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Topics
* Review impedance basics
* Review Smith chart basics
* Demonstrate how antenna analyzers display impedance data
* Demonstrate some important transmission line characteristics



Impedance

* Impedance (Z) is a measure of the opposition to current flow
* Unit of measure =Ohm =Q

* Impedance describes a series circuit

* Impedance has two components:
 The DC component = Resistance = R (ohms)
 The AC component = Reactance =X (ohms)

Inductive Reactance Capacitive Reactance
X, (ohms) = + j2mfL Xc (ohms) = -j[1/(2nfC)]
Phase = + 90° Phase = -90°

(Voltage leads current) (Voltage lags current)



Impedance — cont’d

* Impedance can be expressed in two ways:
1. Resistance and reactance =>Z =R + jX (Complex Number)
2. Magnitude and phase =>Z =|z| /o

* Magnitude of Z (ohms) =|Z| =/ R2+X?

* Phase of impedance (degrees) = 6 = arctan(X/R)




Impedance of a Series Circuit

Specify a

frequency

Step 1

1

XL

Xc
‘%R

XL

Xc

-

Step 2

éR => ZI=

1. Z=R+jX=R+j(X,—Xc) =R +j[(2nfL — 1/(2=fC)]
2. Z=|Z| and /B



Impedance of a Parallel Circuit

» 7 is defined only for a series circuit

* Must convert a parallel circuit to a series circuit
* Frequency must be known to do the conversion
* Both component values change when converted

Z#Rp+Xp Xp éRP
=? R, = Rp x Xp?
@ Rp? + X2
RoZ x X
— X — X, = p XAp

Rp? + Xp?
Z=Rg+jXs ?*s C




Example 1: Impedance at 2 MHz

Physical Circuit

Step 1

796 pF

'%

Step 2 Xp

-j1000

'%

1000

R,
1000

=> Xp

-j100¢ 1000

Equivalent Series Circuit

-j500
1592 pF % 500

Note: Two different circuits have the same impedance at 2 MHz:

Z=500-)500 =70.70 @ -45°



Example 1: Impedance at 2 MHz - cont’d
* What an MFJ-259B measured at 2 MHz:

Physical Circuit Calculated Measured
| Rs= 50Q 56 O
Z=> 796 pF 1000 Xs= -500 48 0
% z|]= 700 740
Phase = -45° 40°
SWR= 2.6 2.4
“Impedance” Meter = 70 70 =>|Z|

Note: The MFJ-259B does not display R;, X, or the sign of a reactance



Transmission Lines Are Lowpass Filters

* “Lumped element” circuit approximation for lossless transmission line:

T T ™ML
E LT

* Z, is called the “Surge Impedance” or “Characteristic Impedance” of the line

Z, =>

(il

* When Z,50p = Zo

* The line is “Matched”
* The input impedance of a transmission line equals Z5 and is independent of length

. 7, 2\[L/C
e Example: Belden RG-58/U (9201)
/0 =520
C =27 pF/ft
L =94 nH/ft
VP =0.66



When Z, 4, # Z5

Input impedance of a 50 ohm line when the SWR = 2.0:

om0 b 54 T 5 55
BN R

Length in 1-1/4 1-1/8 1 7/8 3/4 5/8 1/2 3/8 1/4 1/8 1060
Wavelengths

Zy=>

(A)

R - 2 5 (@) h m Impedance 100 25% 100 25% 100
LOAD

T T

Zy=>

Length in 1-1/4 1-1/8 1 7/8 3/4 5/8 1/2 3/8 1/4 1/8
Wavelengths

Load

2510

(B)



* What is Z,, at 32 MHz ?

Z,, = 500

Z,, = 500

Example 2

61 inches RG-58 C/U

7

50Q

122 inches RG-58 C/U

ad

50Q2




Example 2 (cont’d)
* What is Z,, at 32 MHz ?

61 inches RG-58 C/U

N\
Zy =2 \1/

122 inches RG-58 C/U




Example 2 (cont’d)

* What is Z,, at 32 MHz ?

Z,y = OPEN

Z,y = SHORT

61 inches RG-58 C/U

7

122 inches RG-58 C/U

ad




Example 2 (cont’d)

* What is Z,, at 32 MHz ?

