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Detailed Explanations

1. (c)
The diode circuit is a two level clipper and the positive cycle is saturated at 8 V. Thus, diode D1
will start conducting for Vi > 8 V. Thus V1 should be –8 V. Similarly V2 should be –6 V.

2. (d)

gm = C

Th

I
V  = 

0.5
0.025

 = 20 mA/V

The value of AV = gMRC
= 20 × 10–3 × 7.5 × 103

= 150 V/V

3. (a)
For Iin > 0, D1 will be ON and Vout = IinR1.
For Iin < 0, D2 will be ON and all the current will flow through D2. Since there will be no current
flowing through resistance R1, thus Vout = 0.

4. (b)

ID ∝
( )
( )
W
L

∴ 1

2

D

D

I
I

= 1

2

W
L

W
L

 
  
 
  

 = 2

and ro ∝
1
DI

∴
 
  

1

2

D

D

I
I

=
 
  

02

01

r
r

 = 2

∴ 01

02

r
r

= 0.5

5. (c)
Since the op-amp is connected in the negative feedback configuration. Thus, the concept of virtual
ground will be applicable.
Thus, V+ = V– = 0 V

∴ ID =
− −

Ω
0 ( 10)

20 k
 = 0.5 mA

∴ Vo = 10 – (10 × 103) × (0.5 × 10–3)
= 10 – 5 = 5 V

6. (a)
TON = 0.693(Ra + Rb)C

To achieve 50% duty cycle, diode is connected across resistor Rb so that during the charging of
the capacitor, Rb is bypassed and hence,
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TON = 0.693 RaC
TOFF = 0.693 (Rb C)

In case of 50% duty cycle frequency = 
1

0.693(2 )RC
Assuming Ra = Rb = R. Therefore,

20 k =
1

0.693 2 R C× × ×
RC = 36 × 10–6

if C = 1 nF, R = 36 kΩ
RC obtained will match our requirement.
Thus, option a is correct.

7. (c)
If NMOS and PMOS of a CMOS inverter are interchanged, the circuit is:

VCC

Vin V0

NMOS

PMOS

If Vin < VT, NMOS is OFF and PMOS is ON and output is low.
If Vin > VT, NMOS is ON and PMOS is OFF and output is high.
Therefore, the circuit works as a buffer with weak levels.

8. (c)

We know, for CE BJT

In saturation,

V Vi BE = 

V V0 = CE

V VCE CE  ( )→ sat

I ICE CE  ( )→ sat  Constant→

∆IC = 0

sat

(Universal)

( ) [in saturation]

E B C

E B C

I I I

I I I

= + →

↓
= +

∆IE = ∆IB
In saturation, only IC saturates.

9. (c)
The reverse saturation doubles for every 10° rise in temperature, thus disturbing the Q-point.

10. (d)
The circuit given in the question is a clamper circuit. The total signal will be clamped above the
+6 V. So, the output waveform will be
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38

6
t

V0

Therefore, the maximum value of V0 is 38 V.

11. (c)

10 V 5 V

100 kΩ

4 kΩ
ICIE

1 kΩ

IB B

E C

IE =
− −= =
Ω Ω

10 10 4 1.5 mA
4 k 4 k

EV

VC = –5 + 1.5 = –3.5 V
VEB = VE – VB = 0.7 V

⇒ VB = 4 – 0.7 = 3.3 V
∴ VBC = VB – VC = 3.3 – (–3.5) = 6.8 V

IB = =
Ω

0.068 mA
100 k

BCV

E

B

I
I

= β + 1

1.5
0.068

= β + 1

β = 21

12. (b)
Since the gate current is zero, then

ID1 = ID2 (Assuming both the transistor be in saturation region)

−  × − + ×  
6 21 500(200 10 ) ( 0.4) (1 0.1 0.9)

2 9 BV  = 6 21 500(100 10 )(1.8 0.4) (1 0.1 0.9)
2 3BV−  × − − + ×   

2(VB – 0.4)2 = 3(1.4 – VB)2

−2 ( 0.4)
3 BV = (1.4 – VB)

1.816VB = 1.7264
VB = 0.95 V
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13. (c)
For a MOS Circuit

V

I

Vgs

+

–

g Vm gs

⇒

R

I = gmVgs
I = gmV

R = = 1
m

V
I g

Thus, the circuit can be viewed as

Vin

Vo

RS

1/gm1 RD

+

–

Let the circuit be drawn as

VTh

Vo

RTh

RD

where RTh =
1

1
s

m
R

g
�

and VTh = ⋅
+

1
in

1

1

1
m

s
m

g
V

R
g

Thus, the gain of this circuit is given as

Vo = 2

21
m D

Th
m s

g R
V

g R+

= ×
+ +

2
in

2 1

1
1 1

m D

m s m s

g R
V

g R g R

=
+ + +

2
2

1 2 1 21 ( )
m D

m m s m m s

g R
g g R g g R

Vo ≈ + +
2

1 21 ( )
m D

m m s

g R
g g R
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14. (a)
Drawing the small signal equivalent model, we get

