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Homework Assignment No. 4 - Solutions
Problem 1

13.52

r
V V

I
V V I r V

V V

g r and

o
A CE

C
A A C o CE

A

o m F o

=
+

= −

= ( ) − =

= = ( ) = = =

  ;  solving for :  

Using the values from row 1:   

Using the values from the second row :    

0 002 40000 10 70

0 12 500 60 60

.

. .β β βπ

Row 1:     |     

               

Row 2 :     |    

               

g I S r
g

g r

I
g

mA r
V V

I
k

g r

m C
o

m

f m o

C
m

o
A CE

C

f m o

= = ( ) = = = =

= = ( ) =

= = = =
+

= =

= =

40 40 0 002 0 08
60

0 08
750

0 08 40000 3200

40
0 12
40

3
80

0 003
26 7

0

. .
.

.

.
.

.

.

π

β

µ

µ

Ω

Ω

1212 26700 3200

60
4 8 10

1 25 10
40

1 25 10
40

3 13

80
3 13 10

25 6 1 25 10 25

5
4

4

6
4

( ) =

= = =

=
+

= = = =

Row 3 :  = =
.   

= .     |    
.   

 

.   
   |   .   .

-
-

-
-

g
r x

x S I
g x

A

r
V V

I x
M g r x

m
o

C
m

o
A CE

C
f m o

β
µ

µ

π

.

. Ω 66 10 32006  x( ) =

Problem 2

13.57
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For the hybrid pi model :   

For the T - model :   
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Problem 3

13.64
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 For  the answers are the same :    |     |   
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Problem 4

An NPN BJT common-emitter inverting amplifier
is shown.  Assume the parameters of the transistor
are βF = 100, VT = 25mV, and VA = 100V.  (a.)  If
IC = 0.5mA and VCE = 3V, find the small signal
model parameter values for gm, rπ, and ro.  (b.)
Find an algebraic expression for the small signal
voltage gain, vout/vin.  (c.)  Numerically evaluate
the small signal voltage gain, vout/vin.

Solution

(a.) gm = 
IC
VT

  = 
0.5mA
25mV   = 20mS

rπ  = βF 

VT
IC

 = 
100

20mS  = 5kΩ ro = 
VA +VCE

IC
 = 

102
0.5mA  = 204kΩ

(b.)  To find the small signal voltage gain, we must first develop a small signal model.
This model is given below:

vin RB rπ
= R1||R2

+

-

vbe gmvbe
ro RC

+
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vout

F02Q04S1

  
vout
vin

 = 
vout
vbe

 =  -gm(ro||RC)  

(c.)  The numerical value of this gain is

vout
vin

  = -20mS(204kΩ||10kΩ) = -20mS(9.53kΩ) = -190.65 V/V
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RC =
10kΩ

RE =
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