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SWR Quiz - True or False

Lowest SWR ensures best performance

High SWR ensures poor performance

An antenna needs to be resonant to perform well
Reflected power always represents lost power

Reflected power flows back into the transmitter causing
increased power dissipation

It is always best to try to achieve an SWR close to 1.0:1

Any transmission line with high SWR produces unwanted
radiation

Antenna impedance can only be accurately determined at the
antenna

The SWR at the transmitter can be improved by changing the
length of the transmission line

The lowest SWR at the input to a transmission line feeding an
antenna always occurs at the same frequency as resonance
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SWR Quiz - True or False

Lowest SWR ensures best performance

High SWR ensures poor performance

An antenna needs to be resonant to perform well
Reflected power always represents lost power™

Reflected power flows back into the transmitter causing
increased power dissipation™

It is always best to try to achieve an SWR close to 1.0:1

Any transmission line with high SWR produces unwanted
radiation™

Antenna impedance can only be accurately determined at the
antenna

The SWR at the transmitter can be improved by changing the
length of the transmission line*

The lowest SWR at the input to a transmission line feeding an
antenna always occurs at the same frequency as resonance

All are False (*with a few caveats)




What Is Standing Wave Ratio (SWR)?
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* The Standing Wave Ratio is a measure of the impedance
mismatch between a load and a transmission line

* In most cases SWRtasurep IS Very close to SWR at the antenna

 An SWR measurement helps in determining:
* Whether impedance matching is required
* Whether the antenna system is performing as expected



Traveling And Standing Waves
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* An RF voltage at the input to the transmission line creates an
electromagnetic (traveling) wave in the forward direction
* If the SWR =1.0:1, Z =R, and all of the energy is dissipated in the load
* No reflected wave => no standing wave

 |Ifthe SWR > 1.0:1, then:

A second Traveling Wave is reflected back from the load back toward the
transmitter

* A Standing Wave will be created from the interaction of the forward and
reflected traveling waves



Standing Waves

*A Standing Wave:
*|s created by the interaction of the two traveling waves
*|s a stationary wave with an amplitude modulation pattern with:
*Maximums (anti-nodes) and
*Minimums (nodes)
*Voltage maximums occur at current minimums, and visa versa

*Standing Wave Ratio (SWR) = Epa/Envin = s Ivi

Current




How To Determine SWR

1. For resistive loads:

R, Ro 50 150
R R, Ex: SWR(3:1) = 7 - “to

SWR =

2. SWR meters usually calculate SWR using Forward &
Reflected power measurements:

1+ . . . -2
SWR = T s Reflection coefficient (p) = E = ZLL-I-ZZ
P, Note: Z, =R +/- jX (a complex number )
1+ P, Z, is the system impedance
SWR = Reflected power = p>X Propuwarn
1- i Power transferred to the load = (1-p? ) X Prorwarp

3. SWR can also be determingd from Return Loss (RL):
1+10 *

-RL

1-10 *

SWR =




Sometimes We Need To Know Impedance

Transmission line with impedance = Z,
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Why Was The Smith Chart Developed?

Frank Lynch, W4FAL
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The Smith Chart

The Smith Chart is an impedance map developed by Philip Smith in the 1930s
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Constant SWR Circles (Lossless Lines)

Constant
,f’/’” Reactance

_ jsn_"
2:1 SWR Circle - . Constant Adding Length to a
...... j1oo - Resistance - <
- , },};r Lossless Transmission
Line causes :

Infinite SWR Circle T 1- Clockwise Rotation
" Inductive Around a Constant
SWR Circle

2- Z changes but SWR
remains constant
) 3- One Full Rotation
- 250 C“"“Ii“"'e Equals ¥ Wavelength

5:1 SWR Circle

. System
-ja0 Impedance

Z= (50 - j50) ohms



Constant SWR Circles (Lossless Lines)

Constant
,j’/”' Reactance

2:1 SWR Circle

moei _ Constant
AT oo - Resistance

Adding Length to a
Lossless Transmission
Line causes :
T 1- Clockwise Rotation
Inductive Around a Constant
SWR Circle
2- Z changes but SWR
remains constant
3- One Full Rotation

0
N S X ] capatitive 1
10\ SR A S I Equals 2 Wavelength

[-—,

A transmission line is an Impedance Transformer*.