+ –

– –

vin vgs1 r01

r02g vm gs2 2

g vm gs1 1

vgs2
–

+
v0

Thus, the circuit reduces to

r01 || r02

g Vm gs1 1

vo

vgs1

+

–

∴ vo = �1 1 1 2( )( )m gs o og v r r
and vgs1 = vin – vo

vo = −�1 1 2 in( )( )m o o og r r v v

in

ov
v =

+
�
�

1 1 2

1 1 2

( )
1 ( )

m o o

m o o

g r r
g r r

15. (c)
The small signal equivalent model can be drawn as

vi

+ –
vgs vo

120 kΩ g vm gs 750 Ω 12.5 kΩ

RS r0

4 kΩ v

The value of output voltage vo = �( )m s o gsg R r v

Applying KVL we get

− − �( )gs m gs s ov v g v R r = 0

v = + �(1 ( ))gs m s ov g R r

Substituting the value of vgs, we get
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vo =
+

�
�

( )
1 ( )

m s o

m s o

g R r v
g R r

∴ v = ×
+

i
i

i si

R v
R R

∴ o

i

v
v = ×

+ +
�
�

(11.3)(0.75 12.5)120
120 4 1 11.3(0.75 12.5)

AV = o

i

v
v

 = 0.86

16. (c)
40 kΩ

10 kΩ
Vin

Vo

10 kΩ
10 kΩ

40 kΩ

V –
1

V +
1

V01

V –
2

V +
2

A

Apply KCL at node ‘A’.
− −− − −− + +

Ω Ω Ω
1 1 11 in

10 k 40 k 40 k
o oV V V VV V = 0

−  + + Ω Ω Ω 1
1 1 1

10 k 40 k 40 k
V = + +

Ω Ω Ω
1in

10 k 40 k 40 k
o oV VV

Due to virtual ground, V1
– = V1

+ = 0 V

∴ 1in

10 k 40 k 40 k
o oV VV

+ +
Ω Ω Ω

= 0 ...(1)

Now, Vo = 2Vo1

∵ V2
+ =

2
oV

∴ V2
– = V2

+ = 
2

oV  = Vo1

∴ Vo = 2Vo1 ...(2)
From eqn. (1) and (2), we get

in

10 k 80 k 40 k
o oV VV

+ +
Ω Ω Ω

= 0

in 3
10 k 80 k

oVV
+

Ω Ω
= 0

in

oV
V =

−8  V/V
3
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17. (a)
Drawing the small signal model, we get

VS

iS

ib

RB = 10 kΩ 4.21 kΩ βIb 304 kΩ

0.5 kΩ

io

re ro

RL

io = β +
+

( 1)o
b

o L

r i
r R

ib =
( )(1 )

B
s

B e L o

R i
R r R r+ + + β�

Ai = (1 )
( )(1 )

o o B

s o L B e L o

i r R
i r R R r R r
= + β ×

+ + + + β�

=
× ×× ×

× + × + × + �

3 3

3 3 3
304 10 10 1081

304 10 500 10 10 4.21 10 (0.5 K 304 K)(81)

= ×× ×
+

310 100.998 81
14.21 K 40.5 K

 = 14.8 V/V

18. (a)

Line regulation =
∆

×
∆

out

in
100V

V

I = in Z0

4410 
V V−

Ω

Vz = Vzo + IRz = + −in
10 ( )

4410zo zoV V V

Vout =  +  
101
10 zV  = 2Vz = in

880 2
441 441zoV V+

∆
∆

out

in

V
V

=
2 100

441
×  = 0.45%

19. (a)
∵ β = 98

1 mA =
1717 1B C CI I I 

+ = + ⋅  β 

IC = 1 mA
17

 β ×  + β

IC = 0.85 mA
∴ IC0 = IC1 = IC2 = ...... = ICn (∵ all are having same value of VBE)
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Now, Vo = nIC(R)
= 16 × 0.85 × 10–3 × 100 = 1.36

20. (d)

Since the value of voltage gain AV = o

i

v
v

 is equal to

AV =
−

=
+1

m Do

i m S

g Rv
v g R

where gm = 2
2

n ox
DQ

C W I
L

µ 
  

= 62 0.5 2 10−× ×
gm = 2 × 10–3 = 2 mA/V

∴ AV =
(2)(10)

