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ECE 3455 –Exam 1
March 6, 2010

Keep this exam closed until you are told to begin.

1.  This exam is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.
2.  Show all work on these pages.  Show all work necessary to complete the problem.  A solution without the appropriate work shown will receive no credit.  A solution that is not given in a reasonable order will lose credit.  Clearly indicate your answer (for example by enclosing it in a box).  If your answer is a plot, no box is needed.
3.  It is assumed that your work will begin on the same page as the problem statement.  If you choose to begin your work on another page, you must indicate this on the page with the problem statement, with a clear indication of where the work can be found.  If your work continues on to another page, indicate clearly where your work can be found.  Failure to indicate this clearly will result in a loss of credit.  
4.  Show all units in solutions, intermediate results, and figures.  Units in the exam will be included between square brackets.
5.  Do not use red ink.  Do not use red pencil.
6.  You will have 90 minutes to work on this exam.

1.  ________________/40
2.  ________________/40
3.  ________________/40
							Total = 120

Room for extra work

1.  {40 Points} Three identical amplifiers are to be connected together to make a single amplifier.  Two possible connection schemes are considered, and are shown in the figures below.  The equivalent circuit for these identical amplifiers has an input resistance of zero, an output resistance of 1[k], and a short-circuit current gain of 10.  None of these amplifiers is connected to ground.
a)  Compare the two options available to you, and pick the option that will maximize the power delivered to the load resistor RL.  Find this maximum power as a function of the source voltage, vs.  You should choose the polarities of the amplifiers to obtain the maximum value in each case.  
b)  Consider these two options, and consider the possibility of extending each of the two connection schemes to n identical amplifiers, with arbitrary values of Rin, Rout, and Aisc.  Find an equivalent amplifier model for each scheme, as a function of n.  
c)  Generalize from your results in b) to explain what the advantage(s) of each connection scheme would be.
  





Room for extra work


2.  {40 Points} Assume an ideal op amp.  
a)  Find the transfer function H(f) = Vo /Vi  for the circuit shown below.
b)  Find the poles and zeroes for the transfer function that you found in part a).
c)  Draw the straight-line approximations to the magnitude and phase Bode plot for the H(f) that you found in part a).  Include all nonzero poles and zeroes in the range of frequencies that you plot.  Use the semi log graph paper provided for you.  
	




Room for extra work


3.  {40 Points} Use the circuit below to find the numerical value of the following quantities.  Assume ideal op amps.
a) Find vy(t).
b) Find ix(t).
c) Find the transconductance, io/vs.
d) Find an amplifier model that could be used to replace everything seen by the load RL, and the source vs(t).  Your amplifier model should have no more than 3 circuit elements in it.








Solutions:
1.  {40 Points} Three identical amplifiers are to be connected together to make a single amplifier.  Two possible connection schemes are considered, and are shown in the figures below.  The equivalent circuit for these identical amplifiers has an input resistance of zero, an output resistance of 1[k], and a short-circuit current gain of 10.  None of these amplifiers is connected to ground.
a)  Compare the two options available to you, and pick the option that will maximize the power delivered to the load resistor RL.  Find this maximum power as a function of the source voltage, vs.  You should choose the polarities of the amplifiers to obtain the maximum value in each case.  
b)  Consider these two options, and consider the possibility of extending each of the two connection schemes to n identical amplifiers, with arbitrary values of Rin, Rout, and Aisc.  Find an equivalent amplifier model for each scheme, as a function of n.  
c)  Generalize from your results in b) to explain what the advantage(s) of each connection scheme would be.



The solution begins on the next page.  See next page.  





2.  {40 Points} Assume an ideal op amp.  
a)  Find the transfer function H(f) = Vo /Vi  for the circuit shown below.
b)  Find the poles and zeroes for the transfer function that you found in part a).
c)  Draw the straight-line approximations to the magnitude and phase Bode plot for the H(f) that you found in part a).  Include all nonzero poles and zeroes in the range of frequencies that you plot.  Use the semi log graph paper provided for you.  
	