Changing the length changes the impedance seen
looking into the line, not the SWR

...........

Infinite SWR Circle

*Ref: “Transmission Lines As Impedance Transformers”
2017 TechFest




How Transmission Line Loss Affects SWR Measurement

SWR

Y— --------------- 1
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SWReasurep = SWR only when the line loss = 0 dB
When line loss is > 0 dB:
SWRMEASURED < SWRAT LOAD



How Transmission Line Loss Affects SWR Measurement

SWR

e e L 1
P P i :
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SWRwveasurep = ? Pr Pr, i Load (Antenna) i

I
o O |
50Q Transmission Line : I
with 0.5 dB loss L :

Load = 150 ohms:
SWRyrionp =3:1
SWRyieasurep = 2-6:1

Load = open/short circuit:

SWR,0ap = Infinite
SWRyigasuren = 17:1



How Transmission Line Loss Affects SWR Measurement

SWR

e e L 1
P P i :
-::> -::>' I
O O !
<:- <:i I
! I
SWRwveasurep = ? Pr Pr, i Load (Antenna) i

I
o O |
50Q Transmission Line : I
with 3 dB loss L :

An auto tuner can mask a problem!
Load = 150 ohms: (Remote stations??)

SWRyrionp =3:1
SWReasurep = 1-7:1 (power radiated by antenna <40%)

Load = open/short circuit:
SWR,0ap = Infinite
SWReasurep = 3:1 (power radiated by antenna 0%)



How To Measure Transmission Line Loss

1. Measure power at both ends of a transmission line
2. Using a shorted or open transmission line, either measure
SWR or calculate SWR from forward and reflected powers

Measured| Line
SWR Loss
OpenLine| dB Pq
T 1+
1.0 Infinite Pe
1.5 7.0 SWR =
2.0 4.8 . Pq
2.5 3.7 -
€ 30 [ 305 "
3.5 26 |
4 2.2
5 1.8
6 1.5
7 1.3
8 1.1 — SWR meters lose accuracy & resolution
9 1.0
10 0.85
15 0.55
=17 _0.50 19 _




What is the most important part of an SWR
measurement?



What is the most important part of an SWR
measurement?

Knowing what the number should be!
(There is no one “best” SWR number)




Some Reasons To Reduce SWR?

Prevent activation of transmitter high SWR shutdown circuit
e Typical activation SWR ~ 2:1 (some rigs > 3:1)

Increase usable bandwidth

To avoid exceeding voltage or current limits of components

 Peak current and voltage increase as JSWR
Reduce transmission line loss
* SWRrelated line losses are usually < 0.5 dB
* Improvement only achieved when the match is done at the antenna

To maximize power output from the transmitter
* Usually not worth the effort/expense

To minimize power dissipation in the transmitter
* May not be worth the effort/expense



Some Reasons To Reduce SWR?

* Prevent activation of transmitter high SWR shutdown circuit
e Typical activation SWR ~ 2:1 (some rigs > 3:1)

* Increase usable bandwidth

* To avoid exceeding voltage or current limits of components

Note: reducing lost power due to reflected power being
dissipated in the transmitter is not on the list

SVVIVTTIALTU TITTIC TUOOTL O diT'C vUoudlily ~ U.J Up

* Improvement only achieved when the match is done at the antenna

* To maximize power output from the transmitter
* Usually not worth the effort/expense

 To minimize power dissipation in the transmitter
* May not be worth the effort/expense




How To Reduce SWR?

