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Chapter 1 

 1.1  

 R m = 
m

1 V 1 V
100 μAI

=   = 10 kΩ 

 
1

10 k 400
10 kR

×
+

 = 1 V,  R1 = 10 k (400 – 1) = 3990 kΩ 

  Take R1  4 MΩ ± 1%. 

 1.2  

 RL = 6 V
5A

 = 1.2 Ω 

 
1

1.2 24
1.2R

×
+

 = 6 V,   R1 = 1.2 24
6
×  – 1.2 = 3.6 Ω 

  Take R1 = 3.6 Ω ± 5%. 

 1.3 

 
2

L

V
R

 = 
2

L

50
R

 = 60 W 

 RL = 
250

60
 = 41.667 Ω 

 L

1 L

120
+

R
R R

×  = 50 V 

  41.667 120
50

×  = R1 + 41.667,   R1 = 58.334 Ω 

  Take R  62 Ω ± 5%. 

 1.4 

 Io = 1 mA 

 i(t) = sV
R

 e–t/τ 

 sV
R

 = 24
R

 = 1 mA,   R = 24 kΩ ± 5% 

 1.5 

 | Av |  = O

I

V
V

 = 400
5

 = 80,   Q = 60° 

 

+
–24 V

R1

RL

+

+
–120 V

R1

50 V

+

RL

Vs

R

24 V C

+
–

400 V

R1

Rm

+

1 V



 
 

© 2011 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 
2

 1.6  
  For NMOS 
 iD = Kp (VGS – Vt)2 

 D

GS Q point

i
V
∂

∂
 = gm =  2Kp (VGSQ – Vt) 

 = 2 × 20 mA/V2 × (3 – 1.5) V 
 = 60 mS 

 1.7 

 iD = Iss 
2

GS

p
1 –

V
V

⎛ ⎞
⎜ ⎟⎝ ⎠

 

 gm = D

GS Q point

i
V

∂
∂

 = GSDSS

pp

2 1
VI
VV

⎛ ⎞−⎜ ⎟⎝ ⎠
 

 = 40 mA 1.51 –
3 V 3

⎛ ⎞
⎜ ⎟⎝ ⎠  = 6.67 mS 

 1.8 

 iB = 2 (1 + sin 2000πt) mA 

 βF = 100,   IB = 2 mA 

 ib = 2 sin (2000πt) mA 

 βF = C

B

I
I

 = 100, IC = βF IB = 100 × 2 = 200 mA 

 iC = βF ib = 100 × 2 sin 2000πt 

 = 200 sin (2000π t) mA  

 1.9  
 (a) vCE = VCE + vce = 6 – 0.1 sin (2000π t) V 
  vBE = VBE + vbe = 700 + 1 sin (2000π t) mV 

 (b) Small-signal voltage gain Av = ce

be

v
v

 = – 100
1

 = – 100 

 1.10 

   VDS = 6 V,   vds = – 50 sin (1000π t) mV 

   VGS = 3 V, vgs = 2 sin (1000π t) mV 

 (a)  vDS = VDS + vds = 6000 – 50 sin (1000π t) mV 

   vGS = VGS + vgs = 3000 + 2 sin (1000π t) mV 

 (b)  Av = ds

gs

v
v

 = –50 sin (1000 )
2 sin (1000 )

t
t
π

π
 = – 25 
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Chapter 2 

 2.1  

 (a)  Av = o(peak)

i(peak)

v
v

 = –3
6.5

50 10×
 = 1.30 × 103 = 130 or  42.28 dB 

 io = o

L

v
R

 = 6.5 sin1000
5000

tπ  = 1.3 sin (1000π t) mA 

 Ai = o(peak)

L(peak)

i
i

 = 
–3

–6
1.3 10
1 10 

×
×

 = 1300 or 62.28 dB 

 Ap = Av ⋅ Ai = 130 × 1300 = 169 × 103 or 52.28 dB (10 log Po/Pi) 

 Ri = i(peak)

i(peak)

v
i

 = 
–3

–6
50 10
1 10

×
×

 = 50 kΩ 

 (b)  Pdc = VCC ICC + VEE IEE = 15 (15 + 15) mW 
   = 450 mW 

 PL = o(peak) o(peak)

2 2

v i
⋅  = 

–36.5 1.3 10
2

× ×  

 = 4.225 mW 

 Pi = i(peak) i(peak)

