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MODEL ANSWER

SUMMER- 17 EXAMINATION
Subject Title: Linear Integrated Circuit Subject Code: | 17445

Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given
in the model answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner
may try to assess the understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more
Importance (Not applicable for subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components
indicated in the figure. The figures drawn by candidate and model answer may
vary. The examiner may give credit for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the
assumed constant values may vary and there may be some difference in the
candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner
of relevant answer based on candidate’s understanding.

7) For programming language papers, credit may be given to any other program
based on equivalent concept.

Page 1 of 33



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

LIC 17445 Summer 17

la) Attemptany SIX of the following: 12
1) State ideal and typical values of:

1) Slew Rate 2) CMRR

Ans:- ( Ideal and typical value- ¥2 mks each)

Parameter Ideal Value Typical value

Slew rate infinite 0.5V/ usec

CMRR infinite 90 dB

ii) Draw circuit diagram of non-inverting adder with 3 inputs.
Ans:- ( Proper relevant diagram — 2 mks)
3 inputs non inverting adder

iii) Draw pin diagram of IC LM 324.

Ans:- ( Proper pin diagram- 2 mks)

Bown —— H4——— Output 4
Input 1 - :z :Z:] Input 4 —
Input 1 + [:Z—— “: Input 4 +

W= LM324 = 1 “GND
Input 2 + [:_‘_5 10: Input 3 +
Input2—|::6:' : oasts g:lnputta—
Oulput 2 |——L ety = :B:_—__J Oulput 3 -

iv) State the need of signal conditioning and signal processing.
Ans:-(Need — 2 mks)

Signal Conditioning and signal processing-
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In an instrumentation system, a transducer is used for sensing various parameters. The output
of transducer is an electrical signal proportional to the physical quantity sensed such as
pressure, temperature ctc.

However the transducer output cannot be used directly as an input to the rest of the
instrumentation system.

In many applications, the signal needs to be conditioned and processed. The signal
conditioning can be of different types such as rectification, clipping, clamping etc.
Sometimes the input signal needs to undergo certain processing such as integration,
differentiation, amplification etc.

V) State basic difference between active filter and passive filter.
Ans:- ( Proper relevant answer- 2 mks)

A filter is an electronic device that can remove specific ranges of frequencies from a signal. A filter could
be active or passive. The main difference between active and passive filters is that passive filters cannot
cause a power gain (i.e. they cannot bring energy into the circuit). Nor can passive filters regulate the
current. An active filter can add energy into the circuit and also control current.

The passive filter consists of combination of only passive components such as resistor, inductor
and capacitor, while an active filter consists of active element such as transistor, Op-amp, etc.
along with passive components resistor and capacitor.

vi) Draw the pin diagram of 1C 555.

Ans:- (IC pin diagram- 2 mks)

p—
ano 1] 8 | Vee
Trigger E 7 | Oischarge
5585
Output E 6 | Threshold
Reset E E Control voltage

Fig: Pin diagram of IC' -8S88
vii) Define multivibrator and gives its classification.

Ans:- ( Definition- 1 mks, classification- 1 mks)
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Multivibrator: An electronic circuit in which the output continuously changes between two
states 1.e. stable and unstable state is known as multivibrator.
Depending upon number of stable or unstable states, there are three types of multivibrator:

1. Astable multivibrator.
ii. Monostable multivibrator.
iii. Bistable multivibrator.

viii) Classify filters based on frequency response.

Ans:- ( Proper classification- 2 mks)

Filter
Low-pass High-pass Bandpass Band stop All pass
filter filter filter filter filter
b) Attempt any TWO of the following: 8

i) Draw block diagram of OPAMP and state the function of DC level shifting stage and output

stage.
Ans:- ( Block diagram- 2 mks,, functions- 1 mks each)

Inverting
input
O—*1 Input Intermediate * Level shifting Output —E)t
o—»| Slage > stage stage stage P
Non-inverting 1 __l_ j_
input =3 = =
Dual input Dual input Common Complementary
balanced unbalanced emitter symmetry
output output follower push pull
differential differential amplifier
amplifier amplifier

Fig. Block diagram of operational-amplifier

Level shifting stage: In this stage common emitter follower circuit is used. If the output of
intermediate stage 1s shifted above or below the DC level, the level shifter stage brings back
the signal to its original position.

