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ANALOG ELECTRONICS: OP-AMP

% CSIR-NET PYQ (c)—-1.00V (d)—0.25V
1. Atime varying signal V;, is fed to an op-amp

circuit with output signal V,; as shown in the
figure below.

The circuit implements a [CSIR-JUNE 2011]
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(a) High pass filter with cutoff frequency 16 Hz.

(b) High pass filter with cutoff frequency
100 Hz

(c) Low pass filter with cutoff frequency 16 Hz

(d) Low pass filter with cutoff frequency
100 Hz.

In the operational amplifier circuit below, the
voltage at point A is

[CSIR-DEC 2011]
+5V
wu—-m—-—m A
v e
1K sy
(@) 1.0V (b) 0.5V
9oV (d) =5.0V

In the op-amp circuit shown in the figure
below, the input voltage V; is 1V. The value of

the output V; is [CSIR-JUNE 2012]
1K
1K
oo 1K | W,
V=1V 6 1k
(@) —0.33V (b) —=0.50 V

In the op-amp circuit shown in the figure, V; is
a sinusoidal input signal of frequency 10 Hz
and Vj, is the output signal.
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The magnitude of the gain and the phase shift,
respectively, are close to the values
[CSIR-DEC 2012]
(a) 5V2and > (b) 5v2 and —*
(c) 10 and zero (d)10and m

Band-pass and band-reject filters can be
implemented by combining a low pass and a
high pass filter in series and in parallel,
respectively. If the cut-off frequencies of the
low pass and high pass filters are w5® and wi¥,
respectively, the condition required to
implement the band-pass and band-reject
filters are respectively.

[CSIR-DEC 2012]
@) wi? < w§® and wff < WP

(b) wf® < wi® and wi® > wk?

(©) wil? > wif and wfl? < wff

(d) wi? > wif and WP > wff

Consider the op-amp circuit shown in the
figure.

If the input is a sinusoidal wave V; =

5sin (1000¢t), then the amplitude of the output
Vp is [CSIR-DEC 2013]
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© 22 (d) 5v2

7. An op-amp based voltage follower
[CSIR-JUNE 2014]
(a) is useful for converting a low impedance
source into a high impedance source

(b) is useful for converting a high impedance
source into a low impedance source

() has infinitely high closed loop output
impedance

(d) has infinitely high closed loop gain

8. Consider a Low Pass (LP) and a High Pass (HP)
filter with cut-off frequencies f;p and fp
respectively, connected in series or in parallel
configurations as shown in the Figures A and B

below.
A Input Iﬁ' lm Output |
fur] fir
7]
fHP
Input Output
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Which of the following statements is correct?

[CSIR-DEC 2014]
(a) For fyp < f1p, A acts as a Band Pass filter
and B acts as a Band Reject filter

e~
el

(b) For fyp > fip, A stops the signal from
passing through and B passes the signal
without filtering

(¢) For fyp < fip, A acts as a Band Pass filter
and B passes the signal without filtering

(d) For fyp > f1p, A passes the signal without
filtering and B acts as a Band Reject filter

9. Consider the amplifier circuit comprising of the
two op-amps A4, and A4, as shown in the figure If
the input ac signal source has an impedance of

50kQ, which of the following statements is true?

[CSIR-DEC 2014]
M
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(a) A, is required in the circuit because the
source impedance is much greater than r

(b) A, is required in the circuit because the
source impedance is much less than R

(c) A; can be eliminated from the circuit
without affecting the overall gain

(d) 4; is required in the circuit if the output has
to follow the phase of the input signal

10. In the circuit given below, the thermistor has a

11.

12.

resistance 3k() at 25°C. Its resistance decreases
by 150Q per °C upon heating. The output
voltage of the circuit at 30°C is

[CSIR-JUNE 2015]
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(@) —3.75V (b) —2.25V
(c)2.25V (d)3.75V

If the parameters y and x are related by y =
log (x), then the circuit that can be used to
produce an output voltage V, varying linearly
with x is [CSIR-DEC 2015]

() )"_Jg 1\, 2) y“%—m
3) J%{%@»“ () y—i Lrg_vo

In the circuit below, the input voltage V; is
2V, V.. =16 V,R, = 2kQ and R; = 10kQ.




13.

14.

15.

The value of R; required to deliver 10 mW of

power across R, is [CSIR-DEC 2016]
(a) 12kQ (b) 4Kw
(c) 8kQ (d) 14kQ
The gain of the circuit given below is — ﬁ.
IIC
1T
R 4
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77777777
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The modification in the circuit required to
introduce a dc feedback is to add a resistor

[CSIR-JUNE 2017]
(a) between a and b

(b) between positive terminal of the op-amp
and ground

(¢) in series with C

(d) parallel to C

In the following operational amplifier circuit
Cin = 10nF, Ry, = 20kQ, Ry = 200kQ and C =

100pF.
The magnitude of the gain at a input signal

frequency of 16kHz is [CSIR-JUNE 2017]
Ry
R N
‘v,,,uu—pw—ll—El ::
—aV
(a) 67 (b) 0.15
(c)0.3 (d) 3.5

The input V; to the following circuit is a square
wave as shown in the following figure:

16.

17.

Which of the waveforms V, best describes the

output? [CSIR-JUNE 2018]
Vg ¢/2 ¢ A
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The input V/; to the following circuit is a square
wave as shown in the following figure.
[CSIR-DEC 2018]

vll’l

Wl
Epups

Which of the waveforms best describes the

output?
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For optimal performance of an op-amp based
current-to-voltage converter circuit, the input
and output impedance should be

[CSIR-JUNE 2019]
(a) low input impedance and high output
impedance

(b) low input impedance and low output
impedance

(c) high input impedance and high output
impedance
(d) high input impedance and low output
impedance
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18. A circuit constructed using op-amp, resistor
R, = 1kQ and capacitors C; = 1uF and C, =
0.1uF, is shown in the figure below.

R'I
C,
o i
v.o—F >
Il
This circuit willactasa [CSIR-JUNE 2019]
(a) high pass filter (b) low pass filter
(¢) band pass filter (d) band reject filter

19. In the circuit diagram of a band pass filter
shown below, R = 10k().

In order to get a lower cut-off frequency of
150 Hz and an upper cut-off frequency of
10kHz, the appropriate values of C; and C,
respectively are [CSIR-DEC 2019]
() 0.1uF and 1.5nF (b) 0.3uF and 5.0nF
(¢) 1.5nF and 0.1uF (d) 5.0nF and 0.3uF

20. Thel — V characteristics of the diode D in the
circuit below is given by

av_
I=1 (eksT - 1)

where I is the reverse saturation current, V is
D

—>—|<}—

R
v—«/vwi:‘>;
_V(Hll

the voltage across the diode and T is the

absolute temperature. If the input voltage is

Vin, then the output voltage V,; is
[CSIR-JUNE 2020]

qVin
IcR1 ( 1)
(@)IsRIn IpT +

) % kyT In (q (Vin + IsR)>

kT

Output

21.

22.

1k T1 (Vi“+1)
(C)q gl 1n IR

) = <k, Tl (Vi"+1)
q B M \IR

In the circuit shown below, the gain of the op-
amp in the middle of its bandwidth is 10°. A
sinusoidal voltage with angular frequency w =
100rad/s is applied to the input of the op--
amp.

R, = 4kQ
C=5uF
Vi, —VW\—]
R =2kQ — Vou

The phase difference between the input and

the output voltage is [CSIR-JUNE 2020]
(a) 5m/4 (b) 3 /4
(c)m/2 (dn

In the following circuit the input voltage V;, is
such that Vi, | < |Vyu |, where Vg, is the
saturation voltage of the op-amp. (Assume that
the diode is an ideal one and R; C is much large
than the duration of the measure

Ground
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for the input voltage as shown in the figure
above, the output voltage V,; is best
represented by [CSIR-JUNE 2021]
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23. The pressure of a gas in a vessel needs be

24,

maintained between 1.5 bar to 2.5 bar in an
experiment. The vessel is fitted with a pressure
transducer that generates 4 mA to 20 mA
current for pressure in the range 1 bar to 5 bar.
The current output of the transducer has a
linear dependence on the pressure.

500Q
/NN b
— Overpressure
v, Indicator
n
P
+
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The reference voltages V; and V; in the
comparators in the circuit (shown in figure
above) suitable for the desired operating
conditions, are, respectively

[CSIR-JUNE 2021]
(@)2Vand10V (b)2Vand 5V

(c)3Vand 10V (d)3Vand5V
In the circuit below, there is a voltage drop of
0.7 V across the diode in forward bias while no

current flows through it in reverse bias.
300

In V;, is a sinusoidal signal of frequency 50 Hz
with rms value of 1 V the maximum current that
flows through the diode is closest to

(a)14 (b) 0.14 A

(c)0A (d) 0.07 A

25. In the circuit shown below using an ideal op
amp, inputs Vj(]' = 1,2,3,4) may either be open
or connected to a — 5 V battery.

1kQ +12V
V1 o~ o
I ) T
2kQ j:/]/
k A\
4 kQ
V3 O-AMA 1k
8kQ
Vi 0\

The minimum measurement range of a
voltmeter to measure all possible values of V,

is [CSIR-DEC 2023]
(@)10V (b)30V
(©9)3V (d1V

26. A circuit with operational amplifier is shown in

the figure below.
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The output voltage waveform V,,; will be

Vour

1uF

closest to [CSIR-DEC 2023]
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27. A train of square wave pulses is given to the
input of an ideal opamp circuit shown below.

V()

28.

R

L/ll'l[f

Given that the time period of the input pulses
T « RC and the opamp does not get into
saturation, which of the following best
represents the output waveform?
[CSIR-JUNE 2024]
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Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V; in the circuit shown below ?

[CSIR-JUNE 2016]
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In the circuit shown below, the input voltage (in
volts) is given by

Vin(t) = 0.1sin (w1t) + sin (w,t)

where w; =5 x 102 s tand w, = 5 x 10*s71.

2 UF
||
I

50 O

Vout

Vin

The time varying part of the output voltage
Vour (t) (in volts) is closest to[CSIR DEC 2024]
(a)—0.2sin (w4t) — 2sin (w,t)

(b)—0.2sin (w4t) + 0.2cos (w,t)
(©)2cos (wyt) + 0.2cos (w,t)
(d)2cos (wqt) — 2sin (w,t)

GATE PYQ
The inverting input terminal of an operational
amplifier (op-amp) is shorted with the output
terminal apart from being grounded. A voltage
signal v; is applied to the non-inverting input
terminal of the op-amp. Under this
configuration, the op-amp functions as

[GATE 2004]
(a) an open loop inverter




(b) a voltage to current converter
(c) avoltage follower
(d) an oscillator

2. Figure shows a practical integrator with Rg =
30MQ, R = 20MQ and Cr = 0.1uF. If a step
(dc) voltage of +3 V is applied as input for 0 <
t < 4 (tisinseconds), the output voltage is

[GATE 2004]

— ¥
Rowm
(a) aramp function of -6 V
(b) a step function of =12 V
(¢) aramp function of =15V
(d) aramp function of —4 V
3. The output V, of the ideal opamp circuit shown

in the figure is [GATE 2005]

3 k2

(@) =7V (b) =5V
5V (d)7V

4. The circuit shown in the figure can be used as a
[GATE 2005]

(a) high pass filter or a differentiator

(b) high pass filter or an integrator

(c) low pass filter or a differentiator
(d) low pass filter or an integrator

5. The low-pass active filter shown in the figure
has a cut-off frequency of 2kHz and a pass band
gainof 1.5. The values of the resistors are

[GATE 2006]

15 kL2

(@) R, = 10kQ; R, = 1.3Q
(b) Ry = 30kQ; R, = 1.3Q
() Ry = 10kQ; R, = 1.7Q
(d) Ry = 30kQ;R, = 1.7Q

6. In order to obtain a solution of the differential

2
equation % -2 % + v, = 0, involving voltages
v(t) and v;, an operational amplifier (Op-Amp)

circuit would require at least [GATE 2006]

(a) two Op-Amp integrators and one Op-Amp
adder

(b) two Op-Amp differentiators and one Op-
Amp adder

(c) one Op-Amp integrator and one Op-Amp
adder

(d) one Op-Amp integrator, one Op-Amp
differentiator and one Op-Amp adder

7. The circuit shown is based on ideal operational

amplifiers. It acts as a [GATE 2007]

I
I8
A

L >

(b) buffer amplifier

(a) subtractor




(c) adder (d) divider
Statement for Linked Answer Questions 8 and
o:

The following circuit contains three
operational amplifiers and resistors.

8. The output voltage at the end of second
operational amplifier V, is [GATE 2008]
@ Vo1 =3Wa+Vp + Vo)

1
(b)Vo1 = —g(Va +V, + 1)
1
Vo1 = g(Va +Vy+ V)

4
(Vo1 = §(Va +V, + V)

9. The output Vy, (at the end of third op amp) of

the above circuit is [GATE 2008]

@ Voz =2(Va +Vp + 1)
() Voo =30 +Vp +10)
(© Vo = =5V +Vy + V)
(d) zero
10. The Common Mode Rejection Ratio (CMRR) of a
differential amplifier using an operational

amplifier is 100 dB. The output voltage for a
differential input of 200V is 2 V. The common

mode gain is [GATE 2009]
(a) 10 (b) 0.1
(c)30Db (d) 10 dB

11. In one of the following circuits, negative
feedback does not operate for a negative input.

Which one is it? The op-amps are running from

+15 V supplies. [GATE 2010]
(A) (B)
a's% L A |
© — P (D)
L s
12. Consider the following circuit
1k 4k
hTATAY.
= P10V
—0
\f "‘F\'\I'.'.
=f 10V hd

Which of the following correctly represent the
output V/,,; corresponding to the input V;, ?
[GATE 2011]
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13. Consider the following OP-AMP circuit
[GATE 2012]

+10V(




(A) (B)

+5V +5V

*1V
ov

+1V
0V

+10V —— +10V

Vout Vout

©) D)

+5V +5V

14. In the following circuit, for the output voltage to
be Vy = (=V; +V,/2), the ratio R /R, is

[GATE 2012]
R

(a) % (b) 1

(©) 2 ()3

Statement for Linked Answer Questions 15 and
16: Consider the following circuit

[GATE 2013]
10kQ
(in) ©@ WA +
J_ V(uut)
1000pF -
I 1kQ
2kQ

15. For this circuit the frequency above which the
gain will decreases by 20 dB per decade is
(a) 15.9kHz (b) 1.2kHz

(c) 5.6kHz (d) 22.5kHz

16. At 1.2kHz the closed loop gain is

(@1 (b) 1.5
©3 (d) 0.5
17. The input given to an ideal OP-AMP integrator
circuit is [GATE 2014]
V
Vﬂ

t, !

The correct output of the integrator circuit is
@ by

<t

14

18. A low pass filter is formed by a resistance R and
a capacitance C. At the cut off angular frequency

W, = %, the voltage gain and the phase of the

output voltage relative to the input voltage

respectively are [GATE 2014]

(a) 0.71 and 45° (b) 0.71 and —45°

(c) 0.5and —90° (d) 0.5 and 90°s

19. Consider the circuit shown in the figure, where
RC = 1. For an input signal V; shown below,

choose the correct V; from the options:
[GATE 2015]

R

Vo




&) (B)
Ve Vo
1 1

t
! z : 1 2 3 t
-1

-1

© D)
Vo Vo

0.1 1

0.1

20. In the given circuit, if the open loop gain A =
105, the feedback configuration and the closed
loop gain Ay are [GATE 2015]

Vio—+
—OV,
9k
% %R[
¥

(a) series-shunt, Ay =9

(b) series-series, A = 10
(c) series-shunt, A = 10
(d) shunt-shunt, A = 10

21. Consider an ideal operational amplifier as
shown in the figure below with R, = 5kQ, R, =
1kQ, R; = 100kQ . For an applied input voltage
V = 10mV, the current passing through R,
is____ pA. (up to two decimal places)

[GATE 2017]

22. For an operational amplifier (ideal) circuit
shown below,

4kQ2
"‘N"‘\"\\‘a
240 +10V
¥ o—
l,ré D_/ywj_ Vu
5kQ) R,
w7z -0V

IfV; =1V and V, = 2V, the value of Vyis V
(up to one decimal place). [GATE 2018]

23. For the following circuit, what is the magnitude
of Vo if Vi = 1.5V?
100 R

[GATE 2019]

(a) 0.015V (b) 0.15V

(©) 15V (d) 150V

24. The input voltage (V;,,) to the circuit shown in
the figure is 2cos (100t)V. The output voltage

(Vaue) is 2cos (100t —2)V.IfR = 1kQ, the

value of C (in uF )is [GATE 2020]

in

(@) 0.1 (b) 1
(c) 10 (d) 100
25. For an Op-Amp based negative feedback, non-

inverting amplifier, which of the following
statements are true?

[GATE 2022]
(a) Closed loop gain < Open loop gain

(b) Closed loop bandwidth < Open loop
bandwidth

(c) Closed loop input impedance > Open loop
input impedance

10




(d) Closed loop output impedance < Open loop
output impedance

26. For the Op-Amp circuit shown below, choose
the correct output waveform corresponding to
the input V;;,, = 1.5sin 207t (in Volts). The
saturation voltage for this circuitis Vg, =
+10V.

[GATE 2022]
V;'n Vout
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27. An input voltage in the form of a square wave of
frequency 1kHz is given to a circuit, which
results in the output shown schematically
below. Which one of the following options is the
CORRECT representation of the circuit?

[GATE 2023]
74
0 I\
V t
(A) (B)
C=01uF C=1pF
- 11 - . 1 -
[ [l
v, v, % v,
R=05k0 R=540
(&} D)
R=05k0 R=5K0
R S
v 4 v ¥, —_ v
C=01uF C=1pF

28. Consider the operational amplifier circuit
shown in figure.

[GATE 2024]

2kQ 4kQ
2V

3kO
3v

5kQ
5V

V

The output voltage V,, is V (integer).