3.  {40 Points} Use the circuit below to find the numerical value of the following quantities.  Assume ideal op amps.
a) Find vy(t).
b) Find ix(t).
c) Find the transconductance, io/vs.
d) Find an amplifier model that could be used to replace everything seen by the load RL, and the source vs(t).  Your amplifier model should have no more than 3 circuit elements in it.





image2.emf
Figure 2

R

L

= 

150[



]

3.3[k



]

+

-

v

s

Amplifier 

Input Output

Amplifier 

Input Output

Amplifier 

Input Output


oleObject2.bin
2.2[k]


+


-


7[V]


2.2[k]


Figure 2


RL = 150[]


3.3[k]


vs


Amplifier 


Input


Output


Amplifier 


Input


Output


Amplifier 


Input


Output



image3.emf
C

2

= 680[

m

F] C

3

= 2.2[

m

F]

C

1

= 3.3[

m

F]

-

+

v

i

(t)

L

1

= 2.2[mH]

R

2

= 

4.7[k

W

]

R

1

= 

560[

W

]

R

3

= 4.7[k

W

]

R

5

= 

150[

W

]

R

4

= 

39[k

W

]

L

2

= 

8.2[mH]

v

o

(t)

-15[V]

-15[V]


oleObject3.bin
22[]


-


+


CX =  10[F]


LX =  3.3[mH]


C2 = 680[mF]


C3 = 2.2[mF]


C1 = 3.3[mF]


vi(t)


L1 = 2.2[mH]


R2 = 4.7[kW]


R1 = 560[W]


R3 = 4.7[kW]


R5 = 150[W]


R4 = 39[kW]


-15[V]


-15[V]


L2 =  8.2[mH]


vo(t)



image4.wmf
(

)

rad

()1.27[V]cos367.

s

s

vtt

éù

=

ëû


oleObject4.bin

image5.emf
5.6[k

W

]

-

+

R

L

= 

3.9[k

W

]

3.3[k

W

]

2.7[k

W

]

3.9[k

W

]

12[k

W

]

i

o

(t)

v

y

(t)

+

-

v

s

(t)

-

+

3.9[k

W

]

1.5[k

W

]

22[k

W

]

i

x

(t)

820[

W

]


oleObject5.bin
22[]


2.2[k]


+


-


7[V]


-


+


ix(t)


5.6[kW]



1.5[kW]


RL = 3.9[kW]


3.3[kW]


2.7[kW]


3.9[kW]


3.9[kW]


22[kW]


12[kW]


io(t)


vy(t)


vs(t)


820[W]



oleObject6.bin
2.2[k]


+


-


7[V]


2.2[k]


Output


Figure 1


Input


Amplifier 


vs


Amplifier 


Input


Output


RL = 150[]


Amplifier 


Input


Output


3.3[k]



oleObject7.bin
2.2[k]


+


-


7[V]


2.2[k]


Figure 2


RL = 150[]


3.3[k]


vs


Amplifier 


Input


Output


Amplifier 


Input


Output


Amplifier 


Input


Output



image6.png
ECE 3455 Exam 1 — March 6, 2010 — Page 4

Room for extra work
@ COnffnuCaL. G>

We bQSIV\ 57/ o(rawins the e7ufw/en+ circa't for
both forms Start with the i‘of) diagram, we have

3.3 k) 4

w“'
lot 7_ lo L:S

; . | .
Lo = 1005 (222) = 8.696 (s

L‘sl }O[_L
[Z: 10 L\,
[= %

3.3 ]
So

Ly 0.2635 (5] U;

BO'{:{‘OM o(?aﬂ.mm j;\;e: the Afollowing d.‘ajwcm

ol o’
INCVEY

log
) z_:‘: - Us See hexf,oaje
2.30kn)

7.3LkA) Y




image7.png
ECE 3455 Exam 1 — March 6, 2010 — Page 2

Room for extra work

@ COntTﬂV\eo(" We Cawn PCW‘FO/M A Soyuvce Goastormatioa
three times om the m:jla'l‘—/wana( side of this  civcurt.

