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DE TAILED EXPL ANATIONS

1. (b)
The circuit can be redrawn as

4 V

R

+ +

– –

D
V tin( ) V t0( )

Case (I): when Vin(t) > 4 V
The diode D will be in OFF state and Vin(t) = V0(t).
Case (II): when Vin(t) < 4 V
The diode D will be in ON state and Vout(t) = 4 V.

2. (b)
By drawing the small signal equivalent model of the transistor by deactivating all the supply
voltages, we get,

VS gm VπR1 R2 r0rπ RC

V0

RS

Rin

Now, the resistance seen by the source is equal to,

Rin = π+ � �1 2( )sR R R r
rπ = 2.74 kΩ (given)

Thus, Rin = × + � �30.5 10 (2.74k 93.7 k 6.3k)

= (0.5 + 1.87) × 103 Ω = 2.37 kΩ

3. (b)
The current through base resistor,

IB = I1 – 1 mA

= 6 1 mA
3k

−  = 1 mA

3 kΩ 100 Ω

265 Ω
+

–
6 V

1 mA

12 V

I1
IB

Apply KVL in base circuit,
–6 + 0.7 + 265 (1 + β)IB = 0

265 (1 + β)IB = 5.3

(1 + β) = 3
5.3

265 10−×

1 + β =
5.3

0.265
β = 20 – 1 = 19
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4. (d)

ID1 = ID2 = ( )2
n GS tK V V−

ID = ( )2

2
n ox

GS t
C W V V

L
µ

⋅ −

= 0.1 (5 – 2)2 = 0.9 mA

5. (a)

–

+

5 V

2 kΩ

1 kΩ 1 kΩ

2 kΩ

3 kΩRL

iL

a
V1

V0

b
V1

Apply KCL at node ‘a’

15
1
V−

= 1 0
1

V V−

5 – V1 = V1 – V0
–V0 = 5 – 2V1

V0 = 2V1 – 5 ...(i)
Apply KCL at node ‘b’

1 01 1
2 3 2

V VV V −+ + = 0

1
1 1 1
2 3 2

V  + +  
= 0

2
V

1
4
3

V  
  

= 0
2

V

V1 = 0
3
8

V

...(ii)
From equation (i) and (ii), we get

V1 = 1
3 (2 5)
8

V −

8V1 = 6V1 – 15
2V1 = –15

V1 = –7.5 Volt

Load current, iL = 1 7.5
3 3
V
K K

−=  = –2.5 mA
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6. (a)
The PIV rating of full-wave rectifier with centre tap is 2 Vm = 2 × 100 = 200 V

7. (a)
Drawing the Thevenin equivalent circuit, we get

10/3 kΩ 5 kΩI

5 V 5 V
+ –VB

Applying KVL we get VD = 0 V, thus no current will flow through the diode D1 .
Hence, I = 0 A

8. (d)
BJTs can supply more current than MOSFETs because the channel formed in the MOS is smaller
than the channel in BJTs.

9. (b)
10. (b)

11. (c)

Voltage gain, 0

in

V
V

≈
fe C

ie

h R
h

− ⋅

AV ≈
150 3 k

3 kΩ
− × Ω

 ≈ –150

12. (b)
At upper Threshold point,

–

+

R
R

R2

Vi

1 kΩ

V0 = 6.7 V
+

+
–

–

0.7 V

6 V

∴
2

2

6.7(1)
1

THR V
R

+
+ = 0

VTH =
2

6.7
R

−

At lower Threshold point,

–

+

R
R

R2

VTL

1 kΩ

V0 = –6.7 V
–

–
+

+

6 V

0.7 V
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2

2

6.7(1)
1

TLR V
R

−
+ = 0

VTL =
2

6.7
R

Given that, TH TLV V− = 2

2

13.4
R = 2

R2 = 6.7 kΩ

13. (a)

–

+
V0

Vin

10 kΩ

5 kΩR

10 kΩ1

2

V1 = 0
Apply KCL at node-1

in 0
10

V −
= 20 V

R
−

in
10

V R − ×   = V2 ...(i)

Apply KCL at node-2

2 02 2
10 5

V VV V
R

−+ + = 0

2
1 1 1

10 5
V

R
 + +  

= 0
5

V
...(ii)

From equation (i) and (ii), we get

in 1 3
10 10

V R
R

− ⋅  +  
= 0

5
V

10 3
10 10
R R

R
+ 

  
= 0

in

1
5

V
V
−

×

10 3
20

R+
= 0

in

V
V

 −
  

Given that,
0

in

V
V = –6

10 3
20

R+
= 6
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10 + 3R = 120

R =
110 kΩ

3

R = 36.66 kΩ

14. (b)
Case I : When Vin < 0 V
When Vinput < 0 V, then the diode D1, will be in forward biased and diode D2 will be OFF, hence
the output  is equal to 0 V, which is shown in figure-1.

