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Lossy & Lossless transmission line (TL) standing wave examples

For the TL circuit shown below, we will study the current & voltage standing
waves for both the lossless (o = 0) and lossy (o = 0.4 Np/m) cases for loads Z;:

Z,.= 0 (short circuit), Z,.

= oo (open circuit), Z,,,,= 30 + ;50 € (general), and

Z,=Zy= 50 Q (matched). As is often done in TL datasheets, the characteristic
impedance has been rounded off to a real number.

z,-500 L, Is(z) L
Wv C C
Il +  Z,=50Q + o
V,=20/0'V O Vo u=2.4%10'm/s, V(@ v |z
£=800 MHz -« : - ]
O o
Zirnrin ZL7FL
0 z =15, =
Given values
Ve=20e 0 V. Zg=50 Q f:=800-10° Hz

Z0:=50 Q u

= 2.4.10° m/s a:=04 Npm Lh:=15

Zsc:=0 Q Zoc =10 Q Zgen :=30+j-50 Q Zm = 70

General quantities (load independent)

w:=2-mf w = 5.027 x 109 rad/s \ = -

L:=LNX
W
Bi=
u
y=a+]-B
n:=0.150

= A=03 m
L=045 m
B = 20944  rad/m (used by itself for lossless cases)

~ = 0.4+ 20.9441 1/m (used for lossy cases)

Zn = %-L define locations along the TL
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Short circuit load, Lossless TL (o = 0)

Zsc — 70
ILsc = =X 27 ['Lsc = —1 | SWRsc = o0
Zsc + 70
_i.8. 1 + Tinscll
[inscll := T'Lsc-e ? 2-p-L Zinscll := Z0- il %nsc
1 — I'inscll
Zinscll
VOscll := Vg- ms? [0scll := Vg,
Zg + Zinscll Zg + Zinscll

VOp scll := 0.5-(VOscll + Z0-10scll) VOm_scll := VOscll — VOp_scll

Vs_sclly := VOp_scll-e P, VOm_ scll-¢ Bz
VOp sell -j-Bzn_ Vom scll Bz

Is sclly =
- 70 Z0
20 T T
| Vs_sclly| 101 i
O 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zpn
by
0.5 T T T T T

|Is_sclly| 0.25

0 0.25 0.5 0.75 1 1.25 1.5

Note, the current & voltage standing waves repeat at A/2 intervals!
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Short circuit load, Lossy TL

Dinsc := TLsc-e > VT Zinsc = ZO-IJF—F?nSC
I — I'insc
Zi \Y
VO0sc .= Vg- mS? [0sc := g-
Zg + Zinsc Zg + Zinsc
VOp sc := 0.5-(VOsc + Z0-10sc) VOm_sc := VO0sc — VOp_sc

J— .Z .Z
Vs scp := VOp_sc-e W + VOm_sc-eﬁ{ "

VOp_sc e—w~zn VOm_sc efy-zn

Is scq =
- 70 70
20 T T T T T
|Vs_scn| 10F i
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
X
0.5 I ! ! I I
|Is_scn| 0.25
0

0 0.25 0.5 0.75 1 1.25 1.5

Note how the standing wave minima are NOT zero as you go away
from the load on the lossy TL. Max & min occur at A/2 intervals.
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Open circuit load, Lossless TL (o = 0)

Zoc — 7
I'Loc := Zoc — 20 I'Loc =1 SWRoc = o0
Zoc + Z0

_ 9.0, 1 + I'inocll

Tinocll := I'Loc-e ? 2-p-L Zinocll := Z0- il %noc
1 — I'inocll
Zinocll
VOocll := Vg 1no-c [0ocll := Vg,
Zg + Zinocll Zg + Zinocll

VOp_ocll := 0.5:-(VOocll + Z0-10ocll)  VOm_ocll := VOocll — VOp_ocll

Vs oclly = VOp_ocll-e_J P + VOm_ocll-eJ P

Is ocll, =

VOp ocll . j-B-zn  VOm_ocll ej-E}-zn

70 70
20 T T T
| Vs_oclly| 10 i
O | |
0 0.25 0.5 0.75 1 1.25 1.5
Zn
N
05 I I I T T
|1s_oclly| 0.25F i
O | | |
0 0.25 0.5 0.75 1 1.25 1.5
Zn
N

Note, the current & voltage standing waves repeat at A/2 intervals!
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Open circuit load, Lossy TL

