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INSTRUCTIONS 
 

There are 33 multiple choice worth 6 points each. 
  

This is a closed book, closed notes exam.  No scrap paper or calculators are 
permitted.  A transform table will be handed out separately. 

Carefully mark your multiple choice answers on the scantron form and also on the 
text booklet as you will need to put the scantron inside the test booklet and turn booth 
in a the end of the exam. 

Nothing is to be on the seat beside you. 
When the exam ends, all writing is to stop.   No writing while turning in the 

exam/scantron or risk an F in the exam.  Again, turn in the exam booklet with the 
scantron inside the exam.  There are two exam forms and this is necessary for the proper 
grading of your scantron. 
 All students are expected to abide by the customary ethical standards of the 
university, i.e., your answers must reflect only your own knowledge and reasoning 
ability.  As a reminder, at the very minimum, cheating will result in a zero on the exam 
and possibly an F in the course. 
 Communicating with any of your classmates, in any language, by any means, for 
any reason, at any time between the official start of the exam and the official end of the 
exam is grounds for immediate ejection from the exam site and loss of all credit for this 
exercise.  The professor reserves the right to move students around during the exam. 
 
Do not open, begin, or peek inside this exam until you are instructed to do so
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NOTE:  The following equivalents are useful in solving coupled inductor problems. 
 

   
 
MULTIPLE CHOICE.  
 

1.  The Laplace transform of f (t) =
d
dt

3! 4e! 2t + e! t"
#

$
%u(t){ }  where u(t)  is the unit step function is: 

 

(1)  
3
s

!
4

s+1
+

1
s+ 2

 (2)  
3
s

+
1

s+1
!

4
s+ 2

 (3)  
4

s+1
!

1

s+ 2
 

(4)  3!
s

s+1
+

4s
s+ 2

 (5)  3+
4s

s+ 2
!

s
s+1

 (6)  3+
s

s+1
!

4s
s+ 2

 

(7)  
4s

s+ 2
!

s
s+1

 (8)  None of these 

 
 
 
 
 

2.  The input admittance of a simple circuit is 
  
Yin(s) =

2s

s2
+ 4

. 

 The associated circuit contains only a single inductor L and a single capacitor C.  The values of these 
circuit elements are (L, C) = (in H and F):  

  
 (1)  (2, 0.5) (2)  (0.5, 2) (3)  (0.5, 0.5) (4)  (2, 1)  
 
 (5)  (4, 0.25) (6)  (0.25, 1) (7)  (1, 0.25) (8)  None of above 
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3.  The input admittance of the circuit below is Yin(s) =
Iout (s)
Vin(s)

= : 

(1)  2.5+
5

s+
5
s

 (2)  2.5+
0.2

s+
0.2
s

 (3)  
1

2.5+ s+
5
s

 

(4)  
1

2.5+
0.2s

s2 + 5

 (5)  
1

2.5+
0.2s

s
2 + 0.2

 (6)  0.4
s2 + 5

(s+1)2 + 22  

(7)  none of above 
 

 
 
 
 
4.  If two signals x(t)  and y(t)  are related by the equations 

 

2
dx(t)

dt
+ 4y(t) = 8! (t)  and 4x(t) ! 2 y(z)dz

0!

t

" = 4u(t) , 

 

where x(0! ) = 2 , u(t) is the unit step function, and ! (t) is the Dirac delta function, then X(s)  is: 
 

(1)  
2
s

  (2)  
10
s

  (3)  
8
5

  (4)  
1.2
s

 

(5)  
8
s

  (6)  
1.6
s

 (7)  
6
5

  (8)  None of these 
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5.  Consider the RL circuit below.  The switch has been closed for a long time.  At t = 1 s, the switch 
opens.  The response output is iL (t) .  Then for t ! 1, iL (t) =  (in A): 

(1)  4e! 5(t ! 1)u(t ! 1)   (2)  20e! 5(t ! 1)u(t ! 1)           (3)  ! 5e! 5(t ! 1)u(t ! 1)  

(4)  !4e!5(t!1)u(t !1)   (5)  5e!5(t!1)u(t !1)             (6)  ! 20e! 5(t ! 1)u(t ! 1)  

(7)  ! 20 1! e! 5(t ! 1)( )u(t ! 1)  (8) None of these 

 
 

 

 

 
6.  The output of a linear and relaxed circuit with input x(t)  and impulse response h(t)  (shown below) 

at time t = 6 seconds is: 

 
 
(1) 1  (2) 2  (3) 3  (4) 4 

(5) 0  (6) 3.5  (7) None of the above 

 
 