29. The figure shows an opamp circuit witha 5.1 V
Zener diode in the feedback loop. The opamp
runs from +15V supplies. If a +1 V signal is
applied at the input, the output voltage (rounded
off to one decimal place) is

[GATE 2025]

11
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% JEST PYQ

1. A capacitor Cis connected to a battery V,
through three equal resistors R and a switch S
as shown below:

v, R c

The capacitor is initially uncharged. At time t =
0, the switch S is closed. The voltage across the
capacitor as a function of time "t ' fort > 0 is
given by [JEST 2012]
(@) (Vo/2)(1 — exp (—t/2R0))

(b) (Vo/3)(1 — exp (—t/3R0))
(©) (Vo/3)(1 — exp (—=3t/2Rc))
(d) (Vo/2)(1 — exp (—2t/3Rc))
2. The classic three op-amp instrumentation

amplifier configuration is shown below:
’, '

—_— i

The op-amp are ideal and all resistors are of
equal value R. The gain, defined as the output
voltage V, divided by the differential input
voltage V; — V5, is equal to [JEST 2012]
(@2

(b) 3

(©)4 (d)6

3. Whatis the voltage at the output of the
following operational amplifier circuit [see
figure 1]?

[JEST 2015]
10£Q2
InA
4
RL V;m
A
LEO 9942
(@1v (b) 1Mv
(c) 1uv (d) 1Nv

4. Consider a 741 operational amplifier circuit as
shown below, where Vo = Vg = +15V and
R = 2.2kQ.1fV; = 2mV, what is the value of V,

with respect to the ground? [JEST 2017]
o I‘{ e, e ?
Ve
R
r ‘-: Yo
_+ S
v L
k“]" - = Yk
(@) —1ImV (b) —2mV
(c) =3mV (d) —4mV

5. Analysis the ideal op-amp circuit in the figure.

Which one of the following statements is true
about the output voltage V,,;, when terminal ' C
"is connected to point' A ' and then to point 'B
? [JEST 2019]

out

12




(@)Vyye = Vip and Ve = —Vi, when'C'is
connected to' A 'and ' B ', respectively

(b) Vour = —Vip and V,,, = Vi, when'C'is
connected to' A 'and ' B ', respectively

(¢) Vour = —Vi, when' C ' is connected to
either'A'or'B"'

(d) Vyut = Vi, when' C ' is connected to either'
A'or'B'

6. Analyse the op-amp circuit shown in the figure
below. What is the output voltage (V) in
millivolts if V; = 2.5and V, = 2.25V?

+10V
V;

5kQ2

NV
5kQ +10V

A
I
540 -10V
5kQ

7. Anideal op-amp and a silicon transistor T are
used in the following circuit. Find the output
voltage V. [JEST 2021]

+15V

= —WWW
2kQ

6V (B)

(a) +5.3V (b) =0.7V

(c) +0.7V (d)-15V

8. In the figure below with ideal op-amps, the
value of R = 10kQ,V; = —10mV,and V,, =
—30mV.
Calculate V.

CalculateV, .

[JEST 2021]

(a) +40mVv (b) —40mV

(c) +20mV (d) —20mV

9. What is the output voltage of the following

circuit for the input current 1nA ? [JEST 2022]
10 MO
(@) ImV (b)1v
(c) 1puv (d) 1Nv

10. Consider the Op-Amp differentiator presented
in Figure (a). Take C = 0.002uF and Ry = 2 k(.

For a triangular wave input shown in the figure
(b), [JEST 2023]

5V]...oo.
/\ 1ous /\ 20us

t

Ry
c Sps \/ 15ps \:/
Vou -5V i
a) = b)

determine the output voltage waveform.

10ps |15ps [20us

5us

(a)

+4V

t

S5us  [10ps |15ps |20us

-4V

(b)

t
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Sus  [10ps |15ps |20ps

(b)

t

S5us  |[10ups |15us [20ps

(c)

11. What is the output voltage I/, and current [ in
the 10k(} resistance of the following circuit?

V;=05V. [JEST 2024]
25kQ

10 kQ _\/\/\/\/_
—>_1/\/\/\/—:|>__0
vi Vo

@V, =—125V, I = 20uA
(b)V, = —0.4V, I = 50pA
(©V, =—04V, I =20uA

(d)V, = —1.25V, I = 50pA

% TIFRPYQ
1. Consider the following circuit:

R
MANN—

La

Vin

— Vo

If the waveform given below is fed in at V;,,,

falalali
Nagagags

t

then the waveform at the output V,,, will be

[TIFR 2012]
Vout Vour
Aaas Ll
puuu inns
Vour Vout
<°>‘ S I B Y

2. Aninput of 1.0 VDC is given to the ideal Op-Amp
circuit depicted below. What will be the output

voltage? [TIFR 2013]
(a)10.0V (b) =9.0V
(c)1.0VvVv (dov

3. In the following circuit, the resistance R, is
doubled.

V.
le-:i
It follows that the current through R,
[TIFR 2014]
(a) remains the same. (b) is halved.

(c) is doubled. (d) is quadrupled.

4. In the circuit shown below, the op-amp is
powered by a bipolar supply of +10 V.




V= Sﬂnl:m]@

ki

=

Which one of the following graphs represents

Vour correctly?

@ ! (b
JSLANNN
v, O v,
=5
-1
01 2 3 4 5
t
1
d
7 e :
Vo O Vv,
-5
-1
01 2 3 4 5

[TIFR 2015]

In the generalized operational amplifier circuit
shown on the right, the op. amp. has a very high
input impedance ( Z > 50MQ ) and an open
gain of 1000 for the frequency range under
consideration. Assuming that the op. amp.
draws negligible current, the voltage ratio V, /V;

is approximately [TIFR 2016]
—
g ki .'I|:":| k!'l
e | S— -
&
+
! 1
: i ¥z
! V
(a) -190 (b) -190
(c)-90 (d) 80

For the circuit depicted on the right, the input
voltage V; is a simple sinusoid as shown below,
where the time period is much smaller

compared to the time constant of this circuit.

[TIFR 2016]

(@)

(©

8.

Time —

The voltage I/, across C is best represented by

1f - (d) 1

0 05 1 18 2 285 3
Time —

05 1 1.5 2 2.5
Time

7. The following circuit is fed with an input sine

wave of frequency 50 Hz.
10 pF

100 k2

10 k0

Win

\‘I'ﬂlll

+

Which of the following graphs (solid line is
input and dashed line is output) best
represents the correct situation?

[TIFR 2017]
(a) (b)

1/\\\ ’P\\ ',’\\\

‘\\. -"" \\\J"' \\\\." '.'

(d

N /\/\ /\’\
/

’\/ v\ \/
N N NS

The figure below shows an unknown circuit,

with an input and output voltage signal.
INPUT OUTPUT

L L pe A

From the form of the input and output signals,
one can infer that the circuit is likely to be
[TIFR 2018]

UNKNOWN
CIRCUIT
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(@)

(b)

(d)

L ] -]

9. Consider the following circuits C-1 and C-2.

— —

- +

e

c2
You can apply the golden rules of an ideal op-

amp to [TIFR 2018]
(@) onlyC—-1

(b) only C-2
(c) both C-1 and C-2
(d) neither C-1 nor C-2

10. A signal Vi, (t) = 5sin (100mt) is sent to both
the circuits sketched below.

10 uF

T -

Vin(t) 1kQ

Vet

10 uF

Vi) Vs

1k 1O

If the DC output voltage of the top circuit has a
value V4.1 and the bottom circuit has a value
V4c2, then which of the following statements
about the relative value of V4., and Vy, is

correct? [TIFR 2018]

(a) \% de1 < Vdc2
(b)vdcl > Vch
(C)Vdcl = Vie2

(d) It will depend on the slew rate of the op-

amp.

11. Consider the following circuit. [TIFR 2019]
G
|
I

——AAAMA—]
C — }g-
Lo
+
in I/am‘

O J_ O

Itis given that C; = 100pF, and for [;, = 50nA
D.C., Vout = 1 V D.C. Therefore, the bandwidth

of the above circuit is
(a) 15.8 Hz (b) 79.6 Hz

(c) 145.3 Hz (d) 200.4 Hz

12. In the above circuit, which of the following is the
maximum value, in Volts, of voltage at V,,; ?

v\'\ll
2kQ
VWW\ -
+5V, kR i
@V: 15sin(2nt)
10kQ
[TIFR 2020]
(@) 10 () 15
(©0 (d)>5

13. The circuit sketched below is called a relaxation
oscillator.

16




2k 6R

WA R. =
O R = T D+ D
V. o — Vi
+ (d) R =R/n
T S5k
— 16. Consider a circuit with an operational amplifier
(op amp) and four resistors as sketched below.
For the parameters indicated in the figure, the
ratio of the maximum voltage at V,;; to the HEY e ‘/\Q/V\
maximum voltage at I, is [TIFR 2020] 58 AAMA
(a)1/8 (b) 1/7 2R
—12V om—AAAA
©2/7 (d)1/4 4R
The output voltage Vj, is [TIFR 2022]
14. An operational amplifier is configured as shown (a)—-12V (byov
in the figure below. For an AC input this circuit
behaves effectively as [TIFR 2021] (c)-9V (d) -6V
Iz
z, o—oI 17. The non-inverting amplifier shown in the figure
on the right is constructed using a nonideal
A A operational a.mplified (op amp) with a finite
_JT_ Ry R open loop gain A.
(a) aresistor with a negative resistance. The value of feedback fraction is
B=—"2__o1
(b) an inductor with a negative inductance. "R +R,
If the gain A varies such that
(¢) a capacitor with a negative capacitance. 10* < A < 10°
(d) an inductor with a positive inductance then the approximate percentage variation in
15. Consider the following circuit with an op-amp. Vo + V.,

Ry
EEVAVAVAN p
—VWW——
V= V—R/\/\/\ - R,

R/2 A R,
Vy= 2V - 2
R/3
Vy= 3V-———L/\/\/\— y 1
Ve v R/n/\/\/\ — the closed loop gain will be. [TIFR 2022]
(a) 0.09% (b) 0.0%
If the output voltage V, is measured to be V, =
—V, then the value of the feedback resistance (©) 0.9% (d) 9.0%
Rf must be [TIFR 2021]
(@)R; =nR 18. At what value of Ry will the ideal op-amp shown

in the figure provide a gain of 6? [TIFR 2023]
3R

nn+1)2n+1)

(b) Ry =

17




(a) 22.5k0

(c) 12.4kQ)

—  Vout
Jo
L AN
§2 kQ Rf
i
L
(b) 19.5kQ
(d) 14.4kQ

19. For the circuit on the right, which graph

represents I/, correctly for the V;, shown

below?

vin

[TIFR 2025]

Vout

I——

© -
N
0
SN\
2]
o] 1 2 3 4 5
@ . —
1)
o]
_1)
_a2l
] 1 2 3 a 5
CSIR-NET
1. a 2. a 3. ¢ 4. d 5 b
6. c 7. b 8. a 9. a 10. c
11.c 12. c 13.d 14.d 15.b
16. c 17.b 18. a 19. a 20.d
21.a 22.a 23.d 24. c 25.a
26. a 27.d 28.b 29.b
GATE
1. ¢ 2. d 3. a 4. d 5. d
6. a 7. b 8. ¢ 9. d 10. b
11.c 12. a 13. a 14.d 15.a
16. b 17. a 18. b 19.b 20. ¢
21. 1 22.-3.6 23.c 24. c 25. acd
26. a 27. a 28.-12 | 29.
JEST
1. d 2. b 3. b 4. c 5.
6. 5250 7. b 8. ¢ 9. b 10. a
11.d
TIFR
1. b 2. ¢ 3. a 4. d 5. ¢
6. c 7. ¢ 8. b 9. a 10. b
11.b 12.a 13.a 14. c 15. ¢
16. c 17. c 18. c 19. a
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ANALOG ELECTRONICS: Network Theory & Circuit Analysis

1. Aresistance is measured by passing current (c) 1070 (d) 1080
through it and measuring the resulting voltage
drop. If the voltmeter and the ammeter have 4. An ac signal of the type as shown in the figure,
uncertainties of 3% and 4%, respectively, then is applied across a resistor R = 1Q.

(A) The uncertainty in the value of resistance is
[CSIR-JUNE 2011]
(@) 7.0% (b) 3.5%

8
(©) 5.0% (d) 12.0% /\ /\
©
(B) The uncertainty in the computed value of

3
the power dissipated in resistance is _ \ / \ /
t

V(Volts)

[==]

(@) 7% (b) 5%
The power dissipated across the resistor is
(©) 11% (d) 9% [CSIR-JUNE 2019]
(@)125W (b)yow
2. A battery powers two circuits C; and C, as
(©)25W (d)21.5W

shown in t the figure

5. Two voltmeters 4 and B with internal
resistances 2M() and 0.1kQ are used to measure
the voltage drops V, and Vg, respectively, across

the resistor R in the circuit shown below.
100 Q R=100Q

@

'| c2 ', i |' Cc1 |'
I
L@ L

The total current [ drawn from the battery is
estimated by measuring the currents I; and I,

through the individual circuits. If I; and I, are 20V = 150 O 200 G
both 200 mA and if the errors in their l i
measurement are 3 mA and 4 mA respectively,

the error in the estimate of 1 is: The ratio VA/VB is [CSIR‘]UNE 2020]
[CSIR-DEC 2011] (a) 0.58 (b) 1.73
(a) 7.0 mA (b) 7.5 Ma
(1 (d)2
(c) 5.0 mA (d)10.5 mA
6. Aninductor L, a capacitor C and a resistor R are
3. The insulation resistance R of an insulated cable connected in series to an AC source. V =
is measured by connecting it in parallel with a Vosin wt. If the net current is found to depend
capacitor C, a voltmeter, and battery B as only on R, then [CSIR-NOV 2020]
shown. The voltage across the cable dropped (@) C =0 (b)L=0

from 150 V to 15V, 1000 seconds after the
switch S is closed. If the capacitance of the cable

is 5uF then its insulation resistance is (w = 1/JLC dw= i — R_Z
approximately Lc 4L
[CSIR-JUNE 2013]
7. A circuit needs to be designed to measure the
ij resistance R of a cylinder PQ to the best
B= V(A R CT possible accuracy, using an ammeter 4, a
-[ voltmeter V, a battery E and a current source I
(all assumed to be ideal). The value of R is
(a) 10°Q (b) 10%Q known to be approximately 10(, and the

resistance W of each of the connecting wires is

19




close to 10Q. If the current from the current
source and voltage from the battery are known
exactly, which of the following circuits provides
the most accurate measurement of R ?
[CSIR-JUNE 2023]
P

W W
= (b)

(2B (b) A

(ocC (@A
A train of impulses of frequency 500 Hz, in
which the temporal width of each spike is
negligible compared to its period, is used to
sample a sinusoidal input signal of frequency
100 Hz. The sampled output is

[CSIR-JUNE 2023]
(a) Discrete with the spacing between the peaks
being the same as the time period of the
sampling signal

(b) a sinusoidal wave with the same time period
as the sampling signal

() discrete with the spacing between the peaks
being the same as the time period of the input
signal

(d) a sinusoidal wave with the same time period
as the input signal

In the circuit shown in the figure, the
resistances R and R’ change due to strain. While
R increases, R’ decreases by the same amount
AR due to the applied strain. The unstrained
values of R and R’ are 100() each. If same strain
is applied to all the resistors, and the output
voltage (V) changes to 0.3 V, then AR is
closest to

[CSIR JUNE 2024]

0V

) (b)1.50

(a)3Q

(©)4.50 (d)69Q

10. A battery with an open circuit voltage of 10 V is
connected to a load resistor of 4850 and the
voltage measured across the battery terminals
using an ideal voltmeter is 9.7 V. The internal
resistance of the battery is closest to

[CSIR JUNE 2024]
(2)309Q (b)15Q
(c)20Q (d)400

11. A circuit component consists of a resistor in

parallel with an ideal current source. The [ — V
characteristics of the component was measured
using a variable voltage source and an ammeter

"A.

The arrow in the figure indicates the positive
direction of current. The I-V characteristics of
the component is best represented by

[CSIR DEC 2024]
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% GATE PYQ

1.

4,

A resistance of 600Q} is parallel to an inductance
of reactance 600(()) applied voltage, then the
total impedance of the circuit is

[GATE 2001]
(a) 6280 (b) 2680
(c) 424Q (d) 3000

In the circuit shown in the figure the Thevenin
voltage Vr;, and Thevenin resistance Ry, as
seen by the load resistance R; (= 1kQ) are

respectively [GATE 2005]
2 kL) 2 kO
AN AAAA
WV R, — 10V
(a) 15V, 1kQ (b) 30 V,4kQ
(©) 20V, 2kQ (d) 10 V, 5Kw

For the circuit shown, the potential difference
(in Volts) across Ry, is [GATE 2007]

502 202

B R, =402 THV
I I
(a) 48 (b) 52
(c) 56 (d) 65

An a. c. voltage of 220 V,,; is applied to the
primary of a 10:1 step-down transformer. The
secondary of the transformer is centre lapped
and connected to a full wave rectifier with a
load resistance. The d. c. voltage appearing
across the load is

[GATE 2008]

22 31
@ - (b) -

62 d 44
©— () —
LetI; and I, represent mesh currents in the
loop abcda and befcb respectively. The correct

expression describing Kirchoff's voltage loop
law in one of the following loop is [GATE 2008]

6.

102
VWA

]

zA (M 59% %159 6_20\/’

f

p 20Q .