1. Make adjustments to the antenna

2. Use a matching network to achieve a “Match”
* Can be done at the antenna or at the transmitter
* Each approach has advantages and disadvantages



How To Achieve A Match

1. What value of R, maximizes power dissipation in R,?
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How To Achieve A Match

1. What value of R, maximizes power dissipation in R,?

--Q-----Q--
=

Maximum power is dissipated in the load when R, = R

Load
Power
(watts)

100 -

75 -

50 -+

25 +

25

50 75 100
Load Resistance (ohms)

125

150

When R, = R => “Perfect” Match
“Pour =100 W = Pgqpee
“ProraL =200 W
-Max efficiency is only 50%
-RF amps usually exhibit
higher efficiencies
(Class AB, ~ 65%)



How To Achieve A Match

2. When RF is involved, we need a “Conjugate” match

________________________________ Matching L
] I  Network !
I R I I
I S I !
I
L RF ?’ X ¢, X,
I
I I I
| Voltage 2=Ry+j0 B : R, = Rs
1 Source | !
I
: 5 S
I I
! Transmitter : i_ Antenna
= . L o ————

*A Conjugate match requires both:
‘R =R
*Xm ==X,
*This equates to the circuit (not the antenna) being resonant
*A Conjugate match exists at only one frequency



How To Achieve A “Conjugate Match”

*Use a Resistance Transformer when there is no reactance

*Use an Antenna System Tuner when there is reactance:

*Antenna tuners tune the entire Antenna System to resonance
*Antenna tuners do not tune the antenna to resonance
*When a conjugate match is achieved, it occurs at all points in the
antenna system

Conjugate

Conjugate Conjugate Conjugate
Match

al ¢ MautCh Match Match

I : i |

v I ! v
o I v v - - 1
I I ! !
: 500 —0 Antenna ? . !
; | Z,= System Z, 1 |Z |
I
! Tuner &—1 :
I | ;
I | ;




Antenna System

l Antenna System

|
| i ! !
| 200 ?I Antenna O— |
: 50 o l:>| Z,=500 System Z, : ZIL :
N A I
: 9 S .
I [ ! |

Tuner




Reflected Power

 Reflected power is not dissipated in the

transmitter
* All of the power delivered into a lossless
transmission line by a transmitter is radiated

by the antenna, regardless of SWR




Conservation Of Energy

 “Energy can neither be created nor destroyed”
* First Law of Thermodynamics

* The power flowing into a port must equal

the power flowing out of a port
e Extension of Kirchhoff's Current Law
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Conservation Of Energy (Matched Load)

P1 ! P2 '
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Load (Antenna)

*With a matched load, there is no reflected power
*With an ideal lossless line, conservation of energy requires:

P3=P2=P1



Conservation Of Energy (Mismatched Load)

Lossless Transmission Line

Transmitter Load (Antenna)

I- ------------------------- I ----------------
! P1L I P2 P2 |

| 50 .

i -:%F:{> -::>£,'>-:{>P3

| 1

= o o=

| 1 | y4
| 1 i L
i 1 i

| 1 |

: Q S

I \:’ I

i 1 i

i 1 i

L

*With an ideal lossless line, conservation of energy requires that
energy leaving a port must equal the energy entering a port:
P1+P4=P2
P3 + P4 = P2
P3+P4=P1+P4

P3 = P1 (regardless of SWR)




What Happens To Reflected Power?
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What Happens To Reflected Power?

50 P1L i P2 P2 § i
_— ) =)E—)P3 I

< Q |

K—= <j:-: !

I pa Pq | 7 !

I ! L I

I ! I

O ) 1

~ L 4 I

) I Lossless Transmission Line | I
Transmitter : I Load (Antenna) :
———————————————————————— 4 R

Reflected power flows back and forth between the transmitter
and the load
* “The reflection loss at the load is offset by the reflection
gain at the transmitter”
 Maxwell uses Wave Mechanics to explain (Reflections)
When P1 goes to zero, P4 is eventually radiated by the antenna
P4 is not lost due to dissipation in the transmitter




A Mismatch Does Affect A Transmitter

1. Reduced output power

2. Increased power dissipation
* Not due to reflected power



A Mismatch Reduces Transmitter Output Power

*Assume 100 watt transmitter and R, = 150 ©

Load
Power
(watts)