20 kΩ10 kΩ

+

–

+

–
30 V

Figure (1)

Vin Vout

Case II : 0 < Vin < 20 V
D1 is ON and D2 is ON.
The equivalent circuit is shown in figure (2).
From the figure it is clear that the output

Vout = Vin
Thus it will be a straight line when plotted in the transfer curve [part (2)].

20 kΩ10 kΩ

+

–

+

–
30 V

Figure (2)

Vin Vout

Case III : For Vinput > 20 V
D1 = OFF and D2 = ON
Thus, the output will be a constant voltage Vout.

Vout = ×
+
20 30 V

20 10
(∵ voltage division)

Thus, Vout = 20 V
Hence, the output response can be drawn as

Vin

Vout

20 V

20 V0

15. (c)
Now, Iin = ID1

 + ID2
and VD1

= VD2
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(∵ diodes are in parallel)

thus,
 
   

1

1

ln D
T

s

I
V

I =
 
   

2

2

ln D
T

s

I
V

I

⇒
1

1

D

s

I
I =

2

2

D

s

I
I

1DI =
 

⋅   
2

1
2

D
s

s

I
I

I

Now, Ii n =
 

+    
1

2 2
2

s
D D

s

I
I I

I

Ii n =
 

+   
1

2
2

1 s
D

s

I
I

I

⇒ 2DI =
+ 1

2

1

in
s

s

I
I
I

Now, Is1
 and Is2

 are reverse saturation currents of the diodes and Is ∝ A.
Thus the above equation can be written as,

2DI =  =  
+ +

 
1

2

in in
1

2
11 s

s

I I
I A

AI

16. (d)

–

++–

1 Ω

1 Ω

1 Ω 1 Ω

1 Ω
10 V

R
+

–
VR

2 Ω

L1

I

I I

I

V2

V1

V2

–

+

Apply KVL in loop-1,
–10 + I + I = 0

2I = 10
I = 5 A

Applying KVL in the loop shown,
we get, V1 = –5 –5 + 10 – 5 – 5 + V2

V1 – V2 = –10 V
∴ voltage across resistor,
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R = VR = V1 – V2 = –10 V

17. (a)

10 kΩ8 kΩ

V2

30 V12 V

IC 1

IC 2

2Ib

Ib Ib

i

12 – i × 8 × 103 – 0.7 = 0

Now, i = 3
12 0.7
8 10

−
×

 = 1.4125 mA

i = Ic1 + 2Ib = (β + 2)Ib

Ib =
1.4125

2 202
i =

β +
 = 6.99 µA ≈ 7 µA

Ic2 = 200Ib = 200 × 7 µ
= 1.4 mA

∴ V2 = 30 – Ic2 × 10k
V2 = 30 – 1.4 × 10

= 16 V

18. (a)
From the circuit given, after observation, we can conclude that D2 will be ON and D1 will be OFF.

+

–
V1 1.8 mA

1 kΩ

0.5 kΩ

1.8 V
– +

0.7 V
+

–

0.9 V
+

–

∴ V1 = –0.9 – 0.7 – 1.8 = –3.4 V

19. (b)
The first step in the analysis consists of determining the quiescent operating point. For this purpose
we assume that Vi = 0.

∴ IB =
0.7

100
BBV

k
−

 = 
3 0.7
100k
−

 = 23 µA

+–

E

100 kΩ

Vi

+

–
Vbe rπ g Vm be RC = 3 kΩ

V0

IC = βIB = 100 × 23 µ = 2.3 mA
∴ VC = 10 – IC . RC
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= 10 – 2.3 × 3 = 3.1 V

re =
25 mV

(2.3 /0.99) mA
T

E

V
I

=  = 10.8 Ω

gm = 2.3 mA
25 mV

C

T

I
V

=  = 92 mA/V

rπ =
100
92mg

β =  = 1.09 kΩ

∴ Vbe = i
BB

rV
r R

π

π
×

+

Vbe = 1.09
101.09iV ×  = 0.011 Vi

∴ V0 = –gm Vbe RC
= –92 × 0.011 Vi × 3
= –3.04 Vi

∴ AV =
0

i

V
V  = –3.04 ≈ –3

20. (d)

–

+

R

Vout

1
sC

Vin A0
X

Applying KCL at node ‘X’, we get,

in
1/

xV V
sC
−

=
out

1

xV V
R
−

now, out

0

V
A

− = Vx

∴ out

in

V
V

− =

0 0

11

RCs
sRC

A A

−

+ +

0 0

1 1ps RC
A A

+ + = 0

0

ps RC
A =

0

11
A

− −

Pole, sp = 0(1 )A
RC

− +

Hence option (d) is correct.
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21. (b)

AC L = 1
OL

OL

A
A+ β

 = 

0

0
0

0

(1 / )

1
1

A
j
A

j

+ ω ω

+ ⋅β
 ω+ ω 

 = 0

0
0

1

A

j Aω+ + β
ω

=

0

0

0 0

1

1
(1 )

A
A

j
A

+ β
ω+

ω + β

  = 

0
1

CLA

j

′

′
ω+

ω

∴ 0
′ω = ω0(1 + A0β)

22. (b)
The above circuit can be represented as,

0.7

0.7

2 kΩ

2 kΩ
10 V 2 kΩ

1

Applying KCL at node 1,

0 0 010 0.7 10 0.7
2 2 2
V V V

k k k
− + − ++ +  = 0

0
3

2
V

k
 
  

=
9.3
1k

Vout =
9.3 2
3

×  = 6.2 V

23. (a)
The output voltage of differential amplifier is given as,

V0 = AdVd + AcVc
Where, Ad = Differential gain

Ac = Common mode gain
Vd = Differential input voltage = V1 – V2

Vc = Common mode input voltage = 1 2
2

V V+

V0 = 1 c c
d d

d d

A VA V
A V

 
+ 

 
 = 

11 c
d d

d

VA V
V

 
+ ⋅ ρ 

Where, ρ =
d

c

A
A  = common mode rejection ratio

Set of signal 1,
Vd = 50 µV – (–50 µV) = 100 µV

Vc =
50 V 50µV

2
µ −

 = 0
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V01 = 100 V [1 0]dAµ +  = 100 Ad µV

Vc =
1050 V 950 V

2
µ + µ

 = 1000 µV

Vd = 1050 µV – 950 µV = 100 µV

∴ V02 =
1000 V1100 V 1

100 100 VdA
 µ

µ + × µ 
 = 110 Ad µV

% difference =
02 01

01
100V V

V
−

×  = 
110 100 100

100
− ×  = 10%

24. (d)

Vmax = 2 220×  = 311.12 V

Since output is a rectified wave we have,

Vm

V0

t

Vm′

T/2

Vm′ = 1
2m

TV
RC

 −  

m mV V− ′ = 2
mV T
RC

ripple = 2
m

m m
V TV V

RC
− =′

Peak to peak ripple voltage,
= 0.01 × Vmax
= 0.01 × 311.12

ripple = 3.11

3.11 = 3
311.12

2 50 10 10 C× × × ×

C = 100 µF

25. (c)

–

+

+–

–

+

–

+

V′ R

2R

V01

V02

1 V

9 kΩ

1 kΩ
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V′ =
9 k1 1 V
1 k

 Ω
+ × Ω 

(∵ non-inverting amplifier)

V′ = 10 V
now, V01 = V′ = 10 V (∵ it is a voltage buffer)

and V02 = 2
R V
R

− ′

(∵ inverting amplifier)

V02 =
1
2

V− ′  = 
10 V

5 V
2

− = −

∴ V02 – V01 = –5 V – 10 V = –15 V

26. (b)
Case -I :  When Vin > –10 V, then the voltage across diode D1 is positive so diode D1 is in ON
state, and therefore the equivalent circuit can be drawn as

–

+

5 kΩ
Vin

5 kΩ

10 kΩ

5 kΩ

–15 V

V0

V
–

V
+

 V+ =
1015
15

− ×  = – 10 V

Due to virtual ground, V+ = V – = – 10 V
and V0 = V– = – 10 V
∴ V0 = –10 V
Case -II :  When Vin < –10 V

