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1. Inverting amplifier: A basic inverting amplifier using an OP AMP con-
qected with an input resistance Ry and a feedback resistance R is shown in Fig.
14.6. Since Ry connects the output terminal to the inverting'input terminal, 1t
provides a negative feedback. The noninverting input terminal is grounded. The

input and the output voltages are v, and vy, respectively. Let v be the voltage at

the inverting input terminal. As the open-loop gain A of the OP AMP is very
high. and the output voltage v is finite due to negative feedback, we have v =vy/A

— 0 as | Al — oo. Therefore, the inverting input terminal is practically at the
sround potential. Thus, though the point G is not actually connected to ground
it 1s held virtually at ground potential, whatever be the magnitudes of v, and vy.

There is an important difference between an ‘actual ground’” and a ‘virtual
sround’. When a terminal is actually grounded, any amount of current can flow
to ground through the terminal. Thus an actual ground can serve as a “sink’ for
infinite current. But the input impedance of an OP AMP being infinite, no current




Fig 14.6 Inverting amplifier

- YIrt: I areririe
can flow into the OP AMP through the virtual ground. S50 a virtual ground capg,,
serve as a sink for current.

The current i through the resistance R; is

V=V

Ry

Assuming that the OP AMP is an ideal one with an infinite input impedancs
the current i passes through R, and not into the OP AMP. Kirchh
law at the point G gives

: n=v v=y

R, R,

As the point G is a virtual ground, v = 0. Hence Eq. (14.9) reducss w

The ratio of the output voltage vy and the input voltags v, is the o

gain of the amplifier. So, the closed-loop gain of the inverting amelifer s
¢ 7_1'—.1

Thus the closed-loop voltage gain is the ratio of the feedback resistancs £ ©

the input resistance R,. The negative sign signifies that the ouput voimes
inverted with respect to the input voltage. )

The input resistance of the amplifier system is
\'l v
Ri.'r T~ — \l =
t (v] = L’)/R‘ Rl
using Eq. (14.8) and notin

i = gthat v =0. It should be noted that R, re
cntire amplifier system

: anE] not to the OP AMP which has an inf
impedance. The output resistance of the invertine amplifier is very sl




4, NO“i“"e‘_'““g amp!iﬁer: Figure 14.7 depicts the circuit diagram of a non-
inverting amplifier. The input voltage v, is

applied to the noninverting terminal. Since
he voltage gain of the OP AMP is infinite,
the potential of the point G is also v|. The
current flowing into the OP AMP is negli-
gible, its input impedance being very large.

Hence, applying Kirchhoff’s current law at

the point G we obtain Fig 14.7 Noninverting amplifier

Vo — V) 3
= (14.15)
Ry
Vo - Rf . .
or v =1+ R, (14.16)
which is the voltage gain of the amplifier system. The voltage gain is greater
than unity by a factor R¢R;. As the gain is positive, there is no phase difference

between the input voltage v, and the output voltage vo. The input impedance of
the circuit is high and the output impedance is low. ~

In the circuit of Fig. 14.7, if Ry = 0 and R; = e, the circuit reduces to that of
Fig. 14.8. Equation (14.16) shows that the voltage gain in this case in unity.
Therefore, the circuit of Fig. 14.8 is referred to as
2 unity-gain buffer or a voltage follower. This
circuit offers a high input impedance, andalow G FN
output impedance, and therefore can be empl;yehd W
3 an impe ine device between a high-
impedanglc(la:xr?ea;c:; ag low impedance load. . Fig 14.8 A voltage follower




The Summing Amplifier Circuit Diagram

https://youtu.be/jsKSfaFQ4d4



5. Adder or summing amplifier: Figure 14.9 givef» the circuit diagram of ap
same reasoning as in the case of the i"Vertin

adder or a summing amplifier. The : -
amplifier shows that the point G is a virtual ground, 1.e. G is at ground Potentia]

The input impedance of the OP AMP being infinite, t},';hs;",n of the currents i by,
s Iy will be equal to iy, by Kirchhoff's current law. That is,

i1+i2+...+in='0

Vi V7
. L TR
R

' Fig 14.9 Summing amplifier

.. =R, =R, Eq. (14.17) gives

(14.18)

With R, = R, Eq. (14.18) reduces to
Vo==(V + v+ .. +v,). (14.19)

This equation shows that the output voltage v is numerically equal to the

algebraic sum of the input voltages v;, v,,
..., Vy. Hence the circuit is termed a sum-
ming amplifier or an adder. If the algebraic
sum of the input voltages is very small, the
output voltage vq is measured with Re>R.
From Eq. (14.18), the desired sum is ob-
tained accurately by dividing v, by R//R,.




