagemd

makes the transistor Q, conducting. Due to regenerative action, Q, isal

cutoffand Q, is conducting. Eventually the capacitor C, gets chargedo
+V, through R, C,AQ, E, R_.. e

As Q, is conducting, the capacitor C, discharges throug
E.:IRI C, path, causi.ng the potential at B and hzence the potential of C

rise above the cut-in voltage. Due to regenerative action, Q, st )
ducting (and the collector voltage decreases) and Q, is dri :

The capacitor C, is rechar d
whole process iszrepeated.ge PRt R PQERq

ThusthetransistorsQ and Q v
: are alte ‘switchec
off. The base of either of the ltmnsis:ors willmashom\:vyg; \egati




mmhglmby
,'-" g 4 'C*RC) ‘:, '
Thhmy of the wave is ~

4 fr- L

= o |
! 0.69 (R,C,+R,C,) hertz

The output wave form isa square'wave as shown in figure .

vl @
Vi b

1. The astable muluvnbratoris » produce a contir
’qﬂarewavesofmwmlhr Hulse -



< 3 m-mblemultivibmormbeuaedalongwhhm,”\b .
struct a digital voltmeter. '

4, ’l‘heoutputofaﬁ‘ee-runningmultivibt'atormaybeuae‘dt(,giW
switching control at the base of power transistors in ad.c.-to.lc'
inverter. Similarly it can be used to operate at a higher ing
low - voltage - d. c. to higher - voltage - d. c. conw::rt:.sras,inswimhing
Mode Power Supply (SMPS) used in T.V. set.

5. The astable multivibrator operates as an oscillator without the neeq
forany input signal. It can be operated over a wide range of audioanq
radio frequencies. The frequency is determined by the time constants i

the RC coupling circuits.

Thus, the multivibrator is a very compact circuit using transis-
tors (or op-amp), resistors and capacito

: rs but without the need for any
cinls or transformers for feedback.

N

Monostable multivibrator using transistors

As the name indicates, the monostable multivibrator is stablein
just one state. It remains in its stable state until an input pulse ggers it
into the other quasi stable state. It remains in that state for atime and
then spontaneously will return to its initial stable state. 'I'hedumicn
which it remains in the quasi-stable state is determined not by the trigger-
ing signal but by the value of the components in the circuit itself. How-
ever, once the circuit returns to its stable state, it remains there until
another trigger pulse arrives.

through the capacitor C. The base of transistor Q, is coupled to the col-
lector of O, through the resistance R,. A speed up capacitor C,( re
duce transition time) may be connected parallel to R,.To keep!
mally at cut-off, its base is connected to a negative voltage =V,)
the resistance R,. The output will be available at the collector of Q,. AnY
input positive trigger pulse to produce change of state in the output shoulc
be applied to the base of Q, through the capacitor C,. e
Q, is normally ON because its base is biased to a posi
age through R and only capacitor- coupled to the collector o

capacitor C gets charged to ¥, volt through R,. The ch:
VCC' Rc\ C ’ B.z’Ezavw




S -1_ Bz QZ
TC‘ R, E,

Fig. 164 Manostable multivibrator

Circuit operation and expression for width of output pulse

The circuit is triggered by applying a positive trigger pulse atthe
base of Q . This turns Q,.ON, dropping the collector voltage of Q,. Due

to capacitor action, this drop is coupled to the base B sl\umngt!pem
sistor Q, OFF, since its base- emitter junction becomes NOW reve
biased. i.e., the circuit has gonetoa quasi-state (with Q, . ON MQ,
OFF).

The condition Q,, ON and QzOFF is only'
ON, the capactitor C discharges through it. The
E,V» RC. Asthecapacntorchargem C
ml’0ugh R, reverse bias on the Q, base di Pl’e“"s
cut-in voltages(0.7 V for snhcon) the base - €
" comes forward biased, enting
an amount of time ( T{'::termmed Wﬁ‘“ RCW COFF.
base circuit, Q, agamtums llyO'NaﬁﬂQ turns 14
hasswulchcdovcrtoltsnormllm- e 7 1)

Fach time a positive pnk‘dl“ .; Yy
Voltage goes from low {0 high temporatiis = ¢
Voltage. There is one rectangul rpul
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2. Flip-flops are the nerve centres of registers and digital counters,

3. Square wave of symmetrical shapes can be produced using flip-flops
by sending regular triggering pulses to the inputs of the flip-flops. By
adjusting the frequency of the input trigger pulses, the width of the square
waves can be altered.

4.A flip-flop circuit can also be used as a frequency divider(as a divide -
by two counter).

Schmitt trigger .
Schmitt trigger is a wave shaping circuit that can convert a sine
wave into a square wave.