7.  For t ! 0  the convolution of f (t) = 4u(! t)  with h(t) = 2e! 2tu(t)  is: 

(1)   2e! 2tu(t)  (2) 4  (3)   4e! 2tu(t)   

(4)    ! 8e! 2tu(t)  (5)   ! 4e! 2tu(t)   (6)   2e2tu(t)  

(7)    8e! 2tu(t)   (8) none of above 
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CIRCUIT FOR PROBLEMS  8 AND 9.  A Sallen and Key circuit with parameter choices as indicated 

is shown below 

 
 

The circuit transfer function is Hcir (s) =
2

s2 +
1
Q

s+1
.  Suppose this circuit is used to realize the transfer 

function HLP(s) =
16

s2 + 4s+ 64
.  

 
8.  The final values of C1 and C2  to realize HLP(s)  are C1f  and C2 f  in F which are: 

(1)  
1
8

,!
1

16
 (2)  1,!

1
2

 (3)  
1

16
,!

1
64

 (4)  
1
4

,!
1
8

  (5)  
1
2

,!
1
4

 

(6)  
1

12
,!

1
24

 (7)  none of above 

 
 
 
9.  If input attenuation is used to adjust the DC gain using a combo of RA  and RB  as shown below,  
then the values of RA  and RB  (in ohms) are respectively: 
 
(1)  8, 4 (2)  4, 4/3  (3) 4, 1/4  (4)  8/7, 8 
(5)  8, 8/7 (6)  4, 1.25  (7)  none of above 
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10.  In the circuit below, L = 0.4 H, C = 0.1 F, Rs = 0.25 !, Rp = 16, then the approximate half 

power frequency ! 1  (rad/s) and the bandwidth Bw  (in rad/s) are:   
 
(1)  8.75, 1.25 (2)  7.5, 2.5 (3)  4.375, 1.25 (4)  3.75, 1.25 
 
(5)  8.75, 2.5  (6)  9.375, 1.25  (7)  None of these 

 

 
 
 
11.  Referring to the circuit of problem 10, the approximate value of Hmax  is:  
 
(1)  1 (2)  2 (3)  0.5 (4)  4 
 
(5)  5   (6)  0.25  (7)  None of these 

 
 
 
12.  If R= 0.6 ! , L = 0.2 H,  and C = 0.2 F, then the resonant frequency ! r " 0  in rad/sec of the 
circuit sketched below is: 
(1)  10  (2)  100 (3)  64  (4)  4  (5)  36  (6) 8 
(7)  16  (8) none of above 
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13.  The 3 dB NLP Butterworth transfer function is H3dBNLP(s) =
1

s2 + 2s+1
 is to be realized by the 

circuit below whose transfer function is Hcir (s) =

1
Cs

Ls+1+
1

Cs

.  The circuit below is to realize a LP 

Butterworth filter having 3 dB down point at ! c = 1000 2  rad/s.   If the source resistance is to be 
scaled to 10 !, the value of L in mH is:   
 
(1)  50  (2)  0.05  (3)  0.333  (4)  70.7  
(5)  5  (6)  2.5   (7)  7.07  (8)  none of above 
 

 
 
 
14.  Referring again to the circuit of question 13, suppose the NLP prototype is to be a HP filter with 3 

dB down point at ! c = 1000 2  rad/s and a source resistance equal to 10 !.  The inductor becomes 
a capacitor of value (in mF): 

(1)  1 (2) 2 (3) 0.5 (4) 0.25 (5) 5 
(6) 0.1 (7) 4 (8) none of above 
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15.  The value of the mutual inductance for the coupled coils in the circuit below is M = (in H): 
(1)  1  (2)  Ð2  (3)  0.5  (4)  4 
(5)  2  (6)  Ð4  (7) 8   (8)  none of above 
 

 
 
 
 
16.  Referring again to the circuit of problem 15, vout(t) =  (in V): 
 

(1)  3 ! (t) " e" t#
$

%
&u(t)   (2)  3e! tu(t)   (3)  9e!3tu(t)   (4)  3e! 3tu(t)  

(5) 9 ! (t) " e" 3t#
$

%
&u(t)  (6)  e! tu(t)   (7) 9e! tu(t)    (8)  none of above 

 
 
 
 
17.  In the circuit below, L1 = 1 H, L2 = 0.5, M = 0.25 H, and R= 4  !.  The impedance seen by the 
source is: 
(1) 4 + 2s (2)  4 Ð 2s (3)  4 + s (4)  4 Ð s (5)  4 + 1.25s 
(6) 4 + 1.5s (7) none of above 