The f‘efoH\\nj vo/i‘aje Sources wil be in Series aad
Wl add, and  the resistasces will alio add . Thas,

we can wnite,

(3" /OZkJL:?) L'/

3150fn]

T‘\e top dia ram| yie/ah a Iarjer load Cun‘fa'fjano(.ra

will  maximize Powev".
2
)DASI.GKLOAD =4 RL - IO.V[SJ U;i/

b) W;'“\ the tOP J‘clueme) we have the 'lfo//owf"j :

Ve
- W & For

= 9852% ¢ 7 2.8 msIuy

ALSC L, A::c(
The Tnput resistasce will be Riy  andt the output
resistance will be Kout wWe will have
Y g
Loz Aise U o

Orn (’%LN’AISCL Rou‘f’ SCQ
I'tﬁj (N l) ROu"’fR h Vlex‘(-/)qge_




image8.png
ECE 3455 Exam 1 — March 6, 2010 — Page 8

Room for extra work

@ }3) Con 'é;nu.?o(

For #wo SfanSJ the gaoi would be
. ' . 2 Ou+ )

Kou“"fkv,'h

So

) ‘f‘Or‘ n S'tagefj the Sa;n would be

n . R + n-/
. é ou >

AISC / Ro»fi“i’?{n

The equivelent would be, for Nzl

—Q%L : n-}
; R ) [ no< ROU\{.
(V‘ber in ALSC L'(Roh‘i"'gl‘ﬂ

With the bottom scheme we have the following:

- L) rfrcmr'r"tnm.\m_s
Rl:n bc\ck'h’ a
Curf‘@.n‘t-déf?nl‘ﬂ""
curveat source,

n A;SC Ro»\+
e -

Y\ ;‘ R. wA\.(,l\
t7:€$ ? tn be Cop\el
theto l/owﬁﬂjj

for h2|

~NL °
nRin AI‘SU:. nRout See next
Peje

Pou‘f.‘ ou+/:u+

R l‘n

= Alse





image9.png
ECE 3455 Exam | — March 6, 2010 - Page 9

Room for extra work

@ C> TAE {'-O/D 5Ctl€m€ wou ld /Talfe o Smaller
2[.1 aad  smaller Rowt ; the bottom Scheme
wWould have /afjef velues of each. Mﬁk’h"_‘j

these values Smeller or /arjer deFer\dJ on

whether \fo/‘faje o curreat 18 the &fgnal of
i tevesT.

FO/‘ curreat j“'") The .éo/) Scheme L,a/ou/,,q
probably be betder, olthough gan Won I,

lower i Rin 22 Rout . Inpart a) with Kz
the top Scheme gave more 3qfn.




oleObject8.bin
22[]


-


+


CX =  10[F]


LX =  3.3[mH]


C2 = 680[mF]


C3 = 2.2[mF]


C1 = 3.3[mF]


vi(t)


L1 = 2.2[mH]


R2 = 4.7[kW]


R1 = 560[W]


R3 = 4.7[kW]


R5 = 150[W]


R4 = 39[kW]


-15[V]


-15[V]


L2 =  8.2[mH]


vo(t)



image10.png
ECE 3455 Exam 1 — March 6, 2010 — Page 5

2. {40 Points} Assume an ideal op amp.

a) Find the transfer function H(f) = V,,/V; for the circuit shown below.

b) Find the poles and zeroes for the transfer function that you found in part a).

c¢) Draw the straight-line approximations to the magnitude and phase Bode plot
for the H(f) that you found in part a). Include all nonzero poles and zeroes in the
range of frequencies that you plot. Use the semi log graph paper provided for you.
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3. {40 Points} Use the circuit below to find the numerical value of the following
quantities. Assume ideal op amps.

a) Find v,(2).

b) Find i.(?).

¢) Find the transconductance, i,/v;.

d) Find an amplifier model that could be used to replace everything seen by the

load R,, and the source vy(?). Your amplifier model should have no more
than 3 circuit elements in it.
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