Output stage: This stage uses complementary symmetry push pull amplifier. This stage
provides low output resistance and hence increases the current supplying capability of op-
amp and also this stage increases the output voltage swing.
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i) Draw dual input balanced output differential amplifier and describe the operation of it.

Ans:- ( Diagram- 2 mks, operation- 2 mks)

l

Circuit diagram :
T *Vee

-VEe
Fig. Dual input balanced output differential amplifier

Differential amplifier s a two mput transistor amplifier which amplifies the difference
between the two input signaks V;,, and Vip..

The circuit s in the form of bridge and s excited by +Vc and —Vge and output V.= 1
1""'r-ll'l - VL’.':
When supply voltages are applied then (Q; and QQ; furns ON. As the circuit s symmetrical
Therefore 15,=Ig.

Ier= Iz
By applyng KVL at the output, we get,

Ver= Vee- Ier Rey

V= Vee- Iz Rea

As,

Ici= Iz, Rey- Rea, therefore, V=0
As null output s obtained, the bridge is said to be balanced.

iii) Draw ideal and practical voltage transfer characteristics of OP-AMP.
Ans:- ( Both characteristics- 2 mks each)
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Vo= Ay x Vg

+Vgar ¥+Voe

-V

sat

Ideal voltage transfer characteristics of an ideal OP- AMP

Vo= Ay = Vg
45
+Veat f---=----==; -

iy v

sal

v

Linear
Range

Voltage transfer curve of practical OP- AMP

2. Attempt any FOUR of the following: 16
a) Draw closed loop inverting amplifier using OPAMP and derive expression for it’s gain.
Ans:- ( Diagram- 2 mks, derivation- 2 mks)

(=]
R
N7
'F Vee
R1 V2 A
Vino—MW—t=—|~
[1 Vd‘ 1B "—OVO
A Co ir
_L -VEE

Fig. OP-Amp as an inverting amplifier

V.= output voltage, V;,= input voltage, Ry= Feedback resistor, R,= Input resistor
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I. As input signal Vi, is applied to mverting mput, hence it is called as nverting
amplifier and non mverting terminal s grounded.

The phase difference between input and output is 180°

A negative feedback is provided from output to inverting terminal through Ry
(Feedback resistor)

Lad Id

Derivalon !
'A—P‘M:) KclL at noade \/\}, e lg\fjf_f}

; = Tg -+ If — V)
Bor, Rin =0
. Xg = O

X, =Xf

Vin—Va2 _ Va-—Ve

e R, PRP

Acc.mrdfra Yo \/T'\(fuo_l a»n;.u.n_ol L()ﬁc,l\HCf\’))
= Na = O

RO = iEEL

< i -

:/—o =i (%—; V\ofj — 23
e ‘C';T-T_éf'} ——@
\ s ML O

, A ) e aaln
Av - closed Joof VoL*nag 8

b) Compare open loop and closed loop configuration of OP-AMP with respect to :
Q) Circuit diagram

(i)  Gain

(i)  Bandwidth

(iv)  Application

Ans:- ( Proper comparison -1 mks each)
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Sr. Parameters Open loop Closed Loop
No
1 Circuit v % e
Diagram
V. g Vo e wa—*ﬂ
L ;“\
2 Gamn Voltage gam s very high Voltage gamn s low as con‘parcd to
open loop.
3 Bandwidth Bandwidth s low Bandwidth i high
4 Application | Comparator It is used n amplifier, oscillator etc.

c) Describe virtual ground and virtual short concept with reference to OP-AMP.

Ans:- ( Diagram- 2 mks, description- 2 mks)

vi

er TN

Description-

In circuit point V4 is virtual ground. Figure shows inverting amplifier using op-amp. In this circuit
non-inverting terminal is connected to the actual ground. Due to this potential of inverting terminal
become zero. Thus, inverting terminal is not actually connected to the ground. There after its
potential is zero. Thus point V, is known as virtual ground point. This phenomenon of having zero
potential without actually grounding is known as virtual ground concept.

op-amp show virtual short during negative feedback and not positive feedback.