 
 
 
18.  Referring again to the problem of question 17, the step response of the circuit contains a term of the 
form Au(t)  where A=: 
(1)  1  (2) 0  (3)  0.5  (4) 0.25 (5)  4 
 
(6)  2  (7)  none of above 
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19.  In the circuit below R= 10!! , C =
1

12
 F, L1 = 1 H, L2 = 4H and the mutual inductanceM = 1 H.  

The circuit is resonant at !r =  (in rad/s): 

(1) 12 (2)  2 (3)  48  (4)  4 
(5)  0.25 (6)  12  (7)  8 (8)  none of above 

 
 
 
 
 
 
20.  Referring to the problem statement in question 19, the value of the coupling coefficient k = : 
 
(1)  1 (2)  0.5 (3)  0.64 (4)  0.25 (5) 0.2 
(6)  0.75 (7)  none of above 
 
 
 
 
21.  The Thevenin equivalent voltage, Voc(s) , and the Thevenin equivalent impedance, Zth(s) , seen at 
the dotted terminals are: 

(1)  5Vin,!5s   (2)  0.2Vin,!0.2s  (3) 5Vin,!25s   (4)  
Vin

5
,!

s
25

 

(5)  !
Vin

5
,!

s
25

  (6)  ! 5Vin,!25s 
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22.  If R1 = 20 !, R2 = 30 !, and RL = 3 !, find the values of the turns ratio, a, for maximum power 
transfer if the load is to the right of C-D. 
 
(1)  1  (2)  2  (3) 3  (4)  4  (5)  10  
(6)  30  (7)  none of above 

 
 
 
 
23.  For the 2-port below, the z-parameters z11 and z12  are (in !):  
(1)  3, 1 (2)  1, 1 (3)  3, 2 (4)  3, 3 
(5)  3, -1 (6)  2, -1 (7)   2, 1  (8) none of above 
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FOR PROBLEMS 24 AND 25:  The 2-port configuration below is for problems 24 and 25.  It has the 
indicated y-parameters in S.  Suppose  

 (i)  Rs = 10 !, RL = 5 !, and 
y11 y12

y21 y22

!

"
#

$

%
&=

? 0.4

' 1 0.2
!

"
#

$

%
& S. 

 (ii)    
V1

Vs
=

s+ 2
s+12

.   

 

 
24.  The parameter y11 is (in S): 
 
(1)  1  (2)  ! s (3)  s+1 (4)  s+ 2  (5)  s  (6)  0 
(7) s! 1 (8)  none of above 
 
 

25.  The voltage gain 
V2

V1
= : 

(1)  1  (2)  2  (3)  Ð2  (4) 2.5  (5)  Ð0.4 
(6)  Ð2.5 (7) s+1  (8)  none of above 
 
 
 
 

26.  Recall the h-parameter matrix, 
V1

I2

!

"
#

$

%
&=

h11 h12

h21 h22

!

"
#

$

%
&

I1
V2

!

"
#

$

%
&.  In the circuit below, R= 0.5 ! and b = 2.  

The h-parameters, h11 and h12, are respectively (in standard units):   
 
(1)  0.5,!0.5 (2)  2,!2  (3)  2,!! 2  (4)  2,!! 0.5 (5)  0.5,!! 0.5 
(6)  0.5,!! 2  (7)  0.5,!2  (8)  none of above 
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THE INFORMATION BELO W IS ASSOCIATED WITH  QUESTIONS 26-30.  The amplifier has 
specifications given below:   
 
(i)  Rs = 2 !; RL = 5!! .   
(ii)  There is maximum power transfer to the load 
 

(i)  When I1 is zero, the ratio 
V1
V2

= 0 , when a source is applied to port 2; 

(iii)  
V1
Vs

= 0.8 

(iv)  The voltage gain 
V2
V1

= ! 10. 

 
 
27.  The h-parameter h22  is (in S):  
(1)  5  (2)  2  (3)  25  (4) 0.2 
(5)  0.5  (6)  5  (7)  none of above 
 
 
28.  The input impedance Zin  and the h-parameter h11 are respectively (in !):  
(1)  10, 0.1 (2)  10, 10 (3)  8, 8 (4) 8, 10 (5)  10, 8 
(6)  2, 8 (7)  8, 2 (8)  none of above 
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29.  The h-parameter, h21, is:   
 
(1)  0.125 (2) 32  (3)  Ð3.2  (4)  Ð8  (5)  8 
(6)  3.2  (7)  Ð32  (8)  none of above 
 
 
 
 
 

30.  The power gain, 
V2I2

V1I1
, is: 

 
(1)  10  (2) 320  (3)  80  (4)  16  (5)  50 
(6)  32  (7)  160 (8)  none of above 
 
 
 
 
 
31.  Two 2-ports are connected in cascade as shown below.  Standard labeling is assumed.  The t-

parameter matrix of the first 2-port is in standard units 
V1

I1

!

