Questions about Transfer Functions
These questions should help you with question 3 of quiz 1.

Fall 2004
Question I — Transfer functions of RLC, RL and RC Circuits (52 points)

Circuit A: Answer 1-8 for the RC circuit below
C.
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1. Find the transfer function for the above circuit. (2 points)

V1

H(jow) =

2. Find the function to describe the behavior of the circuit at very low frequencies. Also
determine the magnitude and phase of this circuit at very low frequencies. (3 points)

HLO(j 0)) =

|Hro| = ZHio0=

3. Find the function to describe the behavior of the circuit at very high frequencies.
Also determine the magnitude and phase of this circuit at very high frequencies. (3
points)

HH[(j (1)) =

| Hut| = ZHpr =
4. What is the expression for the corner frequency of the circuit? (1 point)

(DC:



5. Find the transfer function which governs the behavior of the circuit at the corner
frequency, ®.. Also find the magnitude and phase of the function at the corner

frequency. (3 points)

Hc:

| He| =

ZHCZ

6. If C=0.047pF and R=500 ohms, find the numerical values for the following. Indicate

the units. (8 points)

(l)C:

f=

Magnitude

Phase

Very low frequencies

Very high frequencies

Corner frequency

7. Sketch a plot of the magnitude of the transfer function vs frequency (in Hertz).
Clearly indicate the value at very high frequencies, very low frequencies and the
corner frequency. Mark the corner frequency on the sketch. (3 points)

8. Sketch a plot of the phase of the transfer function (in degrees or radians). Clearly
indicate the value at very high frequencies, very low frequencies and the corner
frequency. Mark the corner frequency on the sketch. (3 points)




Circuit B: Answer 9-16 for the RLC circuit below
R L.
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9. Find the transfer function for the above circuit. (2 points)

H(jow) =

10. Find the function to describe the behavior of the circuit at very low frequencies. Also
determine the magnitude and phase of this circuit at very low frequencies. (3 points)

HLOG O)) =

|Hro| = ZHio0=

11. Find the function to describe the behavior of this circuit at very high frequencies.
Also determine the magnitude and phase of this circuit at very high frequencies. (3
points)

HH](j 0)) =

| Hu = ZHu =

12. What is the expression for the resonant frequency of the circuit? (1 point)

Wy =



13. Find the transfer function which governs the behavior of the circuit at the resonant
frequency, wy. Also find the magnitude and phase of the function at the resonant
frequency. (3 points)

Ho =
| Hol = Z Ho =
14. If C=0.063uF , L=10mH and R=800 ohms, find the numerical values for the

following. Indicate the units. (8 points)

Wy = f0:

Magnitude Phase

Very low frequencies

Very high frequencies

Resonant frequency

15. Sketch a plot of the magnitude of the transfer function vs frequency in Hertz. Clearly
indicate the value at very high frequencies, very low frequencies and the resonant
frequency. Mark the resonant frequency on the sketch. (3 points)

16. Sketch a plot of the phase of the transfer function (in degrees or radians). Clearly
indicate the value at very high frequencies, very low frequencies and the corner
frequency. Mark the resonant frequency on the sketch. (3 points)




Fall 2004 Solution

Circuit A: Answer 1-8 for the RC circuit below
C.
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1. Find the transfer function for the above circuit. (2 points)

V1

H(jo) = [R]/[1/joC+R] = [joRC]/[1+joRC]
4. Find the function to describe the behavior of the circuit at very low frequencies. Also
determine the magnitude and phase of this circuit at very low frequencies. (3 points)
Hio(jo) = [joRC]/[1] =joRC
IHro| = 0 /Hio=m/2
5. Find the function to describe the behavior of the circuit at very high frequencies.
Also determine the magnitude and phase of this circuit at very high frequencies. (3
points)
Hu(jo) = [joRC]/[joRC] = 1
| HHI| = 1 ZHp =0
4. What is the expression for the corner frequency of the circuit? (1 point)
o = [1])/[RC]
9. Find the transfer function which governs the behavior of the circuit at the corner
frequency. Also find the magnitude and phase of the function at the corner
frequency. (3 points)

He = [j(1/RC)RC] / [1+j(1/RC)RC] = [ 1/ 1+ ]

|He|=1/12 ZHe =n/2-1/4 =n/4



10. If C=0.047puF and R=500 ohms, find the numerical values for the following. Indicate
the units. (8 points)

@ = 1/[ (0.047)(500) ] = 42553 rad/s  £,=42553/2n = 6773 Hz

Magnitude Phase
Very low frequencies 0 /2
Very high frequencies 1 0
Corner frequency 12 /4