We have an op-amp working in inverting mode. Here we design it for say a gain of 5. Therefore, if
our input is say 20 milli volts then our output will be 100 millivolts but OUT OF PHASE WITH
INPUT (inverting mode). So when we feed back this voltage via Feedback resistor, it attenuates

10omV to nearly 20mV by dropping rest of voltage across it. Hence at the inverting input we have 20

mV input and -20 mV feedback (minus as it is completely out of phase) ,so the sum is nearly zero!
For positive feedback we need the two voltage add up as they are in phase hence no zero potential.
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d) Draw the circuit of basic differentiator. Draw output waveforms for sine and square

wave input.
Ans:- ( Diagram- 2 mks, proper waveforms- 2 mks)
Diagram-
Re
AN
I
+V
4|C|1 AlV2 S G
N ET =T |
S I V,
v o Bk 1
n 1 ‘VEE =
Fig. Circuit diagram of differentiator
Waveforms
Vin 3 Input voltage Vi Input vollage B
0 / 0

Vo Output voltage v Oulput voltage
o
/ : \_:
(a) (b)

Input and output voltage waveforms of a differcatiatir

e) If R1 =2KQ, RF = 100KQ, V cc =+ 15V and rms input voltage Vi =50 mV. Calculate
output voltage in inverting and non- inverting mode.
Ans:-( Both o/p voltage value- 2 mks each)
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ii) For NINV amplifier-

f) Using OPAMP, draw the circuit to show the output VO = 5(V1 — 4V2) Where V1 and V2 are
input voltages.
Ans:- ( Proper design-4 mks)
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3. Attempt any FOUR of the following:

a) Describe the operation of Instrumentation amplifier using 3 — Op Amps with neat circuit
diagram.

Ans:-( Diagram- 2 mks, description- 2 mks)
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Ry

al]

Fig: Instrumentation amplifier using three Op-Amp

Description-
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b) Draw and explain the circuit of V to | converter with floating load using OP-AMP.
Ans:- ( Diagram- 2 mks, explanation/derivation-2 mks)

Ry 4 Ve

¢ 18=0 R\ (Floating load)

+ 1, = Output current

Fig. : Voltage to current converter with floating load
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Description-

The input voltage is applied to the non-inverting (+) input terminal of the OP- AMP. Load
resistance R, is connected in place of the feedback resistor Ry (in the conventional non-
inverting amplifier)
This circuit is also called as current series negative feedback amplifier.
This is because the feedback voltage across R, is proportional to the output current I, and
appears in series with the input voltage.
Apply KVL to the input loop

Vin = Va +V¢
But as the open loop gain A, of this OP- AMP is very large V4 =0
Therefore V;, = Vg

But Via—=Ri X ¥o caconcocsasd (aslg = 0)

Therefore I, = Vin, R,

c) Describe the operation of logarithmic amplifier with neat circuit diagram.

Ans:- ( Diagram- 2 mks, Operation- 2mks)

Description-( with derivation)
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A p-n junction diode is connected in the feedback path. Therefore the output voltage
is nothing but the voltage across this diode.

Therefore Vo=-V¢ |

Due to high impedance of OP- AMP the current going into the inverting terminal is

Zero
Therefore ;= I= Vip/R-------- 2

Vo = —mVy YLDSQ (@ )"1’*‘38(1")]
= =NV Y 'L"a“ C\t'?ﬂ } R) —.1Q3C10)_]

Thine V= = Vede [V""z]
L 0 'Y\ 3e Bx

Nin

Wwhene Vv'ef = R'Io = p(?(td de V()Uaﬁe:'
\

The output voltage is proportional to the logarithm of input voltage.

The output is in terms of natural log ie. log.. If we want the output to be in terms of
logio then we should use the following conversion equation:

logio Vi =0.434 log. (Vi)

d) Describe the operation of OP-AMP based Schmitt trigger for sine to square wave conversion
with the help of circuit diagram.
Ans:- ( Diagram- 2 mks, description- 1 mks, waveforms- 1 mks)

AV,
Rom ~ Ry Il Ry

™ Vill

Feedback

voltage *\, Positive

leedback
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| Lrep
|
Vol — !
~ Vot
) =
, ‘
Operation-
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e) Explain working of active negative peak detector with neat circuit and waveforms.
Ans:- ( Diagram- 2 mks, explanation- 1 mks, waveforms- 1 mks)

+Vcc

Output V,

MOSFET
Reset
switch
Fig. (a) Negative peak detector (OR)
Operation-
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During the positive half cycle, the potential B at point P is positive.