"
#

$

%
&= T1

V1

' I1

!

"
#

$

%
&=

2 1

1 1
!

"
#

$

%
&

V1

' I1

!

"
#

$

%
&.  The overall 

t-parameter matrix is: 
 

(1)  
4 3

1 1
!

"
#

$

%
& (2)  

2 3

1 2
!

"
#

$

%
& (3)  

3 2

1 1
!

"
#

$

%
& (4)  

3 2

2 1
!

"
#

$

%
& 

(5)  
2 5

1 3
!

"
#

$

%
&  (6)  

2 4

1 3
!

"
#

$

%
& (7)  

2 4

0 3
!

"
#

$

%
&        (8) none of above 
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32.  Consider the two-port interconnection below that is assumed to have the standard labeling.  The y-

parameter matrix of the top two-port is y =
1 2

1 3
!

"
#

$

%
& S.  The z-parameter, z12 , of the interconnected 

two port is (in !):  
 
(1)  1 (2)  2 (3)  3 (4)  4 (5)  5 
(6)  Ð1 (7)  0 (8)  none of above 
 

 
 
 
 
 
33. The two-ports below are connected in parallel (points A are attached together, points B are attached 

together, etc.)  The y-parameters in S of N1 are 
1 0.5

! 0.5 2
"

#
$

%

&
' .  The overall new y-parameter y21 is (in 

S): 
 
(1)  1 (2)  Ð1.5 (3)  2.5 (4)  4 (5)  0 
(6)  Ð2.5  (7)  1.5  (8)  none of above 
 

 
 
Solution 1:  (6) 
 

Soluiton 2.  (3)  
  
Zin(s) =

s2 + 4
2s

= 0.5s+
2
s

= 0.5s+
1

0.5s
.  Thus L = 0.5 H and C = 0.5 F.  
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Soluiton 3.  (6):  Zin(s) = 2.5+
5

s+
5
s

= 2.5+
5s

s2 + 5
= 2.5

s2 + 2s+ 5

s2 + 5
.  Hence 

Yin(s) =
1

2.5
s2 + 5

s2 + 2s+ 5
= 0.4

s2 + 5

(s+1)2 + 22 . 

 
Solution 4:  (1):  Dividing both equations by 2 yields:  sX(s) ! 2 + 2Y(s) = 4!!" !!sX(s) + 2Y(s) = 6 ,  

2X(s) !
Y(s)

s
=

2
s

!" !4sX(s) ! 2Y(s) = 4  

Therefore, 5sX(s) = 10!! !X(s) =
2
s

. 

 
Solution 5.  (1).  For t ! 1, the equivalent circuit is given below.  Thus 

IL (s) = ! IR(s) = !
VL (s)

10
= !

s

s + 5
" !

4e! s

s

#

$
%

&

'
( =

4e! s

s + 5
.  iL (t) = 4e! 5(t ! 1)u(t ! 1) . 

 
 

 
Solution 6.  (2) 
 
 

Solution 7.  (4)   y(t) = f * h = 8 e! 2" u(" ! t)d" =
4 t < 0

4e! 2t t # 0

$
%
&

'&0

(

) . 

 

Solution 8.  (1)  C1f =
1
8

= 0.125 F and C2 f =
1

8Q
=

1
16

 F.     

 

Solution 9.  (5) 1=
RARB

RA + RB
= RA

1
8

!! RA = 8!" . 

 

Solution 10. (3)   Qcap = ! RpC = 5* 16* 0.1= 8 .  Then Rseries =
Rp

Qcap
2 =

16
64

= 0.25. 

Req = 0.5!.  Thus Bw =
Req

L
= 1.25.  ! 1 = 5 "

1.25
2

= 4.375 rad/s.   
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Solution 11.  Hmax =

1
L

Bw
=

2.5
1.25

= 2  ANSWER   (2) 

 

Solutoin 12.  (4)   Yin( j! ) = j! C "
L

R2 + L2! 2
#

$%
&

'(
+

R

R2 + L2! 2 ;  thus 

C !
L

R2 + L2" 2 = 0!# !" 2 =
1

LC
!