2 2

v i
⋅  = 

–3 –650 10 1 10
2

× × ×  = 25 nW 

 η = L

dc i

P
P P+

 = 
–3

–3 9
4.225 10

450 10 25 10−
×

× + ×
  0.938% 

 (c)  Av vi(max) = Vo(max) = VCC 

 vi(max) = 15
130

 = 115.4 mV 

 2.2  

 Vo = 5.3 V at VI = 21 mV,   Vo = 5.8 V at VI = 27 mV 

 ΔVo = 5.8 – 5.3 = 0.5 V,   ΔV I = 27 – 21 = 6 mV 

 (a)  Av = o

I

V
V

Δ
Δ

 = –3
0.5

6 10×
 = 83.3 or  38.4 dB 

 (b)  Adc = o

I

V
V

 = –3
5.5

24 10×
 = 229 or  47.2 dB 

 (c)  o (min)

v

–V V
A

≤ VF – 24 mV ≤ o(max) o

v

–V V
A

 

 – 5.5 2
83.3

+  ≤ VI – 24 mV ≤ 11 – 5.5
83.3
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 – 42 mV ≤ VI – 24 mV ≤ 66 mV 

 – 18 mV ≤ VI ≤ 90 mV 

 2.3 

 (a)  io = o

L

v
R

 = 2V
10 kΩ

 = 0.2 mA 

 ii = i

i

v
R

 = 1 mV
100 kΩ

 = 10 nA 

 Ai = o

i

i
i

 = 
–3

–9
0.2 10
10 10

×
×

 = 2 × 104  or  86 dB 

 Av = o

i

v
v

 = –3
2

1 10×
 = 2 × 103 

 Ap = Av Ai = 2 × 103 × 2 × 104 = 4 × 107  or  152 dB 
 (b)  vi = ii Ri = 1 × 10–3 × 100 = 10–1 V 
 vo = io RL = 100 × 10–3 × 103 = 100 V 

 Av = o

i

v
v

 = 100
0.1

 = 1000  or  60 dB 

 Ai = o

i

i
i

 = 
–3

–3
100 10

10
×

 = 100  or  40 dB 

 Ap = Av Ai = 1000 × 100 = 105  or  50 dB 

 2.4 
 (a) From Eq. (2.21) 

 Av = 
( ) ( )

vo

s i o L1 1
A

R R R R+ +
 

 = 
( ) ( )

150
1 200 1800 1 50 4700+ +

 = 133.6 

  From Eq. (2.22) 

 Ai = vo i

L o

A R
R R+

 = 150 1800
4700 50

×
+

 = 56.84 

  From Eq. (12.23) 

 Ap = Av Ai = 133.6 × 56.84 = 7593.82 

 (b) Problem 2.4 Amplifier 
 VS 1 0 AC  100MV 
 RS 1 2 200 
 RI 2 0 1.8K 
 E1 3 0 2 0 150 
 R0 3 4 50 
 RL 4 0 4.7K 
 . TF   V(4) VS 
 . End 
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 2.5 
  For maximum power transfer 
 Ro = RL = 50 Ω 
 PL = vo io 
 = (Av vi) (Ai ii) 

 = 
( ) ( )

vo i

S i o L1 1
A v

R R R R
⋅

+ +
 ⋅ vo i

L o

A R
R R+

ii 

 = 
2
vo i L i

i s L o( )( )
A R R v

R R R R+ +
 ⋅ 

( )
vo i

L o

A v
R R

⋅
+

 

 = 
2
vo i L

2
L o i s( ) ( )

A R R
R R R R+ +

 ⋅  2
iv   

 = 
2
vo i L

2
L o i s( ) ( )

A R R
R R R R+ +

 ⋅ 
( )

2 2
i s

2
i o

R v
R R+

 

 = 
2 3 2
vo L i S

2 3
L o i s( ) ( )

A R R v
R R R R+ +

 

 ∴  PL(max) = 
2 3 –3 2

2 3
150 50 1800 (100 10 )

100 (1800 200)
× × ×

+
 

 = 820 mW 

 2.6 

 o

o

v
v

Δ
 = o

L o

R
R R+

 

 o

o

v
v

Δ
 = 0.15 = o

o1.5 k
R

R+
 

 Ro = 
31.5 10 0.15

0.85
× ×  = 264.7 Ω 

 2.7 

 (a)  vo = Avo vi L

L o

R
R R+

 = Avo 
i sL

L o i s

R VR
R R R R

⋅
⋅

+ +
 

 = 
( )

5 –3

5
200 22 10 50 10

22 20 (10 1500)
× × × ×

+ +
 = 5.16 V 

 (b) From Problem 2.5 

 PL = 
2 3 2
vo L i s

2 3
L o i S( ) ( )

