MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
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(ISO/IEC - 27001 - 2013 Certified)

SUMMER - 2022 EXAMINATION

Subject Name: Analog Circuits Model Answer Subject Code: 22433

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.

8) As per the policy decision of Maharashtra State Government, teaching in English/Marathi and Bilingual
(English + Marathi) medium is introduced at first year of AICTE diploma Programme from academic year
2021-2022. Hence if the students in first year (first and second semesters) write answers in Marathi or
bilingual language (English +Marathi), the Examiner shall consider the same and assess the answer based
on matching of concepts with model answer.

Q. No. | Sub Answer Marking
Q. N. Scheme
1. Attempt any EIVE of the following: 10M
a Draw circuit diagram of antilog amplifier.
Ans:
D
Via °_‘DVJB‘ v
W
-
Fig: Antilog amplifier
b Describe virtual ground concept with reference to op-amp.
Ans:
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At virtual ground
Rx e \

vi l
—~VEE

01

OR

In circuit point V, 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 01
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.

Identify the given circuit as shown in Fig No. 1

Fig. No. 1. PTO.
Ans:
Fig. No 1 is First order Low pass Butterworth Filter 02
Draw bistable multivibrator using 1C555.
Ans:
—_— " "“""““”VC(;
o
P
-u" Ao ; 7 02
555 o Qulpul
0
HO——T—'—‘
Jl '1 '6
< Ry |
T e ..-_{l,....:..l
v OONF
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Draw circuit diagram of Notch filter using op-amp.

e
Ans:
02
R

TWW\A& v,

vV, I_ _L
] C' T l ‘ —

pm— ! C ] ' »

= |: R _J_c ': :l
I | 1
) | ]
[ | '
] ] ]
1 — | -
: ‘ ! :
Eﬁ Twin T —f m -\_.::
' Circuit diagram of Notch Filter ‘

f Draw circuit diagram of practical integrator using op-amp.
Ans:
Re ' :
2'A'A'A%
L i+
R, C, 02
' OP-AMP
+ + \
V..
- Reomo = Ry Il Re = R,

Practical Integrator

Draw circuit diagram of V to | converter using of op-amp with floating load

g
- Rl 3o VF

r\:\/\/& .

ilg=0 R ?

v L(Floating load)

Va 1, = Output {
> = Oulput curren
¥ 02
v, ~Vee
: _l

Fig. : Voltage to current converter with floating load
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Attempt any THREE of the following: 12M

a Draw and explain the circuit diagram of antilog multiplier using op-amp.
Ans:

02

Fig. 3.16 : Analog Multiplier

It consists of two log amplifiers, an adder circu i
tco ; er circuit and an antil i in Fi i
application of log and antilog amplifiers. Ao k25

The output of each log amplifier is given by

Vor = - Ky |Og Viand Vor == K |Og V, . (3.26)

« 32N

The output of adderis Vo3 = = (Vo1 + Vi)
= Kilog Vi + Kilog V; = K; log V; - V,
The output of antilog amplifier will become 02
Vo = Kalog™ (Ka- Voa) = Kz log™ (KK, log V; - V)
V, = KoKaKi ViV

asKi=Ko Ky Ky . 329)

With neat sketch derive the expression for output voltage of Inverting amplifier.
Ans:

i Vola 02

L—ovo
| .

il -VEE

Fig. OP-Amp as an inverting amplifier
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V.= output voltage, V;,= input voltage. Ry= Feedback resistor, R,= Input resistor
I. As input signal Vi, is applied to mverting mput, hence it 5 called as mverting
amplifier and non mverting terminal i grounded.
The phase difference between input and output is 180"
3. Anegative feedback i provided from output to inverting termmnal through Ry
(Feedback resistor)