Fic 4

Fig. 2.15 Subtractor

https://youtu.be/ItVspUteuul



6. Differential amplifier A differential

(or difference) amplifier amplifies the dif-

ference of two voltages Figure 14.10 shows

the circuit diagram of a differential
amplifier. - Suppose that the difference be-

«ween the voltages v; a’.‘d Vi 15 t0 be amplified. The voltage v, is applied to the
n{,ninvcrting input te.rmmal and v; to the Inverting input terminal of the OP AMP.
The output voltage 1s vo. The voltage gain of the OP AMP being infinite, the

poinlS a and b will have -the Same potential, say, v,. Applying Kirchhoff's current
law at a and b, we obtain respectively

Vi—V; V=V

(14.20)

and = (14.21)

where we have assumed that the input impedance of the OP AMP is infinite.
Subtracting Eq. (14.20) from Eq. (14.21), we get

R,
Vg = "R":‘ ( Va =W ) (14.22)

Thus v is the amplified version of the difference voltage (v, — v)), the voltage
gain of the amplifier system being Ry/R,.




https://youtu.be/aU24RWIgJVs



8. Differentiator: The circuit of Fig. 1'4.13
gives an output voltage vy which is proportional C

; : . G
to the derivative of the input voltage v; with 31-—'{\
respect to time. Therefore, the circuit is termed

a differentiator. The infinite voltage gain of the l
OP AMP makes G a virtual ground. The charge =

on the capacitor C is therefore g = Cv, Fig 14.13 Differentiaor

or V) = % . o (14.23)

Differentiating with respect to time, we obtain

dvi _ldg _ i

d ~Cdt_ C S

where i is the current flowing through the capacitor. Since the input impedance
of the OP AMP is infinite, the current i flows through the resistance R also.
Therefore, i = -vy/R, so that Eq. (14.24) gives

dvl
Vo = — CR dt
Obviously, the output voltage v, is
proportional to the time derivative of the

input voltage vy, the proportionality constant

| G
—
R ‘
being —CR. WO—WmlG‘—-‘\ i

(14.25)




https://youtu.be/OPvs7A554Rw



Fig. 14.14 Integrator

Fig. 14.14, is an integrator. As the gain of the OP AMP is infinite, the point G

.5 a virtual ground. The current i flowing through the resistance R is i = vi{/R.
The input impedance of the OP AMP being infinite, the current i flows through
the feedback capacitor C to produce the output voltage vo. Therefore,

1,
Vo = — Efozdt = — é vidr. (14.26)

The output voltage Vg is thus proportional to the time integral of the input
voltage v;, the proportionality constant being —1/(CR). Hence the circuit 1is
referred to as an integrator. Integrators find applications in sweep Or ramp
generators, in filters, and in simulation studies in analog computers.




Zero Crossing Detector Using UA 741 op-amp IC

www.CircuitsToday.com

Zero-Crossing Detector Using UA741 op-amp IC

Zero Crossing Detector using 741 IC

The zero crossing detector circuit is an
important application of the op-amp

comparator circuit. It can also be called as

the sine to square wave converter. Anyone of
the inverting or non-inverting comparators
can be used as a zero-crossing detector. The
only change to be brought in is the reference
voltage with which the input voltage is to be
compared, must be made zero (Vref = 0V).
An input sine wave is given as Vin. These are
shown in the circuit diagram and input and
output waveforms of an inverting

comparator with a OV reference voltage.




As shown in the waveform, for a referenc
voltage OV, when the input sine wave passe
through zero and goes in positive directior
the output voltage Vout is driven int
negative saturation. Similarly, when thi
input voltage passes through zero and goe
in the negative direction, the output voltag
is driven to positive saturation. The diode
D1 and D2 are also called clamp diodes
They are used to protect the op-amp fron

damage due to increase in input voltage

They clamp the differential input voltages t:
either +0.7V or -0.7V.