: _output
R, " — o ]

The resistors R, and R, form a potential divider arra
base bias voltage to the transistor T,. The resistors R, and }
resistances in the two collector circuits. The input voltage is
the base (B,) of T, with respect to the ground and the correspe
put can be drawn from the collector (C)of T,



Action | i,
" o 3. TINEW
When the input voltage ¥/ =0, the transistor 7, i of. s cole-
tor voltage is ¥__(say 6V) and due to the potential divider ar angement
with R, and R.. the voltage supplied to the base (B,) of tranmwr’f",‘fs
sufficient to saturate T,. Hence voltage V' between collector and emit-
ter of T, becomes almost - zero. The supply voltage V.. (say 6V)is
dropped across the load resistance R,and emitter raistance R.in or-
tion to their ratio of resistances. Let us say, R, drops 4V and R, drops 2V,
L.e. the 7, collector to ground voltage is 2V i.e. the output =2 volt. It will

be always so, as long as the input V. is less than 2V. This is the emitter
Potential of T, ( voltage at E)). Aok~

—————

. When Vi is increased above 2V, the base - emmcrjlmchonaf: !
is fortvard biased and it begins to conduct, Due to the collector current
flow in R, the collector (C)) voltage falls thus reducing the base

collector (C)) voltage to

.TheoutputV jum Sto6lV(y |
noc““'emthrou L Jumps to ( o
Sk A : .andnovoltagedro across jt
mnf?{f s high state (7, - P AcrOSS It

Fthe cir

R
Uraled L

it 4 ) 0
I k(l‘ -R‘-‘ls 'k';grcased funher. With 7“ S 4

Current through transistor (T ireyif = -6V

= Bko = ImA

) - This increases ¥ and so
T, collector current decreases further (since its emitter voltage has raised),

This happens until the regenerative cuts off T, and saturatesT, . The

condition now is the output Vo =2 volt (low state),
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Thus, the signal ‘

| oy varying from -, to+ ¥’ is available acrossthe
pdl?"'%?ll Whose strength varies from 0 19 217 . Obviously there
?.wduve\. evel shifting of ¥, voltin the output, when compared to the

negal Vecl&zzer can be constructed by reverse connecting
. . Pracenthe circuit . In this case, there is a level shifting of
the W"Mﬂnough (=¥,). The output is

Vo= v- V,:‘
Application

Oand-2Vv.

Both positive and negative clampers are widely used. For ex-
ample, television receivers use a clamper to add a d.c. voltage to the
video signal. CMngcmnscanbemedaswhgedwbhsor voltage
m ] . l' - v :

Differentiating circuit using passive demm*

Ing circuit is a i !

the resistor R. "
Ihe differentiating

Sstance R connected in 8€!







In order to get aﬁodmtmiaﬁm,mfollowingmwﬂiﬂm
muuﬁm.-(x)mumcomt(mmwummm

the period of the input wave form since we have assumed R <1/Cwin
the derivation.

ie., R<1/Cw; RC<1/®w, RC<T/2n

“. RC < T, where Tisthe period of the input signal.

(2) The value of the reactance of the capacitor ( X¢ = 1/Co)
~ should be 10 or more times larger than the value of R at the operating
‘ &eqmcy(oftheinputsiml)

Special cases

Case I : Whenthcln:ut!g square \
v‘@mm f pee
0

A
o=l




By integrating the above, the output voltage v, can be obtained.







an expression for

‘10 Explam the functions of ladder net work in phase s
Derive expressions for frequency and minimum gam

oscillation.

11. What are multivibrators? Describe the function of
‘multivibrator usmg transistors. Sketch the output waveform
at an expression for frequency of the astable multivibrator ;

duty cycle.

: 5.5 o N )
‘.3‘ s £ 3 )
‘31
B !
3 ” -r-.: xp
] wwith negat
aln e
———
P54
\J
: W 3
f\ 1, ¥ >

d explain its working. Obtain the mini A
mmauons to start and deduce the expression or



12.Describe the applications of (1) astable multivibrator (ii)
monostable multivibrator and (iii) bistable multivibrator.

13. Explain, giving circuit diagram, the working of monost%\e
multivibrator using transistors. i

14. Draw the ciruit diagram of bistable multivibrator and cxpﬁin& |
action,

15. Draw the circuit diagram of a Schimitt trigger using u

Explain its working. Describe its hysteresis behaviour, Wh.

uses of Schimitt trigger? o e

16. What are clipping circuits? Explain the action of a combi ¢
p‘e;. What are the applications of clipping circuit? o

w;‘“ih“ Are clamping circuits? Explain the action of'a positive

! oy T e
| are the applications of clamping circuits? N

Objective type questions
I. An oscillator is an amplifier with
(a) positive feedback
(¢) neither (a) nor (b)
. Negative feedback
(a) lowers the gain

(b) negative feedback
(d) R.C. network

Lo

(b) improves stability
(c) increases the input impedance  (d) all the above
3. Barkhaussen criterion for oscillation is

(a) AB=1 @M®YAB>1 ) AB<l (dAP=-]
3. An oscillator converts

(a) a.c. power into d.c. power

(b) d.c. power to a.c. power

(¢) mechanical power into a.c. poWer

(d) generates power









UNIT-V
OPERATIONAL AMPLIFIER

Op-Amp - pin diagram- characteristics of ideal Op - Amp - DC and
A.C analysis - bandwidth - slew rate - frequency response - Op- Amp
with negative feedback - applications - Inverting amplifier - Non
inverting amplifier - Voltage follower- Adder - Subtractor - Integrator
— Differentiator- Low pass, High pass and Band pass filters -Wien
brldge oscillator.

— e — N — -

......
,,,,,

‘dnﬂ'umlamphﬁet.

The amplifier makes use of two identical trz S, V
are connected to power supply +V (wnthrespecito 3
identical resistors R .and R asmfgurc TheemMam
together to one end of a resnstorR whose other end is ¢ co!

power supply -V, with respect to ground v, and v, are t
given to bases of the two transistors and v, e output, vhich
available across the collector terminals. |

The output v, = V=7,







t:".f.iiﬂ'lnE'A"""I”’I' ~| agin €
Asoodamphﬁershouldrejectcommon hode in)
output. i.e., A mustbeamllaspom‘ble ’Htis“" :
mmasmgthevalueofﬂ:eemm sistance R .. But
.ﬁpvalueofd.c.emmerandcollmcmems.
'mcludmgaconstau-cmm tail (with another tran
.cnmmt.‘lhenﬁo(d /A )nsulledeormnonmode
(iii) Performance

1. Thisdifferential amplifer has high input i
gain.

2, Di:ectcouplmglsusedmdtherelsm
ﬂpacntorsandhmﬁmnsnolow




FAV
to actuate the actiye dev:
‘ Cvice. The i "
(voltage) that -+ he input : :
becomes “sab'li 100 small jp it present é’ﬂ: ':e a:;:;cmcal quantity
s 3 (& 0ut M . e. * P

the 81?:1 of the amplifier. Put signal ig greater than the input‘vb'etg f:sl::) l;

obtai .
after an::ha In larger gains, tyq Or more amp|;

Other (cascaded). There are (a P 1T are
SUCCESSive stages of a cq are diffe

: . aded amplifier $ ;
(Rt'C) coupling, L.C. coupling, transf s“cg';; resistance-capacitance
Differential amplifier "8 anddirectcoupling

A differential amplifier am

Figure shows the block dia P e difference betweentwo

. gram of a diffe i 3 2
input terminals and one outputesmminc . ifferential amplifier wﬂhm |

Connected one
rent methods of coupling

(i
=

If v, and ¥, are the input signals and V, the output signal, each
measured with respect to ground, then |

Vo= 4,V =-V)
where 4, is the gain of the
differential amplifier. The

output is proportional to the Vi ST

difference between the two Amplifier %

input signals. o 0
A circuit with two 2 Fig. 188

transistors (CE amplifiers) .
having their emitters coupled to acommon resistance (whose lower end

is carthed) forms a differential amplifier. Sucha sirouithins HginpEt
impedance and high voltage gain. . )
The differential amplifier is the basic stage of ek P
amplifier (op-amp).
Operational amplifier

Itis designed to amplify a.c. an p-amp uses dimtm
's used to amplify d.c. voltages also, the 0p-2% '

, A T oaesion
lhmughout. Jcasd “h












R = lutputvoltage change
* Gutput (fad) current change
Since R, = 0, the ideal op-amp can supply maximum currentto the
irrespecotive of the value of the load. g ‘
3. Thevoltage gain is infinity, 4, = -= IR
Here, by 4, we mean the open-loop gain of the op-amp Le., ‘without
the use of any external feedback circuit. Since 4, is very large, evena
feeble differential input signal (of the order of nanovolt) gets amplifiedto -
alarge extend (to the order of volt) quickly. A
4. The band width is infinity. : "
The voltage gain of the amplifier is canstant at all Jreqit
the input signals. 3 -

5. Perfect balance ise-) outpm B
(V= LY Anysigul,comoﬂwm“

Pampcircuiseasily.
7-Slew rate is infinity. . the OUPUEE

"put without any delay.
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applied to the non-inyerting
(+) terminal of the op_amg i

K is positive (Fig. ). In this |

case, due to regenerative action, * [ o
the Out.put quickly increages to
saturatml!_. | This type of positive b
reger!erattye feed back circuit is R l
used in oscillators and logic gates. i

i l:‘f; teh:u:‘;edmpub?(zl_()ls apl?lled ﬂ:: Fig.200 Positive Jeed back in op-amp.
feed back is negative (Fig.). In this

case,.the gain of' the amplifier system ’
(4) 1s independent of op-amp -
characteristics but it depend b

sonthe
feed back components (such as R;) + i
and hence the gain can be controlled.
This type of feedback is used for mlm
amplification purpose. Fig. 201

Inverting operational amplifier

Fig.203 Inverting operational amplifier. . o
nal amplifier circuit is shown in the .:;:;ﬁt
: connecwdtothe invemgmin‘
R. A negative feed , ]
ntheoutputa:.!dthg m

The inverting operati

voltage source ¥, (a.c O d.c)is

e resistance
op-amp through th nce R, betwee

connecting a resista ~ i
terminals. Nagative fee‘:h?;l;m signal.
has a phase that OPQS::, i i TGRS

























- ca PO

3

-
|










25

-

‘ ’ﬂggge on the capacitor at any instant 7. je.,
18 thi ‘iﬂequat:on(l)

@&(‘9— (differentiator output)
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