Hence, Diode D, 1s reverse biased and D- is forward biased.

Hence D- by passes the positive voltage towards ground and capacitor C remains un-charged.
During negative half cycle, potential P becomes negative, hence D, is forward biased.

Now, capacitor C starts charging for negative half cycle. And it charges up till the negative
peak value.

As, the capacitor charges for the negative half cycle, hence, it is called as negative peak
detector.

The MOSFET switch connected across the capacitor is to reset the circuit. By turning on this
switch momentarily, we can discharge the capacitor completely.

Waveforms:
v 1

f) Draw the circuit of window detector. Describe its operation with waveform.
Ans:- ( Diagram- 2 mks, explanation- 1 mks, waveforms- 1 mks)
Diagram-

Vutp o—+

B
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I*‘ch

[

| Comparator 1
>——
vH
(Reference
voitage) —o  V,
{Output voltage)
Vi“b—t
|
-
|Reference
yotage)
Waveform
Transfer characteristics.
Yo A
Yeco | = e
| |
—l : — ===
Wy Wi
Description-

# The window detector uses two comparator C, and C,.

» The reference voltage of mverting comparator C, 5 Vyrp and the reference voltage of
the non-inverting comparator C; 5 Virp. Assume Virp< Virp

e Case I: When Vi< Vyrp then the differential voltage of C, s negative. Hence output
of C; i low. Vi, 5 ako less than Vs Hence output of C, is high and output V,, of
AND gate is low.

e Case I When Vi,> Vyrp, then the differential nput voltage of C, s high. The
differential mnput voltage of C, i negative. The differential mput voltage of C, i
negative. Hence output of C, s low and output V, of AND gate is low.

o C(Case III: When Virp< Vii< Vyre, the differential nput voltage of C, and C; s
positive and output is high. The output of AND gate s high.

4. Attempt any FOUR of the following: 16

a) Write the comparison between comparator and Schmitt trigger.(four points)
Ans:-( 4 relevant points- 4 mks)
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Sr. | Parameter Comparator Schmitt trigger

No.

1 Definition It compares the two input | It converts any wave shape
voltages. into square waves.

2 Feedback In Comparator, open loop | It uses positive feedback
system

3 Hysteresis It does not exhibit It exhibit hysteresis
hysteresis

4 External reference It has only one reference | It has two reference

voltage. voltage voltage Vyrp

b) Design first order low pass filter with 1 KHz cut off frequency and pass band gain 3.
Ans:- ( Proper design -2 mks, diagram- 2 mks)
Value of R= 1M, Value of Rp& R,= 1M, Design=2M

(v e ‘\\ e o
Py 3
= {_ﬁ-.-,\ 5 ? Ry 2 ¢ ¢ ¢
SelubHon A e 1 ¢ C \‘f‘
"\. .ot %10 eF |
X \ l
f \ [ : ;
2t |
27 K\ K \O" % OO0\ %10 L ¥
v 16.q2 ¥ J
|
Y B
| S
.’\
1 |4 R 2 \ \
= L
: (=3
=,
£ 2
x\ SSAATYRIN LS 6 f\‘
J k 2. = 52
' < <2
P \'u =y & ¥ . ¥ . i
C i ”\ \"\I'lv(\\'w Y
' Ri= 2k Re- Aws
AMA
AA J
"'\J\l\v' . ‘ W\ 1
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c) Draw the second order high pass filter and describe its operation.
Ans:- ( Diagram-2 mks, description- 1 mks, frequency response- 1 mks)
Diagram Frequency Response

AAMN—1 Voitage gain
$ 27 k02

. G Ry As
Vin ! 102 0.707A,
. A
Description-

The frequency response of the second order filter. It shows that the gain increases at a
rate of 40 db/ decade in the attenuation band. This is doubled the rate of first order
fiter. This makes the frequency the frequency response sharper.