11. Sketch a plot of the magnitude of the transfer function vs frequency (in Hertz).
Clearly indicate the value at very high frequencies, very low frequencies and the
corner frequency. Mark the corner frequency on the sketch. (3 points)
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12. Sketch a plot of the phase of the transfer function (in degrees or radians). Clearly
indicate the value at very high frequencies, very low frequencies and the corner
frequency. Mark the corner frequency on the sketch. (3 points)
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Circuit B: Answer 9-16 for the RLC circuit below
R L.

V1

-0
9. Find the transfer function for the above circuit. (2 points)

H(o)=[ 1/joC]/[R+joL + 1/joC] = [1]/[joRC - ©’LC + 1]

12. Find the function to describe the behavior of the circuit at very low frequencies. Also
determine the magnitude and phase of this circuit at very low frequencies. (3 points)

Hio(o)=[1]/[1] =1
|HLO| = 1 ZHLO =0
13. Find the function to describe the behavior of this circuit at very high frequencies.
Also determine the magnitude and phase of this circuit at very high frequencies. (3
points)
Hu(jo) =[11/[- o"LC]]
| HHI| = 0 ZHHI = -T
12. What is the expression for the resonant frequency of the circuit? (1 point)
wo =1/ (VLC)
13. Find the transfer function which governs the behavior of the circuit at the resonant
frequency. Also find the magnitude and phase of the function at the resonant frequency.
(3 points)
Ho=[1]/[j (INLC)RC — (I/LCYLC) +1]= [-jVLC ]/ [RC]

| Ho| = [ VLC ]/ [RC] ZHy=-1/2



17. If C=0.063uF , L=10mH and R=800 ohms, find the numerical values for the
following. Indicate the units. (8 points)

®o = [1/[N(0.063)(10m)] = 39841 rad/s f, = 39841/2n = 6341 Hz

| Ho| = [ VLC ]/ [RC] = [V(0.063w)(10m)] / [(800)( 0.063w)] = 0.5

Magnitude Phase
Very low frequencies 1 0
Very high frequencies 0 -
Resonant frequency 0.5 - /2

18. Sketch a plot of the magnitude of the transfer function vs frequency in Hertz. Clearly
indicate the value at very high frequencies, very low frequencies and the resonant
frequency. Mark the resonant frequency on the sketch. (3 points)
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19. Sketch a plot of the phase of the transfer function (in degrees or radians). Clearly
indicate the value at very high frequencies, very low frequencies and the corner
frequency. Mark the resonant frequency on the sketch. (3 points)
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Fall 2004

Question Il — Filters (16 points)

Consider the following three input signals:
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What is the frequency of each of the signals above (in Hertz)? (6 points)

1.

Signal 1:

Signal 2:

Signal 3:



2. What type of filter is circuit A from question I ? (2 point)

3. What type of filter is circuit B from question I ? (2 point)

4. Fill out the following chart. Enter “lower” if the amplitude of the output of the
given circuit will be substantially lower than the input amplitude. Enter “higher”
if the amplitude of the output of the given circuit will be substantially higher than
the input amplitude. Enter “same” if the amplitude of the output of the given
circuit will be about the same as the input amplitude. Note that the circuits are the
ones you analyzed in question I (with the component values we gave you) and the
signals are those pictured on the previous page. You can assume the filter
transitions are close to ideal. (6 points)

Signal 1 Signal 2 Signal 3

Circuit A

Circuit B




Fall 2004 solution
Question Il — Filters (16 points)

Consider the following three input signals:

Signal 1:
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5. What is the frequency of each of the signals above (in Hertz)? (6 points)

Time

Signal 1: T =>5us £=200,000 Hz

Signal 2: T =50us £=20,000 Hz

Signal 3: T=0.5ms {=2000 Hz




6. What type of filter is circuit A from question I ? (2 point)

High pass filter

7. What type of filter is circuit B from question I ? (2 point)

Low pass filter

8. Fill out the following chart. Enter “lower” if the amplitude of the output of the
given circuit will be substantially lower than the input amplitude. Enter “higher”
if the amplitude of the output of the given circuit will be substantially higher than
the input amplitude. Enter “same” if the amplitude of the output of the given
circuit will be about the same as the input amplitude. Note that the circuits are the
ones you analyzed in question I (with the component values we gave you) and the
signals are those pictured on the previous page. You can assume the filter
transitions are close to ideal. (6 points)