Zero - Crossing Detector Using 741 IC Waveforms

NANVAN
NN

www.CircuitsToday.com

Zero-Crossing Detector Using 741IC -Waveforms

For an input sine wave, the output of the

zero-crossing detector being a square wave,

In certain applications, the input voltage
may be a low frequency waveform. This
means that the waveform only changes
slowly. This causes a delay in time for the
input voltage to cross the zero-level. This
causes further delay for the output voltage
to switch between the upper and lower
saturation levels. At the same time, the
input noises in the op-amp may cause the
output voltage to switch between the
saturation levels. Thus zero crossing are
detected for noise voltages in addition to the
input voltage. These difficulties can be

removed by using a regenerative feedback

circuit with a positive feedback that

causes the output voltage to change faster
thereby eliminating the possibility of any
false zero crossing due to noise voltages at

the op-amp input.



https://youtu.be/VWQFXEXIEmc

https://youtu.be/emxIw6P05IE



A log amplifier is an amplifier for which the output ~ Basic op-amp diode circuit

'Q
voltage V,, is K times the natural log of the input
voltage V;,. This can be expressed as,

Vin
V:)u = Kl
t n(‘/ref)

where V¢ is the normalization constant in volts and

< Basic op-amp diode log converter
K is the scale factor. p-amp g

The relationship between the input voltage Vi, and
the output voltage V,;; is given by:

Vi
gut — — 1
Vous = =V n(ISR)

where Ig and V1 are the saturation current and the

The logarithm amplifier gives an output voltage which
is proportional to the logarithm of applied input

voltage

thermal voltage of the diode respectively.



12. Logarithmic amplifier: If the
feedback resistor Ry in the circuit of Fig.
14.6 is replaced by a diode, we obtain a
logarithmic amplifier giving an output
voltage v, that changes as the logarithm
of the input voltage v,. The circuit of
logarithmic amplifier is shown in Fig.
14.17.

The volt-ampere characteristic of the
diode is given by Eq. (5.5), viz.

S, Se I
i= l,[exp(nkBTJ l]
Here i is the diode current for the forward voltage ve Ifeve /(Mg T) 55
or, i >>I; , we have

Fig. 14.17 A logarithmic amplifier fo,
positive input voltage y,

M E SO .
1.\' _nkBT

_MkgT i
or, V= % lnI—'

Since G is a virtual ground in Fig. 14.17, we have i = v;/R, and the output voltage

_ _ ﬂkaT] Vi
Vo = — Vp = — ‘ n 1_,R| .

Hence v, responds to the logarithm of v,.

IS

tps

//youtu.be/eVng5gcBjX0

https://youtu.be/Nrfb-sOwl6g
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wien bridge amplifier
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14-19 THE WIEN BRIDGE OSCILLATOR

An oscillator circuit in which a balanced bridge is used as the feedback network

1s the Wien bridge!® oscillator shown in Fig. 14-34. The active element 18 8:11
operational amplifier (Chap. 15) which has a very large positive voltage gail




V) negligible output resiatm.\ce. and very high (infinite) input
v o Av We assume f\.“-t.h.er that Ay is constant, over the range of frequen-
esist ’nce'm(ioﬂ of this circuit.
et " the loop gain —BA, we brenlf the loop at the point, marked P and
To ﬁ:ﬁemal voltage V, across terminals 3 and 4.

,ppl.\'_*‘:e v, = AyV, the loop gain is given by
Sin e
Va Vl‘
Loop gain = 37 = 37 v = —p4 (14-70)

Two auxiliary voltages V; and V, are indicated in Fig. 14-34 such that
V = ;. g Vl. From Eq. (14'70) A = AV &nd

V{ .Vi i Vl Zi Rz

o kR “Zi+Z: Ri+Re

(14-71)

It is not difficult to show that Z, and Z, have the same phase angle at the
frequency

e (14-72)
fo = 2rRC

i =1-7 = (1 — j)R/2. Hence
t this frequency Z; = (1 — )R and Z, a-=7 .
i;ldst}:t;,t, z.t © = w,. If & null is desired, then R; and E, must be chosen so
th’at Vx - 0. From Eq. (14-71) Ra/(Ry + R) = %, or Ry = 2R..

