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Learning Objective 3.7: | can plot the transient response of a load connected to a source through a trans-
mission line.

Show your work. Write a Documentation line at the end (None if you did not collaborate). All lines are lossless, and every
source switchesonatt = 0.

1. Turn-on. A 12V step source with internal resistance Z; = 75 Q drives a 300 m line with Zg = 50 Q2 and
vp =2 x 103 m/s. The line ends inZ, = 25 Q.

(a) Find the one-way delay T'.

l 300 - £
- - 15 T= 1.5 us
v,  2x108 OHS
(b) Find the voltage V' launched onto the line at turn-on,
and explain why the load does not affect it.
. - Vit = 4.8V
+ 0 2
=V. =12 =4.8V
W=V 77 “ 5 = 48
Just after turn-on only the incident wave exists, so the
line looks like Zg to the source. The load has no effect
until the stepreachesitatt =1T.
(c) FindI'y, and I;.
p, == 1 T, = —0.333
25450 3
T, = ;‘:*;’8 =0.2
o r,= 0.2
(d) Find the final, steady-state voltage at the load.
Z. 25 _
Vi(0) =V, =12 =3.0V Vi ()= 3.0V
() =Vez 57 * 100
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2. The bounce diagram. Continue with the line in Question 1.

(a) Draw the bounce diagram through ¢t = 5T, labeling each wave with its amplitude.

Each wave is the previous one times the reflection coefficient at the end it reached:

48, —1(4.8)=-16, 0.2(-1.6)=—0.32, —1(-0.32)=0.107, 0.2(0.107) = 0.021V

Forward waves leave the source at 0, 27, and 47’; reflected waves leave the load at 7" and 37'.

(b) Find the load voltage on each interval: T < t < 3T,
3T <t < 5T, andbT <t < TT.

Vi (2T) = 3.20V
Vi =48—-16=320V
Vi =3.20 —-0.3240.107 =2.99V
Vi, = 2.99 + 0.021 — 0.007 = 3.00 V Vi (4T) = 2.99V
VL(6T) = 3.00V
(c) Find the voltage at the source end of the lineon0 < t <
2T and 2T < t < 4T.
V(T)= 4.8V
V(—¢) =48V
V(—0)=48—1.6—0.32=2.88V
V(3T) = 2.88V
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3. The steady state. The load voltage after many round trips is

Vi (o0) = Vi (14+Tp) ) (TLTy)"
n=0

(a) Explain why the series converges for any pair of passive resistive terminations other than both
ends being shorts or opens.

For a passive resistor, —1 < I" < 1, with |I'| = 1 only for a short or an open. If either end is a
resistor, [['.Ts| < 1, and a geometric series with ratio less than one in magnitude converges.

z
(b) Sum the series and show that V,(o0) = V; L
ZL + Zs
_ViT(1+Ty)
Ve(o) = =~ T,
27, 279 (ZL + ZS)
1+T, = , 1-I' T =
LTy 7y o (Z. + Z0) (Zs + Z0)
Zo 27, (ZL + Zo) (Zs + Zo) 7
Vi (o) = Ve . . - Vs
£(0) *Ze+ 2o ZL+20  2Z0(ZL+Zs) Z, + Zs
(c) Check the result numerically with the values from Ques-
tion 1.
| VL(OO) = 3.0V
4.8(1— = .
0-5)_ 32 gy

1+1(0.2)  1.0667
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4. A pulse. The worked example from the lesson(V, = 10V, Z; =25Q, 70 =50Q, 7. = 1509, T = 2 us)is
driven by a 10V pulse that lasts fromt¢ = 0 to t = T instead of a step.

(a) Write the pulse as the sum of two steps, and explain why the load voltage is the step response
minus a delayed copy of itself.

The pulseisal0Vstepatt =0plusa—10Vstepatt =T. Thelineislinear, soitsresponse isthe
sum of the responses to the two steps: Vi, (t) = s(t) — s(t — T'), where s(t) is the step response.

(b) The step response at the load is 0, then 10.00, 8.33, and
8.61 V on successive intervals of 27 starting at 7. Find
the pulse response attheloadonT <t < 2T, 2T <t <
3T, and 3T < t < 4T. Vi(L5T)= 10.0V

2T <t <3T: 10.00—10.00=0V
3T <t<4T: 8.33—-10.00=-1.67V

Vi(3.5T) = —1.67V

(c) Theload is a digital receiver. The pulse should produce one clean pulse at the load, but a second,
inverted pulse arrives at 37". What single change to the circuit would remove it, and why?

Make the source resistance equal to Zg = 50 €2. The second pulse is the first reflection from the

load, re-reflected by the source; withI'y = 0 the source absorbs it. (A 50 €2 load would also work,
by removing the first reflection, but it would halve the received pulse.)

Documentation:




