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1.1.1.1.1. (d)(d)(d)(d)(d)
V = 11V1

Vo1
= V = 11V1

Vo2
= –V = –11V1

Vo1 
– Vo2

= 22V1

Vo1 
+ Vo2

= 0

2.2.2.2.2. (a)(a)(a)(a)(a)
For op-amp V+ = V– = 6.2 V
For non inverting configuration,

V0 = 2

1
1 RV

R+
 

+  

V0 =
3

3
30 10

6.2 1
10 10

 ×+ 
× 

 = 24.8 V

3.3.3.3.3. (b)(b)(b)(b)(b)

CMRR = dm

cm

A
A

105 =
510

cmA
Acm = 1

4.4.4.4.4. (a)(a)(a)(a)(a)

V + = 0 02
2 2 2
V V⋅

=
+

when V + > V –  ⇒ V0 = VCC  = 12 V
when V + < V –  ⇒ V0 = –VCC = –12 V

V0

12 V

6 V

–12 V

–6 V
Vi

VH = 6 – (–6) = 12 V

5.5.5.5.5. (c)(c)(c)(c)(c)
Transistor MF senses the output voltage and returns a current to the input. Thus its a transresistance
amplifier (or) a voltage - current feedback (voltage shunt feedback).

β = in

out out

F V
V V

=
I

DE TAILED EXPL ANATIONS
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6.6.6.6.6. (b)(b)(b)(b)(b)
Taking the Thevenins equivalent of the above circuit, we get

ID 20 V15 V

6 kΩ 4 kΩD1

D1 is on

ID =
20 15

0.5 mA
10k

−
=

Ω

7.7.7.7.7. (a)(a)(a)(a)(a)
Since β is very large, base current IB can be neglected.
Thus

5 V

RC

RB

V0 = 2 V

4.3 V +

–

VEB

IB ≈ 0 A

Applying KVL in base loop, we get,
VEB + 4.3 = 5 V

∴ VEB = 0.7 V
Thus VB = 0.7
Now VC = 2 V
Hence VCB = 2 – 0.7 = 1.3 V
Hence, emitter base junction ⇒ forward biased and collector base junction ⇒ reverse biased.
Thus the transistor is working in forward active region or active region.

8.8.8.8.8. (d)(d)(d)(d)(d)
Option (a) and (c) are wrong and option (b) does not include the resistance r0.

9.9.9.9.9. (b)(b)(b)(b)(b)
Since the current source is ideal, the collector resistance RC → ∞.
Small signal model,

+

–
Vin g Vm π

–

+
Vout

r0rπVπ

+

–

CB

E

Vπ = Vin

out

in

V
V

= –gmr0

gm =
C

TV
I
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r0 = A

C

V
I

out

in

V
V

=
10000

25
A

T

V
V

−− =

out

in

V
V

= –400 V/V

10.10.10.10.10. (c)(c)(c)(c)(c)

fβ =
1

2 ( )r C Cπ π µπ +
 = 3 12

1

2 2.6 10 (2 0.1) 10−π × × × + ×

fβ = 29.15 MHz

11.11.11.11.11. (c)(c)(c)(c)(c)

+–
+–

Vi

2 kΩ

5 kΩ

3 kΩ

+

–

V0

2 V

0.8Vi

+

–
Vd

Vd = 0.8Vi – 2
for Vd < 0, diode acts open circuit

0.8Vi < 2

⇒ Vi <
2

2.5 Volts
0.8

=

for Vi > 0, diode acts shorts circuit
0.8Vi > 2

⇒ Vi > 2.5 V
CasCasCasCasCase -e -e -e -e - I (when I (when I (when I (when I (when VVVVVi < 2.5 V) : < 2.5 V) : < 2.5 V) : < 2.5 V) : < 2.5 V) :

+–
+–

Vi

2 kΩ

5 kΩ

3 kΩ

+

–

V0

2 V

V0 =
2
Vi

CasCasCasCasCase -e -e -e -e - II (when II (when II (when II (when II (when VVVVVi > 2.5 V) : > 2.5 V) : > 2.5 V) : > 2.5 V) : > 2.5 V) :

+– +–Vi

2 kΩ

5 kΩ

3 kΩ

+

–

V02 V
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V0 =
2 5

8
×

V0 = 1.25 V

V0

t2T
3T

1.25 V

–1.3 V

12.12.12.12.12. (d)(d)(d)(d)(d)
Since the two port network is symmetric thus converting it into T network we get the circuit as shown
below.

