A “Refresher’” on YSWR

* VSWR stands for “Voltage Standing Wave Ratio”
sometimes abbreviated as just SWR.

* The subject is appropriate for all types of
transmission lines.

* Note: If the transmission line is much less
than /4, then the analysis of “transmission
line transformers” and possibly “baluns™ is more
appropriate.



Transferring Power in
Transmission Lines

* For maximum power transfer, the impedance at
the load end of the line must be matched to the
transmission line’s characteristic impedance.

Transmitter

— Tuner

— —
CHARACTERISTIC IMPEDANCE = Zo



dt

Transmission Line
Characteristic Impedance

* Characteristic Impedance Z, is Resistive.
* Z,is fixed by the geometry of the conductors.
* Impedance of “free space” zo=\/§=376.730319

Parallel Wires

7 206 oy Typical values:
A 2002 to 800Q

Where,

Z, = Characteristic impedance of line

d = Distance between conductor centers
r = Conductor radius

k = Relative permittivity of insulation
between conductors



Coaxial Cable

* Most common values, Z_= 50€2, and 75€2

d li d, |
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Zo=

138
vk

dl
Ogd—2

Where,

Z, = Characteristic impedance of line

d, = Inside diameter of outer conductor
d, = Outside diameter of inner conductor

k = Relative permittivity of insulation
between conductors

Typical values:
25CQ2 to 100€2



Mismatched Transmission Line

* Energy reaching the load will not be fully absorbed.

* Some of the energy is reflected back toward the
source by the “impedance discontinuity.”

* Splicing two transmission lines of different
impedance will also cause a reflected wave.

Forward Wave
> Reflected Wave (< 100%)

"N\, =
/\/
Z,#2,
Torsmite—fre A -1/
CHARACTERISTIC IMPEDANCE = ZO




Extreme Mismatch Examples

* Heuristic argument for reflected waves...

Forward Wave Reflected Wave (= 100%)
-

a
/\/ \/\ Short Circuit

V=0

Transmitter —— Tuner
CHARACTERISTIC IMPEDANCE =Z _ L

Forward Wave Reflected Wave (= 100%)
-

ﬁ
/\/ /\/ Open Circuit

I=0

Transmitter — Tuner — I
CHARACTERISTIC IMPEDANCE = Zo p—

* Since P=V x1I,no power is transferred to the load in
either case and must be returned to the source.



OK, Now the Math

* In 2 mismatched transmission line, the ratio of
the voltage in the reflected wave at any one
point to the forward wave at the same point is
defined as the “voltage reflection coefficient,” p (rho).

ZL_ZO
, +72,

o,

* In principle, this is a “complex” number if we
consider reactive loads, but for the moment,
we will only consider resistive loads with “real”
reflection coefficients.



Some Examples

* First the feedpoint impedance of a resonant
Dipole antenna in “free space” is Z, = 73Q.

— =——=0.187
73+50 123

73-50 23
: !

* The feedpoint impedance of a 14 MHz

Ground Plane antenna at |5 m above ground
ISZ, =26-j32Q=26Q.

p= 20200 =24 56 :
26+50 76 I




VSWR

e The VSWR is:

VSWR =

1+
1-1p

e

* For the resonant Dipole in free space:

1+0.187 1.187

= =1.46
1-0.187 0.813

VSWR =

* For the 14 MHz Ground Plane:

_1+0316 1316 _

VSWR = = =1.
1-0316 0.684




Forward Wave, Length=1A
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Reverse Wave, p=-0.3

02
o
9
5 pu—

(ward lraveling Wave




Both Waves
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S50th rorward ancd =sackwardg Wave
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Now, Sum Both Waves

VSWR = =1.86

0
SUM 8T rorward and sackwared Waves




Formula Variations

* The Voltage Reflection Coefficient can be
calculated from Forward & Reverse Powers.