In'the present case, where the bridge is used as the ffaedback network for an
oscillator, the loop gain of Eq. (14-70) must equal umtg ar;df mus;‘ hm(r;a ;;;c;
] i i iti he phase of —f from kq.

. Thus, since Ay is a positive number, the p ) :
fnhua::be sero. but the magnitude must not be zero. This is accomplished by

taking the ratio Ra/(R: + Ra) smaller than §.

Fig. 14-34  Wien bridge oscillator
using an operational amplifier as
the active element,

If we let
: Ry _1_1
| & 2 = 3

Vi R+ R 3
where § is a number greater than 3, then
Vo—=Vi_ Vo
Ralnian S

1 1
—37153 (1473
Atw = ay Vo/V. = 4and § = —1/6. The condition —84 = 1isnoy .
fied by making '

=B (14-74)

Note that the frequency of oscillation is precisely the null frequency of the

balanced bridge, given by Eq. (14-72). At any other frequency V, is not in

 phase with V;, and therefore V; = V, — Vs not in phase with V, so that the
condition —fA = 1 is satisfied only at the one frequency f,.

4‘ Continuous variation of frequency is accomplished by varying simultane-

‘ously the two capacitors (ganged variable air capacitors). Changes in fre-

‘quency range are accomplished by switching in different values for the two
identical resistors R.




» Example 1. An inverting amplifier has Ry = 20k§2 and Ry = 100kQ. Fing the outpyt

voltage and the input current for an input voltage of 1V, (Punjab uniy,)

Solution: Here, the input resistance, Ry = 20k{2
Feedback resistance, Ry = 100 k(2

and the input voltage, v; = 1V.
The closed-loop voltage gain of an inverting amplifier gives,

Ry = 100 x 108
Output voltage, vg = — i U X o]
utput voltag 0 'U,Rl 1x20x103> 5V
oy o __;_
The input current = R = S 100 A =0.05mA

» Example 2. Cualculate the actual output voltage of an integrator after 2 sec for the
input voltage of 1V d.c. Given that the input resistance = 100kQ and the feedback -
apacitance = 1 pIF, (Calcutta Hons.)

Solution:  Given, the input resistance, R = 100k = 100 x 10%Q
Feedback capacitance, C = 1uF =1x 107°F
Input voltage v; = 1V dnd time ¢ = 28
1

t.
*. The output voltage, vg = ~TE o v;dt

I S Y
10~ x 100 x 10° f

i 8



F le 5. Sh .
» Exarople 5. Show that ()e outpul vollage of the cireuil in Wig, 12,15 is given by

"’l a5 ”) ll’| Ity
e -
Iy ity 1ty "V,

» Example 3. A rump voltage of 1.5V (as shown in Fig. 12.12) per millisecond is appii.y
to an OP AMP differentiator for having R = 2kS2 and C = 0.01 pF. Find the outpy

Do == 1y, -

voltage ond its waveform. (Caicutta Hons ) ———— -~—-——MN\'7\7VW ..... -
15V .
—— W [T
Vi Rs
oV —— v2 Re
7 y /74 S
Fig. 1215
. . dv; 1.5V
Solution: From Fig. 12.12, £ - =15V/ms, for 0 <t<1lms le.
i —— I -esultant output voltage is obtained by the guperposition princip
dv; The I ) tput given by
and =% = 0. for outside this interval. solutio”” ut voltage V1 alone produces ail OUPTL &
dt The inP! ,_ R
V=TI T Given, R = 2k = 2 x 10°0) YR
o e taeminal i8 given by
and C' = 0.01 uF = 0.01 x 10~6F. - At the non-inverting terminal 4
e e voltage © Y2 Ry
RC = 2 x 10% x 0.01 x 10765 = 0.02ms Th Tl
-0Vl Hence the output voltage for 0 < t < 1 ms is given by output given by
Fig. 12.13 d v foiis produc“’ an wRy R '__.._F Ry
vo = —RC—> ”‘ = —(0.02 x 1.5)V = —0.03V = —30m But vA & Ry S TRy
' ' )= (l TR VA Ryt :
Othcrwlse. however, vg = 0. R
The waveform of the output voltage is illustrated in Fig. 12.13 above. Rl 3 RZ e
= 12" R, + R4 ,
1 }_ U
il by Yo = =4
g given Rz
 The resultant output 2o 1% &

Ry o~
Ry t1 Ry "1 v s
vo = V2, + TR




L. ‘The inverting amplifier circuit of Fig. 14.6 has R =1 k.Q and Ry = ? rkg-
Determine the output voltage, the input resistance, and the input current fo
input voltage of 2 V.