Eu

Deriyakon !
A—pp*\\} K cL at node \/\', w e ad‘J
T = TagY 3f — (‘) .
P)td‘, Rin =0
T.g = O
I =Tf
\J"m—-VJ__ . Va—Vo
RI F-QP
° e om
ACLDYA:"L +O Vl'l’fl,kal a"ﬂ?(A'ﬂ_Dl U)QA‘HC )
Jy=2s % O
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Design the first order low pass Butterworth filter with high cutoff frequency 10
KHz and pass band gain of 11

Ans:
"1 ven ftw = | KWz, Ag- 1
Ta find K e . P\"-{' AL
oludton * - /\fr;uwuxhwﬁ C = 0.0\MF
—— —y
... €= O-mx\o°(J
R- ——
2T L
\
27X 1%X)8=> X o-.o‘lxlo- ¢
[~ R =15.92 kR
Ar = | + £E
K)
) Kr
i = 14 2L = Wiz 5
Ky :
jo = Fr_
£y
' (}\fiﬁUmh') .ff_t _’&*
r_? R o k —s2_
- rR;:;ookJL and Ki - 16k-—2 l
‘C.j";".’d_(fir- o Re - 100k 2

™
k - |15 ﬂ"‘_k—fl.\i \’O
VWA t
Vim (v -J- C = ‘VEE I
_1:0 o) ME

02

02

Page 6 of 15



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

Compare linear and non-linear op-amp (any four points)
Ans:
Sr. | Parameters Linear op- | non-linear op-amp
No amp
1 Definition The output A non linear OP-Amp is one
voltage or in which the output signal is
current which | not directly proportional to
is directly the input signal.
proportional 04
to either input
voltage or
current are
called linear
Op-Amp
Circuits
2 Example Inverting Zero crossing detector,
amplifier Schmitt trigger, Voltage
Non-inverting | comparator
amplifier.
Integrator,
differentiator
3 Working mode In linear In nonlinear application op-
application amp works in switching
op-amp works| mode
in amplifier
mode
4 Bandwidth Bandwidth is | Bandwidth is low
high
5 Gain Voltage gain | Voltage gain is very
is low as high
compared to
non-linear op-
amp
Attempt any THREE of the following: 12 M
Describe the level shifting stage of op-amp with circuit diagram.
/
e \/ Input from the @ ‘[n' e
=== = Nermediate & B roscidoin
e tlage 02
‘*—"? tput
v < R
|
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Level shifting stage is used to bring the dc level to zero volts w.r.t. ground.

Explanation:-Op-amp is a direct coupled amplifier, So when input is zero or at
ground potential, the output of op-amp will be at some positive DC level which an
error voltage is called as offset voltage. So in order to pull this o/p DC offset

e 02
voltage to zero, the DC level shifter is used.
Design and draw the circuit diagram following operation using op-amp
Vo =V1+V2-2V3
Ans:
Ans. Assume R=1kid R
— N\/. )= = (Vi # Va).
Hence output of first inverting amplifier Vo, = (Vi+Va) 02
- 2R N
Output of second inverting amplifier is Voy = —p~— (V3) = = £¥3
Therefore, final output of third difference amplifier is derived as,
Vo = Va=Vor = [F2V3 + (Vy + V)] = V1 + V2= 2V
The designed circuit to get the output :
R
AW
0+V,
’ R *+Vee - (V1 + Vz)
R R
Vzo—MIW\_J ANWW\—
02

>=Vee (V4 +V,) -2y,

Draw the circuit diagram of Astable multivibrator using IC 555 to obtain 50% duty
cycle. Determine the components used at 1 KHz frequency when Ct = 1pF and
draw the waveform of Astable Multivibrator.

Ans:
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Solution: If the duty cycle < 505, the diode should be used to bypass resistor R (1e. circut of square Wave
snerator using astable).

