Tutorial Problems and Homework Problems
¢ The weekly tutorial problem is intended to get you started in learning the
material for the course.
¢ However. the doing the tutorial problem is nof sufficient to prepare you for
the class test and final exam!

¢ You must do the Homework Problems to prepare for the final exam.
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On a transmission line. the voltage V(ﬁ- f} and the current 1 (4- r ) satisfy the
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U =—— m/s is the speed of travel.
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Z,=_|— is the “characteristic impedance™.
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¢ We can write the voltage on the transmission line as the sum of a “‘positive-
going” voltage wave plus a “negative-going” voltage wave:

V{z.r}=f‘(r—£.]+f'(r+£}
H.
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o Let’s szmplify the notation by writing
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Define the “reflection coetfficient™

r=—
v
where
T = R —Z,
K + £,

This 15 a very unportant formula.
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e With & 0. RL+ZE,’D

o The reflected wave ¥ =1V is positive,

e Exfreme case: open-circuit load.

o If B >>Zy then I —+1 and the reflected wave has the same
amplitude as the incident wave.

o R; =% is an “open-circuit™ load, for which I =+1

o High-impedance loads give rise to large reflections.
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o With Bz <Z, I = R. + 7 —0 so the reflection coefficient is negative.
L 0

© The reflected wave ¥V =17 is negative.

¢ [Extreme case: short-circuit load.

o If B; <<R. then I — -1, and the reflected wave is the negative of
the incident wave.

o R =0 is a “short-circuit™ load. for which I =-1

o Low-impedance loads give rise to large. negative reflections.
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Summary
e The voltage and current on a transmission line are often decomposed in

terms of the “incident wave” ¥ (Z.1) and the “reflected wave” ¥ (Z.1)

e For a ransmission line terminated with a resistor £; . the reflection
coefficient is

R, - Z,

R; + £,

e [f we know the incident wave ¥ . then we can find the reflectad wave using
Vo =TVFV"
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Let’s investigate unmatched loads with BOUNCE:
o Set the generator to:
= 10 volt pulse
= pulse width 1 ns
" internal resistance 50 ohms
o Set the transmission line:
" Characteristic impedance 50 ohms
" Speed of travel 20 c/ns
" Length2m
The voltage pulse produced by the generator has amplitude

Set the load to &; =100 ohms. What happens?

o >4= . [
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o Afier a time delay of I, =; . the incident wave reaches the load. and

generates a reflected wave of amplitude

=T, 7"
where the reflection coefficient at the load is
I-L — RL — Z{I
JRl + Zﬂ

¢ The reflected wave travels back to the generator. But the generator is not
matched. so the wave is re-reflected!

¢« Forawave ¥V traveling towards the generator. the wave “sees” the
generator resistance . as a “load”, and the reflection coefficient is
r_R-Z
R +2Z,
¢ The re-reflected wave has amplitude
Vv =TV~
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e A “bounce diagram™ is a graph with distance as the horizontal axis. and time

as the vertical axis. running down the page:
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v(z=L)=v*(z=L)+7 (z=1L)
s0 at the load there will be a pulse of amplitude
V(z=L)=4.901+4.434=9.335 \]ts
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