)3

(2)301, — 151, = 10

(b) —151; + 201, = —20
(c) 301, — 151, = —10
(d) —15I; + 201, = 20

For a given load resistance Ry, = 4.7ohm, the
1:'load
P ) ofadc

power transfer efficiencies (n =
total

voltage source and a dc current source with
internal resistances R, and R, respectively, are
equal. The product R, R, in units of ohm 2
(rounded off to one decimal place) is

[GATE 2019]

A power supply has internal resistance Rg and
open load voltage Vs = 5 V. When a load
resistance R;, is connected to the power supply,
a voltage drop of V;, = 4V is measured across

the load. The value of% is (Round off to the
S

nearest integer) [GATE 2022]

% JEST PYQ

1L

The ratio of maximum to minimum resistance

that can be obtained with N1 — Q resistors is
[JEST 2012]

(@N (b) N?

©1 (d) o

The temperature of a thin bulb filament
(assuming that the resistance of the filament is
nearly constant) of radius ' r ' and length L is

proportional to [JEST 2014]
(a) ri/4L=1/2 (b) L?r
(c) r/4Lt (d) r2L71

It is found that when the resistance R indicated
in the figure below is changed from 1kQ to
10kQ, the current flowing through the
resistance R’ does not change. What is the

21




value of the resistor R’ ?

[JEST 2016]
AL
™y,
| Lk i | &LE
e R L
R T
S,
HE k2
i A
A¥
(a) 5kQ (b) 1000
(c) 10kQ (d) 1Kw

For the circuit shown below, what is the ratio
11/12 []EST 2017]

F TWT” T T““T

] |

;u

’I{

[ v “v’\
A

||||——|i'|F

The ratio of maximum to minimum resistance
that can be obtained with N number of 3 — Q

resistors is [JEST 2020]
@N (b) N?
(c) N? (d) N*

A carbon rod of resistance R, and a metal rod
of resistance R,, are connected in series. Let
their linear temperature coefficients of
resistivity have magnitudes a, and a,,
respectively. The condition that the net
resistance would be independent of
temperature is

[JEST 2020]
(@ R: =Rp, (b) a; = an,
R, _ U Ry _ U
© R, " (d) R, -

Consider the circuit shown in the figure below.
C is the capacitance of the capacitor, E is the
voltage provided by the battery and all the
resistors are identical. What is the charge
stored in the capacitor in units of CE, once it is
fully charged. [JEST 2023]

@3 (b)2

3 5

©2 OF

8. Ifaresistor of 10k and a capacitor of 0.5u F
are connected in series across an AC supply of
220V (rms) at 50 Hz , what is the average
power (in mW, to the nearest integer)
dissipated in the circuit? [JEST 2025]

% TIFR PYQ

1. n the circuit given below, a person measures
9.0 V across the battery, 3.0 V across the 2M(
resistor R, and 4.5 V across the unknown
resistor Rg, using an ordinary voltmeter which
has a finite input resistance r. Assuming that
the battery has negligible internal resistance, it
follows that (i) the resistance Rg and (ii) the
input resistance r of the voltmeter are, in M{),

[TIFR 2009]

R,=2MQO

e AN ———

AR
YYyyrer
e

|,
Il
(a)Rg =3.0,r = 6.0
(b)Rg =25r=75
(©) Rg = 4.0, = 12.0
(d) Rg =4.5,r=10.0

2. The current read by the ammeter (A) in the

circuit given below is [TIFR 2011]
10002
(a) 27.3 Ma (b) 100.0 mA
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(c) 54.5 mA (d) 50.0 mA

3. You are given the following circuit and two

instruments: a voltmeter and an ammeter both
with 0.001% accuracy in their readings.

o1 C

A 100010 B

sv =
T &

Which of the following methods will result in
the most accurate reading for the current
without interrupting the current in the circuit?

[TIFR 2014]
(a) Use voltmeter to measure voltage across
points B and C

(b) Use the ammeter to measure current at
point B

(c) Use voltmeter to measure voltage across
points Aand B O

(d) Use voltmeter to measure voltage across
points A and C

4. Astudentin the laboratory is provided with a
bunch of standard resistors as well as the
following instruments

----Voltmeter accurate to 0.1 V

---Thermometer accurate to 0.1C

----Ammeter accurate to 0.01 A

---Stop watch accurate to 0.05 s

----Constant current source (ideal)

---Constant voltage source (ideal)

Using this equipment (and nothing else), the
student is expected to measure the resistance R
of one of the given resistors. The least accurate
result would be obtained by [TIFR 2016]

(a) measuring the Joule heating.

(b) passing a constant current and measuring

the voltage across it.

(c) measuring the current on application of a
constant voltage across it.

(d) the Wheatstone bridge method.

5. The circuit shown below contains an unknown

device X.
100 £2
— AAA—————
1000
—
I 2V

The current-voltage characteristics of the
device X were determined and are shown in the

plot given below. [TIFR 2016]
205;_':;':::' s
sEo S

- I 104 - i

E
10—
5 |
o e
0 0.5 1.0 15 2.0
Volts
Determine the current / (in mA ) flowing
through the device X.

6. A realistic voltmeter can be modelled as an ideal
voltmeter with an input resistor in parallel as
shown below:

Such a realistic voltmeter, with input resistance
1k(, gives a reading of 100mV when connected
to a voltage source with source resistance 50().
What will a similar voltmeter, with input

resistance 1M(), read in mV, when connected to
the same voltage source?] [TIFR 2018]

7. The currenti flowing through the following

circuit is
90
;g 40 230 T,
30 ) 90
4 60 1
30 ; 230 e
i ] 30
ANV
3V
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(@ 05A (b) 0.6 A

(c) 0.75 A (d1.0A

8. Consider the circuit shown on the right, which
involves an op-amp and two resistors, with an
input voltage marked INPUT.
Which of the following circuit components,
when connected across the input terminals, is
most likely to create a problem in the normal
operation of the circuit? [TIFR 2018]

INPUT

e

- = =

(a) A voltage source with very high Thevenin
resistance.

(b) A current source with a very high Norton
resistance.

(c) A voltage source with a very low Thevenin
resistance.

(d) A current source with a very low Norton
resistance.

9. Abadly-designed voltmeter is modelled as an
ideal voltmeter with a large resistor (R) and a
large capacitor (C) connected in parallel to it.
Given this information, which of the following
statements describes what happens when this
voltmeter is connected to a DC voltage source
with voltage V and internal resistance r(r < R)
? [TIFR 2020]

(a) The reading on the voltmeter rises slowly
and becomes steady at a value slightly less than
V.

(b) The reading on the voltmeter starts at a
value slightly less than V and slowly falls to
Zero.

(c) The reading on the voltmeter rises slowly to
a maximum value close to V and then slowly
goes to zero.

(d) The reading on the voltmeter reads zero
even when connected to the voltage source.

10. In an amplifier circuit, an input sine wave of

11.

amplitude 5 V gives a sine wave of amplitude
25V as an output in an open load configuration.
On applying a 20kQ load resistance, the output
drops to 10 V. This implies that the output
resistance of the amplifier must be

[TIFR 2021]
(a) 2kQ (b) 20kQ
(c) 10kQ (d) 30kQ

It is required to design a circuit with an
impedance Z(w) such that Z(w) = ik(w — wg)
for a range of frequencies w such that

|lw — wpl/wg K 1

where k and wg are constant real numbers.

A possible design for this circuit would
correspond to

@) HWI'_O{M o

Touuy 0

ISTIEER
() o —0 (d) O—H——o
11
I
CSIR-NET
1. b/b 2. c 3. b 4. d 5. b
6. c 7. b 8. a 9. a 10. b
11. b
GATE
1. b 2. a 3. a 4. d 5. a
6. 22.09 7. 4
JEST PYQ
1. b 2. d 3. b 4. 0016 5. b
6. c 7. b 8. 3444
TIFR PYQ
1. 2. 3. ¢c 4. a 5. 012
6. 105 7. C 8. c 9. a 10.d
11.a
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ANALOG ELECTRONICS: Diodes

% CSIR-NET PYQ

1. The figure below shows a voltage regulator
utilizing a Zener diode of breakdown voltage
5V and a positive triangular wave input of

amplitude 10 V.
5000 12
Vi 10
i 8
BT
- 4
2
0

=

t(s)
ForV; > 5V, the Zener regulates the output
voltage by channeling the excess current
through it self. Which of the following
waveforms shows the current ' i ' passing
through the Zener diode? [CSIR-DEC 2011]

12 12

012 34 546 78

i(mA)

@

i(mA)
oMb o me

[
VAN ®’
0

WAWAN

0 1 234567 8

0 1 234567 8

t(s) t(s)

12 12
10 10

<. <. _/\_/\_
E: 6 E 6
=4 =4
S IVANDANE B
0 [1]

0 1 234567 8

t(s) t(s)

2. Adiode D as shown in the circuitas ani — v
relation which can be proximated by

_ {v,% +2vp, forvp >0
P o, for v, < 0
11
—— MWW
iD

+ +——-0
10V= DY Vo
t+——=o0

The value of vp in the circuit is:

[CSIR-DEC 2012]
(@) (-1 + V1)V (b) 8V
(©)5V (d)2Vv

3. Two identical Zener diodes are placed back to
back in series and are connected to a variable
DC power supply. The best representation of the

0 1 234567 8

-V characteristics of the circuitis

[CSIR-DEC 2013]
I I

(a) / v (b)

e

/ v (d) I_ v

() ( J

4, The I —V characteristics of the diode in the
circuit below is given by
[ = {(V —0.7)/500 forV = 0.7
0 forV < 0.7
1K I

10V

where V is measured in volts and [ is measured

in amperes.
The current / in the circuit is
[CSIR-DEC 2014]
(a) 10.0 mA (b) 9.3 Ma
(c) 6.2 mA (d) 6.7 mA

5. "Let I, be the saturation current, 1 the ideality
factor and vy and vy the forward and reverse
potentials, respectively, for a diode. The ratio
Ry /R of its reverse and forward resistances Ry
and Rp respectively, varies as (In the following
kg is the Boltzmani constant, T is the absolute
temperature and q is the charge).

[CSIR-JUNE 2017]
URr qur Up qvur
@) Vg °xp (nkBT> (b) VR exp (nkBT)

v v
©Zexp (-
Vr

F Vg qvu

7)
nkgT

6. A Zener diode with an operating voltage of 10 V
at 25°C has a positive temperature co-efficient
of 0.07% per °C of the operating voltage. The
operating voltage of this Zener diode at 125°C is
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[CSIR-DEC 2017]
(a) 12.0V (b) 11.7V
(c) 10.7V (d) 9.3V

7. In the circuit below, D; and D, are two silicon
diodes with the same characteristics. If the
forward voltage drop of a silicon diode is 0.7 V,
then the value of the current I; + Ip, is

[CSIR-DEC 2017]
L, 1k
AAAAA P -
Yvvyy
D, YID,
10V= Dy D, Vo
J__ . 4 . 4 0
(a) 18.6 mA (b) 9.3 mA
(c) 13.95 mA (d) 14.65 Ma

8. A sinusoidal voltage having a peak value of Vp is
an input to the following circuit, in which the DC
voltage is Vy,.

-
Vel
Chutput

Assuming an ideal diode, which of the following
best describes the output waveform?

[CSIR-DEC 2018]
W W
Vi [ v
(a) (0,0) (b} (0, ﬂ}-D———-L
Vil
W A
v, Vil
{c) (0, (d) (0, BD—H
B
_vr'l J

9. The forward diode current is given by I =
kT e~ Ex/kpT (exp (eV/kgT) — 1), where Egis
the band gap of the semiconductor, V is the
voltage drop across the diode, T is the
temperature of the diode operating near room
temperature and, a and k are constants. A diode
is used as a thermal sensor in the circuit shown
below.

10.

11.

0
\J

o_@—{ >|—_

If V is measured using an ideal voltmeter to
estimate T, the variation of the voltage V as a
function of T is best approximated by (in the
following a and b are constants)

[CSIR-JUNE 2019]
(@aT?+b (b)aT + b
(c)aT3+b (d) aT + bT?

In the circuit below, D is an ideal diode, the
source voltage Vs = Vsin wt is a unit amplitude
sine wave and Ry = R;.

[CSIR-DEC 2019]
Ry

Vs @ Ry v

The average output voltage V;, across the load
resistor R; is

1V b3V
(a)go ()EO

() 3V, (d) vy

A high impedance load network is connected in

the circuit as shown below
R

L 48
£
a

v, V.=91V 3

(s)
:T\/z - o7V
-15 = Sidiode

The forward voltage drop for silicon diode is
0.7 V and the Zener voltage is 9.10 V. If the
input voltage (Vi, ) is sine wave with an
amplitude of 15 V (as shown in the figure
above), which of the following waveform
qualitatively describes the output voltage ( V.
) across the load? [CSIR-JUNE 2022]
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Vour (V)

VGH[ (VJ

12. In the circuit shown below, four silicon diodes
and four capacitors are connected to a
sinusoidal voltage source of amplitude V;, >
0.7 V and frequency 1kHz. If the knee voltage
for each of the diodes is 0.7 V and the
resistances of the capacitors are negligible, the
DC output voltage V,,; after 2 seconds of
starting the voltage source is closest to

[CSIR-JUNE 2023]
[ [
C c
A

_Vm_"- -

Il | o V.,

L —

(a) 4V, — 0.7V (b) 4V, — 2.8V
© Vi — 0.7V () V, —2.8V

% GATE PYQ
1. The circuit shown can be used as [GATE 2005]

(a) NOR gate (b) OR gate

(c) NAND gate (d) AND gate

2. Asinusoidal input voltage v;, of frequency w is
fed to the circuit shown in the figure, where
C; » C,. If v, is the peak value of the input
voltage, then output voltage (v, ) is

4,

5.

[GATE 2006]

] | Vi Cya= ] .

l |

(@) 2v,y, (b) 2vysin wt
() V2v,, (d) UTmsin wt

Pick the correct statement based on the above

circuit [GATE 2009]
I Ry=1 kQ I
AANN >

Vi
15-25\//__%7/

&V, =10V §RL

\28

(a) The maximum Zener current, [, (ynax) When
R; = 10kQis 15 mA

(b) The minimum Zener current, I, ni,), when
R; = 10kQ is 5 mA

(d) The power dissipated across the Zener
when R; = 10kQ and Vi, = 20V is 100 mW

In the following circuit, the voltage drop across
the ideal diode in forward bias conditions is
0.7V [GATE 2012]

24 Volt

The current passing through the diode is
(a) 0.5 mA (b) 1.0 mA
() 1.5mA (d) 2.0 Ma
In the figure given below, the input to the

primary of the transformer is a voltage varying
sinusoidally with time. The resistor R is
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connected to the centre tap of the secondary.
Which one of the following plots represents the
voltage across the resistor R as a function of

time? [GATE 2012]

=
R
Vs
0

(=) t
NANAEAWA

® i i '
V] i : i i
0 i i i

(©) t
\'_ § -
0

(d) t

6. Consider the circuit given in the figure. Let the
forward voltage drop across each diode be
0.7 V. The current I (in mA ) through the
resistor is [GATE 2020]

7. Choose the most appropriate matching of the
items in Column 1 with those in Column 2.
[GATE 2023]

Column 1 Column 2

(i) PIN diode P. Voltage regulation

(i) Tunnel
diode

Q. Radio frequency and
microwave devices

(iii) Zener

R. Optoelectronic detection
diode p

(iv) Photo

diode S. Oscillator

(a) () - Q; (i) - S; (iii) - P; (iv) - R

(b) (1) - R; (ii) - Q; (iii) - P; (iv) - §

() () - R; (i) - S; (iii) - P; (iv) - Q
(d) () - P; (i) - Q; (iii) - R; (iv) - S

8. The symbols C, D, Vi, and V,, shown in the figure
denote capacitor, ideal diode, input voltage and

output voltage, respectively.
C
——

V. I

24

L1
=

Which one of the following output waveforms
(V) is correct for the given input waveform
Vin) ? [GATE 2024]

A) (B)

v,

) +SV<‘> /\ /\

Ovl H H - ‘Wi -
(©)

% JEST PYQ

1. Consider the circuit shown in the figure where
R; = 2.07kQ and R, = 1.93kQ current source |
delivers 10 mA current. The potential across the
diode D is 0.7 V. What is the potential at A ?

[JEST 2017]
I 4
I :xl:' -“-‘. ,r-'_::
L1 1
(@) 1035V (b) 9.65V
(c) 1930V (d) 4.83V

2. In the following silicon diode circuit (V5 =
0.7 V), determine the output waveform ( V. )

for the given input wave. [JEST 2017]
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3. A Germanium diode is operated at a
temperature of 27 degree C. the diode terminal
voltage is 0.3 V when the forward current is
10 mA. What is the forward current (in mA ) if
the terminal voltage is 0.4 V ?

[JEST 2018]
(a) 477.3 (b) 577.3
(c) 47.73 (d) 57.73

4. The circuit given below is fed by a sinusoidal
voltage V;, = Vysin wt. Assume that the cut-in
voltage of the diode is 0.7 volts and V; is a
positive dc voltage smaller than V/,. Which one
of the following statements is true about V; ?

[JEST 2019]
K

V‘,-”O WW © Vm.'r

'[;; O A
R

(a) Positive part of V,;; is restricted to a

R
2 V1

maximum voltage of 0.7 +

(b) Negative part of V,; is restricted to a

R
2 V1
R1+R,

maximum voltage of 0.7 +

(c) Positive part of V; is restricted to a

R
1 V1

maximum voltage of 0.7 +

(d) Negative part of V,; is restricted to a

R
1 Vl
R{+R,

maximum voltage of 0.7 +

5. Inan open circuited p — n junction diode, the

barrier voltage at the junction is generated due
[JEST 2021]
(a) Minority carriers in the p and n sides

to

(b) Majority carriers in the p and n sides

(¢) Immobile negative charge in the p-side and
positive charge in the n-side

(d) Immobile positive charge in the p-side and
negative charge in the n-side

6. The circuit given in the figure below is
composed of ideal diodes and resistances R. The

input waveform is shown on the left.
Vm

V. 4

out out

SViiii
t

(a)

(c)

-5V

7. Whatis the output waveform of the circuit for
the given input signal? Assume that the zener
diodes are identical, amplitude of the input
voltage Vi, is twice the zener breakdown
voltage, and R;, = 10R.

[JEST 2024]
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Vout
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VRV
C.
hoaan.
VoV oV
D.
0 T

8. Asilicon p-n junction diode operates at 27°C.
The current I is doubled when the forward bias
is increased. The increase in the forward bias is
closest to:

[Assume [ > I, where I is the reverse
saturation current and the emission coefficient

Nsi = 2. [JEST 2025]
(a)54 mV (b)36 mV
()72 mV (d)18 mV

s TIFRPYQ

1. The voltage regulator circuit shown in the figure
has been made with a Zener diode rated at
15V, 200 mW. It is required that the circuit
should dissipate 150 mW power across the

fixed load resistor R;. [TIFR 2012]
238 Q
’[ - AANAA R - T
V, L Vo

For stable operation of this circuit, the input
voltage V; must have a range
(@) 17.5V =205V (b) 155V —-20.5V

(c) 155V —22.5V (d)17.5V —22.5V

(€)15.0V —225V

The figure on the right shows the current
voltage characteristics of a diode over a range of
voltage and current where it is safe to operate
the diode.

[TIFR 2013]

s
=

[
=

Cemrent ()
=]

BNt

—

Voliage (V)

(LU I 23 4

When this diode is used in the circuit on the
extreme right, the approximate current, in mA,
through the diode will be

(a) 0 (b) 8.3

(c)16.7 (d) 25

Consider the following circuit.

1 k€2
—— A VWW—D— +5V

V=10 sin(2rt) @ Vo

Which of the graphs given below is a correct

representation of Vy; ? [TIFR 2014]
{a) B (b) "
P dime Cotime@
LA WY
3 3
! I ;imc EL) ) ’ ! I li)mi: [12) : ’
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4. Drawing power from a 12 V car battery, a9 v | > AnswerKey

stabilized DC voltage is required to power a car CSIR-NET
stereo system, attached to the terminals A and 1. a 2. d 3. ¢ 4. c 5 b
B, as shown in the figure. 6. C 7. C 8. ¢ 9. b 10. a
If a Zener diode with ratings, V, = 9 V and 11.d 12. b
Prax = 0.27 W, is connected as shown in the GATE
figure, for the above purpose, the minimum 1. d 2. a 3. ¢ 4. b 5. a
series resistance Ry must be [TIFR 2019] 6. 8 7. a 8. 8
JEST
R, 1. b 2. b 3. a 4. a 5 ¢
A 6. a 7. a 8. b
12V V,=9V ZS R, TIFR PYQ
L& TB 1. a 2. b 3. b 4. ¢ 5. d
(a) 1110 (b) 103Q
(c) 1000 (d) 970

5. The signal shown on the left side of the figure
below is fed into the circuit shown on the right
side.

! .
T I

If the signal has time period 75 and the circuit
has a natural frequency Ty, then, in the case

when 75 < 7g, the steady-state output will
resemble [TIFR 2019]
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ANALOG ELECTRONICS: Bipolar Junction Transistor

@
0’0

1.

CSIR-NET PYQ

The transistor in the given circuit has hg. = 350
and h;, = 1000Q. If the load resistance Ry, =
10004, the voltage and current gain are,
respectively. [CSIR-JUNE 2012]

v
(a) —35,—35

(b) 35,—35

(c) 35,—-0.97 (d) 0.98,-35

A silicon transistor with built-in voltage 0.7 V is
used in the circuit shown, with Vgg = 9.7 V,Rp
= 300kQ, Vo = 12 Vand R¢ = 2kQ. Which of
the following figures correctly represents the
load line and the quiescent Q point?

[CSIR-JUNE 2013]
R¢
Rp
+ +
VBB - =
_.|. _.|. cc
i ic
) (mA)
32 6
35ud) 35u4)
(@ 32u4)  (b) 32'514)
30p4) 30u4)
9.7 12
i i,
(mA) (nA)
6 32
B 35uA) 35ud
© 32;4) (@ SZﬁA%
30uA) 30uA)
12 9.7

Alarge MOS transistor consists of N individual
transistors connected in parallel. If the only
form of noise in each transistor is 1/f noise,
then the equivalent voltage noise spectral
density for the MOS transistor is

[CSIR-DEC 2014]
(a) 1/N times that of a single transistor

(b) 1/N? times that of a single transistor

(c) N times that of a single transistor

(d) N2 times that of a single transistor

4, Consider the circuits shown in Figures (a) and

(b) below.

nnnnnnnnnn
vvvvvvvvvv

10V + 10V |+
W = 10v W = 10V]
10.71/# 5V q
(@) (b)
If the transistors in Figures (a) and (b) have
current gain ( S ) of 100 and 10 respectively,

then they operate in the

[CSIR-JUNE 2015]
(a) active region and saturation region
respectively

(b) saturation region and active region
respectively

(c) saturation region in both cases
(d) active region in both cases

In the circuit below the voltages Vg and V.
are kept fixed, the voltage measured at B is a
constant, but that measured at A fluctuates
between a few uV to a few mV.

Feog oy

From these measurements it may be inferred
that the [CSIR-DEC 2017]
(a) base is open internally

(b) emitter is open internally

(c) collector resistor is open

(d) base resistor is open

In the following circuit, the value of the

common-emitter forward current amplification
factor § for the transistor is 100 and Vg is
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0.7 V.
Ve 207V
1

SM0kER, 5kiR,

Q_’ ———= Cuitput
Inpaut s—7{}—

The base current I is [CSIR-JUNE 2018]
(a) 40uA (b) 30uA
(c) 44uA (d) 33uA

An npn-transistor is connected in a voltage
divider configuration as shown in the figure
below

20V

Rp=8003

R,=2003

If the resistor R, is disconneted, the voltages Vg
at the base and V. at the collector change as
[CSIR-JUNE 2019]
(a) Both V and V. increase

follows.

(b) Both Vg and V; decrease
(c) Vg decreases, but V¢ increase
(d) Vg increases, but V. decreases

In a collector feedback circuit shown in the

figure below, the base emitter voltage Vg =

0.7 V and current gain § = I¢ = 100 for the

Ip

transistor

9.

The value of the base current I is

[CSIR-DEC 2019]
(a) 20uA (b) 40uA
(c) 10uA (d) 100pA

The figure below shows a circuit with two
transistors, Q; and Q,, having current gains 3,

and [3, respectively.
—— V=12V

58002

The collector voltage Vi will be closest to

[CSIR-JUNE 2022]
(a)0.9V (b)2.2V
(©)29V (d)4.2V

10. An amplifier with a voltage gain of 40 dB

without feedback is used in an electronic
circuit. A negative feedback with a fraction
1/40 is connected to the input of this amplifier.
The netigain of the amplifier in the circuit is
closest to

[CSIR-JUNE 2022]
(a)40dB (b)37 dB
(c)29dB (d)20 Db

11. An LED is required to glow brightly when the

temperature sensed by a Platinum resistance
thermometer exceeds a certain value. In the
circuit shown below, the resistance of the Pt
thermometer (in ohms) varies as

Rpe(T) =100+ 04T
where T is temperature in degree Celsius. The
transistor turns on when Vg > 0.7 V and it has
a very high current gain. The temperature at
which the LED would start glowing is closest to

[CSIR DEC 2024]
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2.

+10V
1kf)
5kf) g
N
Rpe
(a)850°C (b)400°C
(c)500°C (d)700°C
GATE PYQ
In an n — p — n transistor, the leakage current
consists of [GATE 2001]

(a) electrons moving from the base to the
emitter

(b) electrons moving from the collector to the
base

(c) electrons moving from the collector to the
emitter

(d) electrons moving from the base to the
collector

A bipolar junction transistor with one junction
forward biased and either the collector or
[GATE 2004]
(b) saturation region

emitter open, operates in the
(a) cut-offregion
(c) pinch-offregion (d) active region
Figure shows a common emitter amplifier with
B = 100. What is the maximum peak to peak
input signal (vg) for which is distortion-free

output may be obtained? [GATE 2004]
[Assume Vg = 0 and 7, = 20Q ]

+10V
2 k02
Vo

500 k0

(a) 40mVv (b) 60Mv

(c) 80mV (d) 100mV

4. Calculate the collector voltage (v.) of the

5.

transistor circuit is shown in the figure.
[Given: @ = 0.96, ;59 = 20uA, Vg =
0.3V,Rg = 100kQ, Ve = +10Vand R, =
2.2kQ ]

[GATE 2004]
Vee
Re¢
R-lil- Ve
(a) 3.78V (b) 3.82V
(c) 4.72V (d)9.7V

A power amplifier gives 150 W output for an
input of 1.5 W. The gain, in dB, is [GATE 2007]
(a) 10 (b) 20

(c) 54 (d) 100

In a typical npn transistor the doping
concentrations in emitter, base and collector
regions are Cg, Cg and C¢ respectively. These
satisfy the relation [GATE 2007]
(a)CE>Cc>CB (b)CE>CB>CC
(C)CC>CB>CE (d)CE=CC>CB

A common emitter transistor amplifier circuit is
operated under a fixed bias. In this circuit, the
operating point [GATE 2008]

(a) remains fixed with an increase in
temperature

(b) moves towards cut-off region with an
increase in temperature

(c) moves towards the saturation region with a
decrease in temperature

(d) moves towards the saturation region with
an increase in temperature
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8. An amplifier of gain 1000 is made into a
feedback amplifier by feeding 9.9% of its output
voltage in series with the input opposing. If f|, =
20 Hz and fy = 200kHz for the amplifier
without feedback, then due to the feedback

[GATE 2009]
(a) the gain decreases by 10 times

(b) the output resistance increases by 10 times
(c) the fy increases by 100 times
(d) the input resistance decreases by 100 times

9. Consider the following circuit in which the

current gain £, lof the transistor is 100
+15V

100 kQ 900Q

100 ©

Which one of the following correctly represent
the load line (collector current I with respect
to collector emitter voltage Vg ) and Q-point of
[GATE 2012]

this circuit?
(a)

v,

= 15V

© 5ma

Q- point
(7.5V, 7.5mA)

[c —

V,

e 15V Ve —

10. The current gain of the transistor in the
following circuit is B4, = 100. The value of

collector current I is [GATE 2014]
12v
%3!{9 0uF
€ %
150 kQ
v,
20uF
3kQ

11. In the simple current source shown in the
figure, Q; and Q, are identical transistors with
current gain § = 100 and Vg = 0.7V

“
5 A'E'é h

o, g,

is (upto two
[GATE 2015]

The current [ (in mA)
decimal places)
ans: 5.6to 5.9

12. For the transistor shown in the figure, assume
Vg = 0.7 Vand B4 = 100.1fV;, =5V, V,, (in
Volts) is____ (Give your answer upto one
decimal place) [GATE 2016]

10V

13. For the transistor amplifier circuit shown below
with Ry = 10kQ, R, = 10kQ,R; = 1kQ and =
99. Neglecting the emitter diode resistance, the
input impedance of the amplifier looking into
the base for small ac signal is kQ. (up to two

decimal places)
[GATE 2017]

14. For a bipolar junction transistor, which of the
following statements are true?  [GATE 2022]
(a) Doping concentration of emitter region is

more than that in collector and base region
V". [

35




15.

16.

17.

(b) Only electrons participate in current
conduction

(c) The current gain § depends on temperature

(d) Collector current is less than the emitter
current

For a transistor amplifier, the frequency
response is such that the mid band voltage gain
is 200. The cutoff frequencies are 20 Hz and
20kHz. What is the ratio (rounded off to two
decimal places) of the voltage gain at 10 Hz to
thatat 100kHz ? [GATE 2023]

A typical biasing of a silicon transistor is shown
in figure.

12v

The value of common-emitter current gain f for
the transistor is 100 . Ignore reverse saturation
current. The output voltage V, (inV ) is (in
integer).

[GATE 2024]

In the transistor circuit shown in the figure,
Vgr = 0.7 Vand fpc = 400. The value of the
base current in A (rounded off to one decimal
place) is

100 k02

ﬁp{' = 400

% JEST PYQ

1. A transistor in common base configuration has
ratio of collector current to emitter current 8
and ratio of Collector to base current a. Which

of the following is true? [JEST 2016]
_ bY g = (a+1)

@ =i D BB ="—
B _(a—-1)

2. Whatis the DC base current (approximated to
nearest integer value in pA ) for the following
n — p — nsilicon transistor circuit, given Ry =
750, R, = 4.0kQ, R; = 2.1kQ, R, = 2.6k, Rs =
6.0kQ, Rg = 6.8kQ, C; = 1uF,Cy = 2uF, Vo =
15V and B4 =757 [JEST 2017]

L o= 11
” | |. ._,.-'l'.

s e \
- < 44 -c_: A
X L ) X Wb

(b) 24

(@) 20
(c) 16 (d) 35

3. Consider the transistor circuit shown in the
figure. Assume Vggq = 0.7V, Vgg = 6V

l e
RC£
L C .
T VC(L‘
RB R +
—_— I/CE
. iy i -
__iVBB nfi
E

And the leakage current is negligible. What is
the required value of Ry in kilo-ohms if the

base current is to be 4uA ?
[JEST 2018]

4. Calculate the collector current and determine
whether or not the transistor in figure shown
below is in saturation. Assume Vg (sat) =
0.2V
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[JEST 2020]

cC

10V

(a)6.5 mA, not in saturation
(b) 11.5 mA, in saturation
(¢) 11.5 mA, not in saturation
(d) 6.5 mA, in saturation
5. Analyze the common emitter transistor circuit
given in the figure. If the current gain (f)

increases by 50%, the relative change in
collector current (/) is approximately

[JEST 2020]
S5k
400 k I
W —
IC
":'B
—|—= >ﬁ=100
v
%11(
(@) 5% () 15%
(©) 20% (d) 25%

6. In the following transistor circuit R; =
0.5kQ, R = R = 2kQ, Ry = 200kQ, f = ;_C =
B

100, Ve = 10V, Vg = 0.7 V. Determine the Vg
in mV. [JEST 2021]

Vo =+10V

R =05kQ

R, =200kQ ¥ R.=2kQ

7. The base current in the first transistor of the
following circuit having two identical Silicon-
based npn transistors of § value 100, is closest

to [JEST 2022]
+10 V

+5V

%1009

(a) 5.0 Ma (b) 0.36 mA

(c) 3.6uA (d) 5.0uA

% TIFR PYQ

1. A plot of the common-emitter characteristics of
a silicon n-p-n transistor is shown below. Given
this information, and assuming that there will
be a 0.7 V drop across a forward biased silicon
p-n junction, the approximate value of the
output voltage V/,,; for an input voltage ;, =
2 Vin the adjacent circuit will be

[TIFR 2009]
30 | I |
I, =50p47
— 25 7 i
- I, =40p47
= 20 7 I
= 7 I, =30p43
215 7 -
& T, =204
210 i e
2 ,l Base CurrentI, = 1047
@ 5
v 7
0 2 4 6 8 10 12 14 16
Collector-to-Emitter Voltage Vg (V)
Ve =15V
(@) 4V (b)) 6V
(co8V (d1ov
(e) 12V () 14V
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2. The circuit depicted on the right has been made
with a silicon n-p-n transistor.
Assuming that there will be a 0.7 V drop across
a forward-biased silicon p-n junction, the power
dissipated across the transistor will be,

approximately, [TIFR 2013]
V=15V
(a) 53 mW (b) 94 mW
(©0) 17 mW (d) 67 Mw

3. Allresistors in the circuit on the right have a
tolerance of +5%.
Assuming a diode drop of 0.7 V, which of the
following is the lowest possible value of the

collector voltage? [TIFR 2014]
+10V
1'{0k{.“-‘§ 150k
'IEIL"II&(J% L'.":'Ikil
@31V (b)4.1V
(©) 47V (d)5.2V

4. In the transistor circuit shown on the right,
assume that the voltage drop between the base
and the emitteris 0.5 V.

What will be the ratio of the resistances R, /Ry,
in order to make this circuit function as a source

of constant current,l = 1mA?
[TIFR 2016]

IIH

(a) 4.5 (b) 3.0

(©) 2.5 (d) 2.0

5. Which digital logic gate is mimicked by the
following silicon diode and silicon transistor
circuit? [TIFR 2017]

+5V +5V

6. The circuit shown below represents a typical
voltage-divider bias circuit for a transistor.
Assume that resistance values and voltage
values are typical for using the transistor as an
amplifier.

[TIFR 2020]

Which of the following changes in the circuit
would result in an increase in the collector
voltage V- ?