200K 20K 2K

Signal 1 Signal 2 Signal 3
Circuit A same same lower
Circuit B lower lower same

(see dots marked on plots in answers to question I)




Spring 2004
Question 1 — Transfer Functions (32 points)

Consider a variety of filter configurations that can be analyzed with PSpice. All the
resistors (except one) shown are 1k, all the inductors are 1mH and all the capacitors are
0.1uF. In general the components can assume any realistic value. Thus, in most of this
problem, we will only assume that they have some unknown value. For each of these
circuits, assume that the input and output voltages are measured at the two locations
where we have added a voltage marker.

A RS
A,
Nl TN
i
WABL = T oo
- AUF WOFF =0 C"’} L
FREQ = 1k T
FREQ = 1k L
A = |
o O L
]
3]
It R7 L1
i}
1 iy T,
W
vz R4 ] \11:‘ TmH J_
WO FF =0 @ WOFF =0 = o
WAMPL = 1 1k WAMPL= 1
FRED = 1k FRED = 1k il
= o
L1 Az
N
Ay
imH 0
w10 W Liz
3 WOFF =0 = &0
WOFF =0 .\;] Lt WAMPL= 1 im H
WAMPL = 1 ® FREQ = 1k Auf
FREQ = 1k J
C — L
= F =

a) First, identify which type of filter these are: (6 points)

Which is a low pass filter (list all):

Which is a high pass filter (list all):

Which is a band pass filter (list all):

Which is a band reject filter (list all):



b) The complex transfer functions for all of these filters are given below. Identify
which circuit goes with each transfer function. (6 points)

1 -
jool ch““"- R
i i 1 1
R+ JoL R+Ja)L+Aa)C R+Aa)C
jol
_jeC
i 1 1
R ja)L+Aa)C Aa)C
R+ jol jol R+%a)C

R+L
i 1
Ja)L+AwC

c) The voltage and phase vs frequency for each of these filters is shown on the
following two pages. Identify which plot goes with each transfer function. Show
your work below for partial credit: (12 points)



-50d

SEL>>
-100d

o p( V(RL:2))

R —

0
100Hz

1.0KHz

A V(V1:+) o V(R1:2)

100d

10KHz

100KHz

Frequency

1.0MHz

10MHz

100MHz

1.0GHz

o p( V(R4:1))

0
100Hz

1.0KH.

0 V(V2:+) o V(R4:1)

iz

10KHz

100KHz

Frequency

1.0MHz

10MHz

100MHzZ

1.0GHz



100d

{\\\\; \S\\\\\
[
<
od I -
E—
<57
T
SEL>> —
-100d:
o p( V(R7:2))
1.0
0.
0
100Hz 1.0KHz 10KHz 100KHZ 1.0MHz 10MHz 100MHz 1.06Hz
0 V(R7:1) o V(R7:2)
Frequency
100d:
P
- e
1
1
\
|
od 3
\
|
\
{
\
SEL>>
-100d:
o p( V(C10:1))
1.0 A
o I] \\
0 "
100Hz 1.0KHz 10KHz 100KHZ 1.0MHz 10MHz 100MHz 1.06Hz
0 V(V10:+) o V(C10:1)
Frequency
100d:
50d \i
SEL>> [
od
o p( V(R6:2))
1.0
0.
I
0
100Hz 1.0KHz 10KHz 100KHZ 1.0MHz 10MHz
0 V(V7:4) o V(R6:2)

Frequency

100MHzZ

1.0GHz



_50d Yy

SEL>>
-100d:

o p( V(L1:2))
1.0

oV
100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.06GHz
0 V(V3:+) o V(L1:2)

Frequency

d) Find the transfer function for the following circuit. (Hint- it is a combination of
two of the circuits we have seen above.) (4 points)

Cy Lx
| Y
Au 1mH
Vv
Y § Ry
VOFF =0 Rx
VAMPL = 1 r\) 1k ‘
FREQ = 1k 1
J__
=0

e) Simplify this transfer function at very low frequencies and very high frequencies
and show that your results are consistent with the voltage magnitude and phase
plot below. What kind of a filter is this combined circuit? (4 points)
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f) Extra Credit — Which of the original eight filters is also a combination of two
other filters? Explain your answer.



