ERRS 4
"

S
o
f-t
o
&

A\

\% |
CMRIT

T

* CMR INSTITUTE OF TECHNOLOGY, BENGALURLU.

ACCREDITED WITH A+ GRADE BY MAAC

CMR Institute of Technology, Bengaluru
DEPARTMENT OF ELECTRICAL & ELECTRONICS ENGINEERING

Solutons of Internal Assesment Test — 1

Subject: OPERATIONAL AMPL
Sem

IFIERS AND LINEAR ICS (18EE46)
ester: 4A

1. (a) Draw the block diagram of Op-amp and explain each stage
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1. (b) Define the following terms: CMRR, PSRR
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2. (a) Explain the ideal characteristics of op-amp
Solution:
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2. (b) Deduce the expression for a closed loop voltage gain of non-inverting amplifier

Solution:
R I|.|"1 .................

An amplifier which amplifies the _‘W\:’v+ A - :‘ih+ 1 | ALS
input without producing any phase shift e i —-| |
between input and output is called — y
noninverting amplifier. The basic circuit = G 0
diagram of a non-inverting amplifier Op-amp o [
using op-amp is shown in the Fig. 1.16.1. . LI P 1- g
The input is applied to the non-inverting " _]_ a | //;//j \
input terminal of the op-amp. L -nz/..z;f:;
RSREIRIA o R L e ML S, o ot S Y 0 B

The node B is at potential Vi, hence the potential of point A is same as B which is L 5

Viy, from the concept of virtual share. Fig. 1.16.2 Waveforms of non-Inverting amplifie

Vo = V=V, - (L16.1)
From the output side we can write,

Vo-v“

I = P

= o in
I R . (1.16.2)

At the inverting terminal,

V, = A
a0 ie. falk ... (1.16.3)

b= R, Ry

Entire current passes through R as input current of op-amp is zero.
Equating equations (1.16.2) and (1.16.3),
Vo "V’m - vil'l
Re R,
Vie . Vi
Re © Re "Ry
Yo _ v [Ri*R)
R¢ "L RyRg
Vo o (Ry*Re)Ry Ry +R¢
- =
Va Ry R¢ R

] :
f \ Re |
| A= yt=1+gl | . (1164)
i i



3. (a) Show that the output of a subtractor is equal to the difference between the two

input voltages
Solution:

Similar to the summer circuit, the subtraction of two input voltages is possible with
the help of op-amp circuit, called
subtractor or difference amplifier %
circuit. |
st i T LN
The circuit diagram is shown in the + o—AMA/
Fig. 119.1 ig =l A
e 1 VO
To find the relation between the R, B +
inputs and output let us use ‘i‘
Superposition principle. )
Let V;; be the output, with input v
acting, assuming V, to be zero. And

Vo2 be the output, with input V, o
acting, assumi g V; to be zero. Fig. 1.19.1 Subtractor circuit

Case 1 : With V, zero, the circuit
acts as an inverting amplifier. Hence

Ry
AW
o=

we can write, Vg = -E:'V'

. (119.1)

Case 2 : While with V; as zero,
the circuit reduces to as shown in
the Fig. 1.19.2.

Let potential of node B is Vg. The
potential of node A is same as B i..
VA = VB.

Applying voltage divider rule to the input V, loop,

VB - —EL._.
Ry +Ry
Vv V
N = A=_8B
ow R, "R v (119.3)
Vor-Va _Va-Va
R¢ R¢

Fig. 1.19.2

V2 . (1192)

And

—
n

o (119.4)



Equating the equations (1.19.3) and (1.19.4),

VB _ Va-Vp . Ry +R¢
B 278 e V,= Vg

R, R¢
= [ =Rt
Vo2 = [1 +-El-] Vp . (1.19.5)
Substituting Vg from equation (1.19.2) in equation (1.19.5) we get,
| ReJ[ R
t Vo st =i flatc [ V.
ool
Hence using Superposmon pnncnple,
- __Re Re|[Re 119
Now if the resistances are selected as Ry =R,
- _R¢ .R_r .R_f Vy = = EI- Vy + E{- V.
Vo = -R_Ivl+[l+Rl][R|+R{ 2 RI 1 Rl 2
_ Ry (1.19.8)
i Vo-+—(V2-V|) { .
S | By~
3. (b) Find the output voltage for the following circuit:
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4. Design a capacitor coupled AC non-inverting amplifier for the frequency of 120
Hz, voltage gain of 5, and input voltage of 1V using 741 op-amp.
Solution:
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5. (a) In a AC inverting amplifier, The following parameters are given: Source
Resistance (Rin)= 50€), Coupling capacitor (Ci)=0.1 uF, Input Resistance (R1)=100€,
Feedback Resistance (Ry) = 1K(), Load Resistance (Rp)= 10KQ, Supply voltage=
15V. Find the bandwidth of the amplifier. (UGB = 105, K=0.909 for 741 IC).

Solution : For an inverting amplifier, Rif = R,

=100Q
Rin = Rg=50Q,C; =01 4F, R, =1k
- 1 _ 1

27Ci(Rs +Rig)  2ax0.1x1076 (50 +100)

Re  1x103

Apr = — L e =a
J R, 100 10

UGBxK 108 x0.
fy = = X0 g9 4

£ 10

BW = fy-f_ = 8029 kHz

5. (b) With neat diagram, explain the working of Peaking amplifier.

