EEAP 244
HW #3 Representing functions mathematically as combinations of other functions

The task was to mathematically represent the following function in a form that you could
take the Laplace transform of the function using the tables of known functional transforms
and the properties of the Laplace transform.

v(t)
A

+50pA

100 200

-50pA ——

The slope of the ramp is SOA/100milliseconds or S00 pA/second. There are at least two
ways to write the function.

1. v(t) = 500tu(t) -100u(t-0.1) -500tu(t-.2)+100u(t-.2) pA
2. v(t) = 500tu(t) -100u(t-0.1) -500(t-.2)u(t-.2) A

All times are in seconds.
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EEAP 244
HW #4 Poles&zeros, circuits, differentiél equations and Bode diagrams

We have seen that there is a clear-cut relationship between

circuits(KVL,KCL)—Diff . Eqns—s-plane—freq. response—impulse response
Consider the following circuits:
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Problem 1: Which differenti ions correspond to the above circuits?
@) d;‘;" + ‘2’;’ +vg= %

@ Gerv=T

(i) d;t‘;° V= %‘%—
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Problem 2: Which pole-zero diagrams correspond to the transfer functions of the above
circuits?
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Problem 3: Which Bode plots correspond to the above circuits?
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Problem 4: Which impulse responses correspond to the above circuits?
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PROBLEM 10-45

® 002 o 10.02

Circuit For Problem 10-45

This circuit is to be analyzed under several conditions, one of which is when the 'neutral' or branch
connecting nodes 0 and 5 is open. It was determined that the analysis would be best handled by P-SPICE.
The assumption was made that the applied frequency is 60 Hz, so the impedance values of L1-L3 were
converted to their inductance values by dividing by 120x (L1, L3 = 53.1uH, L2=79.6uH). These values were
then used in the P-SPICE simulation.

A). Show that I,=0 if R1=R2.

The code and results for this analysis appear below:
*EEXAA® 03/08/93 ******* Evaluation PSpice (July 1989) *****#* [7:24:03 #**s#*x
Problem 10-45. Residential wiring example (CLOSED neutral, R1=R2)

*#+*+  CIRCUIT DESCRIPTION
302020 39230 o ool ol ok ook ok ok ke ok 3 3 ok 3 o 6 ok ok o ok o s o e o0 o ok oKk 3 o ol o o o o o ok o o o e ok e el o ek ok o ok o o o 3 o o e R o ok ok kR R
VI 1 0 AC 125 0

V2 0 6 AC 125 0

VIO 5 9 DC 0

RI 3 5 10

R2 5 8 10

R3 3 8 15

R4 1 2 002

RS 0 4 0.03

R6 6 7 002

LI 2 3 53.052E-6
L2 4 9 79.577E-6
L3 7 8 53.052E-6

AC LIN 1 60 60
PRINT AC  Im(VIO) Ip(VIO) Vm(3,5) Vm(5,8)
END



#xxx  AC ANALYSIS TEMPERATURE = 27.000 DEG C

o030 3 3k e ok ok ok o ko ke ok ok ok e ok ok ok ok ok ke ok sk ke kR R kR Rk Rk Rk kR R ok ok ek ok Rk kK kR Rk Rk kR kR R RR R

FREQ IM(VIO) IP(VIO) VM(@3,5) VP(3,5) VM(5,8) VP(S,8)
6.000E+01 6.897E-18 -9.034E+01 1.244E+02 -2.661E-01 1.244E+02 -2.661E-01
JOB CONCLUDED

Resistors R1 and R2 were arbitrarily chosen to be equal. R3 was also given an arbitrary value. A voltage
source of magnitude zero was included to measure the neutral current. The DC portion of the analysis was
not included, as all values were zero. The AC analysis shows that for all intents an purposes the neutral
current is zero when R1=R2.

B). Show that V1=V2 if R1=R2.

The same analysis just performed also measured the voltages V1 and V2. The analysis shows that these
voltages are also equal in magnitude and phase.

C). Open the neutral, and calculate V1 and V2 with R1=40Q, R2=400Q2 and R3=8C2

The circuit was re-arranged slightly and the analysis re-run. The results are shown below:

*H*xAA% (03/08/93 ******* Evaluation PSpice (July 1989) *****#** 19:55:56 ¥******
Problem 10-45. Residential wiring example (open neutral)

*#xx  CIRCUIT DESCRIPTION

25 25 3k ok 3¢ ke 3 5 06 0 o 3 3 36 6 oK 3 3 e ok o oK o 3 3k 3 ok 3 ok e ke ok K ok 3K o o o o oK o 3 ok ok o 2 o ok ok ok ok o ok o o ok o ok K ok ok kR ok Rk kK R kK Rk

vi 1 0 AC 125 0
V2 0 7 AC 125 0
Rl 3 4 40

R2 4 5 400

R3 3 5§ 8

R4 1 2 0.02

RS 6 7 002

L1 2 3 53.052E-6

L2 5 6  53.052E-6

AC LIN 1 60 60
PRINT AC  Vm(3,4) Vp(3,4) Vm(4,5) Vp(4,5)
END

**x*  ACANALYSIS TEMPERATURE = 27.000 DEG C

L T T T P P P P P PP P T e
FREQ VM@3,4) VPG4) VM@4,5) VP@4,5)
6.000E+01 2.261E+01 -2.902E-01 2.261E+02 -2.902E-01

JOB CONCLUDED

The analysis shows that the voltage across the 40 resistor is about 1/5 of it's normal value (23V) of 125V
while the voltage across the 400Q2 resistor is almost double what it should be (226V).



D.) Re-connect the neutral and repeat part C.

The P-SPICE code for this part is the same as in part A, except for the values of R1-R3. Shown below is the
AC analysis from running the simulation:

**xx  ACANALYSIS TEMPERATURE = 27.000 DEG C

KRRRRKKRBERRERRRERREEEREREERRRRRERREEREREEERRERRRRRRRRRERRRBERR KRR R R AR RN RS

FREQ IM(VIO) IP(VIO) VM(@3,5) VM(5,8)
6.000E+01 2.795E+00 -3.636E-01 1242E+02 1.245E+02

JOB CONCLUDED

This analysis shows that the voltages across R1 and R2 are back to their expected values of about 125V, now
that the neutral is re-connected.

E.) Why shouldn't the neutral be fused so that it could open while a "hot" is energized?

The previous analysis showed that if the neutral becomes open while the "hot" branches are still energized,
the voltages across elements which depended on the neutral for a return current path could become
abnormally high or low. This could result in excessive (or deficient) currents flowing in other circuit
elements. Throughout the analysis, R3 is unaffected due to the fact that it is normally across the two "hot"
branches and does not use the neutral for a current path. It would seem reasonable that the neutral should be
fused for a higher capacity than either of the branch circuits.
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