Y 1 +I'i
Tinoc := TLoc-e > VT Zinoc := ZO.+—%noc
1 — I'inoc
Zi Vv
VOoc := Vg- 1no.c [0oc = g.
Zg + Zinoc Zg + Zinoc
VOp oc = 0.5:(VOoc + Z0-100c) VOm_oc := VOoc — VOp oc

p— .Z -Z
Vs ocy := VOp oc-e 1n + VOm_oc-eﬁ{ "

VOp oc e—w-zn VOm_oc ew-zn

Is ocq =
- Z0 Z0
20 | | . . .
|Vs_ocn| 10
0
0 0.25 0.5 0.75 1 1.25 1.5
Zn
N
0.5 T T T T T
15_ocq| 025 :
O 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
X

Note how the standing wave minima are NOT zero as you go away
from the load on the lossy TL. Max & min occur at A/2 intervals.
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General load, Lossless TL (a. = 0)

Zgen — Z0
I'Lgen := s I'Lgen| = 0.571
Zgen + Z0
1+ |T'L
Sgen := + [ILgen| Sgen = 3.66 |
1 — |T'Lgen|
_1.2.8. 1 + I 11
Tingenll := I'Lgen-¢ > 2-pL Zingenll := Z0- * ?ngen
1 — I'ingenll
Zi 11 \Y
Vogll := Vg- 1ng-en [0gll = g
Zg + Zingenll Zg + Zingenll
VOp_genll := 0.5-(VO0gll + Z0-10gll) VOm_genll := VOgll — VOp_genll
Vs genll;, := VOp_genll-e_J P + VOm_genll-eJ P2
VO 1 -j-B VO 1 j-B
Is genll, = ~YP_ECT Ben _ YOM gen - Bz
70 70
20 T T T T T
Vs genll,| 10f .
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
X
0.5 T T T T T
|Is_genlln| 0255 i
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
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General load, Lossy TL
I 1 +1I
I'ingen := I'Lgen-e 2L Zingen = Z0- ¥ngen
I — I'ingen
Zi \Y
VOgen := Vg mg.en I0gen := g
Zg + Zingen Zg + Zingen

VOp gen := 0.5-(VOgen + Z0-10gen)  VOm_gen := VOgen — VOp_gen

Vs gen, := VOp_gen- e 1 + \/Om_gen-ea{'Zn

Is geny = VOp_gen.e— YZn VOm_gen.ew-zn

Z0 70
20 T T T T T
| Vs_geny| 10F \
O 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zp
N
05 T T T T T
[Is_geny| 025_/\/\/\/_
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
N

Note how the standing wave changes as you go away from the load
on the lossy TL. Max & min occur at A/2 intervals.
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Matched load, Lossless TL (o = 0)

MLm= 20— 20 TLm| = 0| No reflected/backward
Zm + Z0 .
traveling waves means -
Sm e LY [TLm| SPe— NO standing waves!
1 — |[TLm|
_i.2.8. 1 + I'inmll
Cinmll := TLm-¢ * 2-p-L Zinmll := ZO-—F—%nm
1 — I'inmll
VOmll := Vg- Zmn,ﬂl [0mll := Vg,
Zg + Zinmll Zg + Zinmll
VOp mll := 0.5-(VOmll + Z0-10mll) VOm mll ;= VOmll — VOp mll
j-B-zp

—J-B2q
Vs mll, := VOp mll-e + VOm mll-¢

Is mll, = VOp mll e j-Bzy B VOm_mll .e]-ﬁ-zn

Z0 Z0
20 | T . . T
| Vs _mlly| 10
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
X
0.5 ! ! I I I
|Is_m11n| 0.25F i
0 1 1 1 1 1
0 0.25 0.5 0.75 1 1.25 1.5
Zn
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Matched load, Lossy TL
Tinm := TLm-e” > 7L
7;
VOm := Vg-Ln,1
Zg + Zinm

VOp m := 0.5:(VOm + Z0-10m)

Vs my = VOp_m-e_ 1 + VOm_m- ew

9/9

Zinm = zo-m
1 — I'inm
I0m = L
Zg + Zinm

VOm m := VOm - VOp_m

.Zn

VOp m -~z, VOm m 7z
Is m, := —.¢ — — ¢
- 70 70
20 T T T T T
Vs my| 10 .
0 | | | | |
0 0.25 0.5 0.75 1 1.25 1.5
Zp
X
05 T T I T T
|1s_mp| 0.25F 1
O | | | | |
0 0.25 0.5 0.75 1 1.25 1.5
Zn
X

NO standing waves! However, note the forward propagating waves
decay as you go from the source toward the load on lossy TL.