Spring 2004 solution
Question 1 — Transfer Functions (32 points)

Consider a variety of filter configurations that can be analyzed with PSpice. All the
resistors (except one) shown are 1k, all the inductors are 1mH and all the capacitors are
0.1uF. In general the components can assume any realistic value. Thus, in most of this
problem, we will only assume that they have some unknown value. For each of these
circuits, assume that the input and output voltages are measured at the two locations
where we have added a voltage marker.
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g) First, identify which type of filter these are: (6 points)

Which is a low pass filter (list all): A, C

Which is a high pass filter (list all): B, D

Which is a band pass filter (list all): F

Which is a band reject filter (list all): E



h) The complex transfer functions for all of these filters are given below. Identify
which circuit goes with each transfer function. (6 points)

1 -
ok Vo * o - R
R+ joL R+ja)L+%a)C R+%wC
jolL
B [,
ioL+ V. 1/
R+ jolL jolL R+%a)C

R+¢
i 1
Ja)L—i-AwC

1) The voltage and phase vs frequency for each of these filters is shown on the
following two pages. Identify which plot goes with each transfer function. Show
your work below for partial credit: (12 points)

The easiest way to distinguish between the plots is as follows:

F is the only band pass filter

E is the only band reject filter

A and C are both low pass filters. Find the corner frequency of each to determine
which one is which (see below).

B and D are both high pass filters. Find the corner frequency of each to

determine

which one is which (see below).

Here is the complete analysis of each circuit. Note how each corresponds to the plots.
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j) Find the transfer function for the following circuit. Assume there is a buffer at
point A which forces the two transfer functions to be separate. (Hint-itis a
combination of two of the circuits we have seen above.) (4 points)

Vin  or A L Vout
1 P
Ju 1imH é
W § Ry '
WOFF =100 Fix
VEPL = 1 @ th e
FREQ = 1k ‘
i
=0

Assuming the presence of the buffer, we can assume that the output of one part of the
circuit (y) is the input to the other (x). Hence:

v v \
_A=|_|y Lutsz LutzHXHy
Vin VA in
H = Ry _ ja)RyCy H = R,
y : X .
%a)cy“LRv 1+ jaR,C, joL, +R,
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77 (14 jeR,C,)(jaL, +R,)  jelL, +R, -@’R,L,C, + jaR2C,

k) Simplify this transfer function at very low frequencies and very high frequencies
and show that your results are consistent with the voltage magnitude and phase
plot below. What kind of a filter is this combined circuit? (4 points)
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The magnitude is zero at both high and low frequencies, as seen in the plot.
The phase is 90 degrees (pi/2) at low frequencies and —90 degrees (-pi/2) at high
frequencies.
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1) Extra Credit — Which of the original six filters is also a combination of two other
filters? Explain your answer.

The band reject filter, E, is a combination of two other filters. A high pass filter with
a corner frequency of 160000 Hertz and a low pass filter with a corner frequency of
1.600 Hertz. This makes it a combination of A and D. You can see this by looking at
the plots for both phase and magnitude. When the magnitude of each goes to zero,
the other dominates.

Mathematically, this can be shown, but it is not that obvious and you should read the
links below if you want to understand it fully....This was not required for the extra
point.

2
£ = -0 LCZ There is a zero at the resonant frequency. To examine the
JoRC +1-w°LC
function below resonance, we throw out the terms that dominate at the highest
frequencies. This would be —«?LC. This means that at frequencies below resonance,
the function simplifies to

1

JoRC +1
frequencies above the resonant frequency, we simplify the function by throwing out
the terms that dominate at low frequency. Therefore the function becomes

He o = _ This is Ha, the filter that determines low frequency behavior. At



H. - -0’LlC -—oL  —joL  jol
f joRC-w’LC jR-wL -R-joL R+ joL
determines high frequency behavior.

~This is Hp, the filter that

The band pass filter, F, is also a combination of two filters. A high pass filter with a
corner frequency of around 160000 Hertz and a low pass filter with about the same
corner frequency. These are not any of the filters we have here, however, the question
is vague about whether you need to combine two filters that are pictured, or just two
filters.