(a) R, is decreased slightly

(b) R, is increased slightly

(c) R. is decreased slightly

(d) R, is increased slightly




% Answer Key

CSIR-NET
1. a 2. C 3. a 4. b 5. d
6. d 7. d 8. a 9. b 10. c
11.d
GATE
1. ¢ 2. ¢ 3. d 4. a 5.
6. a 7. a 8. c 9. a 10.
11. 5.6t059 12.5.7 13.5 14. acd 15.
16. 12 17. 18.6uA
JEST
1. a 2. a 3. 1325Kw 4. a 5 b
6. 0950 7.
TIFR
1. 2. b 3. b 4. d 5.
6. a

GATE Q.15 : 2.20 t0 2.36
TIFR Q.5 : AND or (A.B)




ANALOG ELECTRONICS: MOSFET, JFET

% CSIR-NET PYQ

1. Consider an n-MOSFET with the following
parameters: current drive strength K =
60uA/V?, breakdown voltage BV, = 10V, ratio

of effective gate width to the channel length % =

5 and threshold voltage V;, = 0.5 V. In the
circuit given below, this n-MOSFET is operating

in the [CSIR-DEC 2015]
15V
B0k}
vl.'ﬁ
1 .zvn—l

(a) ohmic region
(b) cut-off region
(c) saturation region
(d) breakdown region
2. Inthe n-channel JFET shown in figure below,
Vi=-2V,C =10pF,Vpp = +16 Vand Ry, =

2kQ.

?Vop

5

£y,

i)

oS

If the drain D-source S saturation current I g
is 10 mA and the pinch-off voltage Vp is =8V,
then the voltage across points D and S is

[CSIR-JUNE 2017]
(a) 11.125V (b) 10.375V
(c)5.75V (d) 4.75V

3. The circuit containing two n-channel MOSFETs
shown below, works as  [CSIR-JUNE 2022]

3. Afield effect transistor is a

+5V

o de

— ': Q

v, — 5 Q,

(a)a buffer
(b)an inverter
(c¢)a non-inverting amplifier
(d)a rectifier
+ GATE PYQ
1. Ann-channelsilicon (dielectric constant = 12)

FET with a channel widtha = 2 X 10" m is
doped with 102! electrons /m3. The pinch-off

voltage is [GATE 2001]
(a) 0.86 V (b) 0.68V
(c) 8.6V (d) 6.8V

2. The pinch-down voltage of a p-channel

junction FET is Vp = 5 V and the drain-to-

source saturation current Ipgg = —40 mA. The

value of drain-source voltage Vpg is such that

the transistor is operating in the saturated

region. The drain currentis given as Ip =

—15 mA. Find the gate-source voltage Vgs.
[GATE 2001]

[GATE 2004]
(@)unipolar device

(b) special type of biopolar junction transistor
(¢) unijunction device

(d) device with low input impedance
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4,

7.

A junction field effect transistor behaves as a
[GATE 2005]

(a) voltage controlled current source

(b) voltage controlled voltage source

(c) current controlled voltage source

(d) current controlled current source

In the circuit shown, the voltage at test point P

is 12 V and the voltage between gate and
source is —2 V. The value of R (in kQ ) is

[GATE 2007]
V,=16V p
4k
R 42k0 £
(a) 42 (b) 48
(c) 56 (d) 70

Under normal operating conditions, the gate
terminal of an n-channel junction field effect
transition (JFET) and an n-channel metal oxide
semiconductor field effect transistor (MOSFET)
are

[GATE 2008]
(a) both biased with positive potentials

(b) both biased with negative potentials

(c) biased with positive and negative potentials
respectively

(d) biased with negative and positive
potentials respectively

In the given circuit, the voltage across the
source resistor is 1V. The drain voltage (in V) is-
[GATE 2015]

8. Ann - channel FET having Gate-Source switch-
off voltage Visorr) = —2V is used to invert a

0 — 5 V square-wave signal as shown. The

maximum allowed value of R would be

(up to two decimal places).

— >
oV
LEC) 10062
_]_ZV =
*» Answer Key
CSIR-NET
1. d 2. d 3. b
GATE

1. a 2. a 3. a 4, a
6. b 7. 15 8.
Ans: GATE Q.8: 0.70 kQ

[GATE 2018]
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ANALOG ELECTRONICS: Semiconductor

s CSIR-NET PYQ

1. Light of wavelength 660 nm and power of 1 mW
is incident on a semiconductor photodiode with
an absorbing layer of thickness of (In 4)um.
(A) If the absorption coefficient at this
wavelength is 10* cm™?! and if 1% power is lost
on reflection at the surface, the power absorbed

will be [CSIRJUNE 2011]
(@) 750uW (b) 675uW
(c) 250uW (d) 225uW

(B)The generated photo-current for a quantum
efficiency of unity will be

(a) 360uA (b) 4004A

(c) 133uA (d) 120uA

2. Ajunction is made between a metal of work
function Wy, and a doped semiconductor of
work function Wg with W, > Ws. If the electric
field at the interface has to be increased by a
factor of 3, then the dopant concentration in the
semiconductor would have to be

[CSIR-DEC 2014]
(a) increased by a factor of 9

(b) decreased by a factor of 3

(¢) increased by a factor of 3

(d) decreased by a factor of V3

3. [Ifthe reverse bias voltage of a silicon varactor is
increased by a factor of 2, the corresponding
transition capacitance

[CSIR-DEC 2015]

(a) increases by a factor of v2
(b) increases by a factor of 2
(c) decreases by a factor of v/2
(d) decreases by a factor of 2

4. The I — V characteristics of a deviceis I =
I [exp (g) — 1], where T is the temperature

and a and /; are constants independent of T and

V. Which one of the following plots is correct for
a fixed applied voltage V ?
[CSIR-DEC 2016]

|
) =
oT———

0 -3
0 1 2 3 0 1 2 3
aV/T av [T
2 4
1 3
2
0 1 /
© & / @ £, /
Vi
> i
-2
-3 -3
0 1 2 3 0 1 2 3
aVv /T aV /T

5. Optical excitation of intrinsic germanium
creates an average density of 1012 conduction
electrons per cm? in the material at liquid
nitrogen temperature. At this temperature, the
electron and hole mobilities are equal, 4 =
0.5 x 10* m? V=1 s71. The germanium dielectric
constantis 20. If 100 Volts is applied across
1 cm cube of crystal under these condition,
about how much current, in ma4, is observed?
[Charge of electron = 1.6 x 1071°C]

[JEST 2022]

6. Asilicon crystal sample has 50 billion silicon
atoms and 5 million free electrons. The silicon
crystal is additionally doped with 5 million
pentavalent atoms. Assume that the ambient
thermal energy is much smaller than the
bandgap of silicon. How many free electrons
and holes are there inside the silicon crystal?

[JEST 2023]
(a) Number of electrons is 30 million and
number of holes is zero.

(b) Number of electrons is 10 million and
number of holes is zero.
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(c) Number of electrons is 10 million and
number of holes is 5 million.

(d) Number of electrons is 5 million and
number of holes is 5 million.

GATE PYQ

A piece of semiconducting material is

introduced into a circuit. If the temperature of

the material is raised, the circuit current will
[GATE 2001]

(a) increase (b) remain the same

(c) decrease (d) cease to flow
Which one of the following is TRUE for a
semiconductor p junction with no external bias?

[GATE 2003]
(a) The total charge in the junction is not
conserved

(b) The p side of the junction is positively
charged

(¢) The p side of the junction is negative
charged

(d) No charge develops anywhere in the
junction

The temperature dependence of the electrical
conductivity o of two intrinsic semiconductors
A and B is shown in the figure. If £, and E are
the band gaps of A and B respectively, which
one of the following is TRUE?

[GATE 2004]

Ino A B

T—l
(@) Ey > Ep

(b) E4 <Ep
(c) E4 = Ep

(d) E4 and Eg both depend on temperature

4. An intrinsic semiconductor with mass of a hole

5.

my, and mass of an electron m, is at a finite
temperature T. If the top of the valence band
energy is E,, and the bottom of the conduction
band energy is E., the Fermi energy of the

semiconductor is [GATE 2008]
E,+E 3 m
— (Y TPy 2 —h
@)Ep = ( 2 ) 3 s TIn (mc)
b)E —(kBT)+3 E, + E)I (mh)
(D)Ep ==~ Z( v+ E)n —

C

E, +E.\ 3 my,
(C)EF = ( ) )+ ZkBTln <m—c)

kgT h

(A)E, = (T) —Z(E,, +E)In (Z—C)

A phosphorous doped silicon semiconductor
(doping density: 1017 /cm?3 ) is heated from
100°C to 200°C. which one of the following
[GATE 2013]
(a) position of fermi level moves towards
conduction band

statements is correct?

(b) position of dopant level moves towards
conduction band

(c) position of fermi level moves towards
middle of energy gap

(d) position of dopant level moves towards
middle of energy gap

The number density of electron in the
conduction band of a semiconductor at a given
temperature is 2 X 101 m~3. Upon lightly
doping this semiconductor with donor
impurities, the number density of conduction
electrons at the same temperature becomes

4 x 1029 m~3. The ratio of majority to minority
charge carrier concentration is .
[GATE 2016]

A junction is formed between a metal on the left
and an n-type semiconductor on the right.
Before forming the junction, the Fermi level Ep
of the metal lies below that of the
semiconductor. Then which of the following
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schematics are correct for the bands and the I —
V characteristics of the junction?

[GATE 2022]
(@) Conduction Band
0 S D Ep
Metal \ ; _type semiconductor
Valence Band
b) Conduction Band
e e Ep
Metal | ;_type semiconductor
Valence Band
F Y I
(c)
W
— > I/
\J 4F
(d
)
+—t '

% TIFR PYQ

1. The sign of the majority charge carriers in a
doped silicon crystal is to be determined
experimentally. In addition to a voltage supply,
the combination of instruments needed to
perform the experiment is [TIFR 2011]
(a) Thermometer, Voltmeter and Ammeter

(b) Pickup Coil, Voltmeter and Ammeter
(c) Magnet, Voltmeter and Ammeter

(d) Heater, Magnet and Thermometer

% Answer Key |

CSIR-NET
1. ¢/c 2. a 3. ¢ 4. d 5. 0.333
6. b
GATE
1. a 2. ¢ 3. a 4. c 5 ¢
6. 400 7. ac/ad
TIFR
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ANALOG ELECTRONICS: Transient Circuit

+ CSIR-NET PYQ

1. Aninductor L, a capacitor C and a resistor R are
connected in series to an AC source, V =
Vysin wt. If the net current is found to depend

only on R, then [CSIR-JUNE 2020]

@c=0 bL=0
=1/VLC Do= |=-X

©w=1/ o= ==

2. A 10V battery is connected in series to a
resistor R and a capacitor C, as shown the
figure.

47 kO

The initial charge on the capacitor is zero. The
switch is turned on and the capacitor is
allowed to charge to its full capacity. The total
work done by the battery in this process is

[CSIR-JUNE 2020]
(a) 1073 (b)2x1073]
(0)5x107%] (d)47 x 1072]

3. Inthe LCR circuit shown below, the resistance
R = 0.05Q, the inductance L = 1H and the
capacitance C = 0.04 F.

¢ %

YY) »

—} o
H L+

If the input v, is a square wave of angular

frequency 1rad/s the output v, is best
approximated by a

[CSIR-JUNE 2021]

(a) square wave of angular frequency 1rad/s

(b) sine wave of angular frequency 1rad/s
(¢) square wave of angular frequency 5rad/s

(d) sine wave of angular frequency 5rad/s

4. Anideal inductor L is connected in series to a
1500 resistor as shown in the circuit (inset).
When the circuit is driven by a battery By, the

voltage across the resistor as a function of time,
as measured by an oscilloscope, is shown in the
plot.

(™)
RS-

Sl

To oscilloscope

> &

Voltage(V)
SoegE

o s 3o

=2
o}
w

5
Time (ms)

Based on this observation, the estimated value

of L is closest to [CSIR DEC 2024]
(a)50 mH (b)300 mH
(c)450 mH (d)150 mH
GATE PYQ

For high frequencies (w — o0) the input

impedance is [GATE 2003]
(@0 ()R
(©) R/(1 + wRC) (d)

For low frequencies (w — o) the input
impedance is [GATE 2003]
(@) Vo = (1/RC)[ v dt

(b) The voltages at the inverting and non-
inverting terminals of the op-amp are nearly

(c) The voltage at the non-inverting terminal of
the op-amp and the current in the resistor
attached to it are /2 out of phase

(d) The current in the two resistors are in phase
The figure shows a constant current source

charging a capacitor that is initially unchanged
[GATE 2010]

%

out
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If the switch is closed at t = 0, which of the
following plots depicts correctly the output
voltage of the circuit as a function of time?

[GATE 2010]
(&) (B}

4. Aninput voltage in the form of a square wave of
frequency 1kHz is given to a circuit, which
results in the output shown schematically
below. Which one of the following options is the
CORRECT representation of the circuit?

[GATE 2023]
%
0 l\
V t
(A) (B)
C=01uF C=1uF
. I . . || .
[ [l
v, Vo v, Vou
R=05k0 R=540
© (D)
R=0.5k02 R=5K0
— AMA——— — NN
v, — v, Va f— v,
C=01xF C=1pF

s JEST PYQ

1. A capacitor Cis connected to a battery V,
through three equal resistors R and a switch S
as shown below:

The capacitor is initially uncharged. At time t =
0, the switch S is closed. The voltage across the
capacitor as a function of time 't ' fort > 0 is
given by [JEST 2012]

(@) (Vo/2)(1 — exp (—=t/2R0))
(b) (Vo/3)(1 — exp (=t/3R0))
(©) (Vo/3)(1 — exp (—3t/2Rc))
(d) (Vo/2)(1 — exp (—2t/3Rc))

Find the resonance frequency (rad/sec) of the
circle shown in the figure below

[JEST 2013& JEST 2014]
|
| 0.25F 20
v (~) 30 |
T | L2
|
(a) 1.41 (b) 1.0
(c) 2.0 (d) 1.73

Consider the following circuit in steady state
condition. Calculate the amount of charge
stored in 1uF and 2uF capacitors respectively.
[JEST 2017]
4y b

ko [T
N

AkL AuF

it
oY
(a) 4uC and 8uC (b) 8uC and 4uC

(c¢) 3uCand 6uC (d) 6uC and 3uC

In the circuit shown below, the capacitor is
initially uncharged. Immediately after the
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5.

Key K is closed, the reading in the ammeter is
27 mA. What will the reading (in mA ) be a long
time later ? [JEST 2018]
What is the charge stored on each capacitor C;
and C, in the circuit shown in the given figure?

[JEST 2020]
60 30
A A%
2uF 1uF
f I
I 1
1 c2
I A
() 6uc,6uC (b) 6uC,3ucC
(c) 3uC,6uC (d) 3uC,3uC

A capacitor with capacitance C is connected in
series with a resistor of resistance R and an
ideal DC source with voltage Vs. At one instant
during the charging of the capacitor if the
resistor is replaced by a wire of zero resistance,
which of the following statements is true?
(a)The voltage across the capacitor will
increase slowly.

(b)None of the others is true.

(c)The capacitor immediately attains the source
voltage Vs.

(d)The voltage across the capacitor will drop
immediately to zero.

TIFR PYQ

Two parallel plates of metal sandwich a
dielectric pad of thickness d, forming an ideal
capacitor of capacitance C. The dielectric pad is
elastic, having a spring constant k. If an ideal
battery of voltage V across its terminals is
connected to the two plates of this capacitor, the

fractional change dd/d « 1 in the gap between

the plates is [TIFR 2009]
%CVZ
(a) zero (b) + a2
Leve Leye
(©) — _2- @ — _2-
kd? + CV?2 kd? —CV?2

Two LCR circuits (A) and (B) are shown below

where C, < C. Attime t = 0, a charge Q is put

on the capacitor C.

Which of the following statements is correct?
[TIFR 2014]

(a) The charge Q will decay faster in (A)

(b) The charge Q will decay faster in (B)

(c) The charge Q will decay at the same rate in
(A) and (B)

(d) The relative decay rates cannot be predicted
without knowing the exact values of L, C, R and
Cc

The circuit diagram on the right shows a block
A representing a cubic structure comprising 12
identical resistances of 1200 each, whose body
diagonal vertices are connected to the rest of
the circuit with an inductor L = 10mH, a
resistor R = 100(), and a capacitor C = 1uF.
Now, the switch S is turned on att = 0. The

A L
R C
1
i i s |

earliest time at which the current reaches a
steady value [ is [TIFR 2022]
() infinite (b) 100us
(c) 200us (d) zero

It is required to design a circuit with an
impedance Z(w) such that
Z(w) = ik(w — wy)
for a range of frequencies w such that
|lw — wol|/wg K 1
where k and w, are constant real numbers.
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A possible design for this circuit would
correspond to [TIFR 2022]

@ o_('ﬂTﬁTﬂ_' l——o ® o T °

|
I

5. The sinusoidal signal
Vin = ViSiIl (Zﬂft)

is given to a high-pass filter (see Figure). The
output signal is given by

Vour = Vi|Alsin (2rft + ¢).

What is the value of |A4| ? [TIFR 2025]

C

|]

I

V.
Vm R out
1

1 1

© (d) 1/2

) | [ ()

CSIR-NET
1. ¢ 2. a 3. d 4. d
GATE
1. b 2. a 3. d 4. a
JEST

1. d 2. b 3. a 4. 0030 5. a

TIFR
1. 2. a 3. d 4. a 5. a
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ANALOG ELECTRONICS: ADC & DAC

% CSIR-NET PYQ
1. Asignal of frequency 10kHz is being digitized
by an A/D converter. A possible sampling time

which can be used is: [CSIR-JUNE 2011]
(a) 100us (b) 40us
(c) 60us (d) 200us

2. Ifthe analog input to an 8-bit successive
approximation ADC is increased from 1.0 V to
2.0V, then the conversion time will

[CSIR-JUNE 2013]
(a) remain unchanged

(b) double
(c) decrease to half its original value
(d) increase four times

3. The full scale voltage of an n-bit Digital-to-
Analog Converter is V. The resolution that can

be achieved in itis [CSIR-DEC 2017]
|4 b |4
@D ® @y
|4 |4
© > (d) N

4. The full scale of a 3-bit digital-to-analog (DAC)
converter is 7 V. Which of the following tables
represents the output voltage of this 3-bit DAC
for the given set of input bits?