Time period for 1 kHz frequency = 1/f = 1 ms

01
Ten = T =05ms

C = 1uF (given)

TON = 0693 RAC

1 05x10°
b = T

05x10”
PR
Rs = Dgg3xC” 063 x1x10

¥ CL&‘J diagram oF aslable muhvibratoy

=T205Q

\J

— o + Vs

y X ELA 02

e %

20V

% oudpud waveferms 0F Pslable Mudsvibyadoy

01

. Tonz0sn  ToFF -05md

l_.
e Teims —f
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Design a second order Butterworth active HPF with cutoff frequency 1.5 KHz and
C = 0.01pF.
Ans:
designea curcu urv === ) - C.=C=001uF
= R = R and CZ 3 u
Solution : Given: i = 15 kHZ Let Ry = Fs
1
fu = 2Re 0
1
R =21 15x10°x 0,01 x 10°
R =106 kQ
R R;=10kQ R(=5.86 kQ
A¢=1+E;=1.586 l MW AW
0 +V
R cC
o = 0586
: V
- > 0
Re = 0586 R; SRS v g =
Let Ry = 10kQ i L 02
. V, " b
Re = 0586 10 x 10° in R,=10.6 kQ R, Vee
= 1586 kQ
Fvameal. ow Fia.4.21
Attempt any THREE of the following: 12 M
Draw circuit diagram and write output equation of instrumentation amplifier using
two op-amps.
Anc-
R4 (= Ry) Ry (=Ry)
AW —ANA
l 03
| | . 3.2 : Instrumentation Amplifier using Two OP-AMPs
Output equation of instrumentation amplifier using two op-amps:
R, 01
Vo = [1 ¥ R— [Vin2‘— Vinil
1
Design circuit diagram of open for non-inverting amplifier to obtain the gain of 15
calculate the output for
i) Vin=0.5 Vdc
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i1) Vin = 0.5 Vpp sine wave
Ans:
Soln. : 5
Given : Non-inverting amplifier. Avy -~ - 1>
Step 1: Draw the circuit diagram :
R. 5
Ay = 15=(] +—F-) ...(given)
Rl
Bf. = 14 L 2 RF = 14 R]
R, 02
K F{.'
Let R, = 1kO e
= o By & B o AN
. Vin
«-109)Fig. P. 2.4.5(a) : Circuit diagram of non-inverting amplifier
. Sfep_ 2: Calculate output voltage :
l- Vin — 05 Vdc
Output voltage = AypxV, =15x05=75V_ 01
2, V'in =0.5 VPP .
. Output voltage = Ay x V,=15x 0.5= 7.5 V,, 01
Sten Ve Meacee abn s . . .
Identify the circuit shown in Fig NO. 2 and draw the output waveform if the input
IS a square wave.
Re
¥ >
Ve
.
252
é
3 Vo
g o T
R
Fig. No. 2.
Ans:
Fig NO. 2 circuit is active differentiator 02
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v T Input vollage
—— 02
o 7 2n 3Sn 3
vV Culput voltage

(4

Lo
EEER Swms

Input and output voltage waveforms of Differentiator

Draw the ideal frequency response for LPF, HPF, BPF and BRF.

Ans:
Low pass High pass
gaint gain
passband stop band stop band passband
1
cut-off cut-off 04
frequency frequency
0l — 0
f frequency f frequency
(a) ) (b)
Band pass Band stop
gain} gain stop band
1 stop band passband  stop band . passband (‘notch’)  passband
cut-off cut-off cut-off cut-off
frequency frequency frequency frequency
0 — 0 ' s
f, £ frequency Gty frequency
(c) ; (d) RO
Attempt any TWO of the following: 12M

Draw and explain circuit diagram of single input unbalanced output differential

amplifier.