For more details on why this is true, see the Gingrich notes:
http://www.phys.ualberta.ca/%7Egingrich/phys395/notes/node48.html#SECTION004
50000000000000000

and
http://www.phys.ualberta.ca/%7Egingrich/phys395/notes/node50.htmI#SECTION004
61000000000000000

Filter design is not always an exact science. Notice how he uses limits to decide the
behavior of his circuit elements instead of the exact transfer functions.



Fall 2003

Question 1 -- RLC, RL and RC Circuits (30 points)

Shown below are 5 circuits. Assume the input voltage (Vi,) is applied across the left-
most terminals and the output voltage (Vo) is measures across the rightmost terminals.

c
]
1

R

L

R
e

— e

L,
T

Given below are several possible expressions for generic transfer functions for such
circuits. Indicate which circuit goes with which function. (1 point each)

jwL R
: 1 R+ 1
+ +— ;
Rriel ™ jwC
] R
jwc E+jwl
—
E+jwl +- ]
jwC E+ jwl
1
R (wC
1
+ il +——
RS R o4+
jwC

R+1— ij+1—
juC jwl
1 1
E+ il +— +jwl + ——
! jwC Rl (WL
R+ ol f—%EIT-
JIZLJ
1
E+jwl +——
jwRC+ 1
jwC E+ jwl
1 jwLE
R+ jol +—— ! 10
]wC ].;,_JC R+]0JL




Find the approximate resonant frequency m, for the RLC circuits and the corner
frequency . for the other circuits. That is, write the general expression for each
frequency. (1 point each)

A.

Determine the complex transfer function for two of the five circuits (A and B) at the
resonant frequency or corner frequency. Be sure your answer is given in terms of R, L,
and/or C and does not contain ®. This may seem like an obvious comment, but we want
to make sure you have the simplest possible expression. Identify the magnitude and the
phase of the transfer function at this frequency.

A. (4 points) Vou/Vin=H, =

|He| = ZH. =

B. (4 points) Vou/Vin =Ho =

|H()| = ZH() =



Determine the transfer function, magnitude of the transfer function, and phase of the
transfer function at low frequencies for C and D. These should be simplified and
expressed these in terms of @ where appropriate.

C. (4 points) Vou/Vin = H(jo) =

Hio| = ZHjo =

D. (4 points) Vou/Vin = H(jo) =

Hio| = ZHjo =

Finally, find the transfer function, magnitude of the transfer function, and phase of the
transfer function as ® approaches infinity for E. These should be simplified and
expressed in terms of ® where appropriate.

E. (4 points) Vou/Vin = Hui(joo) =

|Hpil = ZHyi =



Fall 2003 Solution

Question 1 -- RLC, RL and RC Circuits (30 points)

Shown below are 5 circuits. Assume the input voltage (Vi,) is applied across the left-

most terminals and the output voltage (Vo) is measures across the rightmost terminals.

c
]
1

R

L

R
e

— e

L,
T

Given below are several possible expressions for generic transfer functions for such
circuits. Indicate which circuit goes with which function. (1 point each)

1 D

jul R A
: L R+ 1
+ +— ;
R+jolk jwC joC
R
-1 B E+ jwL
Jr_LJC 1
jwl
R+ij+_ LC
juC R+ jol
1
R juC
ol +
R+JmL J'LLJC E + 1
jwC

1

E + jwC +
jwC jwl
. . 1
E+ jwl + +qwl +
] jwC R+ B
] E
E+jwl _
! JORCH 1
FE+jwl +- T
JELJC : +y o
1oL T T RCH 1
jolL + 1 _JelR g
jwC B+ oL
R+ij+_L 1 4 Jm;R
jc jwC R+ jowl




Find the approximate resonant frequency m, for the RLC circuits and the corner
frequency . for the other circuits. That is, write the general expression for each
frequency. (1 point each)

A. o=1/RC

B. @p=1/(LC)"

C. w.=R/L

D. @=1/(LC)"

E. @mp=1/(LC)"*

Determine the complex transfer function for two of the five circuits (A and B) at the
resonant frequency or corner frequency. Be sure your answer is given in terms of R, L,
and/or C and does not contain ®. This may seem like an obvious comment, but we want
to make sure you have the simplest possible expression. Identify the magnitude and the
phase of the transfer function at this frequency.