100 -

75 -

50 -

25 A

|
A
o
|
141 Vs (V) W ':>i 150 o
A
N
|

No Transmission Line,
so no reflected power

25

50 75 100 125 150
Load Resistance (ohms)



A Mismatch Reduces Transmitter Output Power

*Assume 100 watt transmitter and R 5, = 150 Q

No Transmission Line,
so no reflected power

| |
' A
| o
| |
|
| 141V, (V) W ED) | S 1500
|
: &
N
| |

100 -

1. The 100 W transmitter

can only deliver 75 watts
into a 150 ohm load due to
the impedance mismatch
2.25 W is not lost due to
dissipation in the transmitter

75 -

Load
Power 50 1
(watts)

25 A

0 25 50 75 100 125 150
Load Resistance (ohms)



Transmitter Output Power vs. SWR

Reducing SWR from 2:1 to 1:1 only increases
transmitter output power by 0.5 dB

SWR (Power Drop

% | dB
1.0:1| O 0
1.5:11| 4 | -0.2 1/12 of an S unit

2.0:1| 11 | -0.5
3.0:1 | 25 | -1.2
40:1| 36 | -1.9




A Mismatch Increases Transmitter Dissipation

*Theoretical performance for a 300 watt transmitter:

Power
Dissipation
(watts)

900
800

700 +
600 +
00 -
400 -
300 A
200 +
100 -

Ul

0

! Transmitter 50 ,L

. — W .

|

| C\D Pame : Case 1: 500 Load

! 245 Vius ! Case 2: 16.7 Load*

|

| Q

| |
LOAD| ProraL | DISSIPATION | EFFICIENCY
OHMS | WATTS WATTS %

I:,AMP PLOAD

50 | 600 300 |300 50
16.7 | 900 675 | 225 25

10 ®J0 30 40 50 60 70 80 90 100

Load Resistance (ohms)




A Mismatch Increases Transmitter Dissipation

*Theoretical performance for a 300 watt transmitter:

Transmitter 50

Case 1: 500 Load

245 Vs Case 2: 16.7a Load

——_——— )= -

|
|
|
|
I PAIVIP
|
|
!

The transmitter puts out 75W less, but dissipates 375W more
because it is running at a much less efficient operating point

:32 LOAD 7aL | DISSIPATION | EFFICIENCY

700 A OHMS | WATTS \ WATTS %
Power oo -
Dissipation g . P‘m&-m\"
(watts) o, | 50 | 600 | 300 | 300~ 50
300 - 16.7 | 900 | 675 [225| ™25

200 +
100 -
0

10 ®J0 30 40 50 60 70 80 90 100

Load Resistance (ohms)



A Mismatch Increases Transmitter Dissipation

*Theoretical performance for a 300 watt transmitter:

! Transmitter 50 ,L
: _/VVW\/ v
Pamp ; C .
: | ase 1: 50 Load
! 245 Vs CV> ! Case 2: 16.70 Load
|
! Q
I |

*Most solid state transmitters and amplifiers have a complex
output impedance and are designed to put out maximum
power into a 50 ohm load. They are not designed to achieve a
conjugate match when terminated in to a 50 ohm load.

*Always tune for minimum SWR, not maximum P,
*Tube transmitters/amplifiers with a Pi Network for matching
should be tuned for maximum P ;




How important is reflected power?



¥» Wavelength Lossless Transmission Line

I 5

|

| .

| |

I I

141V V 150 —»

! RMS C) : 150 Q

|

: 100W Transmitter A Wavelength*

-/ T - - - - - - -=-"=-="="=-"="==7= Lossless
Transmission

Line

*A % wavelength (electrical length) lossless transmission line causes

the transmitter to see 150 ¢ as a load
*The final results do not depend on this condition



How To Calculate Forward & Reflected Powers

P oo TTrTTm 1p Prorwarp " =" T
1 50 1 FORWARD

i Pour PanTenna

i 141 K== e

: Y :PREFLECTED PREFLECTED: 150

I YRMS I !