1 2 3
−
+ ×  = –2.85 V/V

21. (c)

iV
R =

BE
T

V
V

sI e

3
2

1 10× = 162 10
BE
T

V
Ve×

VT ln 1013 = VBE
VBE = 0.78 V

V0 = –VBE = –0.78 V

22. (c)

V1 Vo

RL

Ri

–

+ VX

–A VO 1L

R2

i1

Rin = 1

1

V
i

i1 = 1

2

( )X OLX

i

V A VV
R R

− −
+ {Vd = –V1}

i1 =
+

+ 1

2

X OLX

i

V A VV
R R

1
eqR =

+
= +1

1 2

11 OL

i

Ai
V R R (Ri = Req)
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Req =
− +

+ 
 

1

2

11 OL

i

A
R R

Req = 0.1 Ω
Rin = Req + 2000 Ω

= 2000.1 Ω

23. (d)

Let Z1 = R1 and 2 2
2

1Z R
sC

= �

0( )
( )i

V s
V s = 2

1

( )
( )

Z s
Z s

−

0( )
( )i

V s
V s = 2 2 1

1 2 2 1 2 2

/
1

R R R
sR R C R sR C

− −
=

+ +

The dc gain k is 0( )
( )i

V s
V s

 at s = 0

∴ k =
2

1

R
R
−

24. (c)
From the circuit,

V0 =

7 V ; 7 V 10 V
; 5 V 7 V

5 V ; 10 V 5 V

i

i i

i

V
V V

V

< <
 − < <
− − < < −

∴ Only option (c) satisfies the above condition.

25. (b)
DC Analysis:

3 kΩ

12 V

470 kΩ

IB

+

–0.7 V

IC

IB =
12 0.7 24.04 A
470 k
− = µ

IE = (1 + β)IB = (101) × 24.04 µA = 2.428 mA

re =
26 mV

10.71
2.428 mA

T

E

V
I

= = Ω

AV =
3 k

280.11
10.71

C

e

R
r

− Ω−
= = −
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26. (d)
By using the π model:

rπ1

rπ2

β1 I 1B

β2 I 2B

Vin KVL in
this loop

RE

rπ3

E

0 V

0 V

0 V

Vin = IB1 rπ1 + rπ2(1 + β1)IB1 + RE(1 +β2)IB2 + rπ3(1 + β2) IB2
where IB2 = (1 + β1)IB1
thus on substitution option (d) is obtained.

27. (c)
In figure (II), current mirror circuit

for β = 100, 
3 2

3 2

( )C CI I
A A

 
=   

I0 = 3 3
2

2 2 21

in
C

A A II
A A

 =    +  β  

I0 = 23 5.88 mA21
100

mA
⋅ =
 +  

In figure (I),
⇒ 3 V = 0.7 + REI0

+
0.7 –

RE
I0

3 V

⇒ RE =
0

2.3 0.39 k
I

= Ω

28. (d)
The fixed-bias circuit is shown below:

IB

RB

VCC

RC IC

VCE

+

–

IC = CC CE

C

V V
R
−

∴ VCE = VCC at IC = 0

and IC =
CC

C

V
R  at VCE = 0

∴ VCC = 20 V; 10 mACC

C

V
R

=

⇒ RC =
20 V

2 k
10 mA

= Ω
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29. (b)

I
Q3

I
Q2

Q1

Ix
1.3 kΩ

6 V

IB2

IB3

3IB

IC1

IB1

∴ Ix = IC1 + IB1 + IB2 + IB3 {IB1 = IB2 = IB3 = IB}
Ix = IC1 + 3IB

Ix = 1
31CI

 
+ β 

{∵ β is very large}

Ix ≅ IC1 ≅ I

I =
6 6 0.7 4.08 mA

1.3 k 1.3 k
BEV− −= =

30. (d)
For (VS = 10 V) → Zener in Breakdown ⇒ (V)RL

 = Vz
2 kΩ

8 kΩVZ10 V ⇒
8 (10) 8 V

(8 2)zV
 

= × = + 

At Breakdown, Iz = Iz min (Vs = 10 V)
IS = Iz min + IL 10 V 1 mA 8 V

0 mA

8 kΩ 1 mA2 kΩ
1 mA = Iz min + I mA

⇒ Iz min = 0 mA
for Max Power dissp. Iz max flow through Zener.

20 V
2 kΩ 8 V

IZmax = 6 – 1 = 5 mA

1 mA

8  kΩ
6 mA

∴ [Iz max – Iz min = 5 mA – 0 mA = 5 mA]