0| = By
\ P
e Sometimes “‘Return Loss’’ is calculated:
P 1
RL(dB)=10log,,| = |=10log,,|—
P o

RL(dB)=-20log,,|p|
Note: Return Loss is often used when the VSWR is close to 1.0

* For example:

Z,=75Q2 7Z =502 p=02 VSWR=1.5 f)—R=O.O4 RL =14 dB
F



Transmission Line Details - v2.0 l = lﬁj
— Enter values directly, or click spinners, or click and hold spinners.
Freq - VF - Len - WL Conversions | Print |
1. Choose Transmission Line, Modify Parameters if Desired. .
T-Line Model
Type Nom. Zo Nom. VF KO K1 K2 Intemnal ariables o o
Ideal (lossless) 50 ohm - 50 ~ [oes - [ooooooo ! [ooooooo - [ooooooo = R 0.000 mQ/ft
' <l [ Syl o yfoomeen om0 ST Z3 [ r7os e ransMmission
2. Set Frequency, R, X. £ LY [
il i & Fi and> Matched L : 0 336832; ngﬂ o o
— = ~ ~ -1 [ Atinput atched Loss 0. t
14 :ll MHz j KHz j Band 26 j | 32 4 & At Lnopaud Preferred Units I n e e al S
¢ Feet (" Meters
3. Set Line Length and Input Power. _
Length Units Electrical Length Modulo 1/2 Wavelength ?;:gg i Input W atts Plot
100 - [Fest V| [— ' 100 = Matched
2= =g 7 v 15406 = Lol http://www.ac6la.com/
— Results °
Atlnput ® AtLoad ® . Loss - /°U°”°t0°'" L°SSU tldetallSI.html
Bl 200 Cond| 0000 [ o000 [ [ [
*EEEEL) EEEED Diel | 0000 | 0.000
gl Sl 2615 C.+D.| 0000 | 0.000
SWR (Tree) | 1934 | 1934 Refl [ 0000 | 00m
SwR (50) | 1934 | 1934 Totl | G0B0 | .00 ]
TrueZo | 50.000+0.000  VF | 06600 e S 100000 e
Plot | Zo | Plot VF -
—, —, Prime Center | 50 j Close 1
Show: @& SWR ¢ Rho ¢ Retum Loss
111.28 Watts 11.28 Watts
Forward Wave Reflected Wave

VSWR =1

Transmitter

100 Watts [ | Tuner

A
TN

Z =26-j3.2
100 Watts

AV,

VSWR = 1.93

CHARACTERISTIC IMPEDANCE = 5(
100 Feet

Lossless

VSWR = 1.93


http://www.ac6la.com/tldetails1.html

Backward Traveling Wave is Re-Reflected
at the Tuner

111.28 Watts 11.28 Watts
Forward Wave Reflected Wave

= -

/\/
VSWR = 1 ] /\/ 7 =26-]3.2

Transmitter 100 Watts
100 Watts

—l Tuner

CHARACTERISTIC IMPEDANCE = 5(
100 Feet —

— Lossless —
VSWR =1.93 VSWR =1.93

The antenna tuner adjusts the electrical length of the
antenna and coax so that the reflected energy (| 1.28 Watts)
has exactly the correct phase to be re-reflected at the
antenna tuner. VWhen the tuner is correctly tuned, no
energy gets back into the transmitter.



Transmission Line Reflections VE3KL

Select Transmitter Type
| Linear Perfect Tuner ~|

100.0 Transmitter Power [Watts]
1.934 Load SWR

1000 Source SWR
0.0

Line Loss [dB]

Calculate

111.28 Forward Power [Watts]
111.28 Incident Power at Load [Watts]

100.00 Power Delivered to Load [Watts]

11.28 Power Reflected From Load [Watts]
11.23 Power Reflected at Source [Watts]

0.00 Power Lost in Transmission Line [Watts]

This calculator is used to evaluate the performance of
transmission systems. The block diagram of the system is
shown in the figure below. The transmitter is a source of
power. It can be a real radio transmitter, a signal generator
or a receiving antenna that sends power to a receiver. The
lossy transmission line connects the transmitter to a load
which can be any passive load such as an antenna, filter or
receiver. The analysis was carried out using signal flow
graphs. Please note that the link above is a large file of
approximately 1 Mb.

VSWR =1

Transmitter
100 Watts

—l Tuner

111.28 Watts 11.28 Watts
Forward Wave Reflected Wave
ﬁ H

TN

AV,

CHARACTERISTIC IMPEDANCE = 5(
100 Feet

Lossless

VSWR = 1.93

Z =26-j3.2
100 Watts

Transmission
Line Reflections

https://www.rac.ca/tca/
ReflectionsV1.html

VSWR = 1.93


https://www.rac.ca/tca/ReflectionsV1.html

Lossy Transmission Lines

e Real transmission lines have loss.
* The loss is characterized as “matched-line loss”
given as "'dB per 100 feet.”