[CSIR-JUNE 2018]
Input bits | Output voltage Input bits| Output voltage
(@ 000 0 ® ™ "o00 0
001 1 001 1.25
010 2 010 2.5
011 3 011 3.75
Input bits | Output voltage Input bits | Output voltage
© 000 1.25 @ 000 I
001 2.5 001 2
010 3.75 010 3
011 5 011 4

5. The figure below shows a 2-bit simultaneous
analog-to-digital (A/D) converter operating in
the voltage range 0 to V. The output of the

comparators are C;, C, and C3 with the

. Vo Vi 3V, .
reference inputs :" , ?" and TO’ respectively.

3V, /4 [ Coding

network [——e 15¢ bit

Analog input -—4‘_l>_ +
Vo 2 G Read

Gates

Flip j:I-"i'or)':
Vo/4 C,

The logic expression for the output
corresponding to the less significance bit is

—e 25¢ bit

[CSIR-DEC 2019]
(@) C1C,C5 (b) CC5 + (4
(©) C,C, + C3 (d) €05+ C,

GATE PYQ

The reference voltage of an analog to digital The
largest analog output voltage from a 6-bit
digital to analog converter (DAC) which
produces 1.0 V output for a digital input of

010100, is [GATE 2006]
(@) 1.6V (b) 2.9V
(c)3.15V (d) 5.0V

An analog voltage V is converted into 2-bit
binary number. The minimum number of
comparators required and their reference

voltage are [GATE 2008]
3(VVSV) b3(V2VV)

(a) ’ 4,2, 4 ( ) )] 3; 3 )
4(VZ 3 4V) d4(VV3VV)

(C) 4 5! 5 ) 5 ) 5 ( ) ) 4121 4 )

What should be the clock frequency of a 6-bit
A/D converter so that its maximum conversion

time is 32us ? [GATE 2013]
(a) 1MHz (b) 2MHz
(c) 0.5MHz (d) 4MHz

A 3-bit analog-to-digital converter is designed
to digitize analog signals ranging from 0 V to
10 V. For this converter, the binary output
corresponding to an input of 6 V is

[GATE 2019]
(@) 011 (b) 101

(c) 100 (d) 010




s JEST PYQ
1. converteris 1 V. The smallest voltage step that
the converter can record using a 12 -bit

converter is, [JEST 2015]
(a) 0.24V (b) 0.24Mv
(c) 0.24uv (d) 0.24Nv

2. A 16-bit analog to digital converter works in the
range 0 — 1 Volt. The least count of the

converter is [JEST 2020]
(a) 0.30mV (b) 15.26mV
(c) 5.44nV (d) 15.26uv

3. A 12-bitanalog-to-digital converter has an
operating range of 0 to 1 V. The smallest
voltage step (in mV, upto two significant digits)
that one can record using this converter is

[JEST 2022]

CSIR-NET
1. ¢ 2. a 3. a 4. a 5 ¢
GATE
1. ¢ 2. a 3. a 4. c
JEST

1. b 2. d 3. 0.24
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ANALOG ELECTRONICS: Experimental Instruments Based Problems

3.

CSIR-NET PYQ

The pins 0,1,2, and 3 of part A of a
microcontroller are connected with resistors to
drive an LED at various intensities as shown in
the figure.

Vee
)
A3 p
0.75K
A ——WW—e
Huc 1.5K
A, —MWW—e
3K
Ao p——M—
6K
——

For V., = 4.2 V and a voltage drop of 1.2 V
across the LED, the range (maximum current)
and resolution (Step size) of the drive current
are, respectively, [CSIR-DEC 2011]
(a) 4.0 mA and 1.0 mA

(b) 15.0 mA and 1.0 mA

(¢) 7.5 mA and 0.5 mA

(d) 4.0 mA and 0.5 mA

The output characteristics of a solar panel at a

certain level of irradiance is shown in the
figure below.

[} 1
1 1
1 [} 1
1 [} 1
1 [} 1
L e
1 [} 1
N I
1 [} 1 1
1 [} 1 1
1 [} 1 1
0 1 1 1 1
0 5 10 15 20

If the solar cell is to power a load of 5(), the
power drawn by the load is: [CSIR-DEC 2012]
(@) 97W (b) 73 W

(050w (d)45WwW

The input to a lock-in amplifier has the form
Vi(t) = Vjsin (wt + 6;) where V;, w, 6; are the
amplitude, frequency and phase of the input

signal respectively. This signal is multiplied by a
reference signal of the same frequency w,
amplitude V; and phase 6;. If the multiplied
signal is fed to a low pass filter of cut-off
frequency w, then the final output signal is
[CSIR-JUNE 2013]

1
(@ 5 ViVrcos (6; — 6,)

1
(b)V;V, [cos (0; — 0,) — cos (E wt+ 6; + Br)]
(©) V;V;sin (6; — 6,)

1
(AV;V, [cos (6; — 6,) + cos (E wt+ 6; + Gr)]

If the reverse bias voltage of a silicon varactor
is increased by a factor of 2, the corresponding
transition capacitance =~ [CSIR-DEC 2015]

(a) increases by a factor of v2

(b) increases by a factor of 2

(c) decreases by a factor of v/2

(d) decreases by a factor of 2

A receiver operating at 27°c has an input

resistance of 100Q. The input thermal noise
voltage for this receiver with a bandwidth of

100kHz is closest to [CSIR-JUNE 2022]
(2)0.4nV (b)0.6pV
(c)40mV (d)0.4pVv

A circuit needs to be designed to measure the
resistance R of a cylinder PQ to the best
possible accuracy, using an ammeter 4, a
voltmeter V, a battery E and a current source I
(all assumed to be ideal). The value of R is
known to be approximately 10Q, and the
resistance W of each of the connecting wires is
close to 10Q. If the current from the current
source and voltage from the battery are known
exactly, which of the following circuits provides
the most accurate measurement of R ?
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7.

(a)B

(b) A

(©C (d)D
A piezoresistive pressure sensor utilizes change
in electrical resistance (AR) with change in

pressure (AP) as AR = —Rylog (i—:), where
Ry = 5000 and P, = 1000mbar. A current of
2uA is passed through the sensor and the
resultant voltage drop is measured using an
analog-to-digital (ADC) converter having a
range 0 to 1 V. If a pressure change of 1 mbar is
to be measured, amongst the given options, the
minimum number of bits needed for the ADC is

[CSIR JUNE 2024]
(a)12 ()14
(©)8 (d)10
TIFR PYQ

Consider a very, very thin wire of uniformly
circular cross section. The diameter of the wire
is of the order of microns. The correct
equipment required to measure the precise
value of resistivity of this wire is

[TIFR 2009]
(a) ammeter, voltmeter, scale, slide calipers

(b) ammeter, magnet, screw gauge,
thermometer

(c) voltmeter, magnet, screw gauge, scale

(d) ammeter, voltmeter, scale, monochromatic
laser source

In a scanning tunnelling microscope, a fine
Platinum needle is held close to a metallic
surface in vacuum and electrons are allowed to
tunnel across the tiny gap § between the

3.

5.

surface and the needle. The tunnelling current [
is related to the gap &, through positive
constants a and b, as [TIFR 2012]
(@I=a-bs (b)I =a+bés
(d)log I =a—-0bé (dlog I =a+bé
A photomultiplier tube is used to detect
identical light pulses each of which consists of a
fixed number of photons. The photoelectric
efficiency is 10%, i.e. a photon has 10%
probability of causing the emission of a
detectable photoelectron. The photomultiplier
gain is 10°.

I(t)

:max

+— 20ns —*
The typical output current, as a function of time,
is shown by the figure below for a few pulses,
where [;;,.« is 80uA. It follows that the number
of photons in each pulse is
(a) 5% 10° (b) 5

(c) 800 (d) 50

On passing electric current, a tungsten filament

is emitting electrons by thermionic emission. In
order to maintain the energy of the electron

beam obtained from this source at a value

approximately 100eV, which of the following

methods will work in practice? ~ [TIFR 2020]
(a) Float the filament at -100 Volts with a
grounded aperture in front of it.

(b)Heat the filament so that the emitted
electrons will have 100eV kinetic energy due to
temperature.

(c)Apply a +100 Volts potential with respect to
the filament potential to an aperture kept very
close to the filament.

(d)Use an appropriate magnetic field to draw
out the electron beam at the desired energy
without applying any electric field.

A well-collimated constant-current electron
beam of Gaussian energy distribution centered
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at 10eV with FWHM of 2eV is detected using a
metal cup connected to an ammeter, as shown
in the figure below. The entire apparatus is kept

]_

in vacuum.

e

—_—

o
L

To measure the energy width of the electron
beam, a grid is introduced with a voltage
source Vo, connected to it, as shown in the

<

figure. The current measured in the cup is
plotted as a function of the value of V. The

graph of the current [ vs Vs, would be
[TIFR 2023]

1000 - 4

S0 -
00 4

(a)

L I}
0o’ M

Ll
© 2 4 6 8
Ve, 0 Valls

1000

6. Two small loudspeakers A and B, separated by
15 cm, were pointed toward a small
microphone M at a distance 1.5 m away from
the centre of the line AB, in the perpendicular
direction as shown in the sketch below.

A
M
BI:

The following sound intensity pattern was

observed as a function of the position of the

microphone as it is moved parallel to AB.
[TIFR 2024]

g ! \/“\
B AL

10 20 30 40 50 60 70 80 90

2.00

1.20

Position of Microphone (cm, zero-point arbitrary)

The dips in the signal were repeated at the
interval of 14.5 cm. The speed of sound in the
experiment's background condition is 343 m/s.
What can we conclude from this information?
[TIFR 2024]
(a) The two loudspeakers are vibrating at
frequency 23.65kHz and they are out of phase.

(b) The two loudspeakers are vibrating at
frequency 23.65kHz and they are in phase.

(c) The two loudspeakers are vibrating at
frequency 47.3kHz and they are in phase.

(d) The two loudspeakers are vibrating at
frequency 47.3kHz and they are out of phase.

Consider a charge particle detection chamber as
shown in the figure below. The chamber is made
of a set of parallel plates separated by 20 mm
distance and connected to the external
resistance (R = 100Q) as shown in the figure
along with the high voltage power supply of
1kV.

[TIFR 2024]
Cc
T 82
000000 ¢ 20 mm L) r %
86660600 ’1
] 14 mm_
T
Vo=1 kV

The chamber is filled with Argon (Ar) gas
(ionization energy 16eV ). If a charged particle
passes through the chamber and loses
sufficient energy, it ionizes the Ar atoms and
generates a small voltage pulse across the
resistance R.

In an experiment, an alpha particle of energy
5.5MeV enters the chamber at a distance of
4 mm from the bottom plate, as shown,
generating ion-electron pairs. If the effective
capacitance of the chamber is 100pF, the
measured voltage pulse shape would be best
described as:

(a) No voltage pulse would be generated as
both electrons and ions will neutralize the
charge collected by the capacitor

(b) Two sharp voltage pulses of equal
magnitude and opposite signs




(¢) Two sharp voltage pulses of the same
magnitude and sign

(d) A sharp voltage pulse followed by a very
weak broad pulse

+ Answer Key

CSIR-NET

1. ¢ 2. d 3. a 4, ¢ 5. d

6. b 7. d

TIFR

1. 2. C 3. ab 4, a 5. a

D PH
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ANALOG ELECTRONICS: Wave Shaping

+ CSIR-NET PYQ

1. The figure below shows a voltage regulator
utilizing a Zener diode of breakdown voltage
5V and a positive triangular wave input of
amplitude 10 V.

5000 1
Vi : 10

1K

AAAAA
YYyyy

[T S S )

-

012 3 4 56 7 8

t(s)
ForV; > 5V, the Zener regulates the output
voltage bychanneling the excess current
through it self. Which of the following
waveforms shows the current ' i ' passing
through the Zener diode?
[CSIR-DEC 2011]

12 12
10 10

@0 ﬁs_/\_/\_
T 6 T 6
£, E .
@ = /\ /\ ®) =
4] 0

0 1 23456 7 8 0 1 234567 8

t(s) t(s)

12 12
10 10

3: S IVAWAN
g¢ £
© =3 /\ @5
0 0

0 1 234567 8

t(s)

0 1 234567 8

t(s)

2. For the circuit and the input sinusoidal
waveform shown in the figures below, which is
the correct waveform at the output?

[CSIR-JUNE 2015]

5K

0.104

0.05 4

0.00

—0.05 +
—-0.10 +

(The time scales in all the plots are the same).

(c}

Vp

1.0 1.06
050 /\ 050

= txuﬂ-—————:Ekizz—:;?————tr w000 L
—0s0+ ®) 0,50
— 1.0 — 1.0
1400+ 1.00
[SIvE (50

= 00 1 ER f;;#“"-&\\L*t
~os0t g
— 1.0 r 1.0

Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V, in the circuit shown below?

[CSIR-JUNE 2016]
10K
05
5K
V& ~
Vi 0 " osv m Yo
-05 A 10K
 —a
2.0 t 2.0 t
@ 15 / ® 15 -
1.0 1.0
0.5 05 /
0.0 0.0
3.0 3.0
25 2.5 / \
2.0 2.0 t
() 15 4 Y (d) 15 \
1.0 \ t 1.0
0.5 0.5
0.0 0.0
0 0

A sinusoidal signal with a peak voltage 1, and
average value zero, is an input to the following

circuit.
It !
T I\ ™~ J_
Input Output
Voltage L lvoltage

! I

Assuming ideal diodes, the peak value of the

output voltage across the load resistor R;, is

[CSIR-JUNE 2018]
(@) Vp (b) Vp/2
(c) 2Vp (d) V2Vp

A sinusoidal signal is an input to the following
circuit:
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(0,0)

Which of the following graphs best describes
the output waveform?

A

amplitude of 15 V (as shown in the figure
above), which of the following waveform
qualitatively describes the output voltage ( V, ¢
) across the load?

[CSIR-JUNE 2022]
I['{'m![ (V) IL”Ou[ (V)
151 Vin 151 Vin
91 9+
x\ / ZJTL(S] ®) X\/ZJTL(S]
94 _g 4+
151 15T
Vour (V) Vour (V)
15 1 Vin 154 Vin
9+ 94
/\ p t(s) (a) /\ t(s)
VA e v
-9 1 9
-15 _15+

[CSIR-DEC 2018]
v v
(@) (O-U)UQ; t (b) (0-0)%7 t
% Vv
(©) (0,0) t  (d)(0,0) t

A sinusoidal voltage having a peak value of Vp
is an input to the following circuit, in which the

DC voltage is V.

Inpat

[CSIR-DEC 2018]
R ]
D Output
¥, ==
L : T

Assuming an ideal diode, which of the
following best describes the output waveform?

4
Vel

(a) ©,m

vh ,
{c) (0,0

=V
L

v

4

Vi

wool—N L,

o
F

Vi

(d) (0,0 DE_‘
_VbJ““““". 1

A high impedance load network is connected in

the circuit as shown below

I
9 { Vi
(s) l l
T 27 0.7V
\/ 1A .
= Sidiode

R
——MAH T
R Load | 1,

The forward voltage drop for silicon diode is
0.7 V and the Zener voltage is 9.10 V. If the
input voltage (Vi,, ) is sine wave with an

% GATE PYQ

corresponds

v,

[

1. For the rectifier circuit shown in the figure, the
sinusoidal voltage (V; or V,) at the output of the
transformer has a maximum value of 10 V. The
load resistance R;, is kQ. If I, is the average
current through the resistor R; the circuit

[GATE 2005]

Vi @

[
=l

b
v out

Vi

(a) full wave rectifier with I, = 20/mmA
(b) half wave rectifier with I, = 20/mmA
(c) half wave rectifier with I, = 10/mmA
(d) full wave rectifier with I, = 10/mmA
2. Asinusoidal input voltage vy, of frequency w is
fed to the circuit shown in the figure, where

Cq » C,. If vy, is the peak value of the input
voltage, then output voltage (v, ) is

[GATE 2006]

¢

11
|

(@) 2vp,

(b) 2vysin wt
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() V2v,, (d) 1%’"sin wt
3. When an input voltage V;, of the form shown, is
applied to the circuit given below, the output

voltage V,, is of the form [GATE 2007]

v -
@ oy —A—A—»

2V - .
{c) 3,3_\M (d) " i; ;;

W — 12V

4. If the peak output voltage of a full wave rectifier

is 10V, its d.c. voltage is [GATE 2012]
(a)10.0V (b) 7.07 V
(c)6.36V (d)3.18V

5. Avoltage regulator has ripple rejection of
—50 dB. If input ripple is 1mV, what is the
output ripple voltage in uV/ ? The answer should
be up to two decimal places

[GATE 2013]

6. In the figure given below, the input to the
primary of the transformer is a voltage varying
sinusoidally with time. The resistor R is
connected to the centre tap of the secondary.
Which one of the following plots represents the
voltage across the resistor R as a function of

time? [GATE 2017]
e
R
VR~
0
(a) t
A A
(b) : B

© t

(d) t

7. Aninput voltage in the form of a square wave of
frequency 1kHz is given to a circuit, which
results in the output shown schematically
below. Which one of the following options is the
CORRECT representation of the circuit?