The second order filters are important because they can be used for designing the
higher order filters.

e The resistors R; and Ry will decide the gain of the high pass filter. The gain can be
made variable by keeping Ry variable.

T SN A, b R’)Q"—‘UC’—
“The culr— M .bﬁ»e,q‘we/\’\tgj . is dekermne (‘j

amd Ca os (oUows:

B - ‘

277 i R2 Ra Co Cx
e The voltage gain magnitude is given by.

\'\_Ln) § JALF(PC [F D%

Aw = \+ Re - Pa&&bam)aalm/k%i ﬁ‘u'ef"

R\

d) Draw the circuit and frequency response of wide band reject filter and narrow band reject
filter.
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Ans:- ( Each circuit- 1 mks, each frequency response- 1 mks)

wide band reject filter

Narrow band reject filter.

R R +Vee
V,
C C 9
___{ |_ R,
e BRI —2c —Vee
2
Y
Fig. (a) Narrow band reject filter
V 3
Gain in dB| =2 :
Vin Bandwidth
Ac=1
0.707

0 fu fy L Frequer;cy

Fig. (b) Frequency response of narrow band reject filter
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e) Draw the circuit diagram of second order high pass Butterworth filter with frequency
response. Give expression for cut off frequency and gain.

Ans:- ( Diagram- 1 mks , frequency response- 1 mks , expression- 1 mks each)

Diagram and frequency response

Expressions-

1

Cut-off Frequency f= 2T RyCoR;Cs

Gain Af= | + 2

f) Draw the circuit diagram of OPAMP based filter circuit which fulfill following response.
Refer Figure No. 1.
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Ans f. (Naming of circuit — 1 mark, circuit diagram — 3 marks)

e The given diagram is the frequency response of Wide Bandpass Filter.

St order st order

fo——— ngh pass section —ok— Low pass secnon ——»|

R4 Re
—AMN

+Vee

e

Fig.. Wide band pass filter.

5. Attempt any FOUR of the following: 16

a) Draw the functional block diagram of timer IC 555. State the function of internal PNP
transistor in 1C 555.
Ans:- ( Functional diagram- 3 mks, function of PNP transistor — 1 mks)

Discharge o—— ’
(7)

100 2
~ e = =t}

Oi‘/r ——— AN
(1) ¥ GND

Fig. Block diagram of IC 5§55

Function of PNP transistor- The PNP transistor , also called as reset transistor is used to reset the
timer 1C. When a negative pulse is applied to pin 4 (reset pin) PNP transistor becomes on and
resets the o/p of IC timer 555.For normal operation of IC 555, this pin 4 is connected to +Vcc.

b) Draw the block diagram of PLL and describe the function of each block.
Ans :- (Block diagram -2 mks, description-2 mks)

Page 24 of 33



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

Forward path’
v Voltage Qutput
Input Phase |Ve |Low pass 4} controlled i
2 detector "1 filter i Vo
Vi , b oscillator o't
Feedback path

Phase locked loop consists of:

A phase detector or phase comparator
A low pass filter

An error amplifier

A voltage controlled oscillator (VCO)

Phase detector or phase comparator:

e The two points to a phase detector or comparator are the input voltage V. at frequency f.
and the feedback voltage from a voltage controlled oscillator (VCO) at the frequency f,

o The phase detector compares these two signals and produces a dc voltage V. which is
proportional to the phase difference between f; and f.. The output voltage V. of the phase
detector is called as error voltage.

* This error voltage is then applied to a low pass filter.

Low pass filter:

e The low pass filter removes the high frequency noise present in the phase detector output
and produces output and produces a ripple free dc voltage.

e This dc voltage is amplified to an adequate level by the amplifier and applied to a voltage
controlled oscillator (VCO). The dc amplifier output voltage is called as the control
voltage V.