A. (4 points) Vou/Vin = He = j @cRC/(j wcRC+1) = j(RC/RC)/(j(RC/RC)+1) =

JG+1)

He =j/(j+1)
He| = 1/(1+1) * ZH, =7/2 - /4
Hl = 1/(2)* e =4

B. (4 points) Vou/Vin = Hy = 1/(jooRC+1-00*LC)=1/(G(RC/(LC) *)=-j(LC) *IRC

Ho = -j(LC) “/RC

IHo| = (LC) */RC ZHo=-72



Determine the transfer function, magnitude of the transfer function, and phase of the
transfer function at low frequencies for C and D. These should be simplified and
expressed these in terms of @ where appropriate.

C. (4 points) Vou/Vin = Hi(jo) = joL/R

|H10| = O ZH]O = ﬂ7’2

D. (4 points)
Vou/Vin = Hio(j®) = GoRC+1)/(joRC+1-0’LC)=1/1=1

|H10| =1 ZH, = 0

Finally, find the transfer function, magnitude of the transfer function, and phase of the
transfer function as ® approaches infinity for E. These should be simplified and
expressed in terms of @ where appropriate.

E. (4 points)

Vou/Vin = Hii(j®) = (-0’LRC)/[R(1-0’LC)+HwL] =
-0’LRC/-0’LRC=1

Hhi(j a)) =1

|Hhi| =1 ZHpi = 0
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Circuit 1 Circuit &

a) Find the transfer function for circuit 1, H;(jow). Simplify your answer as much as you
can. (4 pts)

b) Find the Magnitude and Phase of H;(jw), at low frequencies. (3 pts)

c) Find the Magnitude and Phase of H,(jw), at high frequencies. (3 pts)



d) Based of what you found, what type of filter is this? (1pts)

e) Find the transfer function for circuit 2, Hy(jo). Simplify as much as you can. (4 pts)

f) Find the Magnitude and Phase of H,(jw), at low frequencies. (3 pts)

g) Find the Magnitude and Phase of H,(jw), at high frequencies. (3 pts)

h) Find the Magnitude and Phase of Hj(jw), at resonance frequency. (3 pts)

i) Based of what you found, what type of filter is this? (1pts)



Spring 2003 solution
1. Transfer Functions (25 pts)

R1 L1 L3
AL 2 4 1 s 2
1
W
@ § 2 . Tt @"2 § F3 =3 3 Tt
B b
Circuit 1 Circuit &
a) Find the transfer function for circuit 1, H;(jo). Simplify as much as you can. (4 pts)
JoR2L2 .
SR TSR Zgu =Rl+ oLl
JoR2L2
- Zro 1o R2+ jol2 joR2L2
H ( Ja)) = ; = a)Rz L2 = - - -
ZeutZro: Ri4 ja)L1+J7_ (R1+ joL)(R2 + jolL2)+ joR2L2
R2 + jolL2
. JR2L2
H(jo) = . . 2 .
RIR2+ jJoRIL2 + jwR2L2 — @ LIL2 + jwR2L2
. JoR2L2
H(Jo)=

RIRI+ jo(RIL2 + R2L1+ R2L2) - @>LIL2

d) Find the Magnitude and Phase of H,(jw), at low frequencies. (3 pts)
JoR2L2  jol2

RIR2 R1
[H(jo)|=>0

ZH(jw)= tan_l(sz/ le =tan () =7/2

w—>0=>H(jo)~

=

e) Find the Magnitude and Phase of H,(jw), at high frequencies. (3 pts)
JoR2L2 - jR2
~o’LIL2 wll
|H(jo)|>0

= zH (Jo)= tan_l(%) =tan"' (—0) =—7/2

®w—>0o=H(jo)=

d) Based of what you found, what type of filter is this? (1pts)
Band-pass



e) Find the transfer function for circuit 2, H>(jo). Simplify as much as you can. (4 pts)

R3
~ _ joCl R3
CI,R3 — - -
Rz | 1+ joR3C1
JoC1
R3
H(]C()): Zc1,R3 _ 1+ JC()R3C1 _ R3
Zo+Zom jgze R (JoL3)(1+ joR3CD+R3
1+ joR3Cl

R3
joL3 —»’L3R3C1+R3

H(jo)=

h) Find the Magnitude and Phase of H(jw), at low frequencies. (3 pts)
R3

0=>H(jo)~r—=1
o—>0=H(jw) R3
[H(jo) =1
= .
ZH(jw)=0
The phase is O, since H is a real and positive humber.