[GATE 2023]
(A) (B)
C=0.1uF C=1uF
|1 |1
1 1
v, Vi v, Vour
R=0.5k R=5k2
(C) (D)
R=05k02 R=5k02
— MMA——— — NN
Y, e v, Via — v,
C=0.1uF C=1pF

% JEST PYQ

1. In the following silicon diode circuit (V3 =
0.7 V), determine the output waveform ( V,,; )
for the given input wave.

X :[1 ' m In2 _".7{.§
P 2 & R . YO TR E—
oL i) . A—— s
Voo 7N P

" I'\,E_;I Dy &/ L Dy Vo 0.7 | B e LU A
[ T I 0.0 0.0
0.7 0.7
L4 1.4

21 21
28 28
3 - 1.5

0 2 b 2 Im

@ L wr o ow 3w o ) 40 w2 m 3wd 2

" R 28 IR

2.1 21 2.1 Zl

L4 () L4 Ld

0.7 07 0.7 .7

0.0 a— a0 0.0 Kil

0.7 .._../ 07 0.7 7

L4 14 () 1.4

2.1 1] 21 d=a

28 2.8 28 e

35 T B S T R T 25 = I S T B T

(© 0 w1 om awr m @ LB wD ow awr dm

2.

2.. - . 2-_[ - 2
o p{ e
0.7 0.7 07 .7
LX) i | 0 0.0 ! 1 ';
07 !l J 07 0.7 \ } 0.7
[ L4 L4 L4
e \\ /f 21 2 \\ /|2
8 28 8 2K
3.5 = 3 SEl I 23 =2 ™ Wz T
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The circuit given in the figure below is

composed of ideal diodes and resistances R.

The input waveform is shown on the left.
[JEST 2021]

r

(a) 5Vi -- -- \ --- i - \
t

(c) (d)

T[
S R -5V

Consider the Op-Amp differentiator presented
in Figure (a). Take C = 0.002uF and R = 2 kQ.

For a triangular wave input shown in the figure

(b),

v

5V

/\ 10ps /\ 200 4

Ry
c Sus \/ 15ps \/
Vout -5V i ;
a) - b)

determine the output voltage waveform.

[JEST 2023]
V,
+8V|. ...
Sps  |10ps [15us [20ps t
-8V
(a)
V
+4\V
S5us  |10ps |15us [20ps t
-4V
(b)

Sus  |10ps |15us |20ps t

(c)

Sus  [LOps |15us |20us t

(d)

What is the output waveform of the circuit for
the given input signal? Assume that the zener
diodes are identical, amplitude of the input
voltage Vi, is twice the zener breakdown
voltage, and R;, = 10R.

[JEST 2024]
w 1 ‘
A.
Vout
0 /_\ /_\ T
U Y
B.
Vout
0 /\ /\ T
\VERVERV
C.
Vout
AN NN,
ARAVARY
D.

VUII[




s TIFRPYQ
1. Consider the following circuit.

1 kG2
———— AWM +5 V

V=10 sin(2nt) @ Vo

Which of the graphs given below is a correct

representation of Vg ? [TIFR 2014]

@ ®
& 3
oo oo

U dme Y timew

b, (d) o .

f |

= = i

el el i

! I :imc EL) ! ’ ! I li)mc {13) : ’

2. Consider a sawtooth waveform which rises
linearly from 0 Volt to 1 Voltin 10 ns and then
decays linearly to 0 V over a period of 100 ns.
Find the rm.s. voltage in units of milliVolt?

[TIFR 2016]

3. A current source produces a square wave I(t) of
1.0 V peak-to-peak voltage and is used to drive
the RC circuit shown below.

I(t) R
B I er
T

V(D)

Which of the following represents the correct

voltage across the capacitor C ?
[TIFR 2017]

4. The signal shown on the left side of the figure
below is fed into the circuit shown on the right
side.

If the signal has time period 75 and the circuit
has a natural frequency 7, then, in the case
when 75 K tp(, the steady-state output will
[TIFR 2019]

resemble

% Answer Key |

CSIR-NET

1 2. b 3. b 4. c 5 a
6 7. b

GATE
1 2. a 3. ¢ 4. c 5. 3.16
6. a 7. a

JEST
1. b 2. a 3. a 4. a

TIFR PYQ

1. b 2. 577 3. d 4. d
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ANALOG ELECTRONICS: Frequency Modulation

+ CSIR-NET PYQ

1. Alive music broadcast consists of a radio-wave
of frequency 7MHz, amplitude-modulated by a
microphone output consisting of signals with a
maximum frequency of 10KHz. The spectrum of
modulated output will be zero outside the
frequency band [CSIR-DEC 2012]
(a) 7.00MHz to 7.01MHz

(b) 6.99MHz to 7.01MHz
(c) 6.99MHz to 7.00MHz
(d) 6.995MHz to 7.005MHz
2. The amplitude of a carrier signal of frequency
fo is simusoidally modulated at a frequency

f' * fo. Which of the following graphs best
describes its power spectrum?

[CSIR-DEC 2018]

Power Power

@ 'l—m Ly w L1l

N A LR

oo 4 M | +

R T+ o+ + = o

SSSS Ssss s =
Power Power

(© SN JARCY ye

SRR L A

YTz x

=S5 S S

s TIFRPYQ

1. The figure below shows a carrier frequency
4kHz being amplitude-modulated by a sine
wave signal.

In order to transmit the signal (without
distortion) the minimum bandwidth needed

would be [TIFR 2020]
(a) 8kHz (b) 2kHz
(c) 4kHz (d) 6kHz

& AnswerKey
CSIR-NET
1. b 2. b

TIFR PYQ
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ANALOG ELECTRONICS: Oscillatory

% GATE PYQ

1. What should be the values of the components R
and R, such that the frequency of the Wien
Bride oscillator is 300 Hz ? [Given: C = 0.01uF
and R; = 12kQ ] [GATE 2004]

(a) R = 48kQ and R, = 12kQ
(b) R = 26kQ and R, = 24kQ
(o) R =530Qand R, = 1MQ
(d) R =53kl and R, = 24Kw

2. The tank circuit of a Hartley oscillator is shown
in the figure. If M is the mutual inductance
between the inductors, the oscillation

frequency is
[GATE 2006]

@ 2m/(Ly + Ly + 2M)C

b) !
21y/(Ly + L, — 2M)C

1
(c) 2my/(Ly + Ly + M)C

1
2my/(Ly + Ly — M)C

(d)

| % AnswerKey |
GATE
1. d 2. a
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DIGITAL ELECTRONICS: Boolean Algebra

s CSIR-NET PYQ
1. The logic circuit shown in the figure below.
implements the Boolean expression
[CSIR-DEC 2012]

(@y=A-B (b)y=A-B

(o)y=A.B (dy=A+B

2. A 4-variable switching function is given by f =
¥(5,7,8,10,13,15) + d(0,1,2), where d is the
donot-care-condition. The minimized form of f
in sum of products (SOP) form is

[CSIR-DEC 2013]
(a) AC + BD (b) AB + CD
(c) AD + BC (d) BD + BD

3. The truth table below gives the value Y(A, B, C),
where A, B and C are binary variables.

el N =R =N ==
= |||~ |~ ||l |R

C
0
1
0
1
0
1
0

=2 =l R L = =

1 1 1 1
The output Y can be represented by

[CSIR-DEC 2018]
(a) Y = ABC + ABC + ABC + ABC

(b) Y = ABC + ABC + ABC + ABC
(c) Y = ABC + ABC + ABC + ABC

(d) Y = ABC + ABC + ABC + ABC

4. The logic circuit that will have the output
Y=(A+B)AB+0)+AB+0)
Is [CSIR-DEC 2024]
B

A
B —1 >,_
c c—

3. 4.
A A
e 5;1}&
C {6

% GATE PYQ

1. Which of the given relations between the
Boolean variables P and Q is NOT correct? (In
the notation used here, P’ denotes NOT P and Q’
denotes NOT Q)

i 2
A

[GATE 2003]

(@PQ +PQ=P () (PQ)" =P +Q

©PQ =P +Q (dPQ' +Q=P

2. Which one of the set of values given below does
NOT satisfy the Boolean relation R = PQ’
(where Q" denotes NOT Q )? [GATE 2003]
@P=1,Q0=1,R=0
MP=1,Q0=1,R=1
©P=0,Q=0R=0
@P=0Q=1R=1

3. The Boolean expression Y = ABCD + ABCD +

ACD + ABCD reduces to [GATE 2004]
(a) AB (b) D
©4A (d) AD

4. The Boolean expression: B(A+ B)+ A - (B +

A) can be realized using minimum number of
[GATE 2005]
(a) 1 AND gate (b) 2 AND gates

(c) 1 OR gate (d) 2 OR gates
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5. In the given digital logic circuit, A and B form
the input. The output Y is [GATE 2006]

T > |
Ly

@QY=A (b)Y = AB

(OY=ADB dY=8

6. Identify the function F generated by the logic

network shown [GATE 2007]
Z o
Y -
D—F
X

@QF=X+Y)Z MF=Z+Y+7X

(O)F =ZY(Y +X) (d)F = XYZ

7. The minimized logic expression for the above

map is [GATE 2009]
(@Y=PR+Q (b)Y=Q- PR
(Y=Q+PR (dY=Q- PR

8. The following Boolean expression
Y=A-B-C-D+A-B-C-D+A-B-C-D

+A-B-C-D+A-B-C-D
+A-B-C-D
can be simplified to
[GATE 2011]

@A-B-C+A-D 0)A-B-C+A-D

()A-B-C+A-D ()A-B-C+A-D
9. Which one of the following does not represent
an exclusive or operation for inputs A and B ?
[GATE 2015]
(a) (A + B)AB (b) AB + BA

()(A+B)A+B) (d) (A+B)AB

10. For the digital circuit given below, the output X
is

11.

12,

[GATE 2016]

nE

A—] >0
—) >

13
¢
@A+B-C (b)A- (B +C)
©A-(B+0) (dA+(B-0)
The logic expression ABC + ABC + ABC + ABC
can be simplified to [GATE 2018]
(@) AXORC (b) AAND C
(©0 (D1

Consider the following Boolean expression:
(A+B)[A(B+ C)] +A(B +C)

It can be represented by a single three-input

logic gate. Identify the gate

[GATE 2019]
(a) AND (b) OR
(c) XOR (d) NAND
JEST PYQ
Whatis Y for the circuit shown below?
[JEST 2017]
A ) Ty
B [ p—

QY =M@A+B)B +0)

b)Y =(A+B)(B+0)

©QY=A+B)(B+0

(Y =(A+B)B+C)

Let ABCDEF be a regular hexagon. The vector
AB + AC + AD + AE + AF will be [JEST 2021]
(@0 (b) AD

(c) 24D (d) 34D
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s TIFRPYQ
1 The output (Y) of the following circuit will be

[TIFR 2017]
ARABBCT
%}v
(QA+B+C (b) A
(©B @ C

2 InBoolean terms, (A + B)(A + () is equal to
[TIFR 2018]
(a) ABC

b)) (A+B+C)(A+B)
(0)AB+0)
(d)A+BC
3 Athree variable (A, B, C) truth table has a high
output for the input conditions 000, 010, 100,

and 110 and low otherwise. This effectively
means the circuit following this truth table is

the equivalent of [TIFR 2021]
) (b)A+A
()A+B (d)C(A+B)

CSIR-NET
1. a 2. d 3. b 4. a
GATE
1. d 2. bd 3. d 4. ¢ 5 d
6. d 7. a 8 9. d 10. b
11.a 12.d
JEST
1. a 2. d
TIFR

1. d 2. d 3. a
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DIGITAL ELECTRONICS: Logic Gates

CSIR-NET PYQ

1. Consider the digital circuit shown below in

which the input C is always high ().

A _
B i
o
(high)
The truth table for the circuit can be written as
A B Z
0 0
0 1
1 0
1 1
The entries in the Z column (vertically) are
[CSIR-JUNE 2011]
(a) 1010 (b) 0100
(o) 1111 (d) 1011

The output 0, of the given circuit in cases [ and
II, where Case[: A, B=1;C,D = 0;E,F =1 and

G=0
Casell:A,B=0;C,D=0;E,F=0and G =1
are respectively [CSIR-JUNE 2012]

A

B

c

D

E Fi ! D

(@) 1,0 (b) 0,1
(c)0,0 (@11

Four digital outputs V, P, T and H monitor the
speed v, tyre pressure p, temperature t and
relative humidity h of a car. These outputs
switch from 0 to 1 when the values of the
parameters exceed 85 km/hr, 2bar, 40°C and
50%, respectively. A logic circuit that is used to
switch ON a lamp at the output E is shown
below.

14

P E

T

H

Which of the following conditions will switch
the lamp ON? [CSIR-JUNE 2013]

(a) v<85km/hr,p < 2 bar,t > 40°C,h > 50%
(b) v < 85 km/hr,p < 2bar,t > 40°C,h < 50%
(c)v > 85km/hr,p < 2bar,t > 40°C,h < 50%
(d) v > 85 km/hr,p < 2bar,t < 40°C,h > 50%

For the logic circuit shown in the figure below

a simplified equivalent circuit is
[CSIR-JUNE 2014]

A

A _
@ #— )« ) B x

C

A A

o ¢

Which of the following circuits behaves as a

controlled inverter? [CSIR-JUNE 2015]
fil] {_'.__1‘::::-:} :DD— U'l.llpl.l[
Tnpu
" = Chulpus

Cinteal

Input
Lrutput
Lantrs l'—]:D:

Impat
Chutput
(dy Control
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7.

In the schematic figure given below, assume
that the propagation delay of each logic gate is

tgume .

The propagation delay of the circuit will be
maximum when the logic inputs A and B make
the transition [CSIR-JUNE 2016]

+5V
A
B
(@(0,1) = (1,1) (b) (1,1) = (0,1)
(0 (0,0) » (1L1) (d) (0,0) = (0,1)
In the figures below, X and Y are one bit inputs.

The circuit which corresponds to a one bit
comparator is [CSIR-JUNE 2017]

X X
X <Y X>Y
¥
(@) X=Y (1) X=Y
X>Y v X <Y
X X
X<y X=Y
(c) X=Y (VY X>v
v X>y v X >Y

Which of the following gates can be used as a

parity checker? [CSIR-JUNE 2018]

(a) an OR gate

(b) a NOR gate

(¢) an exclusive OR (XOR) gate
(d) an AND gate

Let Y denote the output in the following logical
circuit.

A— o]
B——[>0—

C
I
IfY = AB + CD, the gates G; and G, must,

[CSIR-JUNE 2019]
(b) NOR and OR

respectively, be
(a) OR and NAND

(c) AND and NAND (d) NAND and OR

10. The Boolean equation Y = ABC + ABC +
ABC + ABC is to be implemented using only
twoinput NAND gates. The minimum number

of gates required is [CSIR-JUNE 2020]
(@3 (b) 4
©5 (d6

11. The door of an X - ray machine room is fitted

with a sensor D ( 0 is open and 1 is closed). It is
also equipped with three fire sensors F;, F, and
F; (each is 0 when disable and 1 when
enabled).
The X-ray machine can operate only if the door
is closed and at least 2 fire sensors are enabled.
The logic circuit to ensure that the machine can
be operated is [CSIR-JUNE 2021]

@ p—
F2

Fl
F3

UﬁJ

F2
F3

I

F1
® bl

Fl
F3

F2
F3

{0 D
F1
F2

WJU

F1
F3

it

F2
F3

!

@
Fl
F2

F1
F3

D‘i_.

b2
F3

;

12. Aliquid oxygen cylinder system is fitted with a
level-sensor (L) and a pressure-sensor (P), as
shown in the figure below. The outputs of L and
P are set to logic high (S = 1) when the
measured values exceed the respective preset
threshold values. The system can be shut off
either by an operator by setting the input S to
high, or when the level of oxygen in the tank
falls below the threshold value.
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13.

14.

15.

Fe [x} ® High pressure valve
X ® Low pressure valve
L
B
S o——— z|—0 Shut off signal

The logic gates X, Y and Z, respectively, are
[CSIR-JUNE 2022]

(a)OR, AND and NOT OR

(b)AND, OR and NOT

(c)NAND, OR and NOT

(d)NOR, AND and NOT

For the given logic circuit, the input waveforms
A, B, C and D are shown as a function of time

=D
swD |
b HI
(TR

To obtain the output Y as shown in the figure,
the logic gate X should be [CSIR-JUNE 2023]
(a) 1 an AND Gate (b) an OR gate

(c) a NAND gate (d) a NOR gate
For three inputs 4, B and C, the minimum

number of 2-input NAND gates required to
generate the outputY = A+ B + C is

[CSIR-DEC 2023]
()3 (b)4
(©)7 (d)6

The logic levels H and L at different locations in
a digital circuit are found to be as shown in the
figure.

L
Gy
L
) Gy L
L —] 6 H 1

H=1
L=0

16.

Based on these observations, which of the logic
gates is not behaving as an ideal NAND gate?

[CSIR-JUNE 2024]
(a)G, (b)Gs
(©)aG, (d)G,
The output of the following circuit is always

found to be zero.