Type A Loss 30 MHz = Loss 146 MHz
LMR 400 Coax | 50Q 0.7 |.5
RG-8X Coax 50Q) p) 45
3/4” Hardline | 500 0.3 0.85
551 Ladder Line | 4500) 0.3 0.77

* For example, 50 feet of LMR 400 at 146 MHz:
S 50 _
Attenuation = 1.5 x 4()0 =(0.75dB



VSWR =1

Transmitter
100 Waltts

108.4 Watts 95.0 Watts

Forward Wave Forward Wave
> >
9.6 Watts
8.4 Watts Reflected Wave
Reflected Wave -
-
N TN Z =26-j3.2
85.4 Watts
—Tunerl_ Beldon 9913 (RG-8U)
CHARACTERISTIC IMPEDANCE = 5 s
100 Feet —
— Matched Loss = 0.574 dB/100 ft —
VSWR =1.78 VSWR =1.93

Power Lost in Transmission Line = 14.6 Watts
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Transmission Line Details - v2.0 l = IEH
— Enter values directly, or click spinners, or click and hold spinners.
Freq - VF - Len - WL Conversions | Print |
1. Choose Transmission Line, Modify Parameters if Desired. :
T-Line Model
| Type Nom.Zo  NomWF KO K - k2 Internal Variables
Belden 9913 [RG-8/U) v 50~ | o84 = [o40em1s = [ 0129373 = [ oooozzz = R 66.009 mO/f
— = = | | = | 51.053 rH/Mt
2. Set Frequency, R, X. £ Bk
MHz g @ R and X C 24.207 pF /Mt
= = = , =E .1 | Atinout Matched Loss 0.574 dB/100f
14 “{MHz S KHz -|Band % [ 82 L* A LODJ S
{(3‘ Feet ¢ Meters
3. Set Line Length and Input Power. ‘
Length Units Electrical Length Modulo 1/2 W avelength '131 ?20§g A Input W atts Plot
= v q2° I | Matched
100 | |Feet hd | 121 572 ns 100 | Line Loss
0 1/4 1/2 _
— Results
Loss % of Total Loss
.
s s IR
i ' : Cond.| 0571 | 12137
: 28517 3200 Diel. | 0.003 0.067
Z 74.378 26.196 C +D. 0574 yzﬂ{
SWH (True) 1.778 1.940 7\
: : Refl. 50.128) ! 2.?14’
il (1 UL L Total 0.702 14.917
50.221 -1 0.307 0.8363 85.083 - I
True Zo I | VF Power at Load Cond. Diel  Refl
Plot | Zo | Plat VF =
_| —] Prime Center I 50 j Close |
Show: & SWR ¢ Rho ¢ RetunLoss

Additional Loss =0.702 dB-0.574 dB=0.128 dB



Linear Perfect Tuner ~|

100.0
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Mismatched Lossy Lines

* The net effect of high VSWR is to increase the
average value of voltage and current over a
matched line which increase the power loss.

* The total Mismatched Line Loss in dB is:

2

a’—|p
aft-|of"),
where a = IO(ML/“)) = Matched Line Ratio

ML = Matched Line LLoss in dB

® Example: p=.6, VSWR=4.0, 150 feet RG-213 @ 14.2 MHz
e ML= (0.653/100)x150 = 0.980 dB)

a=1.253 Mismatched Loss=1.79 dB or and extra 0.81 dB

Loss(dB) =10log,,




Mismatched Lossy Lines

S mwn_L—: -

— Enter values directly, or click spinners, or click and hold spinners.