I : I

| M\ I

! ~ .. .Y

! . I 500 Lossless Transmission Line |

1 100 W Transmitter : I Load (Antenna)

e o o o o o e e e e e e e e e e 3

*With a 150 ohm load at the end of a 50 ohm lossless transmission line:

. o R,-50 150-50
Reflection coefficient = p = = =0.5
R +50 150+50

Reflected power = p? x Pyopuaro = 0-25 X Prorwarn

Power transferred to the antenna= (1-p? ) X Prorwaro = 0-75 X Prorwarp



Forward & Reflected Power vs SWR
Only 3 cases to consider (Ref: Reflections Ill — Appendix 6):

1. A perfect match
2. A Mismatch

3. A Mismatch tuned to a Conjugate Match



Case 1: Perfect Maptch

PFORWARD FORWARD
. 1 oowWyr =", T T T
i 50 100W | 100W TR
] Pour EE—DEE—) -::zp::ﬂoow
l X : g
141 I “ow 0w |
I > I
! Virws 500 ] A — PREFLECTED: >0
I I
I A A
I @, O
! 100 W T - I 500 Lossless Transmission Line | Load (Ant )
" ransmitter oad (Antenna
Vo e [ (Any length) L

*The transmitter sees a perfect match (50a load) and generates it’s max
available power => P, ,; = 100W = P ;; (MAX)

*With perfect match p =0 => Pgeriecrep = OW

*All 100W generated by the transmitter is dissipated in the load

*Pantenna = Pour = Prorwarp = 100W



Case 2: Mismatched load SSWR =3:1)

P FORWARD
L a8 N N N N N §B N §N §N § § § N §N & §B N N N §N §N ] ‘ FORWARD 100WI ----------------
|
I 50 75W :100W 1 PanTENNA
: Pour EE=)EE—) e Tow
| \.': : Y
141 I 25W 25W |
| ] |
! Virws 1500 1 Preriecten REFLECTED] 150
i
|
|
|
|

% Wavelength 500 Lossless

Transmission Line Load (Antenna)

r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.

*Because of the 2 wavelength line the transmitter sees a 150 ohm load
*The transmitter puts out => P, ,; = 75W

*At the Antenna:
*Assume that P,yrenna = Pour = 75W
*Pantenna = Prorwarp — 0:25 X Prorwarp
*Pantenna = Prorwarp — Preriecten = 79W = Poyr

Power meter at the transmitter measures PeorwarD and PrerLecTeD
*Pantenna = Prorwarp ONIY when SWR=1:1



r

Case 2: Mismatched load SSWR =3:1)

PFORWARD FORWARD
50 75W :100W 100W: PANTENNA
Pour EE=DEE—) e Tow

K —

o 1500—i 25W 25W 150
VRMS 0 : PrerLecTeD PREFLECTED:
I
A A
A ~

100 W T - ! % Wavelength 50 Lossless | Load (Ant )

ransmitter L oad (Antenna
________________________ 1 Transmission Line L_______________

Reflected Power: “lost” vs “not generated”
*“Lost power” = power dissipated as heat=0 W
*“Power not generated” = the difference between what
the transmitter is putting out and what it would put
out with a perfect match=25W
*For this case, Reflected power = power not generated




Case 3: A Mismatch Tunepd To APConjugate Match

FORWARD FORWARD
N NN NN NN NN N NN NN NN SN NN NN N SN M N S S N S S g m———— T412A\N/ = 4122\A/ /™ == == mm = on on mm Sn S S -
: 50 100W : : 100W ;g‘g 133W: PanTENNA
! Pour B! | ! -::zp:{> 100W
l i M g
I 141 oW 1 <=mi—m &
iy 500 —pi | OW | 33w 33W | 150
: RMS : : : PreriecTeD REFLECTED:
| 1 1 |
| Al O )
: \:, :LosslessT 500 Lossless Y
! 100 W Transmitter ' Tuner I Transmission Line ! Load (Antenna)
L ------------------------ ] I— —————— L _______________

