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Open Linel/V

- .

# The open transmission line has infinite VSWR and
por, = 1. At any given point along the transmission line

v(z) = VT(e™IP% 4 eIP%) = 2V cos(62)

whereas the current is given by

+ .
i(2) = (9% = %)
or
_ 94T
i) = 22 Gn(82)
20
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Open Line Impedance ()
B

The impedance at any point along the line takes on a
simple form

N
S
—~
|
QNN
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|
|

—J Zp cot(BL)

This is a special case of the more general transmission
line equation with Z; = oc.

Note that the impedance is purely imaginary since an
open lossless transmission line cannot dissipate any
power.

We have learned, though, that the line stores reactive
energy in a distributed fashion.

-
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Open Line I mpedance (1)

- .

# A plot of the input impedance as a function of z Is
shown below

Zin(\/2)
10 [~ ‘ ‘ ‘

> W

# The cotangent function takes on zero values when G/
approaches 7 /2 modulo 27
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Open Line Impedance (I11)

- .

# Open transmission line can have zero input impedance!

# This is particularly surprising since the open load is In
effect transformed from an open

# A plot of the voltage/current as a function of z is shown
below

Vo u(=A/4)

Y2/
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Open Line Reactance

¢ < \/4 — capacitor

¢ < A\/4 — capacitive 10
reactance 7-5) % %

¢ = \/4 — short (acts PN
like resonant series

LC circuit) 5 + +

(> XN4butl < \/2— 75 |

Inductive reactance 25 ST 0
h\

And the process re-
peats ...

-
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A/2 Transmission Line

=

Plug into the general T-line equation for any multiple of
A\/2

| 4+ jZptan(—BA/2)
Zin(—mA/2) = Zy Zo + j 21 tan(—BA/2)

BAm/2 = QTW)‘T’" = Tm
tanmr=0ifme Z
Zin(—=Am/[2) = Zo%= = Zp

Impedance does not change ... it's periodic about \/2
(not )\)

-
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A/4 Transmission Line

=

Plug into the general T-line equation for any multiple of
A\/4

BAm /4 = ZAL = Ty

tanm7 = oo If m IS an odd integer

Zin(—Am/4) = §—§

A/4 line transforms or “inverts” the impedance of the
load

-
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Effect of Source |l mpedance
B o

VS@ Zoy f3 A9

—0
—¥-0

# Up to now we have considered only a terminated
semi-infinite line (or matched source)

# Consider the effect of the source impedance Z;
# The voltage at the input of the line is given by

vin = v(—L) = v+eﬂ%(1 + pLe_Qj[%)

o -
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Effect of Source |l mpedance
B

By voltage division, the voltage can also be expressed

asS
Zi
Vin = V.
m Z,Ln —|— ZS S

Equating the two forms we arrive at

U+ _ Zzn‘/s
(Zin + Zs)eIPH(1 + pre=215F)

In a matched system, we desire the input impedance
seen into the T-line to be the conjugate of the source
Impedance (maximum power transfer)

Impedance matching is required to acheive this goal

-
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A/4 Impedance M atch

Vs, @ Zo =/ R, R % Ry

N
7
\l
'I

T()

2/4

# |If the source and load are real resistors, then a
guarter-wave line can be used to match the source and

load impedances

# Recall that the impedance looking into the quarter-wave
line is the “inverse” of the load impedance

ZQ
Zin(z = —\/4) = Z—z

o -
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SWRon A/4 Line
-

In this case, therefore, we equate this to the desired
source impedance Z;,, = }Z%—(i = R,

The quarter-wave line should therefore have a
characteristic impedance that is the geometric mean

Z0 =V RsRp

Since Zy # Ry, the line has a non-zero reflection

coefficient
swR = L= VL
R; + v RpRs

# It also therefore has standing waves on the T-line

# The non-unity SWR is given by

1+|pr|
1—[pr]

-
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Interpretation of SWR on \/4 Line

°

=

Consider a generic lossless transformer (R, > R;)

Thus to make the load look smaller to match to the
source, the voltage of the source should be increased In
magnitude

But since the transformer is lossless, the current will
likewise decrease in magnitude by the same factor

With the )\ /4 transformer, the location of the voltage
minimum to maximum is \/4 from load (since the load is
real)

Voltage/current is thus increased/decreased by a factor
of 1 + |pr| at the load

Hence the impedance decreased by a factor of

(1+ |pp))? o
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Matching with Lumped Elements (I)
- o

R Y=Y —-jB

O 0

V, @ 2 jB Ij_> % Rr

_> ra
vy, [0

&

(@)

# Recall the input impedance looking into a T-line varies
periodically

21, + jZo tan(B0)
Z?ln —l) = Z ;
(=9) "Zo+jZ1 tan(3/0)

# Move a distance ¢, away from the load such that the
real part of Z;,, has the desired value

o -
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Matching with Lumped Elements (I 1)

-

9

=

Then place a shunt or series impedance on the T-line to
obtain desired reactive part of the input impedance (e.qg.
zero reactance for a real match)

For instance, for a shunt match, the input admittance
looking into the line is

At a distance /; we desire the normalized admittance to
be y1 =1 — 70

Substitute p;, = pel? and solve for ¢, and let ) = 25z + 6

1 — pel? B 1 — p? — j2psine J
1+ ped¥ 1+ 2pcostp + p?
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Matching with Lumped Elements (111)

f.’ Solve for ¢y (and then /) from R(y) = 1 T

Y =0—200 = cos_l(—p)

0=y A 1
€1—W—4W(9 cos ™ (—p))
# At /q, the imaginary part of the input admittance is
2p
b=S =+
(y1) .

# Placing a reactance of value —b in shunt provided
Impedance match at this particular frequency

L, If the location of /1 Is not convenient, we can achieve J
the same result by move back a multiple of A\/2
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Matching with Stubs ()

o
©
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(o)

# At high frequencies the matching technigue discussed
above is difficult due to the lack of lumped passive
elements (inductors and capacitors)

# But short/open pieces of transmission lines simulate
fixed reactance over a narrow band

L.o A shorted stub with ¢ < A\ /4 looks like an inductor J
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Matching with Stubs (I1)

x B 1= %-ib
O 2N O
o 7R o
Vs @ Zo % Ry,
_> O
Y;}yo / ’1— 61 —>‘
open stub

An open stub with ¢ < )\/4 looks like a capacitor

The procedure is identical to the case with lumped
elements but instead of using a capacitor or inductor,
we use shorted or open transmission lines

Shunt stubs are easier to fabricate than series stubs

-
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L ossy Transmission Lines

=

Lossy lines are analyzed in the same way as lossless
lines

Low-loss lines are often approximated as lossless lines
Recall the general voltage and current on the line
+ — — . U+ —YZ U_ <
v(z) =ve P 4uv e i(z) = —e 7* — —¢"
2 2

Where v = a + 55 Is the complex propagation constant.
On an infinite line, o represents an exponential decay in
the wave amplitude

v(z) =e Y X (v+e_jﬁz)

-
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Transmission Line Dispersion

=

What about dispersion? Is the amplitude attenuation a
function of frequency? If so, the wave will distort.
Moreover, how does the speed of propagation vary with
frequency?

For a dispersionless line, the output should be a linearly
scaled delayed version of the input v, (t) = Kvip(t — 7),
or in the frequency domain

Vout(Jw) = K%n(jw)e_ij
The transfer function has constant magnitude |H (jw)|

and linear phase /H(jw) = —wTt

The propagation constant ;3 should therefore be a
linear function of frequency and « should be a constant J

In general, a losgy transmission line has dispersion
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