Fields and Waves I Spring 2006
Homework 2

Due 31 January 2006 at 8:00 pm
We want to consider the same lossless transmission line used in different applications.

The line to be analyzed is not necessarily realistic, but it does have reasonable
parameters. Assume that it has a capacitance per unit length of ¢ =80pF /m and an

inductance per unit length of 1 = 0.2,H / m. The length of the line is 95meters.

1. Transmission Line Characteristics

Determine the following characteristics of the line and waves on the line.
The characteristic impedance Z,=

ans: Z, = 1/% =500

The propagation velocity u=
1
ans: U= = 25x10° M
J (2x107°)(80x107) s

The delay time for the line T=

ans: T = % g = 380ns
25x10

2. PSpice Simulation of the Transmission Line with Sinusoidal Input Voltage

First we will consider how the line behaves with the sinusoidal input voltage

V (t) = 10cosat where the frequency f = 11.11MHz. The voltage source is assumed to be
matched to the line. You will have to figure out what resistance to use for the source term
from your answer to the previous question. Set up one of the following representations

(your choice).
R1

WV
T1 \ v
Vi
VOFF =0 Q § R2
VAMPL = 10\2
11167 25

FREQ = 1.

2

1 1
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R3

v T2
:
VOFF =0 R4
VAMPL = 1@ § )
1117 5

FREQ = 1.

L L

When setting up your simulation profile, use the following as your first guess. You will

be asked to possibly adjust it when you address pulsed sources. Run this simulation and
save the output plots for your report.

Simulation Settings - test

General Analysis llnclude Files] Libraries] Stimulus ] Dptiu:uns] [ata Collechion ] Frobe 'W'in-:lu:uw]

Analyziz type:
Tirne Damain [Transient Run to time: 2000n: seconds [TSTOP)

gl Start zaving data after: |[1000ms zeconds

Feneral Settings Transient options

[Ctonte Carlo woorst Caze b amimumn step size: |Tns seconds

[C1Parametric: Sweep ) o ) ) ) )

[ Temperature [Sweep] | Skip the initial transient bias point calculation [SKEIPEP)
[1Save Bias Point

[JLoad Biaz Paint

Output File Optiofs. ..

k. | Canicel | Help |

ans: Both versions were used to simulate this. The plots are identical. The magnitude of

the larger signal (at the input) is 6.59V and that of the smaller signal (at the output) is
3.26V.
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1.0us 1.1lus 1.2us 1.3us 1.4us 1.5us 1.6us 1.7us 1.8us 1.9us 2.0us
0 V(R1:2) o V(T1:B+) {ViV(T2:A+) {ZiV(R4:1)
Time

The time delay between the sine waves is (using the plot cursors) is 21.7ns. The delay
should be 380ns minus an integral number of periods. One period is

i1 = 90ns. Four periods is 360ns, so the delay should be about 20ns. Within

f  1111MHz
the accuracy of the simulation, this is correct. One can re-run the simulation with a
smaller time step, but this is sufficient.

3. PSpice Simulation of the Transmission Line with a Pulsed Source

Set up the following configuration on the same page as your sinusoidal simulation. You
can have more than one circuit analyzed by PSpice as long as you don’t exceed the
limitations of the student version. You can use either the lossless or lossy line model.
Again, this is your choice. The delay used is not necessary for this case, because there are
no capacitors or inductors in the circuit. However, we will use it to be better prepared for
more general problems.

R5
ANV
T3
V2 =10 @ § R6
TD = 1000n
TR=0 25
TF=0
PW = 100ns
PER = 4000ns|

1 1

Now run your simulation again, which should simulate both the sinusoidal and pulsed
cases simultaneously. You should observe pulses at the input and output ends of the line.
It might be helpful to show the sinusoidal and pulsed cases on two separate plots, which
PSpice will allow you to do. Now adjust the simulation profile until your plot
demonstrates that you are observing all pulses whose voltages exceed 0.5V. Change the
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simulation conditions only enough to show this. Your plot or plots should show both the
sinusoidal case and the pulsed case. Carefully label all waves and pulses, noting where
they are observed (input or output end) and their amplitude (since this is not always easy
to read from the plots).

ans: First, we show the plot from the original simulation profile. Note that one cannot tell
if there is another pulse following the three shown. Also, the pulse plots use somewhat
thicker lines for clarity.

Output
Input /)
ot AT e e
\ il AN EN RN AT i |
IINE N IEEN RN I /
A rATT T A T
AREA SR IN\RB R AN ARB AR AN NRA RN AL R A NRIINA
y |
Ty T T \wH‘\ﬁ‘? Input
AR SR EY A AR AR A Y s (Ea R A
W AR VAR T AR AN il i
il il il il il i
IRV Wiy /
VARRABERVARRRYERNVANNALARR ARRRY RRRVINRAY AREY
\ \ \ \)

1.0us 1.1lus 1.2us 1.3us 1.4us
0 V(R1:2) o V(T1:B+) v V(T2:A+) & V(R4:1) o V(R5:2) + V(T3:B+)
Expanding the time of simulation to 2500ns or 3000ns shows that these are all the pulses.

The magnitudes of the 3 pulses are 5V, 3.333, and -1.667V, respectively. These values
can be read from the plots or done more accurately with the plot cursor.
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4. Input Impedance of a Line

This question relates to the sinusoidal voltage.

Determine the input impedance of the line.

From the input impedance, determine the input power to the line.

From the input power to the line, determine the power delivered to the load.

From the power delivered to the load, determine the voltage observed at the load.