V0 = +Vsat
Thus,

–

+

5 kΩ
Vin

5 kΩ

10 kΩ

5 kΩ

–15 V

V0

V
–

V+

∴ V0 = in in
5
5

V V− × = −  (for Vin < –10 V)

Alternately, we can write the equation of the graph by applying KCL at node V–

∵ V– = V+ = –10 V
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0in 1010
5 k 5 k

VV − −− −
+

Ω Ω
= 0

–20 – Vin – V0 = 0
V0 = –Vin – 20

–10 V

V0

Vin

–10 V

–20 V

27. (b)
Applying KVL in the circuit shown below, we get,

2VBE1 = VBE3 + I0RE
(∵ both the transistor are matched with negligible base current thus VBE1 = VBE2 for same Ireff).

Now, VBE1 = ln reff
T

s

I
V

I
 
 
 

Ireff

T1

T2
RE

T3

I0

VCC

+
–

+
–

+
–VBE1

VBE2

VBE3
I0

VBE3 = 0lnT
s

I
V

I
 
 
 

02 ln lnreff
T T

s s

I IV V
I I

   −   
   

= I0RE

2

0

ln reff
T

s

I
V

I I

 
   

= I0RE

RE =
2

0 0

ln reffT

s

IV
I I I

 
   

 = 3
6250.208ln 15.638 k

10 120 10−
  = Ω × × 

28. (c)
Assuming all the diodes are forward biased,

VB = –0.7 V
VA = 0 V

∴ I2 = 10 0
10 k

−  = 1 mA

and I1 =
0.7 ( 10)

10 k
− − −

 = 0.93 mA

10 V

10 kΩ

0.7 V 0.7 V 0.7 V

10 kΩ 10 kΩ

–20 V –10 V

I2

I1
ID1 I D3I D2A

B

∵ I2 = 1 2D DI I+

and I1 = 2 3D DI I+

applying KVL in the outer loop, we get,

1210k 0.7 10k 20DI I+ + − = 10
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1 2 1
10 k( ) 10 kD D DI I I+ + = 30 – 0.7 = 29.3

1 2
20 k 10kD DI I+ = 29.3

1 2
2 D DI I+ = 2.93 mA

...(i)
also, 1 2D DI I+ = I2 = 1 mA

...(ii)
from (i) and (ii)

1DI = 1.93 mA and 2DI  = –0.93 mA

∵ 2 3D DI I+ = 0.93 mA

⇒ 3DI = 2
0.93 mA 1.86 mADI− + =

Here 2DI  is negative, Hence, our assumption is incorrect.
Therefore, D2 is reverse biased

and ∵ 1 3
andD DI I  are positive,

D1, D3 are forward biased.

29. (b)
For the transistor

–

+

–10 V

10 kΩ

VDD
VD

VA

VB

VS = 0 V
ID

VS = VB = VA
due to virtual ground,
thus, VS = 0 V

Hence, ID = 3
0 ( 10) 1 mA
10 10

− −
=

×

ID = 2( )
2

n ox
GS T

C W V V
L

µ
−

∴ VGS – VT =

2

D

n ox

I
C W

L
µ

VGS – VT =
3

3
1 10

0.5 10
2

−

−
×
×

VGS – VT = 2 V
For the MOSFET to be in saturation region
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VDS ≥ VGS – VT
∴ at the edge of saturation

VDS = VGS – VT  = 2 V
∵ VS = 0
∴ VD = VG – VT
 ⇒ VDD = 2 V

30. (a)
For upper MOSFET,

VDS = 8 – Va
VGS – VT = 6 – Va – 2 = 4 – Va

Upper MOS will be in saturation because
VDS > VGS – VT

For lower MOS, VDS = Va
VGS – VT = Va – 2

So, VDS > VGS – VT
Hence both MOS will be in saturation

ID = ( )2
n ox GS T

WC V V
L

 µ −  

ID1 = ( )2(9) 4n ox aC Vµ −

ID2 = ( )2(4) 2n ox aC Vµ −

But ID1 = ID2

∴ ( )2(9) 4n ox aC Vµ − = ( )2(4) 2n ox aC Vµ −

9
4 =

2
2

4
a

a

V
V

 −
 − 

3
2 =

2
4

a

a

V
V
−

−

12 – 3Va = 2 Va – 4
16 = 5 Va

Va =
16
5  = 3.2 Volts