1) Find the Magnitude and Phase of H(jw), at high frequencies. (3 pts)
R3

— ®*L3R3Cl1
{ |H(jo)[—>0
=

w—>o=H(jo)=

/H(jo)=nmor -z
The phase is 7 or -7, since H is a real and negative number.

h) Find the Magnitude and Phase of Hj(jw), at resonance frequency. (3 pts)

N TP R3 _R3JL3CI _ - jR3J/C1
J3C1 j 13 L3RI oy jiL3 J3
JI3C1  L3R3
H(joy = R3CL
= JL3
ZH(jo)=-7x/2

The phase is — /2, since H is an imaginary and negative number. (We
now know that it must be -r at high frequencies.)

1) Based of what you found, what type of filter is this? (1pts)
Low-Pass



Spring 2003
2. Steady State Analysis (25 pts).

Rz

@ -

c1

-

o

a) Find the transfer function for the above circuit (6 pts).

b) Assume R1=R2=1KQ and C1=1uF, evaluate the magnitude of the transfer function
ato=0andw = 0. (6 pts)



c) If v,(t)= 5VCos(27 x IKHz xt + 77/ 4), what is the phasor V, ? (4 pts)

d) Given R1=2KQ, R2=2KQ and C1=1uF, what is the output phasor \70ut ? (6 pts)

e) Based on your answer in part d, write the out put voltage in the form of
Vo, () = Acos(at + @), 1.e. find A, o and ¢. (3 pts)



Spring 2003 solution
3. Steady State Analysis (25 pts).

Rz

@ ozt

C1

—_—

A

“o
a) Find the transfer function for the above circuit (6 pts).

1 jeR2C1+1

Zepcr =R2+
R2,C1 JCOCI ja)Cl
JeR2C1+1
H(jo)=—ZRacl  _ joCl  _ joR2Cl+1
Zoy+Zgoer R4 APRZCLHL jCIRI+ joR2CT +1
jaCl
Zerer . JoR2C1+1

H(jo)=

Ze+Zmer  j@(RI+R2)CI+1
b) Assume R1=R2=1KQ and C1=1pF, evaluate the magnitude of the transfer function
ato=0andw = 0. (6 pts)

jox10°x10°+1  jox107 +1
jox2x10°x107°+1  jox2x107 +1

H(jo)=

w—>0= H(ja)):%:l

jox10® 1

wo—>o=>H(jo)=———=—
(Je) jox2x107 2



c) Ifv,(t)=5vCos(2z x1KHz xt + 7 /4), what is the phasor \71 ? (4 pts)

T

Jf .
V,=5e * =5¢""

d) Given R1=2KQ, R2=2KQ and C1=1pF, what is the output phasor \7out ? (6 pts)
o =21 x1KHz

. 27 +1
H -
(Jo) jar +1

HI= Jer)? +1 636 0,505
Jénr+1 126

ZH =tan™' (27)—tan"' (47) =1.41-1.49 = —0.08 or 6.20 radians

\70ut =H (Ja))\71 =0.505x 591(07970‘08) _ 2.58j0‘71

e) Based on your answer in part d, write the out put voltage in the form
Vv, (1) = ACos(at + @), i.e. find A, ® and ¢. (3 pts)

V,,, (t) = 2.5vC0s(2KHz xt +0.71)



Fall 2002

1. RLC, RL and RC Circuits (25 points)

Shown below are 5 circuits. Assume the input voltage (Vi,) is applied across the left-
most terminals and the output voltage (Vo) is measures across the rightmost terminals

(1 point each).

E
|
1

Given below are several possible expressions for generic transfer functions for such
circuits. Indicate which circuit goes with which function.

jwl E
- 1 R4+
+ S .
RrielTroe joC
1 E
jwC E+jwl
1 j oL
E+jowl t+- ]
jwC E+ joL
1
R ]O.JC
1
+jel +——
R+ ol joc E + 1
juC

E + —1 jw + —1
jwC jwl
1 1
E+ il +—— + il + —
! jwuC R+ joL
] I
E+ qjawl
: . JRC+ 1
E+jwl +——— E
o2 :
: ol ™ TURCE 1
jwC E+ jwl
1 jwLE
R+ jol +—— L —
]mC ]'.;,JC R+_10.JL




Find the approximate resonant frequency ®, for the RLC circuits and the corner
frequency . for the other circuits. That is, write the general expression for each
frequency (1 point each).

A.

