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Generalized Impedance

|t / :
7=- Z, z=0 ZR
—
Z(-1=Z, L

V(z e P74+ T et/P?
Z(z)= : ):Zo myyE : e
1(2) e’ T .e

Z(—l)— Z.+ jZ tan pl
| Z + jZ,tan Sl

transformation
equation

} Impedance
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Generalized Impedance

| / o
7=- Z, 7z=0 Ly
—P
Z('g):‘zin —

- Short circuit Z,=0, line appears inductive for 0 </ <A/2
Z(—l)=jZ tan Bl

- Open circuit Z, =» inf, line appears capacitive for 0 </ <A/2

zZ
Z(-l)=——
jtan pl
- If I =A/4, the line is a quarter-wave transformer
Z2
Z(-l)=—=°
ZR
~rr-
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Generalized Reflection Coefficient

Backward traveling waveat z V), (2)

[(z)= . -
Forward traveling waveatz V. (z)
V_e+jﬁz V_ +2 jpz +2 jpz
I'(z)= Vo = v e =1".e

Reflection coefficient

(- =T,e>"
transformation equation (=l)=Te

1+1'(z yYACA A
Z(2)=2, &) I(z) =222,
1-T'(2) Z(z)+Z,
~rre
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Voltage Standing Wave Ratio (VSWR)

Define Voltage Standing Wave Ratio as:

VSWR = Vmax _ 1_|_|FR|
Vi 1T

min

- -

_____

It is a measure of the interaction between
forward and backward waves
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Application: Slotted-Line Measurement

7=0 2
Unknown
V]|
Vmﬂ.‘.’.
Vmin
- Measure VSWR=V__/V_..
- Measure location of first minimum
e
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Application: Slotted-Line Measurement

At minimum, I'(z) =pure real = —|F R|

Therefore, ['(~d, ;) =T e/’ = ||

min

So, ', = —|FR|e+2jﬂdmm

. VSWR -1 VSWR -1 20
Since [Tl =ygypry e Tes _(VSWR +1)e o
1+
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Summary of TL Equations

Voltage Current
. . 14 . .
. —jpz +2 jfz Yy —jpz . +2jpz
V(z)=V_e"’ [l—l—FRe / ] I(Z)——Z e’ [1 ['e™’ ]

Z.+jZ, tan,b’l}

Impedance Transformation % Z(-/)=Z, {ZO + jZ, tan Bl

Reflection Coefficient Transformation & ['(-1) =T ze~"”

Reflection Coefficient — to Impedance = 7(z)=7 1+1(2)
“1-T'(2)
: . . Z(z)-Z,
Impedance to Reflection Coefficient = I(z)=
Z(z)+ 7,
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Determining V,

For lossless TL, V and I are given by

V(z)= V+e_jﬂz [1 + FRe”jﬂZ}
reflection coefficient

at the load V o P
_ _ +2jpz
72 1) == [1-T e’ |
Y Z.+Z

Atz=-1, Vi=ZJI(-)+V(-])
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with 7, = 1+Z—S

From which
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Example 1

|< 0.725% >\

Z, =(10+j10) Q
Zin —0> Z,=50 Q H Zg=(30+)40) Q
V, =100 £0° V
M—
d=1 d=0

Consider the transmission line system shown in the
figure above.
(a) Find the input impedance Z, .

Z,~7, (30+j40)—50

r,= — =0.5290°
Z.+7Z,  (30+;40)+50
4
. B 2Bl o —]—0725/1 B °
[(d=1)=T %" =0.5,90% =0.5/-72
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Example 1 - Cont’

Z -7 1+ () :50[1+0.54—72 }Q
1-T°(]) 1-0.5£-72°

Z, =64361£-51.738°Q=(39.86—50.54)Q
(b) Find the current drawn from the generator

; v, 100.£0°

= - . . =1.552./39.11° 4
Z,+Z, (104 j10)(39.86— j50.54)

1, =1.207+ j0.981 4
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Example 1 - Cont’

c) Find the time-average power delivered to the load

V=271, =64.361,51.73°x1.5562/39.11°=100.159/ —12.62"%

<P>= %Real[V(l)];} = %Real[100.1594—12.62°x1.55624—39.1 1°]

1 :
<P>= EReal[l/(z)lg] =48.26 W
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Example 1 - Cont’

R=50 Q

In the system shown above, a line of characteristic
impedance 50 Q is terminated by a series R, L, C circuit
having the values R=50CQ, L =1 pH, and C =100 pE.