This should allow you to explain the magnitude of the observed voltages.

e. Explain why the phase difference between the two voltages observed in your plots
also makes sense.

ans: To obtain the input impedance, it is first necessary to find
p @ _ 271111x10°
u 25x10°
2 —7(-d)=2 Z + _JZOtanﬂj
Z +jZ tan/d

oo

= 0.08888x Then, the impedance is given by

=915+ j238

: . : Z i
The voltage across the input will be given by 10 =0 '”Z =656+ j0.58
+ in
The magnitude of this voltage is 6.59 which agrees with the input voltage determined
2
using PSpice. The input power to the line is P, = %Re(v"‘*j =0.222W . Since the line is

in

lossless, the output power will be equal to the input power, from which we can determine

2
Vou. P, = L Re V"L = 0.222W so that V,,+=3.333V which is, again, very close to the
w2 25

o]
voltage observed at the output. Note that the disagreement is due almost entirely to the
accuracy of the simulation. Running the simulation with 100 times better accuracy
(which takes a few minutes on a T40) gives almost perfect agreement. Note also that the
determination of the output voltage is less complicated than the input voltage since the
load is a real resistance.

5. Pulses on a Transmission Line

This question relates to the pulsed voltage.

a. Determine the voltage input to the line from the voltage divider relationship that
characterizes the initial line voltage.

b. Determine the reflection coefficients at the load and source end for both lines.

c. Generate the bounce diagram for both lines, showing the voltages observed until the
level reaches less than 0.5V.

d. Sketch the voltages observed at the input and output ends of the line.

The voltage input to the lines again involves the voltage divider action with source and
input to the line. For transients/pulses, the initial input impedance is the characteristic
50

50+50

impedance. This voltage is then V,, =10 =5V . We will label this voltage V" on

the bounce diagram.
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The voltage reflection coefficient at the load is I'; _4imZ,  25-%0 =—0.333 while
Z +2Z, 25450

: - : Z,—-Z, 50-50
the voltage reflection coefficient at the source is ', = = =0 Note that
Z,+Z, 350+50

we expect no reflection from the matched source end.

The bounce diagram:

tltf _AL t
3T - Ear
o7 T — o1
[ v=-1667v
r,=0 Tk e I, =-0333
vissy | T
z=0 z=d

The voltages look just like the PSpice simulation. The first voltage at the input is 5V. The
only pulse seen at the output is 5-1.667=3.333V and the last pulse seen at the input is -
1.667V, as predicted by this bounce diagram.

6. Comparison Between Modeling and Theory

a. Use your results for problem 2 to explain the voltages observed for the sinusoidal
source. ans: Done above.

b. User your results for problem 3 to explain the voltages observed for the pulsed
source. ans: Done above.

7. Experimental Verification

Set up both configurations using one of the reels of coaxial cable in the studio classroom.
Be sure to terminate your cable at the scope with 25 Ohms. There are no 25 Ohm
terminators, but this can easily be done. The RG58A/U cables do not have the same
characteristics as the cable you analyzed. However, you should see the same qualitative
results. Capture your results using the Agilent Intuilink software. Compare your
experimental results with those from your analysis. That is, identify what is the same and
what is different. For the pulses, you probably should terminate the short cable from the
function generator to one of the scope channels. Try it both ways to see the effect.
Otherwise the setup is the same as the experiment that many of you did the first day of
class.
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ans: The cables used in the studio have 50 Ohm characteristic impedances, like the one
in this problem. However, the velocity and lengths are only in the same ballpark. Thus,
we should expect that the delays observed will be of the same order, but no exact
agreement should be observed. Since the impedances are the same, the pulse heights
should also be the same. However, the real lines are also a bit lossy and we need to add
some short lines to the scope to observe the voltages. The short line changes the
impedances observed a bit and the loss causes the pulses to round off. We should only
look for qualitative agreement.

The experiment was set up as in the first class, but with the short line to the scope
properly terminated with 50 Ohms. To obtain a 25 Ohm load, two 50 Ohm terminators
were attached to a Tee since their parallel combination is 25 Ohms. The results for two
of the reels of cable (2 and 10) look like the following. The source was not selected to be
10V, but the default value of 20mV was used. Using a terminated line to the scope at the

input means that the voltage across the line is given by V,, =20 502525 mV = 6.666mV .
+
This agrees remarkably well with the experiment.

i 20.00 2 20.00 0,005 200D £2 RUN

1H Bk

v
N N :: | . - N . N N
t1 = 416.0n=s t2 = —312.0n= &t = 104.0ns 146t = 9.6 15MH=
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{ Z0.0m 2 20.00 3200 2000, £2 RUN
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:. . . - . ; . . . .
tl = -d50.0ns t2 = -25=2.0ns &4t = 1083.0ns l-&t = 9.259MH=

The second pulse should be about 2/3 as large as the first one, but it is smaller. Observe
that the pulse is rising and would achieve a greater value if it was longer. Eventually, it
will make it to near 4.44V but come up a bit short due to loss. The last pulse changes sign
as expected and would be equal to the difference between the first two pulses except for
loss and the rise time and one more effect. Again, since a terminated cable was used to
connect the input to the source, the load reflection coefficient is not zero. Rather, it is
again -0.333. Thus, some of the pulse reflects from the source end, which makes the third
pulse observed smaller and produces a fourth pulse. This fourth pulse can be largely
eliminated by not using a terminated line at the input, but a great deal of ringing will
occur. This was discussed in the solution to the Spring 2005 HW 2 problem. It is a good
idea to review the solution to that problem.
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