(any length)
*The transmitter sees a perfect match => P ,; = 100W = P, ,; (MAX)
*At the Antenna:

*Assume that Pyyrenna = Pour = Prorwaro — 0-25 X Proguwarp = 100W
P, cwaro = Panrenna /0.75 = 100/0.75 = 133W
*Preriecrep = 0-25 X Propyarp = 33W

*Pantenna = Prorwaro — Prerrectep = 100W = Pgyr



Case 3: A Mismatch Tuned ToA Conjugate Match

FORWARD FORWARD

o n m————— 1133WW 2 1W i ————mm e ——————— 1
: 50 100W : : 100W Flg\g 133W: PanTENNA :
: Pout -:2'\ : -:>r'\ -:?F:> 100W :
I

| ow | \i.éj:- <j:-\=} |
141 ,:. : <:o:vv- 33W 33W | :
I

:VRMS 500 : : : P reFLECTED REFLECTED: 150 :
I 1] I - :
: O+ O O -

*Some hams see 133 W/33W on their power meter and conclude:
1)The transmitter is putting out 133 watts!
-The transmitter is only putting out 100 watts
2)The antenna is radiating 133 W
-The antenna is radiating P.opywaro = Preriecren = 100 W
3) Peeriecren (33 W) is being dissipated in the transmitter
-At the transmitter output Pperipcrep =0 W
*When there is a conjugate match, the “power not generated” is
zero, so Reflected power is simply an indication that there is a
mismatch somewhere in the antenna system



Question 1: Lowest SWR ensures best performance

* Ground mounted resonant % wave monopole (vertical)
1. With 100+ radials over good ground:

e Radiation resistance = 36 ohms
* Ground loss =1 ohm
* Antenna input resistance = 37 ohms
* Input SWR =1.35:1
» Efficiency = 97%
2. With 4 radials over poor ground:
e Radiation resistance = 36 ohms
e Ground loss = 14 ohms
* Antenna input resistance = 50 ohms
* InputSWR=1.0:1
e Efficiency = 72%

— The lost power is being dissipated in the ground as heat

* Lowest SWR does not ensure best performance



Question 2: High SWR ensures poor performance

* Feed options for a 14 MHz resonant dipole with Z,, = 50 ohm:

1. 100 feet RG-58 with balun at antenna:
e SWRonline=1.0:1
* Transmission Line Matched loss = 1.9 dB
* Transmission Line Mismatched loss = 0 dB
e Balunloss=0.5dB
e Overall Efficiency = 57%

2. 97 feet 450 ohm ladder line* with balun at transmitter:
e SWRonline=9:1
* Transmission Line Matched loss = 0.1 dB
* Transmission Line Mismatched loss = 0.3 dB
e Balunloss =0.5dB
e Overall Efficiency = 81%

* High SWR does not ensure poor performance

*97 ft (1.5 wavelengths) yields 50 + j0 ohm load impedance at transmitter



Question 6: It is always best to achieve an SWR close to 1.0:1

If starting with a 2:1 SWR and a 1 dB line loss, SWR |Power Drop
adding an antenna tuner: % dB
1.0:1] O 0
At the transmitter: 1.5:1| 4 -0.2
T —
1) Reduced loss on transmission Il.ne =0.0dB 201 | 11 CO-5>
2) Increased power out of transmitter = 0.5 dB ~—
3) Additional loss from tuner = 0.5 dB 3.0:1 | 25 -1.2
Net improvement < 0 dB 4.0:1| 36 | -1.9
1g I :
At the antenna: g St;&,-:o
1) Reduced loss on transmission line* =0.2 dB o) T
2) Increased power out of transmitter = 0.5 dB i ’ %:/:,a ;iﬁﬁ
3) Additional loss from tuner = 0.5 dB 15 10 A A e
Net improvement < 0.2 dB 53 50 ,::: R
<32 03
" oz // SWRe=1.5 La=TTT]
Zaviillsran

e o %
*This improvement (~0.2 dB) only occurs 02 0405 1.0 2 3 456 810
when the tuner is located at the antenna Line Loss In dB When Matched