D—
=
o

Such an observation can be due to

[CSIR DEC 2024]
(a)Two of the inputs of any one of the NAND
gates being accidentally shorted to each other

D‘ OUTPUT

(b)One of the inputs to the NOR gate being
accidentally grounded

(c)One of the inputs to one of the NAND gates
being accidentally grounded

(d)Two of the inputs of the NOR gate being
accidentally shorted to each other

GATE PYQ

Draw the electrical circuits for each of the
following *x***xxxx%xx source (battery), a
detector (lamp), and switch (es). [GATE 2001]

(a) AND (b) OR
(c) NOT (d) NAND
(e) NOR

In the given digital logic circuit, A and B form

the input. The output Y is [GATE 2006]
T

B —
@QY=A (b)Y = AB
)Y=A®DB (dY=B

67




3. The simplest logic gate circuit corresponding to

the Boolean expression, Y = P + PQis
[GATE 2008]

P
@ C:D—Y o
Y
0
) r E
— " @ .
o7 |

4. The following circuit (where R;, > R) performs

the operation of [GATE 2008]
R
 —— AV
4
R
V, ——AAAANA R,

(a) OR gate for a negative logic system

(b) NAND gate for a negative logic system

(c) AND gate for a positive logic system

(d) AND gate for a negative logic system
5. For any set of inputs, A and B the following

circuits give the same output, Q except one.
Which one is it [GATE 2010]

@) A ®) Awg
B Q B
(D) A

, i

(€) Ay
Bb

6. The minimum number of NAND gates required

to construct an OR gate is [GATE 2017]
(a) 2 (b) 4
©5 (d)3

7. For the following circuit, the correct logic values
for the entries X, and Y in the truth table are
[GATE 2019]

(¢ [A [B [P c [Xx Y

A ) -2 - 1T 10 [t o [0 Jo |1
" 0 [0 [0 [1 [0 [X2 |Y:

_ [ Jo Jo Jo 1 Jo [1

(@)1landO (b)0and 0

(c)0and 1 (d)land1

8. Which one of the following is a universal logic

gate? [GATE 2020]
(a) AND (b) NOT
() OR (d) NAND

The above combination of logic gates

represents the operation
[GATE 2021]
(@) OR (b) NAND

(c) AND (d) NOR
10. Consider the following circuit:

P

Q

Suppose the input signal P is
and the input signal Q is

A
+5V

Which one of the following output signals is

correct? [GATE 2024]

68




©) D
Y, Yy
+Vr 15V
' i
OV T N o

11. Alogic gate circuit is shown in the figure below.
The correct combination for the input (P, Q) for
which the outputT = 1is [GATE 2025]

pa—p b e

Q
E 7
(2)(0,0) (0)(0,1)
@) (@ (1,0

% JEST PYQ
1. Which of the following circuits will act like a 4-

input NAND gate? [JEST 2014]
» DD D
DOnn "D
wit = 0)
© ID}D_ “ :D{E/}D~
=4

2. For the logic circuit shown in figure 4, the
required input condition (4, B, C) to make the

output (X) = 11is, [JEST 2015]
1

(@) 1,01 (b)0,0,1

(©111 (do,1,1

3. Consider all possible Boolean logic gates with 2
inputs and one output. How many such gates

can be constructed? [JEST 2023]
(@) 16 (b) 4
(©2 (d)8

4. What is the output of the following logic circuit?
[JEST 2024]

s

>

(@)X =AANDBANDC
(b) X = (AOR C)AND (BOR )
()X =(AORC) AND (BORC)AND C
(d)X = (AORBORC)ANDC

5. The minimum number of basic logic gates
required to realize the Boolean expression B -
(A+ B) + A- (B + A) is (in integer).

[JEST 2024]

6. For the circuit and the inputs P and Q shown,
which of the following is the correct output Y ?

[JEST 2025]
B
D
Q |
P
%HHHH FITIW
12345678 t 12345678
Y
l
1 234567 8 t
Y
B
1234 8 67 8 t
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c“ ﬂﬂﬂﬂ

1234 5 678

12345678 :

% TIFR PYQ

1. The digital electronic circuit shown below (left
side) has some problem and is not performing
as intended. The voltage at each pin as a
function of time is shown in the adjacent
figures.

Pin 1

Pind|

Pin 5

Pin 6

P.lns.............................

The problem in the about circuit may be that
[TIFR 2011]
(a) the Pin 6 is shorted to ground
(b) the input inverter is shorted
(c) the Pin 8 is clamped to +5 V
(d) OR gate is used instead of AND gate
2. Consider the circuit shown below.
A
-
B

The minimum number of NAND gates required

to design this circuit is [TIFR 2012]
(@)6 (b) 5
(4 (d)3

3.

5.

The circuit shown below uses only NAND gates.

Find the final output. [TIFR 2013]
(@) AXORB (c)AANDB
(b) AORB (d) ANORB

A control circuit needs to be designed to save on
power consumption by an air-conditioning unit
A in a windowless room with a single door. The
room is fitted with the following devices:
1. a temperature sensor T, which is enabled
(T = 1) whenever the temperature falls below
a pre-set value;
2. a humidity sensor H, which is enabled (H =
1) whenever the humidity falls below a certain
pre-set value;
3.asensor D on the door, which is triggered
(D = 1) whenever the door opens.
Which of the following logical circuits will turn
the air-conditioning unit off (A = 0) whenever
the door is opened or when both temperature
and humidity are below their pre-set values?

[TIFR 2014]
(a) D b} D
T A T — A
H
H
©) (d)

-

D
w
ED-'A T A
H H

In a digital circuit for three input signals (A, B
and C) the final output (Y ) should be such that
for inputs

A B C
0 0 ©0
0 0 1
0 1 0

the output (Y) should be low and for all other
cases it should be high.
Which of the following digital circuits will give
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such output? [TIFR 2016]
@, v P oA
B
Y
B C
C
CIEN @ . ¥
B —_—
v
Y B
C C

The circuit shown below uses only NAND gates.
[TIFR 2019]

B

A —

b=

The final output at C is
(@) AAND B (b) AORB
(c) AXORB (d) ANORB

An OR gate, a NOR gate and an XOR gate are to
be constructed using only NAND gates.
If the minimum number of NAND gates needed
to construct OR, NOR and XOR gates is denoted
n(OR), n(NOR) and n(XOR) respectively, then
[TIFR 2020]
(a) n(NOR) = n(XOR) > n(OR) {

(b)n(NOR) = n(XOR) = n(OR)

(c) n(NOR) > n(XOR) > n(OR)

(d)n(NOR) < n(XOR) = n(OR)
A sealed box containing a digital circuit has a

circuit diagram pasted on its lid as shown
below.

° o 5V

10 kQ

However, the output of the circuit is not as per
this diagram. Some of the outputs actually
obtained were as shown below [TIFR 2021]

Switch S is Switch S is
open closed
Switch S, is Switch S, is
closed closed
+5Vv +5V

Pin A ov l l ov
+5V +5V

PinY Lny_l

ov

Based on this we can conclude that the actual
circuit inside has
(a) OR gates instead of AND gates ( X; and X5)

(b) NAND gate instead of NOR gate (X3)
(c) OR gate instead of NOR gate (X3)
(d) AND gate instead of NOR gate (X3)

9. A technician receives an electronic instrument
on which the following circuit diagram is drawn.
Based on the shown timing diagram (binary
values at pins 1, 2, 3, 4, 5 as a function of time)
measured by the technician, identify the fault in

the instrument. [TIFR 2024]

Timing diagram

A1>:2 ;:‘ [ SY
Ba-

(a) Input inverter acts like an OR gate

(b) An AND gate is used where an OR gate
should have been used

(c) Pin 4 shorted to ground
(d) Output inverter is faulty

10. The minimum number of two input NAND gates
required to obtain the output Y = AB + C from
three inputs 4, B and C is: [TIFR 2024]

(a) 4 (b) 7
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(©3 (d)6

11. The output pulse train Y of the circuit shown on
the right, with three synchronized input trains,

A =00001111
B =00110011
C =01010101
will be:
[TIFR 2025]
T
BN Ly ¥
_J _Lf/
)
(a) 00010111 (b) 00100111
(c) 01010101 (d) 00010001

CSIR-NET
1. d 2. d 3. a 4. a 5 b
6. d 7. ¢ 8. ¢ 9. b 10. b
11.ab,d 12.b 13.b 14. b 15. ¢
16. c
GATE
1 2. d 3. ¢ 4. d 5. d
6. d 7. a 8. d 9. b 10. a
11. a
JEST
1. d 2. d 3. a 4. a 5 1
6. d
TIFR
1 2 3. a 4. c 5.
6. 7 8. a 9. b 10. ¢
11. a
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DIGITAL ELECTRONICS: Sequential CKT

7
0'0

1.

2.

CSIR-NET PYQ
A counter consists of four flip-flops connected

as shown in the figure.
Ay Ay Az

SOg after the pulse T, are respectively.

4. In the schematic figure given below, the initial
values of 4 bit shift registers A and B are 1011
and 0010 respectively. The values of SO, and

Az
I I [CSIR-DEC 2015]
|— J e J e J e /e J S — . J— .
CLK —a - —d L--=»i Shift Registr Ar===€-=-- 4 Shift Registr B r==-»
_ _ _ _ IA | Stieter Safiulvind - Stvndyiivin . SOA SIB | e Sty - iy i o OB
Q £ Q K Q K Q CLK CLK

Bt

If the counter is initialized as Ag A; A, A; =
0110, the state after the next clock pulse is

[CSIR-DEC 2011]
(a) 1000 (b) 0001
(c) 0011 (d) 1100

If one of the inputs of a J-K flip flop is high and
the other is low, then the outputs Q and Q

[CSIR-DEC 2013]
(a) oscillate between low and high in race-
around condition

(b) toggle and the circuit acts like a T flip flop
() are opposite to the inputs

(d) follow the inputs and the circuit acts tike an
R-S flip flop

For the logic circuit given below, the decimal
count sequence and the modulus of the circuit
corresponding to ABCD are [CSIR-JUNE 2015]

1
] 3 bitring J Flip—?D
Clock > counter i Flop
A B C
MSB | ‘ LSB

(A 8—-4—-2-1-9 - 5(mod6)
(b)8—-24-2-9-5- 3(mod6)
(c)2-5-9->1- 3(mod5)

(d8—-5-1-3- 7(mod5)

—————

—————

(a) 1110 and 1001

(c) 1101 and 1100

following circuit is
A

——

(b) 1101 and 100I

(d) 1110 and 1100

5. The state diagram corresponding to the

[CSIR-DEC 2015]

00,01,10

11 00
@ o) 0

01,10,11

00,11
01,10 01,10

@ (1)

00,11

signal is

(@) 2.5ms

(c) 10 ms

oD

Flip Flop

01,11

00,10

01,11

00,10

00,01,10

11 1
® ) 0

00,01,10

=

6. Asinusoidal signal of peak to peak amplitude
1 V and unknown time period is input to the
following circuit for 5 seconds duration. If the
counter measures a value (3E8) )y in
hexadecimal then the time period of the input

[CSIR-DEC 2015]

¥ O.1uF TR
L connter
K 10K

(b) 4 ms

(d) 5ms

—
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7. The circuit below comprises of D-flip flops. The

output is taken from @5, Q,, Q; and @, as shown
in the figure.

LsB Qul Qll Qzl MsE ﬁ
L1p ¢ D @ D Q D ¢
| >
CLR ’7 CLR ’7 CLR cLrR?
CLK £ I t | iy
RST [ 4 I |

The binary number given by the string
Q3Q,Q10Q, changes for every clock pulse that is
applied to the CLK input. If the output is
initialized at 0000, then the corresponding
sequence of decimal numbers that repeats
itself, is

[CSIR-DEC 2017]
(2)3,2,1,0

(b) 1,3,7,14,12,8

(c) 1,3,7,15,12,14,0

(d) 1,3,7,15,14,12,8,0

In the following JK flip-flop circuit, ] and K
inputs are tied together to +V,.. If the input is a

clock signal of frequency f, the frequency of the

output Q is [CSIR-JUNE 2018]
+Vee

] —o0Q

S I I O I O S, N

Clock signal

@ f () 2f
(©) 4f (d)f/2

Consider the following circuit, consisting of an

RS flip-flop and two AND gates.

Which of the following connections will allow

the entire circuit to act as a JKip-flop?
[CSIR-DEC 2018]

(a)connect Q to pin 1 and Q to pin 2
(b) connect Q to pin2 and Q to pin 1

(c) connect Q to K input and Q to J input

(d) connect Q to J input and Q to K input

10. In the 3-bit register shown below, Q; and Q5 are
the least and the most significant bits of the
output, respectively.

Q, Q, Q
| ] | | D, =+1
Q, D, Q, D, Q, D,
<3 < <
_‘ _‘ CLK
i

If Q4, Q, and Q5 are set to zero initially, then the
output after the arrival of the second falling

clock (CLK) edge is [CSIR-JUNE 2020]
(a) 001 (b) 100
(c) 011 (d) 110

% GATE PYQ

1. Aripple counter designed with JK flip-flops
provided with CLEAR(CL) input is shown in the
figure. In order that this circuit functions as a
MOD-12 counter, the NAND gate input (X; and

X,) should be [GATE 2006]
(a)AandC (b)Aand D
(c)Band D (d)Cand D

2. Theregisters Qp, Qc, Qg and Q4 shown in the
figure are initially in the state 1010
respectively. An input sequence SI = 0101 is
applied. After two clock pulses, the state of the
shift registers (in the same sequence

QpQcQsQA) is [GATE 2007]
—CLE SIF=—=0101
Q, Q. Q, Q,
I 1T 1 1
(a) 1001 (b) 0100
(c) 0110 (d) 1010

3. Inthe circuit shown, the ports Q; and @, are in
the state Q; = 1, Q, = 0. The circuit is now
subjected to two complete clock pulses. The
state of these ports now becomes[GATE 2007]
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Q Tu
I—J 1}—I [—1 i}y

e LK CLE
—K Opf—e —K Op}—
(@Q:=1Q,=0 (b)Q2=0,0, =1
(©Q:=1Q, =1 (d)Q;=0Q,=0

In the T type master slave JK flip flop is shown
along with the clock and input wave forms. The
Q,, output of flip flop was zero initially. Identify
the correct output wave form

[GATE 2008]
Input
7 Q ] Q
e I | 1 | | | e > ‘éc>
e « ol He g
tnpat :|: |
@ ®) |*

o il

The minimum number of flip-flops required to
construct a mod- 75 counteris.............
[GATE 2014]

Consider a 4-bit counter constructed out of four
flip-flops. It is formed by connecting the J and K
inputs to logic high and feeding the Q output to
the clock input of the following flip-flop (see the
figure). The input signal to the counter isa
series of square pulses and the change of state
is triggered by the falling edge. At time t = ¢,
the outputs are in logic low state (Q, = Q; =

Q, = Q3 = 0). Then at t = t;, the logic state of
the outputs is

[GATE 2020]
Qt) Ql Q'_’ jQ3
J Q 7 Q J Q J Q
Input ck ck ck ck
K Q K Q K Q K Q
1 o—a . .
(logic high) 4-bit ripple counter

Input signal
(@Q =10,=0,Q,=0andQ3 =0

(6)Q =0,Q; = 0,0, = 0and Qs = 1

(©)Q=10,=0Q;,=1and Q3 =0
(d)Q=00,=10,=1andQ3 =1

% Answer Key \

CSIR-NET
1. b 2. d 3. b 4. d 5. d
6. d 7. d 8. d 9. b 10. c
GATE
1. d 2. a 3. c 4. a 5 7
6. b
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DIGITAL ELECTRONICS: Combinational Circuits

s CSIR-NET PYQ
1. Which of the following circuits implements the
Boolean function F (4, B, C):X£(1,2,4,6) ?
[CSIR-DEC 2016]

(a)

e

e—1,

L mux

(c) ‘r ';I .
|

A B

2. A2 X 4 decoder with an enable input can

function as a [CSIR-JUNE 2017]
(a) 4 x 1 multiplexer

(b) 1 X 4 demultiplexer
(c) 4 X 2 encoder
(d) 4 x 2 priority encoder

s GATE PYQ
1. Ahalf-adder is a digital circuit with

[GATE 2004]
(a) three inputs and one output

(b) three inputs and two outputs
(c) two inputs and one output
(d) two inputs and two outputs

2. Ina 2-to-1 multiplexer as shown below, the
outputX = Ay if C = 0and X = 4, ifC = 1.

-

|
I

Which one of the following is the correct
implementation of this multiplexer?

[GATE 2018]

s Iy
I, ) I axi
4%
L MUX ¥ I mux F
I, :

2. A half-adder circuit is defined as a two-input,

A Ay

@ ¢ X b ¢ X
4 4
A Ay

© C X @ c X
A 4

% TIFRPYQ

1. For exact calculation and minimum complexity,
two four-digit binary numbers can be added
with [TIFR 2017]

(a) 1 full adder and 3 half-adders
(b) 2 full adders and 2 half-adders

(c) 3 full adders and 1 half-adder |

(d) 4 full adders

two-output logic circuit where the output S
gives the sum of inputs up to a single bit, and
the output C gives carryover in a single bit.

P S—

Half ——
B Adder __ C,
The expected truth table of the half-adder is
given as
Input Output
A B S C
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Which of the following circuits does NOT
behave like a half adder?
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[TIFR 2023]

A S A S
@ B © B
¢ C
A 5 A
®» B @ B%jy
C I
L)

% Answer Key

CSIR-NET
1. b 2. b

GATE
1. d 2. a

TIFR
1. ¢ 2. a
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DIGITAL ELECTRONICS: Number System

A
% GATE PYQ _D—
1. Which one of the following is the correct binary B N\ N Y
equivalent of the hexadecimal F6C ? J —
[GATE 2020] a )
(2) 011011111100 (b) 111101101100
(a) 00010111 (b) 00100111
(c) 110001101111 (d) 011011000111
(c) 01010101 (d) 00010001

% JEST PYQ
1. The2'scomplimentof11111111 is

[JEST 2020] | < Answer Key

(a) 00000001 (b) 00000000 GATE
1. b

(o) 11111111 (d) 10000000 JEST
1. a 2. c 3. b

2. Whatis the 2's complement representation of TIFR

110101107 [JEST 2023] 1 d 2. a

(a) 11010101 (b) 00101001

(c) 00101010 (d) 01101011

3. Convert the octal number 3720g to its decimal

equivalent. [JEST 2023]
(a) 100044 (b) 20004,
() 20204, (d) 1900,

% TIFR PYQ
1. The pulse train at the output of an XNOR gate

with the three inputs

A=00011011
B =10100011
€ = 00101110

will be [TIFR 2023]

(a) 10101000 (b) 10010110
(c) 01010111 (d) 01101001

2. The output pulse train Y of the circuit shown on
the right, with three synchronized input trains,
[TIFR 2025]
A =00001111
B =00110011
¢ =01010101

will be:
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