–

+
V0

Vi
1kΩ

10 kΩ

1 kΩ

10 kΩ

I1

I2

I3

I4

I1 = I2 = 
1k
V

Ω
i

and I3 =
10
1k

V
Ω
i

and I4 = I2 + I3 = 
11
1k

V
Ω
i

⇒ V0 = –120 Vi

or, 0V
Vi

= –120 V/V

13.13.13.13.13. (c)(c)(c)(c)(c)
MOS T2 serve as drain resistance for T1

VDD

Vout

Vin

VDD

T1

Vout

Vin

Rout

T1

T2

Calculating Rout of T2

+–gm2 2
Vgs

Ix
+

–

Vgs2
Vx

A

Applying KCL at node, A
Ix = gm   Vgs

Vgs2
= Vx

Thus
Vx
xI

=
2

out
1

m
R

g
=
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for transistor T1

+

–

Vgs1
+– gm1

Vgs1
RoutVin Vout

+

–

Vout = –gm1
Vgs1

Rout

Vgs1
= Vin

out

in

V
V

= –gm1
Rout

Av = 1

2

m

m

g

g
− (∵ Rout =

2

1

mg
− )

14.14.14.14.14. (b)(b)(b)(b)(b)

–

+
+
–

3 kΩ 4 kΩ

1 kΩ

2 kΩ
12 V

R

V0
0 A

I

I I

0 AVy

0 A

I

I

Let I be I (mA)
Vx – V0 = 4I ...(i)

Vy + 12 V – Vx = 5I ...(ii)
Vx = Vy (Virtual short)

so, from equation (ii)
5I = 12 V
Vy = –I = Vx

so, from equation (i)
Vy – V0 = 4I

V0 = Vy – 4I
= –5 I

V0 = –12 V

15.15.15.15.15. (c)(c)(c)(c)(c)
Given kn = 20 mA/V2, RD = 5 kΩ

VDS = 1.1 – ID RD

ID = kn(Vg – VT)
2

= kn(Vg – 1)2

for saturation region of operation,
VDS ≥ Vgs – VT

VDS ≥ (Vgs – 1 V)
(1.1 – IDRD) ≥ (Vgs – 1)

1.1 – RDkn(Vgs – 1)2 ≥ (Vgs – 1)
1.1 – (5 × 103) (20 × 10–6) (Vgs – 1)2 ≥ (Vgs – 1)
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1.1 – (0.1) (Vgs – 1)2 ≥ (Vgs – 1)
1.1 – (0.1) (Vg

2 – 2Vg + 1) ≥ (Vgs – 1)

2 2
1.1 0.1

10 10
g gV V

− + − ≥ (Vgs – 1)

2 2
2

10 10
g g

g
V V

V− + − + ≥ 0

 –Vg
2 – 8Vg + 20 ≥ 0

at the edge of saturation, Vg = Vg max

so,  –Vg
2
max – 8Vg max + 20 = 0

Vg
2

max + 8Vg max – 2 = 0

Vg max =
8 64 80 V

2
− ± +

=
8 12

V = 10 V,2 V
4

− ± −

valid Vg max = 2 V

16.16.16.16.16. (a)(a)(a)(a)(a)
Ix = IC1

 + IC2

Ix =
1 2
exp expBE BE

S S
T T

V V
V V

   
+   

   
I I ∵ both the transistors have same VBE

Ix = 1
1 2

C
C +

I
I ∵ 1

2 2
s

s =
I

I

Ix = 1
3

2
CI

⇒ IC1
=

2 2
(1.2 mA) 0.8 mA

3 3
= =xI

0.8 mA = 164 10 exp ABE

T

V
V

−  
×  

 
∵ VBE = VB

3

16
0.8 10n
4 10TV

−

−

 ×
  × 

l = VB = mVT

m =
4

16
8 10n
4 10

−

−

 ×
  × 

l

m = ln(2 × 10+12)
m = 28.32

17.17.17.17.17. (c)(c)(c)(c)(c)
The above circuit is a summer, where V0 can be is given as