Question 6: It is always best to achieve an SWR close to 1.0:1

If starting with a 2:1 SWR and a 1 dB line loss, | SWR [Power Drop
adding an antenna tuner: % dB
1.0:1| O 0)
At the transmitter: 1.5:1| 4 -0.2
1) Reduced loss on transmission Ii.ne* =0.0dB 201 11 CEE)
2) Increased power out of transmitter = 0.5 dB ~—
3) Additional loss from tuner = 0.5 dB 3.0:1] 25 | -1.2
Net improvement < 0 dB 40:1| 36 | -1.9
- 2 Sem

°If a solid state transmitter is not shutting down on
any of your normal operating frequencies, there
may not be a need to reduce SWR

ok in some situations => ???
*High SWR can cause component failures at high power

*The 2015 ARRL Handbook claims that up to 6:1 SWR is




Question 7: Transmission line radiation with high SWR

*Properly installed transmission lines do not radiate,

regardless of SWR
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The two differential currents
create two EM fields that cancel
each other in the far field



Question 7: Transmission line radiation with high SWR

Balanced to unbalanced mismatches can cause lines to

radiate due to Common Mode Current
*Example: Dipole fed with coax (Tri-pole)
*Amount of radiation is related to I,




Question 8: Antenna Impedance Can Only Be Accurately
Determined At The Antenna

*Software is available that can calculate V4 2. 50 ohm ; 50 !
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Question 8: Antenna Impedance Can Only Be Accurately
Determined At The Antenna
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Why is this important?
Tuning an antenna using Z,, can be problematic:
Z, oap SAYS this antenna is too short, but
\| © Zysaysitistoo long
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Question 9: The SWR at the transmitter can be improved by
changing the length of the transmission line

*Changing line length changes Z,, , not the SWR
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*Any odd multiple of 4 A (16 ft)



Question 9: The SWR at the transmitter can be improved by

changing the length of the transmission line

*Changing line length changes Z,, , not the SWR
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In the absence of any common mode current, changing the

length of a transmission line will not change the SWR, but
it may bring the input impedance seen by the tuner into a
range that it can match

Common Mode Current can cause SWR to vary with
transmission line length




Question 10: Frequency Of Lowest SWR vs Resonance
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Resonance and lowest SWR do not always occur at the same frequency!



Question 10: Frequency Of Lowest SWR vs Resonance
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SWR Bandwidth
40M Off Center Fed Dipole
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SWR Bandwidth
80M Center Fed Dipole @ 50 ft
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Use a tuner that can tune at least a 10:1 SWR
*Balun performance at high SWR = ???
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The Real World vs The Ideal World

Some “experts” claim that the concept of a “Conjugate
Match” is a myth and that Maxwell didn’t know what he
was talking about.

* These criticisms are usually based upon the quantitative
differences between a lossy system and a lossless system.

 Are Newton’s Laws invalid because (as Einstein showed) their
accuracy degrades under extreme conditions?



Summary

Reflected power is not dissipated in the transmitter
* Must distinguish between power “lost” and power “not
generated”
All of the power going into a transmission line is radiated by the

antenna (ignoring losses)

* The power radiated by the antenna = P.orwarp = PRreFLECTED
Changing transmission line length changes the impedance seen
looking into the line, not the SWR (assuming no common

mode current)
Reducing SWR below 2:1 yields negligible increase in power
radiated from an antenna

Low SWR does NOT ensure best performance

High SWR does NOT ensure poor performance

An antenna does NOT need to be resonant to perform well
A tuner resonates the antenna system, not the antenna
Peak current and voltage increase as /SWR



Summary - Continued
High SWR does not cause a transmission line to radiate
Resonance and minimum SWR don’t always occur at the same
frequency
Antenna SWR & impedance can be calculated from measurements

made at the input to a transmission line
Transmission line loss makes SWR look better than it really is
Reflected power does not always represent a reduction in power
to the antenna
With solid state rigs, adjust a tuner for SWR,,,, not maximum P ;