Voltage controlled oscillator (VCO):

o The control voltage V¢ is applied at the input of a VCO.
¢ The output frequency of VCO is directly proportional to the de control voltage Ve. The
VCO frequency f, is compared with the input frequency f; by the phase detector and it

(VCO frequency) is adjusted continuously until it is equal to the input frequency £, i.e.
f=1f

The three states of operation through which the VCO undergoes are:
e  Free running: There is no control on VCO output frequency f,

= Capture: The comparison of f, and f. begins. The control voltage V. starts adjusting f, to
bring it closer to f..

s Phase lock: When f, is exactly equal to f; the PLL is said to be phase locked. Once
locked. One locked f.= f. except for a finite phase difference ¢

C) Draw transfer characteristics of PLL. Define:
(1) Lock range and
(i) Capture range of PLL
Ans:- (transfer characteristics — 2 mks, each definition- 1 mks)
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. Increasing
{/ ' input frequen
Output
voltage

(ig)
4 !

» Decreasng
input frequen
fig)

Lock in range: The range of frequencies over which the PLL can maintain the pahse lock
with the incoming signal is defined as the lock in range.
Lock range =fi -2 A f

Where fi=8f(/V

Capture range: Capture range of PLL is defined as the range of frequencies over which the
PLL can acquire lock with the input signal
Capture range = 2 Af .

Where £.= 1/ (2n *3.6 *10™* C)
d)

Draw the circuit diagram of touch plate switch using 1C 555 and describe its operation.
Ans:- ( Diagram — 2 mks, description — 2 mks)

12V 0C

Ba !;:::::]
2

<

4
o

Touch
plate

| g1+

Fig: Touch switch circuit diagram

OR
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%—é

l I LS.

Fig : Touch Plate Switch using IC §55

Description-

A touch plate (push to ON) is used to turn on the timer and active the relay.

As soon as touch plate is switched ON (pushed), a trigger pulse is produced and applied to
pin no. 2 of IC 555, and the output of IC 555 goes high.

It will remain high for a period of Ton= 1.1 R4C. The high output of IC 555 activates the
transistor Q; which in turn energize the relay coil, and closes the N.O (Normally open)
contact of the relay.

e) Draw and describe the operation of water level controller using IC 555.
Ans:- ( Diagram — 2 mks, description — 2 mks)

o +Vep

Adjust
R Ry ﬁon 4 8
e 11 RAC
N.O. contact of relay

6
Rolay Wabr pumo
Trigger | 2
SW. || A
e giod 1| Skoowr
; 230V

mains supply

Lt
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In water level controller, IC 555 is used in the monostable multivibrator mode.

As soon as switch is ON, a trigger pulse is produced & applied to pin no 2 of IC 555 & the output
of IC 555 goes high.

It will remain high for time period Toy = 1.1R4.C

The high output of IC 555 will energize the relay coil & close the normally open (N.O) contact of
the relay to connect the 230 volt ac supply to the water pump motor.

The motor will remain on for the on for the ON time of monostable circuit. Ton=1.1.R4.C

The on time can be adjusted as per requirement by varying the resistance R .
f) Describe with the help of block diagram the operation of FM demodulator using PLL.

Ans:- ( Diagram — 2 mks, description — 2 mks)

Error amp
FM Phase Low pass [ %
signal detector i filter I > G Demodulated

1 FM signal

VCO

S A
Control
voltage (Error voltage)

- Fig. : PLL used as FM demodulator

VCO

Operation:

= The FM signal which is to be demodulated is applied at the input of the PLL.

= the PLL is locked to the FM

= The error voltage produced at the output of the amplifier is proportional to the deviation of
the input frequency from the center frequency of FM. Thus, the at component of the error
voltage represents the modulating signal. Thus at the error amplifies output we get
demodulated

= The FM demodulator using PLL ensures a high Linearity, between the instantaneous input

frequency and VCO control voltage (error amplifier output)
6. Attempt any FOUR of the following: 16

a) Describe the working of voltage controlled oscillator using IC 741.
Ans:- ( Diagram — 2 mks, description — 2 mks)
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Note: If candidate attempted VCO by using IC555, can be considered.
Reward appropriate marks to the candidate.

o Vee
(5 to 15V)
4 8
Ra 7| Reset 5
0
Discharge Qutput
Rg 555 L
6 5 -3
Threshold Control T+ 5
voltage Vg
]2 'leno 4
+=c A Trigger

1 +

Fig: Circuit diagram of VCO using IC 555
Operation-

The constant current source/ sink block is used to charge and discharge the externally
connected timing capacitor Cr linearly.