V0 = ( )1 2 3
....

n
F

S S S S
R

V V V V
R

− + + + +

V0 =
3

3

2 10
(5 10 15 20 .... 5 ) V

5 10
n

×− + + + + +
×

V0 = – (0.4)5 (1 + 2 + 3 + .... + n) V
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=
( 1)

2 V
2

n n +−

– 72 V = –n(n + 1) V
n(n + 1) = 72

n2 + n – 72 = 0

n =
1 1 4(72)

2
− ± +

=
1 289

2
− ±

=
1 17

2
− ±

= –9, 8
valid value of n = 8

18.18.18.18.18. (d)(d)(d)(d)(d)
∵ The drain and gate of transistor T1 is shorted, thus the transistor will always remain in saturation region,
and VGS = VDS – Vo = 5 – 0.1 = 4.9 V.
For transistor M2

VGS = 5 V
VDS = 0.1 V
VT = 0.8 V

Thus, VDS < VGS – VT and VGS < VT

Hence, the transistor will be working in linear region.
The current flowing through the two transistors must be equal because they are connected in series to
each other. Thus, current flowing through transistor M1 is equal to

ID1 = 21
GS1

1

( )
2

n o
T

C W
V V

L
µ

−x

and current flowing through transistor M2 is equal to

ID2 =
2

DS22
GS2 DS2

2

( )
2

n o
T

VC W
V V V

L

 µ  − −
  

x

thus, ID1 = ID2

2
DS2

GS2 DS2
2

( )
2T

VW
V V V

L

    − −     
= ( )2

1
1

1
2 GS T

W
V V

L
  −  

2

2

(0.1)(5 0.8)(0.1)
2

W
L

   − −      
= 21

1 (5 0.1 0.8)
2

× × − −

∴
2

W
L

 
   = 20.253

19.19.19.19.19. (c)(c)(c)(c)(c)
Drawing the small signal model of the above circuit, we get

+

–

Vin

R1

R′ rπ2
g Vm π2Vπ2

+

–
gm1Vinrπ1

A
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Let R′ be the input resistance as seen in from point A.
Thus, to calculate R ′ we can draw the diagram separately

g Vm π2Vπ2

+

–
V

I

rπ2

∴ R ′ =
V
I

 = 2
2

1

m

r
g π

 
 
  

Thus, the value of the output voltage
Vo = –gm1

Vin (R1 + R ′)

in

oV
V

= π

  
  − +

    
1 2

2

1
1

m
m

g R r
g

20.20.20.20.20. (b)(b)(b)(b)(b)
Drawing the small signal equivalent model of the circuit, we get

+–V

RE

+

–
Vπ

g Vm π g Vm π

+

–
Vπ

rπ rπ

Thus, the equivalent circuit can be drawn as

+–V

RE

2g Vm π

+

–
Vπ r /2π

I

now, I =
2

/ 2
V V

r r
π π

π π
= ...(i)

and Vin = Vπ + (Ι + 2gmVπ) RE

=
(2 )

2E
m E

R V
V g R V

r
π

π π
π

+ +

=
2

1 2E
m E

R
g R V

r π
π

 
+ + 

 

Vin = ( 2 2 )E m E
V

r R g r R
r

π
π π

π
+ +
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Vin = ( 2(1 ) )E
V

r R
r

π
π

π
+ + β (∵ gmrπ = β)

∴ Vπ = in

( 2(1 ) )E

V r
r R

π

π + + β
...(ii)

now, substituting equation (ii) in (i), we get

I =
in2

( 2(1 ) )E

V
r Rπ + + β

∴ Rin = in 2(1 )
2

Er RV π + + β
=

I

21.21.21.21.21. (d)(d)(d)(d)(d)
First applying the D.C. analysis, we have

10 kΩ

10 V

3 V

Vo

now, assuming MOS to be in saturation region.

