Electromagnetics:
Wave Characteristics on Finite Transmission Lines
(9-4)



Lines with Resistive Termination (1)

Recall: |
V(z') = —L[(z +2,)e" +(Z, -Z,)e ™ ]

I(z)— [(z +2,)e" —(Z, -Z,)e ™ ]
Z,
: — : Z -7,
av(z')='—L(ZL+Zo)e” 1ol Zog | poZimZopen
2 | Z, +Z, '\ Z +Z,
I T .
= ?L (Z,+Z,)e" [L+Te 2 ] Voltage reflection coefficient

[1X Fe‘zﬂ']

I
—>1(z2)=—
(z) >

0

For a lossless transmission line:

V(Z') = I—L(ZL +R,)e” [1+ Fe“'zﬁz'] — I_L(zL + RO)eJﬁZ'[lJF‘F‘ej(er—zﬁz')]

I(z)_ (2, +R,)e [1-Te 1] _2L (Z, +Ry)e ! [L—|rfe’ 2]

0



Lines with Resistive Termination (2)

Also Recall: :
V(z')=1_(Z coshjz'+Z,sinhz")

1(2') = ;—L(ZL sinh yz’' +Z, cosh yz")

0
For a lossless transmission line:
—>V (2")=V cospz'+ jl R,sin gz’

— 1(z)=1_cos pz'+ j\é—Lsinﬂz’
0
For purely resistive termination:

—>Z, =R,
>V, =1,R,
V (2')| =V, /cos? B2’ + (R, I R, )?sin? iz
<« Standing waves
1(2) = 1, /cos? Bz’ + (R, /R,)?sin? iz




Lines with Resistive Termination (3)

Recall for a lossless transmission line:

V() =z, +R)e L4 [rei2m] R
2 (_1—*: L "o :‘r“ejer
I o . , Z, +R,
1(2') ==+ (Z, +R,)e [L-|rfe’ 2]
27,
. . V | 1+|r] S_1
_ . — [Imax | _ | Imax | _ I =
Standing-wave ratio (SWR): S Voo | T T 1r — T STl

I'=0 —>S=1 <«Z =72, - Matched load
I'=-1 >S=w «Z, =0 — Shortcircuit

'=+1 >S=w <« Z =0 — Open circuit

6. —2pz, =—2nx
91" _Zﬂzr’n = _(Zn +1)7Z' _)Vmin & Imax

— Vmax & I min

L. . R —R
For resistive terminations: >T'=——2
R, +R,

R. >R, —V,. attheterminating resistance

R <R, V., attheterminating resistance

V() for R > Ry
~{/(z") for Ry < Ry
—[lZ")l for R > Ry
— V(z' ) for R < Ry
] l | 1 I
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Lines with Resistive Termination (4)

For resistive terminations:

V (2')| =V, yJcos? Bz’ + (R, I R )?sin? iz’ R R,

2l =R TR
: +
1(z) = IL\/cosz,b‘z'+(RL/Ro)23|n2,b’z’ -
R.=0 —N() =V [cosf| —>T=1&S—>w
V, .
— [1(2)| === sin Bz’
RO
R.=0 —SN@)=IRpingz| -»I'=-1& S—>w»
—>‘I(Z') = IL‘COS,BZ' — All the minima go to zero.

— |/(z")| for open-circuited line.

e ——

—|W(z")| for short-circuited line.




Lines with Arbitrary Termination

What if the terminating impedance is not a pure resistance?

—Z, =R+ jX_ «TL(l_)terminated by R_ /\ Y
| v | «R,<R, / \/
Recall: Eouivalent” < i N
Z, +Z,tanh quivarent - |
Z=Z,—" ° , | i
Z,+Z tanh A | |
. R, + jR, tan Al -
— R+ jX; =R, " Rotan My A o
R, + JR, tan Al ; £
Experimental procedure to determine Z, : e
7 . IE/nd ‘F‘ ﬂ Om S-' ‘F‘ = E D,K,Cheng,FieldandWaveEIeclromagneticstndedA,Addison-W;sley,1989A |
S+1
2 Find 6. from7,,:6. - 2Pz =-n Also recall
- V(z')=V, cospz’ + jl R,sin gz’
g7, 7, =R+ X =R, S e R g
. Find Z,: =R +jX =R,———«
C TR TR, 1-|rje’* =V _cos Sz’ + jVLR—Osin B
L
Recall: | 1 — Z, —Z, :‘F‘ejer Zn+1, =412 | <« R =R_

ZL+ZO S:RO/Rm 6




Transmission-Line Circuits (1)

Voltage generator V, with an internal impedance Z,:
V, =V, - 1,Z, < - TS/ S

V :I?L(ZL +Z,)e"[1+Te*"] () /

| ) -
I i = L (Z L + Z O ) e jll [1 - F e 2 7' ] D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.
27,

” %(ZL +Zo)e" [+ Te ™=V, - 2IzL (Z,+Z,)e"[1-Te ]z,
0

ZV, 1 o %
Zy+Z, [1-T,Te"] PZ,+Z,

Voltage reflection coefficient
at the generator end

— I?L(ZL +Z,)e" =

«—|'=1-12

ZN 1+Te™?”
-V (Z)= I Z, +Z)e"[L+Te 2] =—29 g7
(2)=7 et Zo)et] ] Zy+Z, [1—rgre2”]

Vv _re?”
I(z)_ L-Te "] _geﬂ[ 1-le J
g

Z, Zy+Z 1-T Te ™



Transmission-Line Circuits (2)

Z\V -2
Recall'N () =—L ¢ 1+le > Whatif: T =00rI’, =0?
Z,+Z, |1-T,Te
Z\V :
=——3% e (1+Te?)1+T,Te ™ + %™ +...)
Zy+Z,
Z\V :
=—9 [e”+([e e+ (Te?)e” +--]
Zy+Z, V7
=V, +V, +V, +V, +-- VS =—22 "=V, e”
LZ,+Z
0 9

<V, =TV, e")e”

<V, =T, ([V,e?")e™”

————— — — —— o}
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