A R R V
R R R R+ +

 

 = 
2 15 –3 2

2 5 3
200 22 10 (50 10 )

(22 20) (10 1500)
× × × ×

+ ⋅ +
 

 =  1.19 W 
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 (c) Av = o

s

v
v

 = –3
5.16

50 10×
 = 103.2 

 (d) Ai = o

s

i
i

,   io = 5.16
22 20+

 = 122.86 mA 

 is = s

s i

v
R R+

 = 
–3

5
50 10

1500 10
×

+
 = 4.93 × 10 

–7 A 

 Ai = 
–3

–7
122.86 10

4.93 10
×

×
 = 249 × 103 

 (e) Ap = Av Ai = 103.2 × 249 × 103 
    = 25.7 × 106 

 2.8 

  is ≤ 1 μA = s

s i

v
R R+

 = 
–3

i

10 10
2.5k R

×
+

 

  Ri > 7500 Ω 
  From Eq. (2.25) 

 o

o

v
v

Δ
 = o

L o

R
R R+

,   RL ranging from 2 kΩ to 10 kΩ 

  For o

o

v
v

Δ
 ≤ 0.5% 

 5
1000

 = o

L o

R
R R+

,  Ro ≤ 10 Ω 

 Av = 5 V
10 mV

 = 500 or 53.98 dB 

  From Eq. (2.21) 

 500 = ( ) ( )
vo

s i o L1 1

A

R R R R+ +
 = 

( ) ( )
vo

1 2.5 k 7.5 k 1 10 2000
A

+ +
 

 ∴  Avo = 669.8 

 2.9 
  From Eq. (2.21) 

  Av = 
( ) ( )

vo

s i o L1 1
A

R R R R+ +
 

  Variation in Av will be contributed by Avo, RS, and RL. Assume equal contribution by each.  
  Hence the value of Ro that will keep the variation in gain within 0.5% for variation in RL  
  from 5 kΩ to 20 kΩ can be found from 

 
o

5k
5k + R

 = 
o

20k
20k + R

 × 0.995 

 Ro = 20k (1 – 0.995)
4 0.995 – 1×

 > 33.5 Ω 
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 2.10 
 (a) By Kirchoff’s current law at node A 

 

 is = ii + if = i vo ii

i o

–v A vv
R R R

+
+

 

 = vi vo

i o

1 –1 A
R R R

⎡ ⎤
+⎢ ⎥+⎣ ⎦

 

 Rx = i

s

v
i

 = 
i vo o

1
1 (1 ) ( )R A R R+ − +

 

 (b) For Ri = 50 k,   Ro = 75 Ω,   Avo = 2,   R = 10 k 

 Rx = 1
1 50 k (1 2) (10 k + 75)+ −

 

 = – 12.62 kΩ 

 is = s

s x

V
R R+

 = 20 mV
1.5 k – 12.62 kΩ Ω

 = – 1.8 μA 

 (c) For is = 2.5 μA,   Rs + Rx = s

s

v
i

 

 = 20 mV
– 2.5 μA

 = – 8 kΩ 

 ∴ Rx = – 8 k – 1.5 k = – 9.5 kΩ 

 2.11 

  

  Since the response of feedback capacitor C is frequency dependent, all voltages and currents  
 will be phasor quantities and will have both magnitude and phase angle. Use rms values for 
 voltages and currents. 

Rs

Rx

R

is
+

–

Vi ii

if
Ro

Avo Vi

A

Ri

C

Ro

Avo Vi

+

–

+

–

Vi

If

Node A

Ri

IiIs

Rs

+

–

Vs

Is

Vi
Node B

C

Avo Vi

+

–

Is
Rs

+

–

Vs

A

B

Vi

+

–

(a) Voltage amplifier (b) Ideal voltage amplifier
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 (a) KCL at node A and currents and voltages in s-domain 

 Is (s) = Ii (s) + If (s) 

 = i i voi

i o

( ) – ( )( )
1

V s V s AV s
R R sC

+
+

 = Vi(s) vo

i o

11
1
A

R R sC
+⎡ ⎤+⎢ ⎥+⎣ ⎦

 

  which gives input impedance Zi as 

 Zx(s) = i

s

( )
( )

V s
I s

 = 
( )i vo o

1
1 (1 ) 1R A R sC+ − +

  

 (b) For Ri = ∞ and Ro = 0, Zx(s) reduces to 

 Zx(s) = i

s

( )
( )

V s
I s

 = 
vo

1
(1 – )sC A

 = 
x

1
sC

 

 where  Cx = C(1 – Avo) 

