Propagation of Pulses on Transmission Lines

So far we have been talking about single-frequency (harmonic) “signals”, which carry
no information.

To transmit information, we must modulate the signal.
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[ J 1] For example, we modulate a microwave carrier to send a

—J/ﬁ%ﬂ bit down the line. Vg T
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This envelope travels along the line at speed vy, the

“oroup velocity,” which is usually a little different
from v, due to dispersion.
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For simplicity, we ignore dispersion and assume v, = vj,.

If Z, = Z,, this pulse is totally absorbed upon arrival at the load.
This is what we want.

For a lossless line, Z, is real.

If Z, 1s purely resistive, this match is (assumed to be) frequency-independent.
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ItZ, # Z, # Z,, things become complicated.
We first look at the case, T < [/v):
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Lots of echoes. Echoes die off.
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May corrupt other bits

Second case, T > /vy:

—

The bit 1s distorted and
broadened.



Recall that we always have multiple

reflections inside any matching network. © — L : ’*;l
Does impedance matching really help us? o S ":——-—-"‘“"‘ .
Why? —
y(d)=1+1.58
d=0.0632,
I.
y;=0.4+0.8

Single stub matching example



Recall that we always have multiple
reflections inside any matching network.

Does impedance matching really help us?
Why?

Notice that we can always choose to have
d<A2and [ < /2.

The time to travel 4/2 1s 1/(2f).

Thus the bit is broadened only by several
1/f, at most.

Without matching, we have echoes.

Recall that we have two solutions for
d < A/2. We may want to choose the
smaller d.

yd)y=1+1.58;
d=0.0637,

P!
I.

Single stub matching example

The modulated case is quite complicated. We now

look into a simple case quantitatively.
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z-chart, 1.e. the » = 1 circle of the y-chart.
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When working with y(d),

keep in mind that

y(d) o —I.
z-chart, 1.e. the » = 1 circle of the y-chart.

When y(d) is on g = 1 circle of the
y-chart, z(d) 1s on g = | circle of the



First, let’s list the basic assumptions to be used:

1. Lossless line. Z, 1s purely real.
2. Purely resistive load Z;, = R, .
3. Therefore, I'is frequency-independent.
(If R, = Z,, impedance matched for all frequencies)

4. Dispersionless: v, = v, for all frequencies.

Know the simplifying assumptions. Know the limitations.



Propagation of a voltage step

For0 <t <T=l/v,,

!

Time of a single trip

The “turn-on” event has not
reached the load yet. It does
not know about R, .

The transmission line feels like
infinitely long. In other words,
no reflection yet.

What is the equivalent input
impedance seen by the incident
voltage step at z = 0?

on a transmission line

=0 R, #Z,# R,
: — —
Rg
Lo —o~
z=0 =1

Notice change in convention. Generator at z =0, load at z= /.




Propagation of a voltage step on a transmission line

For0<t<T=l/v,, R, #Zy#R,
1 e
Time of a single trip =y ‘ R,
—a
The “turn-on” event has z=1
not reached the load yet. It
does not know about R, . : : :
The equivalent input impedance
The transmission line feels seen by the incident voltage step
like infinitely long. In atz=0is Z,
other words, no reflection
yet.
P - o |
?39 + 2, Substript “1”” means the first round trip.
l/‘} Superscript “+” means the incident
yi f = g direction.



Propagation of a voltage step on a transmission line

( Vg Z = R, #Zy#R,
vt= —4t—— i
+ .
R, + Z.o ~ #%&
¥
14 _ J —
- ~

The equivalent input impedance
seen by the incident pulse at z =0

Snapshots at t = 7/2 is Zy.

7U@f§)
vr i ,

’ _, Edge/front moving at v, (actually v,)

=1 The leading edge reaches the load at # = 7. Reflection.
o é, d
, - .+

1+ iz, 172) v, f:_ v, = K.~ Z

1 I-‘- = @/—L ]‘J : 4 o

o 1 3 What is the voltage at the load at ¢ = T'?



What is the voltage at the load at 7 = T?  ViF 4+~

Snapshots at t = 3772
V(3.5

Assuming
[, >0

[}>0

What is the voltage at the load att = 27 ?
We paused here on Tue 10/11/2022.




What is the voltage at the load at 7 = T?  ViF 4+~

Snapshots at t = 37/2 ~ Snapshots at = 57/2
0 2 | : ST
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At t = 2T, the front hits the source. Reflection.

What is the voltage at the load att = 2T ?
vt




. . vi= Ve
At t = 3T, the front hits the load again.

Iz_ =~ [_,_ I:_ Again, notice the sign.
- +
V; ‘Q‘\/"rz = V?_ ((+ r&..)

—

trsr =71, (-1

2

Again, notice that reflection happens instantaneously.

VIV = VT (T

It goes on and on. For the ith round trip,
I+1I7 =17 (- 1)

Ulg=0)= VF+V 7+ VIv] «vf+ v 4.

1
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(Vv +v7)

T
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V(w0 Y V(T + 0 = nT) leu__]

(1

Note: At the steady state, v is the same at all z, therefore we do not specify z.



Ult=c)= V/F 4+ + \/:'-{—\/:—E-Vf'(- Va  + -
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Ulgt=0)= VI +V + VIev] «vf + V7 4.

B>

= EZ: (VE+v7) - {Vf""‘/{: Ve*(%ﬁ)}
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U(;;f::oo): 1/!4(14-[:) o A
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VI+ = __;/Lé R
+ 2. Vs
9 > > V(A=0)= —i—
- R, 2. Rg“‘f\),_
d Ry €2
- R.-z Surprising?
‘ Rz_ + 2. /
Similarly,
- ~— (
1(f==)=1F (1-T) Z (GR)
(=0
- I: [ — (. We have traced v(¢) and i(¢) all the way to ¢ = oo.
- TB n That’s quite tedious.
V We have a graphical tool to trace this bouncing
- _ ¢ back and forth.
739. TRe It’s called the bounce diagram.

Review textbook Section 2-12 overview, Section 2-12.1

We went through this slide set and moved on to the next one on Thu 10/13/2022.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