Ans. The output voltage is
Vo =~— (R/Rl) Mi=-0G3/1)x2=-6V

The input resistance s

Rin"’Rl:lk-Q-

The input_current is




2. The noninverting amplifier circuit of Fig. 14.7 has &= 5 k€2 and R, = 2 kQ
What is the voltage gain? X

Ans. The voltage gain is

A\-=|+&=l+§-=3_5

R, 2

3. When a voltage v; =+ 40 PV is applied to the noninverting input terminal
and a voltage vy = —40 UV is applied to the inverting input terminal of an OP
AMP, an output voltage vy = 100 mV is obtained. But, when v; = v, =+ 40 1LV,
one obtains vo = 0.4 mV. Calculate the voltage gains for the difference and the
common-mode signals, and the common-mode rejection ratio.

Ans. In the first case, the difference signal is vy = v, — v, =40 - (—40) = 80 uV
and the common-mode signal is v, = (v; + v,;)/2 = (40-40)/2 = 0. The output
voltage is

Vo= A+ A Vo ()
Where A, and A are the voltage gains for the difference signal and the common-

mode signal, respectively, Substituting the values of vo, v4 and v, for the first case
in (i), we obtain

100 x 10° = A, x 80 + A, x 0.

or, Ay = % = 1250

In the second case, vy = V| =v, = 40-40 =0 and v, = (v; + v2)/2 = (40 + 40)/2
=40 pV. Putting the values in (i) gives
04x10°=A,%04+Ac %40

0.4 x 10°
or, A = —a0 - 10
The common-mode rejection ratio is
Ay 1250 _
CMRR = ™ i e 125.

4. Find the output voltage vy of the three-input summing amplifier circuit of
Fig. 14.18.

Fg®
100 _mw——
-5V
+ 200.1-
v 3 |_ov;
+4 VO—'WUL— +

[

Rio 14.18

Fig. 14.20

The variation of v, with 7 over a full
cvele (0 £1<0.02s) in shown in Fig. 14.20.

6. A ramp voltage of 1.5 V (as shown in
Fig. 14.21) per millisecond is applied to an
OP AMP differentiator having R =2 kQ

l
I
I
and C=0.01 uF. Find the output voltage gy le—1ms >

and its waveform. (C.U. 1999)

dv;
Ans. The output voltage is vg=— RC —

dt’ Fig. 14.21

Here v; is as shown in Fig. 14.21.

dv; dv; . AR
O<t<1 ms, _1=EY_; otherwise 2 = 0.e oV
. dr  Ims dt

Also, RC=2 x 0.01 ms. ,
Hence 1p=—002%x15=-003V

<—-‘|mS-—>

= —=30mV for 0 <t < 1 ms, Otherwise, vy=0. -30mV

The waveform of vg is shown in Fig. 14.22.

Fig. 14.22




Ans. Equation (14.17) gives for the output voltage

300 500x3+£0—qx4)

von-—(loox—5+m 400
=-(25+475+5) =125V

5. Compute the voltage gain for the amplifier shown in Fig 14.19. Find the outp,,
voltage Vo, if the input voltage is v;, = 0.5 sin 100 =¢ volt. (C.U. 1996),

If the operation were entirely linear, the output voltage would have been
Vou = A Vi = =50 % 0.5 sin 100 & t = - 25 sin 100 mt V.