 For  Avo = – 100,   C = 0.01 μF 

 Cx = C (1 + 100) = 101 × 0.01 = 1.01 μF 

 Zs (jω) =  Rs + ZCx (jω) = 1.5 kΩ – 
(2 100 1.01μF)

j
π × ×

 

 = 1.5 k – j 1576 = 2.176 ∠– 46.4° kΩ 

  Input current drawn from the source 

 Is = s

s

V
Z

 = 
20 mV

2
 (2.176 ∠– 46.4° kΩ) = 6.5 ∠46.4° μA 

 2.12 
  From Problem 2.10 

 Rx = 
i vo o

1
1 (1 – ) ( )R A R R+ +

,   Rx = – 5 kΩ 

 – 5000 = 
( )vo

1
1 50 k (1 – ) 10 k 75A+ +

 

 – 5000 = –6 –6
vo

1
20 10 99.255 10 (1 )A× + × −

 

 Avo = 3.216 

 2.13   

 Ais = 200,   Ri = 150 Ω,   Ro = 2.5 kΩ 

 RL = 100 Ω, is = 4 mA,   Rs = 47 kΩ 

 (a) From Eq. (2.28) 

 Ai = 
( ) ( )

is

i s L o1 1
A

R R R R+ +
 = 

( ) ( )
200

1 150 47 k 1 100 2500+ +
 

 = 191.7 
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 Av = Ai L

s

R
R

 = 191.7 × 100
47 k

 = 0.4078 

 Ap = Av Ai = 191.7 × 0.407 = 78.17 

 (b) Problem 2.13a Amplifier 
 VS 1 0 AC 1MV 
 RS 1 2 47K 
 RI 3 0 150 
 F1 0 4 VX 200 
 VX 2 3 0V 
 VY 4 5 DC 0V 
 R0 4 0 2.5K 
 RL 4 0 100 
 . TF   V(s) VS 
 . END 

  Problem 2.13b Amplifier 
 IS 0 1 AC 1MA 
 RS 1 0 47K 
 RI 2 0 150 
 F1 0 3 VX 200 
 VX 1 2 DC 0V 
 VY 3 5 DC 0V 
 R0 3 0 2.5K 
 RL 5 0 100 
 . TF   I(VY) IS 
 . END 

 2.14 

  From Eqs. (2.26) and (2.27) 

 io = is o s
s

o L s i

A R R
i

R R R R
⋅ ⋅

+ +
 

 = 
3 3

3 5
10 22 10 100 10
22 10 150 10 50

× × ×
×

× + +
 × 50 × 10–3 

 = 4.96 A 

 2.15 

 

+

–

A isiI RoRsis

ii

Vi Ri
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 (a) Output resistance = open-circuit voltage
short-circuit current

 

 = –3
12

100 10×
 = 120 Ω 

 Ais ii = short circuit current = 100 × 10–3 A 

 ii = is s

i s

R
R R+

 = 
–65 10 100 k

50 100 k
× ×

+
 5 × 10–6 A 

 Ais = 
–3

–6
100 10

5 10
×

×
 = 20 × 103 

 Av = o

s

v
v

 = Ais iL o L

o L s s

R R
R R i R

⋅
+

 

 =  100 × 10–3 × 120
120 2700+

 × –6 5
2700

5 10 10× ×
 

 = 22.98 

 (b) Ai = 
( ) ( )

320 10
1 50 100 k 1 2.7 k 120

×
+ +

 = 850.6 

 (c) Ap = Av Ai = 22.98 × 850.6 
        = 19,547 

 2.16 
  Following Example 2.5 we have 

 0.99 o

o 20
R

R +
 = o

o 500
R

R +
 

 Ro (1 – 0.99) = 500 × 0.99 – 20 

 Ro = 47.5 kΩ 

  For Ri 

 0.99 × 
i

100 k
100 k R×

 = 
i

10 k
10 k + R

 

 Ri = 111.23 Ω 

 Ais = 
–3

–6
20 10

100 10
×
×

 = 200 A/A 

 2.17 
  Assume Ai varies equally due to contribution from Ais,   Rs, and Ro. 

 o

o L

R
R R+

 = 0.995,   o

o 100
R

R +
 = 0.995 

  Ro = 100 0.995
1 – 0.995

×  > 19.9 kΩ 
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  Similarly 

 s

s i

R
R R+

 = 0.995,   
i

100 k
100 k + R

 = 0.995 

 Ri ≤ 503 Ω 

 Ai = 
( ) ( )

is

i s L o1
A

R R R R+
 

 50 = 
( ) ( )

is

1 503 100 k 1 100 19.9 k
A

+ +
 Ais 

 ∴  Ais  50 

 2.18 

  