Freq - VF - Len - WL Conversions | Print |
1. Choose Transmission Line, Modify Parameters if Desired. .
T-Line quel
Type Nom. Zo Nom. YF KO K1 K2 Intemal Variables

Belden8267 (RG-213/U) ~| | 80 - [ 088 | [ 0256179 | [ 0154587 = | 0003135 E ;gggg mgj::
. n

G 2.050 pS /M
2. Set Frequency, R, X.
MHz C 30.803 pF/ft

E % R and X
a— Matched Loss 0.653 dB/100ft
- . . . <1 |7 Atlnput
142 “{MHz ~{KHz ~{Band j [oo | e {Prefened Units

(¢ Fest  Meters

3. Set Line Length and Input Power.

Length Units Electrical Length Modulo 1/2 Wavelength 13.128988; é Input W atts Plot
z A2° . Matched
150 | [Fest ~| lo ” 1o 232143ns [ 100 Line Loss
— Results
Loss % of Total Loss
i [ s
R : : Cond.| 0813 | 17.215
ps 12.906 0.000 Diel. 0.067 1.265
zZ 23129 200.000 ERam 0.980
2.829 3.981 :
SWhR (True) | Refl. 0.815
SWR (50 2.806 4.000 : e
Total 1.
.. .
TueZo | 5023340236  VF | 06563 Feizisiess) MRl L [

Plot | Z Plot VF
M L’ Prime Centerl 50 i'

Close |




Additional Loss Caused by Standing Waves

Additional Loss
indB Causedby 1.0
Standing Waves 4 g
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0.2 04 06 1.0 2 3 4 56 8 10
QS0611-Walo1 Line Loss in dB When Matched




RG-8U at 443.5 MHz

| & k|
Matched Line Loss . @
Matched Line Loss, dB 7 100 feet Plot: ¢ |Zol ¢ VF & Loss Print|
10
5
N\ 4+
.l")/
o]
",‘n"
1.0 l,,a"
Q /
0.5 R whay
0.2
0.1
1 2 5 10 20 50 100 200 500 1000
Frequency [MHz) Range: ¢ 01-100 & 1-1000
Type [Belden313 (RG-BAN)  v] om| 60 Frea| 4435  MHz ~J Band Conpare |
eturn |
LNSE"I 0.84  KO|0402115 K1[0129373 K2|0000223  Loss| 2836 dB/100R

=




RG-8U at 443.5 MHz

y- N

— Enter values directly, or click spinners, or click and hold spinners.

Freq - VF - Len - WL Conversions | Print |
1. Choose Transmission Line, Modify Parameters if Desired. T-Line Model
Type Nom Z0 Nom. VF KD K2 Internal Yariables
Belden 9313 (RG-8/U) v 50 0.84 0.402115 0.129373 0.000223 H 315.385 mQ/ft
I j I j I :I I :’ I j 60.630 nH /ft
2. Set Ftequency R.X. g 2:23? ';i::::
R and X
At Input Matched Loss  2.836 dB/100ft
4435 “{MHz ~KHz -{Band !_‘7:| | = & ALy Preferred Units
(" Feet " Meters
3. Set Line Length and Input Power.
Length Units Electrical Length Modulo 1/2 Wavelength 153-3?42292 6 Input Watts Plot
= 50 . Matched
I 100 ZI IFeet Ll ID 14 172 121.148ns I 100 j Line Loss
— Results
Loss % of Total Loss
gt s Ml s v w3
b ' ' Cond.| 2737 | 44678
g il = Die. [ 0088 [ 1618
gy 67662 21K C+D. | 28% [ 46204
. LN N
SWR (True) | 1.398 LR refl. [ (0345) [ (5629
1.398 ; — —
] @ Total : 51924
True Zo | 50.046 - 0.045 VF | 0.83392 Power at Load 48.076 Cond Di; I Fl:fl
Plot | Zo | Plot \/F =
—| —| Prime Center I 50 :I Close |

Show: & SWR ¢ Rho

" Return Loss




VSWR at the Input of a Lossy Line

 Because of the losses in a transmission line,
the measured VSWVR at the input of the line is
less than the VSWR measured at the load end of

the line.

a+|p
VSWR,, .. =
a-|p

* Example

250 feet of RG-8X (@ 30 MHz (ML=2.0dB x2.5=35.0
dB) with a VSWR at the load of 6:1

p|=0.71 a=3.16 VSWR, =1.58

» Even with the load-end open or shorted, e.g.|0| = 1

3.16+1
_ _4.16 _
VSWR,HW = 216 = 4.16 =1.92

Input




Now you can explain everything about your antennas!

Here is a good article to help: http://lwww.hamuniverse.com/wc/iswr.html



http://www.hamuniverse.com/wc7iswr.html