But since the supply voltage is + 12V, the OP AMP is saturated when 1V,
attains 12 V. Let at time 7 = fy, V,, =—12V. Then

—12 = -25 sin 100 71

or,

coil 3%) -3
sin (25J- 1.59%x 107 s.

fo = 100 n
Thus over the entire cycle, we have v,,, = =25 sin 100 mt V when 07 S/
=-12 V when 1 £ ¢ < (0.01 - ).
=-25sin 100tV
when 001 -, ¢ <001 + 1
=+ 12 V when
001 +1,<1t<002~-1
= -25 sin 100 mV
When 002 -1 <1< 0.02s.




PROBLEMS

L. In an OP AMP, when the voltage applied to the noninverting input ter-
minal is v; = 50 @V and that applied to the inverting input terminal is
vy = =50 @V, what is the output voltage, if the voltage gain for the
difference signal is A,;? If the common-mode rejection ratio is 1000,
calculate the percentage difference of the output voltage obtained with
vy = 500 uV and v, =400 u V. (Ans. 1004, 1 V: 0.45%)

. An OP AMP inverting amplifier has an input resistor of 10 k2 and a
feedback resistor of 50 kQ. If the input voltage is 0.5 V, find the output
voltage and the input current. (C.U. 1991) (Ans-2.5V,50 uA)

. In the difference amplifier circuit of Fig 14.10, R, =2 k€2 and R, = 500 €.

Calculate the voltage gain of the amplifier. If vy =-03 Vand v, =05V,
what is the output voltage? (Ans. 4; 3.2V)

. If v, and v, are two voltages (with respect to ground), how would you
construct an OP AMP circuit to get the voltage vo=2v; —v; ?

An. OP AMP inverting a.mpliﬁer has an input resistor of 10 k) and a feedback
resistor of 50k). If the mput voltage is 0.5V, find the output voltage and the

input current. (Calcutta Hons.) [—2.5V, 50uA]




1. in the circuit of Fig. 12.21, the resistance R chan
T \.iletlrcr the current through the 5000 resistance
B\ -
1 in each case.

ges'from 1kQ to 2k

2. Compute the voltage gain for the amplifier shown in Fig. 12.18. Find it niny

Q, explain
voltage 1 if the input voltage is vy = 0.5sin 1007t volt.

Find the voltage

the Mitgys

5001 —
——— N
+12V
1k "
£ )
Vi O—AWWAMA— ¥2Vo—AWWMN
,m;; Fig. 12.18
(Calcutta Hons.) [—25sin 1007t for linear operation| —
% 10 1 ing ci i f Fig. 12.19. b Fig. 12.21 77z
3. Caleulate the voltage 1y in the following c1rc:x°|:: ig S Coori {No; e
AVMMAMA 8. A voltage 5sin20007t mV is applied to the input of an OP AMP integrator
Sies (Fig. 12.9) for which R =100kQ and C = 1F. Caleulate the output voltage.
c AN A
W WA ,, (Agra Univ.) | d=(cos 2000=¢ — 1) m\r]
0
i" 9. What is Fhe output voltage in the circuit of Fig. 12.22? Explain the operation of
e the circuit.
Fig. 12.19 (Calcutta Hons.) [2V]
. In the circuit of Fig. 12.9, R = 100k and C = 1 uF. If the input voltage v; isa
10V, 250 Hz square wave, determine the output voltage vg.  (Calcutta Hons)
D ! o— g
[A triangular wave of amplitude 0.2V and frequency 2501z, Vs Ngahit ¢

. Design an OP AMP circuit which will give an output voltage vo = 0.5 -2 — 7 ,—?7,,,, (Coteats sigd

for two nput voltages vy and vq. (Calcutta Hons.)

10. An inverting OP AMP has an input resistor of 10kQ and a feedback resistor

of 100k If the input voltage is 0.5V, find the output voltage and the input
current. (Calcutta Hons.)  [-5V, 50p4\]

. In the following cirenit of Fig. 12.20, determine the value of Vg in volt.

+18Y 11

Design a circuit using one or more
OP AMPs whose output is given as

' = 2u; +5va where v) and v» are the "
two inputs,’

(Burdwan Hons.)

12, ircui )
For the cireuit of Fig. 12.23, show that ) - ;
the output voltage is ¢
F 4
Ro dv;
vg = ——u; — CR: —l oo
R Tt

If the input jg

a ramp of the form v; = at where a is a positive constant, find the
Output yolt

age vq. (GATE)