 (a) R allows a voltage that is proportional to lead current io to be fed back to the input side. 
  Converting current source to voltage source 

 

  Applying KVL to loop II 

 Ais Ro ii = Ro io = R(ii – io) + RL io 

 = (Ro + RL + R) io – Rii 

 io = is o

o L

A R R
R R R

+
+ +

 ii (1) 

  Applying KVL to loop I 

  vi = Ri ii + R(ii – io) 

  = (Ri + R) ii – Rio (2) 

  Substituting io from Eq. (1) into Eq. (2) and simplifying 

+

–

is Rs

Ri ve

+

–

A Li i Ro

RL

+

–

vovi

ii

+

–

R vf

Rx =
vi

Li

is Rs

Ri

+

–

A iis i Ro

Ro

RL

+

–

vo
vi

ii

vi

ii

I

Rx =

+

–

R
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  vi = (Ri + R) ii – is o

o L

A R R
R

R R R
+

⋅
+ +

 ii 

  i

i

v
i

 = Ri + R – R is o

o L

A R R
R R R

+
+ +

 

  Rx = 
i

i

v
i  = Ri + R – ( )is o

L o

/
1 ( )

A R R
R

R R R
+

+ +
 

 (b) Assume ideal current amplifier with Ri = 0 and Ro = ∞, we have the reduced figure as 

 

  Rx = R – RAis = R(1 – Ais) 
  For Ais > 1, Rx is negative, and if Ais = 2 
  Rx = – R 
  For Rx = – 10 kΩ we need R = 10 kΩ. 
  Thus an ideal current amplifier with Ais = 2 and R = 10 kΩ will simulate a negative resistance. 

 2.19 
 (a) Using the result of Problem 2.18 for Ais = 2 and substituting R by impedances Z(s) 

 Zx = i

i

( )
( )

V s
I s

 = – Z(s) = – ( )1
1

R R sCR
R R sC

− +⎡ ⎤+⎢ ⎥− + +⎣ ⎦
 

 =  – [R – sCR2 – R] = sCR2 

  Zx = sLe where the effective inductance Le is given by CR2. Thus, the circuit simulates an  
  inductance. 
 (b) To simulate Le = 10 mH, let C = 0.01 μF, 

 10 × 100–3 = 0.01 × 10–6 × R2 

 R2 = 106,   R = 1 kΩ 

 (c) Problem 2.19 Inductance Simulation 
 IS 0 4 AC 1MA 
 V1 4 1 DC 0V 
 F1 1 0 V1 2 
 R1 1 2 1K 
 R2 2 3 1K 
 C1 3 0 0.01UF 
 V2 2 5 DC 0V 
 R3 5 0 1K 
 F2 5 0 V2 2 

 . AC LIN 10 1K 10K 

is Rs

A iis L

RL

+

–

vo

io

vi

Li

Rx =

+

–

R
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 . PRINT AC VM(1)VP(1) 

 . END 

 2.20 
 (a) Le = 50 mH,  choosing C = 0.1 μF 

 R = eL
C

 = 
–3

–6
50 10
0.1 10

×
×

 = 707.1 Ω 

 (b) Problem 2.20 Inductance Simulation 
 IS 0 4 AC 1MA 
 V1 4 1 DC 0V 
 F1 1 0 V1 2 
 R1 1 2 707.1 
 R2 2 3 707.1 
 C1 3 0 0.01UF 
 V2 2 5 DC  0V 
 R3 5 0 707.1 
 F2 5 0 V2 2 
 . AC  LIN10 1K 10K 
 . PRINT AC VM(1)VP(1) 
 . END 

 2.21 

  R = eL
C

 = 
–3

–12
50 10

0.1 10
×
×

 = 12.25 kΩ 

 2.22 

 (a)  vo = – Gm1 vi(s) 1
sC

⋅  

 ii(s) = – Gm2 vo(s) = Gm1 Gm2 i ( )v s
sC

 

  Zi = i

i

( )
( )

v s
i s

 = 
m1 m2

SC
G G

 

   Zi(jω) = jω 
m1 m2

C
G G

 

 (b) Problem 2.22 Amplifier 
  VS 1 0 AC 1V 
  RS 1 2 100 
  G1 0 2 3 0 3M 
  G2 3 0 2 0 3M 
  C1 3 0 0.1UF 
  R1 3 0 100M 
  . TRAN15US1.5 MS 
  . PROBE 
  . END 
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