∴ ID = 2
GS( )

2
n o

T
C W

V V
L

µ
−x  = 0.5 × 10–3 (3 – 2)2

ID = 0.5 × 10–3 mA
now, VDS = 10 – 10 × 103 × 0.5 × 10–3  = 10 – 5 = 5 V
thus, VDS > VGS – VT

5 > 3 – 2 (true)
Hence, our assumption was true.

now, gm = 2
2

n o
D

C W
L

µ
⋅x I

= 62 0.5 0.5 10−× ×
gm = 1 mA/V

Now, drawing the small signal equivalent circuit, we get

gmVgs

+

–

Vgs
RD

Vo

Vin

∴ V0 = –gm Vgs RD
V0 = –(gm RD )Vin = –[1 × 10–3 × 10 × 103] × 3 sin(ωt) × 10–3

V0 = –30 sin (ωt) mV
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22.22.22.22.22. (d)(d)(d)(d)(d)
Drawing the small signal equivalent of the below circuit, we get

RD RLIi

Vo

RSi

–

+
Vgs

gmVgs

Io

now, Io = ( )D
m gs

D L

R
g V

R R
 

−  + 
...(i)

Applying KCL at the input, we have

Si

gs
m gs

V
g V

R
+ +iI = 0

⇒ Vgs = Si

Si1 m

R
g R

 
−  + 

iI ...(ii)

Substituting (ii) in (i), we get

Ai =
1

o SiD
m

D L m Si

RR
g

R R g R
  

= ×   + +   i

I
I

Now RD = RL and RSi = 
1

mg

Thus, Ai =
1 1 1

0.25
2 2 4

o = ⋅ = =
i

I
I

23.23.23.23.23. (b)(b)(b)(b)(b)
Applying superposition at the output, we have

Vo = 2 4 2
1 2

1 3 4 1

1
R R R

V V
R R R R

   
− ⋅ + ⋅ + ⋅   +   

 = –10V1 + 10.0833V2

Now, the differential input voltage is given as
Vd = V2 – V1

and Vc = 1 2

2
V V+

Thus, V1 =
2
d

c
V

V −

V2 =
2
d

c
V

V +

∴ Vo = (10.0833) 10
2 2
d d

c c
V V

V V
   + − −      

Vo = 10.042 Vd + 0.0833Vc

Comparing the equation from the standard result.
i.e. Vo = AdVd + AcVc

We get, Ad = 10.042
Ac = 0.0833
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∴ (CMRR)dB = 10
10.04220log 41.63 dB
0.0833

  =  

24.24.24.24.24. (d)(d)(d)(d)(d)
For RC phase shift oscillator, the frequency of oscillation is,

fosc =
1

2 6 RCπ

∴ R = 7

1 1

2 6 2 6 10 100OSCf C −=
π ⋅ π × ×

 = 6.49 kΩ

now  A ≥ 29

∴ FR
R

= 29 for minimum value of R

RF = 29 × R
= 29 × 6.49 × 103

= 188.21 kΩ

25.25.25.25.25. (c)(c)(c)(c)(c)
We know gmrπ = β

rπ = 3100
10 10 k

10mg
β = × = Ω

Drawing the small signal equivalent, we get

gmVπ
RL  RC

RE

R1  R2Vin

RSIin

Req

+

–
Vπrπ

∴ in

in

V
I

= Rin = RS + (R1 R2 Req)

now, to calculate Req, we can use another model

gmVπ

RE

V

I

Req

+

–
Vπ

rπ

V = I rπ + (I + gmVπ)RE
now, Vπ = Irπ
⇒ V = I rπ + RE I + gmrπRE I

gmrπ = β
∴ V = (rπ + (β + 1)RE)I

Req = ( 1) E
V

r Rπ= + β +
I

∴ Rin = RS + [R1 R2 (rπ + (β + 1)RE]
putting the values

Req = 10 kΩ + 101 × 500
= 60.5 kΩ

∴ Rin = 1 kΩ + 4.62 kΩ
= 5.62 kΩ
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26.26.26.26.26. (a)(a)(a)(a)(a)
To calculate the value of VDS, we require the voltage of both drain and source terminal.
Now, assuming the transistor to be in saturation region, the value of VGS can be calculated as