Solution:

The circuit which gives out the frequency
response which exhibits a peak at a certain
frequency is called as a peaking amplifier.
Such a circuit is possible with the help of
parallel LC network along with the op-amp.
This parallel LC network must be connected

in the feedback path as shown in the
Fig. 1.27.1.

When the input frequency is changed, at a
particular frequency, the parallel LC circuit
shows the resonance. Hence the circuit
oufput shows the peak in the frequency
response. Such a frequency is called resonant

frequency or peak frequency denoted by f,. It

and C and is given by

f, =

Qcoil =<

L
— T —

C
—

Re

R1
gum—t-—fww-
Vh 94
I

= 10.61 kHz

Fig. 1.27.1 Peaking amplifier

1 ’
5 n-Jr('-: if ana 10 whem Qcm'] = Quﬂlit}' factor of coil

is totally dependent on the values of L

a2l

. 0272



At resonance the impedance of the parallel LC circuit is very large hence the gain of
the circuit is also at its maximum. This is the reason why amplifier shows peak at the

output.

Re iRy | 1273
R > . (1273)

.'\p =-

where Rp' B Elq;}i.vale:jt.par‘allel resistance of tank circuit
: 2
- Rp=Q ;R shere R = Internal resistance of the coil ... (1.27.4)

Below and above the resonating R
frequency the gain of the amplifier is
less than the (Rg||Rp)/Ry as the Peak magnitude
impedance of the parallel LC circuit is ofgain
less than R ..

The frequency response of the  Gain
peaking amplifier is shown in the  VoVis
Fig. 127.2.

The bandwidth of the peaking 7 & Frequency

- e - . '
amplifier is given by, Fig. 1.27.2 mq"%':ﬁgu?i':rpm" of peaking

BW=¢ L% w (1.27.5)

where 2
QL

Resonating frequency

Loaded quality factor of parallel resonating circuit

Qu=®ReliRy)/ Xp - (1.27.6)



6. What is Instrumentation amplifier? Find the expression for the output of three
op-amp Instrumentation amplifier.

Solution:

% It is a high gain differential amplifier with high CMRR value and also
allows to adjust the gain of the amplifier circuit without having to change
more than one resistor value.

+ This is mainly used in industries where the accurate measurement and
control of physical parameters (like temperature, humidity, pressure etc.) are
very important.

+ For example: 1. Maintaining a constant temperature and humidity inside a
dairy or meat plant is very important. 2. Precise temperature control of plastic
furnace is needed to produce a particular type of plastic. In both the cases
Instrumentation amplifier is used.

+ In short, Instrumentation Amplifier is intended for precise and low level sig
nal amplification with low noise, high CMRR, high slew rate, low thermal and
time drift, high input impedance, and accurate closed-loop gain.

Transmission lines

[Physical quantity :
——p=  Input stage Intermediate Output
to be measured . .
T T T
Transducer Instrumentation Indicator and
ifi amplifier automatic process
+ preamplifier peprod

B Input Stage: It is a combination of transducer and preamplifier. A transducer s
a device which converts one form of energy into another. Most of the transducer
outputs are as low as few mV or pV.

B The intermediate stage: It consists of Instrumentation amplifier whose input is
connected to the output of the Input stage. The Instrumentation amplifier will
amplify the low level signal from the transducer unit. For the rejection of noise,
amplifiers must have high common-mode rejection ratio (CMRR).

® The output stage: It consists of devices like Meters, Oscilloscpes, Charts,
Magnetic records etc.



& 3 Op-amp Instrumentation Amplifier
+ The op-amps A1 & A2 are the non-inverting amplifier forming
the first stage of the Instrumentation Amplifier.

+ The op-amp A3 is the normal difference amplifier forming the
output stage of the Instrumentation Amplifier.

It can be seen that the output state is a standard basic difference amplifier. So if the
output of the op-amp A is V,, and the output of the op-amp A; is Vi, we can write,

V, = =2 (Vi = V) . (130.1)

Let us find out the expression for V,
and V,, interms of V4, V5, Rg and Ry
and RG*

Consider the first stage as shown in
the Fig. 1.30.3.

The node A potential of op-amp A, is
V,. From the realistic assumption, the
potential of node B is also V;. And hence
potential of G is also V.

The node D potential of op-amp A, is
V,. From the realistic assumption, the
potential of node C is also V;. And hence
potential of H is also V;.

The input current of op-amp A; and
A, both are zero. Hence current I remains
same through R, Rg and Rg;. Flg. 1.30.3




Applying Ohm’s law between the nodes E and F we get,

[ = Vo1~ VYo2 w (130.2)
Rp +Rg +Rp
Let Rﬂ = sz = Rf e (1.30.3)
[ = o= Vo2 | . (1.30.4)
2R5+RG

Now from the observation of nodes G and H,
Ve-Vu _V1-V; .. (1.30.5)

I =
RG RG

Equating the two equations (1.30.4) and (1.30.5),

Voi-Ve2 _ V2-Vi .. (1.30.6)
ZRf+RG Rg
Vo-Voa _ V-V, .. (1.30.7)
Vi =V, = 2Re+Ra) (V3 - V) ... (1308)
- RG

Substituting the V; -V, in the equation (1.30.1),

R?[QR +R
Vo = g2 %G G](vz-vl) .. (1.309)

- -

.................

Ry [1:2Rg
X R, kl-:-E-c—;--J(Vz-"'fl) .. (1.30.10)
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