The value of charging and discharging current is dependent on the control voltage V¢
applied at pin number (5) modulating input.

This current can also be changed by varying the external timing resistor Ry.

The potential difference between pins (5) and (6) I almost zero. That means these pins are
equipotential.

Therefore if we increase the modulating voltage V¢ at pin number (5), the voltage at pin
number (6) will increase with the same amount.

This reduces the voltage drop across Rt and reduces the charging current.

The voltage across the capacitor is thus triangular wave. This triangular wave is applied
to a buffer A,.

The buffer is connected in order to avoid to avoid any possible loading of the capacitor.
The buffer output is taken out at pin number (4) as triangular wave output.

The buffer output is also applied to a Schmitt trigger A>. which converts the triangular
wave into square waveform.

Resistors R, and Ry, is a potential divider generating the reference levels for the upper and

lower trigger voltages. This square wave is inverted by inverter A; and made available at
pin number (3).
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b) Draw the circuit diagram of Wein bridge oscillator using IC 741 and give expression for
frequency of oscillations.
Ans:- ( Diagram — 3 mks, Frequency expression- 1 mks)

Fig: Wein bridge oscillator using OP-AMP

Frequency of Oscillation-

" 21RC

c) Design and draw monostable multivibrator using 1C 555 with Tp = 1ms.
Ans:- ( Design steps- 2 mks, diagram- 2 mks)

Given- Tp=1ms

For Monostable multivibrator-

Tp=1.1RC

Assume C=0.1 pf

Therefore-

1*10°=1.1* R* 0.1* 10°°

R=9.09 KQ

Diagram-
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d) Draw and describe operation of astable multivibrator using OPAMP.
Ans:- ( Diagram- 2 mks, description — 2 mks)

e The time period the output waveform is given by,

= 2RC Loge 2Ry + Ra
R

e The expression for output frequency is given by,

N DR T
g 2RC toqe [(2R|*R2)/R2]
e If we substitute R,= 1.16R, then the above equations becomes
f=1/2RC

e) Draw and explain the working of phase shift oscillator using IC 741.
Ans:- ( Diagram- 2 mks, explanation- 2mks)
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Onverting Re

t amplifier Y, V—
i +V,

i R, i $¢

: A -

i . o Oulput k N
HR-AME vaoltage V,

: '§'R3 ;

Feedback i v i
voltage ¥ cirssonisdiakYs :

i, b= -I—Il—rl i 7y )

<R i

¥ Feedback network |

Description-

The OP- AMP is used as an mverting amplifier. Therefore it mtroduces a phase shift of
180" between its input and output.

The output of the nverting amplifier is applies at the input of the RC phase shift network.
As discussed earlier, this network wil mntroduce a phase shifi of 180°. This feedback
network attenuates the signal at its input and feeds it to the amplifier mput. The level of
attenuation is decided by the feedback factor .

The gain of the mverting amplifier s decided by the values of Rr and R,. This gain is
adjusted in such a way that the product AP is slightly greater than 1.

It can be proved that the value of feedback factor p at the frequency of oscillations is
p=1/29. For sustained oscillations, the loop gain AP = 1. Therefore, in order to make the
loop gain AP =, the gain of the mverting amplifier A should be greater than or equal to 29.
Gain of the mverting amplifier s given by,

A= Ry Ry

Therefore: Re/R; =29 or Ry= 29R,
These values of Ry and R, will msure sustamed oscillations.
The expression for frequency of oscillations of an RC phase shifi oscillation using OP

AMP is given by,

f,=1/2n [6 RC

f)  Define:
i) Q factor of filter
ii) Pass band of filter
Give the relation between roll off rate and order of filter.
Ans:- ( Each definition- 1 mks, relation table- 2 mks)
i) Q factor-It is defined as the ratio of centre frequency to the bandwidth and given as-

Q=Fc/BW
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ii) Pass band of filter- It is the band or range of frequencies which is passed through the
filter freely.
Relation between roll off rate and order of filter

Order of Filter Roll off Rate

1 20dB/ decade

2 40dB/ decade
3 60dB/ decade
4 80 dB/ decade

Page 33 of 33