ID = 2o
GS( )

2
n

T
C W

V V
L

µ
−x

1 × 10–3 = 0.5 × 10–3 × (VGS – VT)
2

2 1.2+ = VGS

VGS = 1.414 + 1.2
VGS = 2.614 V

Now, VGS = VG – VS

∵ VG = 0
Thus VS = –2.614 V
And VD = 5 V
Thus, VDS = VD – VS = 5 – (–2.614)

VDS = 7.614 V
VDS > VGS – VT, so our assumption is correct.

27.27.27.27.27. (c)(c)(c)(c)(c)

–

+Vi

C D

R RL

VL

Vo VD

The op-amp will work as a zero crossing detector, thus the output at node Vo is equal to

t

V to( )
T

Now, at differentiator RC << T, thus the output VD can be represented as

T

t

VD

2Vsat

–2Vsat

Now, at last state the diode circuit will acts as a negative clipper and the output waveform will look like

T
t

VL

0

2Vsat
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28.28.28.28.28. (d)(d)(d)(d)(d)
Assuming the diode to be considered as load,  the Thevenin’s equivalent circuit can be drawn for diode D.

R1 R2

R1 R2Th1 Th2

10 V 15 V

Thus, VTh1
= 1

2
V

 and RTh1
= 1

2
R

VTh2
= 2

2
V

 and RTh2
= 2

2
R

VTh1
=

10
5 V

2
= RTh1

=
10

5 k
2

= Ω

VTh2
=

15
7.5 V

2
= RTh2

=
20

10 k
2

= Ω

∵ Vth2
 > Vth1

, thus the diode will be forward biased.
Hence the equivalent circuit can be drawn as,

5 V 7.5 V

5 kΩ 10 kΩ0.6 V

I

Thus, I = 37.5 0.6 5
10

15
−− − ×

= 0.1266 mA ≈ 0.127 mA

29.29.29.29.29. (c)(c)(c)(c)(c)
The minimum value of load resistance can be calculated when maximum current flows through the load.
Thus, IL (max) = Iin – IZ (min)

Now, IZ (min) = 0 ∵ knee current nearly equal to zero
∴ IL (max) = Iin

Iin =
50 10
1k

−
Ω

 = 40 mA

∴ RL (min) = 3 310 1
10 10 250

40 4
× = × = Ω

Now, for maximum value of load resistance, there should be minimum value of current through the load
∴ IL (min) = Iin – IZ (max)

IL (min) = (40 – 20) × 10–3 = 20 mA

∴ RL (max) = 310
10

20
× = 500 Ω
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30.30.30.30.30. (c)(c)(c)(c)(c)

IC1 IC2

QS

QR

VCC

R

Ireff ICS

IBSICR

IES

IRB IB1 IB2

ICN

–VEE

From the figure, we can see that,
Ireff = ICR + IBS

Ireff = ES
CR ( 1)

+
β +
I

I

now, IES =  IRB + IB1 + IB2 + ........ +  IBN

IES = (1 + N) IB (∵ all transistors are matched)

IES = ( )1 CN+
β
I

(∵ IC1 = IC2 = ICN = IC)

∴ Ireff = ES
CR ( 1)

+
β +
I

I

Ireff =
(1 )

1
( 1) CR

N ++ β β + 
I

Ireff =
(1 )

1
( 1)C

N ++ β β + 
I

now, IC = 99 mA, Ireff = 100 mA and β = 50

thus, 100 =
(1 )

99 1
50(51)

N ++ 
 

100 1
99

 −  
=

1
50(51)

N+

1 + N =
150(51)

99
 
  

1 + N = 25.75
N = 24.75

∵ We have to maintain minimum value of 99 mA, thus
N = 24