(d) Find the source frequency £, for which there are no
standing waves on the line.
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Example 1 - Cont’

No standing wave on the line if Zy;=R = Z, which

occurs at the resonant frequency of the RLC circuit.
Thus,

8
1 =£HZ=15.92MHZ

1
f(; ju— —
27LC 2710°x107° 27
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Lossy Transmission Line

‘ < l > |

V(z)= Ae “e/* +Be**e™/P*

I(z)= ZL[ Ae e IP_potaz,t j,b’z:|

7 — (R(a))-l_ja)l’) 7/:a+j,B:\/(R(a))+ja)L)(G+ja)C)
’ (G+ joC)
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Wave Approach

i
Two-Port , -
) Z, 0 Network ) Z, | AW

q. = Eil q. = Ei2
1 \/7 2[5
ZO ZO

E E
b] — rl b2 — r2

Z, is the reterence impedance of the system
b, =Sy, +5,a
b, =5, 2,5y,
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N-Port S Parameters

b S dn || 4
b, _ Sy Syn || 4
_bl’l _ | ) ) ) Snn _ _al’l _
b =Sa
If b;= 0, then no reflected wave on port i = port is matched
4 e . .
4= V" :incident voltage wave in port i
- V, : reflected voltage wave in port i
b =—
L JZ, Z,;: impedance in port i
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Dissipated Power
P, = %aT (U-S"S")a’
The dissipation matrix D is given by:
D=U-S'S

Passivity insures that the system will always
be stable provided that it is connected to
another passive network

For passivity
- (1) the determinant of D must be >0
- (2) the determinant of the principal minors must be >0
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Dissipated Power

When the dissipation matrix is 0, we have a
lossless network=>»

S'S"=U
The S matrix is unitary.
For a lossless two-port:

Sy +18,] =1

S| +|S,[ =1

If in addition the network is reciprocal, then
Slz — Szl and |S11| — |S22| — \/1 _|Slz|2

=0 ILLINOIS
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Scattering Transfer Parameters

In T-Parameters, traveling waves at the input are related to those

at the output
b =8§,a+8$,a, b =1,a,+T,b,
b, =8,a,+5,a, a, =T,,a, +T,,b,

[Sn Slzj (TuTzzl Tn _T12T21Tzzlj

S21 Szz Tzzl _T21T2;1

[Tn Tuj _ [Slz o S11SzzS2_11 S11S211]
Tzl Tzz _SzzS2_11 Sz_ll

T parameters can be cascaded T=T, -T;
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High-Frequency Characterization

E,
‘—I_ Zu

_:I;__

|
1 E, EI
I

iI |
MWL ! Network

|
|
|
1
I
O

Port 1 Port 2

Transmission-Line Scattering Parameters

(1-THX g _ (1=x0)r

S21 1 1_‘ X2 1—F2X2
X:e_yd ZC _ R+]Q)L
G+ joC
I = ZC_ZO : :
7 +7 y = \/(R+]a)L)(G+]a)C)
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TL Extraction Formulas

d _ (S11 "'521)_F

X=¢7' =Pl X=e"

1—(S,,+S,)T
(7 —S21+1
=0+ \/Q2—1 O = 11 21
28,
R=Re{yZ,} G:Re{l}
ZC
@ @ Z,
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Modeling Interconnections

: Mid-range :
Low Frequency | Frequency ~ High Frequency

Short L2 Transmission

_NYV\IN\/V\_ Line
Lumped

Reactive CKT
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