R2

L2 = 25! 9 = 16. 

 

Solution  13:  (5)   Hcir (s) =

1
LC

s2 +
1
L

s+
1

LC

 implies L =
1

2
,!C = 2 .  Hence, 

L final =
10

2 ! 1000 2
= 5 mH. 

 

Solution 14.  (6)  L =
1

2
!! !CNHP = 2!! !CHP =

2

10" 1000 2
= 10#4  F.   

 
Solution 15.  (5)  M = k L1L2 = 0.5! 4 = 2 H.   
 
Solution 16.  (2)  Using a T-equivalent circuit for the coupled inductors leads to a 3 H inductor in 

parallel with a 3 ! resistor.  The input impedance seen by the source is Zin(s) =
9s

3s+ 3
=

3s
s+1

.  

The step response is:  vout(t) = 3e! tu(t)  V.   
 
Solution 17.  (3)  Vin(s) = L1sIout (s) ! MsIout (s) + 4Iout (s) ! MsIout (s) + L2sIout (s) = (4 + s)Iout (s)  
 

Solution 18.  (4)  
1

s(s+ 4)
=

0.25
s

!
0.25
s+ 4

 

 

Solution 19.   (4)  Using the T equivalent, we have that L1 ! M = 0  leaving M / /(L2 ! M ) = 1/ /3=
3
4

.  

! r =
1

LC
= 16 = 4  r/s. 

 

Solution 20.  (2)  k =
M

L1L2
=

1
2

 

 
Solution 21.  (3) Vout (s) = 5V1(s) = 5 Vin(s) ! sI1(s)( ) = 5Vin(s) + 25sIout (s)  
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Solution 22.  (2)  20 / /30=
600
50

= 12= a23.  Thus a = 2 . 

 
Solution 23:  (1)  V1 = ! I2 + I1 + 2I1 + 2I2 = 3I1 + I2  
 

Solution 24:  (3)  
Zin

Zin +10
=

s+ 2
s+12

!! !Zin = s+ 2 = y11 "
y12y21

y22 +YL
.  

s+ 2 = y11 !
y12y21

y22 +YL
== y11 +

0.4
0.4

   implies that y11 = s+1. 

 

Solution 25:  (4) I2 = ! YLV2 = y21V1 + y22V2  in which case ! 0.4V2 = ! V1 and 
V2

V1
= 2.5. 

 

Solution 26:   (5)  By inspection, 
V1

I2

!

"
#

$

%
&=

0.5 ' 0.5

2 0
!

"
#

$

%
&

I1
V2

!

"
#

$

%
& 

 

Solution 27.  (4)  From maximum powerh22 =
1

RL
= 0.2 S. 

 

Solution 28.  (3)  
V1
Vs

= 0.8=
Zin

Zin + Rs
=

Zin
Zin + 2

.  Thus Zin = 8 = h11 !
h12h21

h22 +YL
= h11 since h12 = 0. 

 

Solution 29.  (2)  I2 = h21I1 + 0.2V2   I2 = ! 0.2V2  I1 =
V1

h11
= 0.125V1  !0.2V2 = h21(0.125V1) + 0.2V2  

h21 = !
0.4V2

0.125V1
= ! 3.2

V2

V1
= 32. 

 

Solution 30.  (7)  I2 = h21I1 + 0.2V2  and V2 =
I2

! 0.2
= ! 5I2  implies that I2 = 32I1 ! I2 in which case 

I2

I1
= 16.  

V2I2

V1I1
= 160. 

 

Answer 31:  (5).  T2 =
1 2

0 1
!

"
#

$

%
&Therefore the overall t-parameter matrix is:  T =

2 1

1 1
!

"
#

$

%
&

1 2

0 1
!

"
#

$

%
&=

2 5

1 3
!

"
#

$

%
& 

 

ANSWER 32:  (6)  ztop =
3 ! 2

! 1 1
"

#
$

%

&
' .  zbot =

2 1

1 1
!

"
#

$

%
&.  Therefore z12 = ! 1. 

 
Solution 33.  (6)   

I1
I2

!

"
#

$

%
&=

2 ' 2

' 2 2
!

"
#

$

%
&

V1

V2

!

"
#

$

%
&.  Thus 

2 ! 2

! 2 2
"

#
$

%

&
' +

1 0.5

! 0.5 2
"

#
$

%

&
' =

3 ! 1.5

! 2.5 4
"

#
$

%

&
'  
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