Determine the complex transfer function for two of the five circuits (A and B) at the
resonant frequency or corner frequency. Be sure your answer is given in terms of R, L,
and/or C and does not contain ®. This may seem like an obvious comment, but we want
to make sure you have the simplest possible expression. Identify the magnitude and the
phase of the transfer function at this frequency (6 points).

A. Vou/Vin=H.=
|H¢| = ZH. =
B. Vout/Vin =Hp=

|H()| = ZH() =



Determine the transfer function, magnitude of the transfer function, and phase of the
transfer function at low frequencies for C and D. These should be simplified and
expressed these in terms of @ where appropriate (6 points).

C. Vout/Vin = Hlo(jﬂ)) =

Hio| = ZHjo =

D. Vout/Vin = H]o(j(n) =

Hio| = ZHo =

Finally, find the transfer function, magnitude of the transfer function, and phase of the
transfer function as ® approaches infinity for E. These should be simplified and
expressed in terms of ® where appropriate (3 points).

E. Vout/Vin = Hhi(iOJ) =

|Hni| = ZHpi =



Fall 2002 Solution

(not available)
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1. RLC, RL and RC Circuits (25 points)

Shown below are 5 circuits. Assume the input voltage (Vi,) is applied across the left-
most terminals and the output voltage (Vo) is measures across the rightmost terminals
(1 point each).

R L € R
—SA PA B I

Given below are several possible expressions for generic transfer functions for such
circuits. Indicate which circuit goes with which function.

joL R R+ 1_c jwC + 1—1,
e i
- 1 R4+
+jwl T —— . 1
BT jwC jwC E+jwl +——— R+jcuC+1—
jwi jwL
E
L - E+jul R
jocC E —— [@RC+ 1
jul R+ jwl +- E
R+ oL + — ] [ jwl + -
: jot E+ jwl : joRCH 1
E jwC jwC R+ jwl
1 —_—_—m
+ 4 +— 1 jwLE
LSRR joc E + L E+ jwl +—— L + J :
jwC jwC juC E+ jwl




Find the resonant frequency wy for the RLC circuits and the corner frequency . for the
other circuits. That is, write the general expression for each frequency (1 point each).

A.

Determine the complex transfer function for each of the five circuits at the resonant or
corner frequency. (1 point each) Be sure your answer is given in terms of R, L, and/or C
and does not contain . This may seem like an obvious comment, but we want to make
sure you have the simplest possible expression. Identify the magnitude and the phase of
the transfer function at this frequency. (1 point for each magnitude, 1 point for each
phase)

A. Vou/Vin=Hp =

|Ho| =

AHO =

B. Vou/Vin=H¢ =

|He| = ZH. =



C.Vou/Vin=H¢=

IHe| =

D. Vou/Vin=Hp =

|Ho| =

ZH() =

E. Vou/Vin=Ho =

[Ho| =

ZH() =



Spring 2002 solution

(not available)



Fall 2001 Solution

)n.GV"-
ENGR4304 Test 2A Fall 2001 Name Section
1, RLC Circuits (25 points)
in ci vaut
——} ' '
Fa éu
?o "+""u
&} Find the complex transfer function for the phowe circuit
ForZL T gefut B+ Wl _
7 DEL ' (_-!rwﬂl.-'j{:;%)
b?ffl‘)bs :E-RL - —r{r_m = 1
T 2r, L. _F7EL el +eRLge)
nie, =l
7 4l
rCE-AWe

ot 2L +‘|'YW\-—

b} Give an expression for the resonance frequancy .

}
Fo= 3% Fz
¢} Find the magmitude and phase of the transfer function for the following three cases.
Malke surc that your answer makes sense with the basic knowledge you have about
capacitors and inductors.

i. =0 e CAD =a

L
LS g o H[—l}u:'jf ____._LAL"C.' & ..f..-th-C_
w,
= ff‘ﬂ'}‘m)j =0

.&-HL’}'W): + R




ENGR4300 Test 2A Fall 2001 Name Section

fi. f=f, =3 o=l

. —ofrge . & RE ok
— Hlfwd)= —T;;Z— T T a 15

ii. f=Infinity

L RG- ] =

LW {w) £o

d} Plot the magnitude of the transfer function versus frequency. Make sure that the three
points you found above fit on your plot

\ e |

¢. Band-Pass Filter
d. Band Reject-Filter
Why?

Slwce. 1% P S5 lqiji-. ﬁrej oend doeg

?05%  \oma g-ygﬂ

-
[ — 2
— L e """'_“1\ %

wot