Ans: In this case, only one input signal is given and the output is taken from only one of
the two collectors with respect to ground as shown below.
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VCC

y;

RC1 RC2

Rl N i 03

o—O Vo
1B2

—> 1t o S

/\/ Vbe Vbe

A vint

VE RE

—_—r —_—

-VEE
When input signal Vin1 is applied to the transistor Q1, it’s amplified and inverted voltage
gets generated at the collector of the transistor Q1. At the same time it’s amplified and 03
non-inverted voltage gets generated at the collector of the transistor Q2 as shown in the
above diagram. Unbalanced output will contain unnecessary dc content as it is a dc
coupled amplifier therefore this configuration should follow by a level translator circuit.

Draw the circuit diagram of Astable multivibrator using IC 555 and give the
expression for Ton, Torr, Trwtaand duty cycle.
Ans:

+Vee

8 | *Vec 4| Reset

Output
Discharge 7

:; Trigger 2 555 03
Threshold 6
C—
0.01 uF
h 4 T
Fig. 6.9: Astable Multivibrator
TON put TC = 0.693 * (RA + RB) C 01
Torr = To = 0.693 * ReC o
Duty Cycle = Ton+ Torr
01

%D = ((Ra+ Re)/(Ra +2Rs))* 100

Draw the comparator circuit using op-amp to detect + 2V dc signal.
Ans:
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Ve
N
N >,w “ 06
’V
Vin -Vee =
Inverting mode comparator Non- inverting mode comparator
Attempt any TWO of the following: 12M
Compare the features of integrator and differentiator. (any six points)
Ans:
Integrator Differentiator
A circuit that gives an output voltage | A circuit that gives an output voltage
directly proportional to the integral | directly  proportional to  the
of its input is known as an | derivative of its input is known as a
integrating circuit. differentiating circuit. 06
Output Voltage Output Voltage a
It is used as low pass filter It is used as high pass filter
It works good in low frequency It works good in high frequency
Feedback element is capacitor Feedback element is Resistor
Gain decreases with increase in | Gain increases with increase in
frequency frequency
More stability Less stability
Effect noise is less Effect noise is more
List ideal and practical parameter of op-amp.
Ans:
Ideal parameter of op-amp ( Any three)
1. Infinite Voltage Gain
2. Infinite Input Impedance
3. Zero Output Impedance
4. Zero Input Offset Voltage 03
5. Zero Output Offset Voltage
6. Zero Input Offset current
7. Zero Input Bias current
8. Infinite Bandwidth
9. Infinite CMRR
10. Infinite Slew Rate
11. Zero Power Supply Rejection Ratio(PSRR)
12. Zero Input capacitance
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Practical parameter of op-amp. ( Any three)
Voltage Gain - 200,000
Input Impedance - 2MQ
Output Impedance - 75Q
Input Offset Voltage - 6mV
Output Offset Voltage - 15mV
Input Offset current - 10nA
Slew Rate - 0.5V/uS 03
CMRR - 90dB
. Input Bias current - 80 nA
10. Power Supply Rejection Ratio(PSRR) - 150uv/V
11. Bandwidth — 1MHz
12. Input capacitance — 1.4pF

©CooNO~WNE

Describe wideband pass filter with circuit diagram.

Ans:
R}
R, —WWW—
- AMAAL
Ty +V
R, v 03
AAAAAAAL 7
wryvvwy 2
v c 1 741C
# 1 g: -
%"’ R gg R‘ 1
v = v
This filter gives quality factor less than 10, hence response is wider. It can be formed
when high pass and low pass filter are cascaded.
To achieve a band pass response, fy should be greater than the f.. The voltage gain of the band pass fiter i the 03

product of the voltage gain of low pass and high pass filter.

f

v: . Afl Afz ({)
V.| = 9ain of first order LPF x Gain of frst order HPF = — ¢ 2 X AYh £\ fy
] Al AL
f f f fi

where, Ay, is the overall gain of band pass filte.

Wide band pass filter gives figure of merit (ie. Q) lesser than 10 hence response is wider, This can be made
1arrow band pass filter if figure of merit is made greater than 10,

Q < 10 - Wide Band Pass Filter.
Q > 10 - Narrow Band Pass Filter.
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