Z,y = SHORT

Z, = OPEN

61 inches RG-58 C/U

7

122 inches RG-58 C/U

ad




Example 2 (cont’d)

* The electrical lengths at 32 MHz are:

 61inches =% wavelength

« 122 inches = % wavelength } Electrical length # physical length

* Electrical length = VP x physical length
* “VVP” = velocity of propagation

* When?Z, . ,=2,:
* ZIN = ZO = ZLoa

* WhenZ ., # Z,:

 Transmission lines become impedance transformers

* When length = n_,4 x 7 wavelength, transmission lines invert the load impedance
* “Invert” => high goes to low and low goes to high
* Quarter wave transformer: Z,,=(Z5)*/ Zionp

* When length = n x %2 wavelength, transmission lines replicate the load impedance

4 (for any length of line)




Quiz: High SWR

? feet transmission line

N\
Zy=Short @7MHz T

Is the antenna shorted?

Ant




Quiz: High SWR —cont’d

? feet transmission line

N\
Z,, = Short @ 7 MHz \1/ Ant

Is the antenna shorted?

Don’t know:
* Need to know the electrical length of the transmission line at 7MHz
 The antenna could be an open circuit




Vector Network Analyzer: VNA 2180

“fl VMA- 2180 Program Version: 5468 - O ®
File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help Z - 2 5
Min SWR = 1.97 @ 0.025MHz LOAD - Q Xs
SWR Resonant freq: 0.013212
280+ el
50 Average= 16
2604 T Settling Time= 2 as
2.40+ . Trend= 0
Line Extension= 0 cm
220 SWR =2.0:1 T Zo= 50
200 4300
1.80+ 25— Drnver Amplitude = 100% «
Freq = 28.02292
Inductance Freq Step = 0.01000
1.204 -~ SWR = 1.998
Zmag= 25025
1.004 - T Phase = 0.049
XS 0 % refl power = 11.1
R D 7 | |
0.000MHz 10.000 20.000 30.000
FREQ (2.000 MHz/div)
T T Equivalent Circuit:
\/ 1 Rs = 25025
1 Xs= 0021
Capacitance a= 0.0
Ls= 0.1221 nH
- 251 Rp= 25025
Xp = 29130.242
] T Lp = 1654439 uH
FILES:(546B)
7 BNC.acal
_ _5p- test1.cfg
Sep 23, 17 09:00:28 25 ohm load
PortAB | Scan A RescanA | Recycle | PointData | Limits | Scales Smith Comment Status | Halt Quit

.



Example 3: Z,, vs Frequency
* Use a VNA2180 to plot Z vs frequency

61 inches RG-58 C/U

M
Zy=> \“[/




Example 3: Z,,, vs Frequency (cont’d)

“fl VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help
Min SWR = 27.07 @ 146.005MHz . Xs
SWR Resonant freq: 0505206 , 31.652549 , 63.608444 , 95 493893 , 127428152 61 inches RG-58 C/U
46.00 Sar— _ 2000]
41.00 ZLOAD - OPEN 1
36.00) +
31.00 /‘A’-’\_\A/VJ\/___
26.00 +
21.00 1000
Inductance | T
A ¢ +
6.00 +
1.004f0 4
————— o e e e e e e — | —— | SR o= L
60.0 1:20.00 180.00
1 FREQ (10.00 MHz/div) T
v— Xs = series reactance T
Capacitance 1
] \ ’ 1
- ' o
. Repeats every 1/2 Wavelength
- ~2000--
Oct 8, 17 08:23:40
PortAB | Scan A RescanA | Recycle | PointData | Limits Scales | Smith Comment Status

Average= 16

Settling Time= 2 as

Trend= 0

Line Extension= 0 cm

Zo= 50

Driver Amplitude = 100% «
Freq = 149.226

Freq Step =1

SWR = 29.994
Zmag = 28279
Phase = -85.535
% refl power = 87.5

Equivalent Circuit:
Rs = 2202

X5 = -28.193
Q=128

Cs = 37.830 pF
Rp = 363.207

Xp = -28.365
Cp= 37.601 pF

FILES:(546B)
BNC.acal
test1.cfg

Halt




VNA 2180 With 25q Load

“fl VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help

Resonant freq: 0.013212

Zmag
50

Inductance
A

] ZPhase =0

Zphase

—— 100

Average= 16

B Settling Time= 2 as

» Trend= 0

Line Extension= 0 cm

Zo= 50

— 50 Drnver Amplitude = 100% «
Freq = 28. 76791

Freq Step = 0.01000

- SWR = 2.002
fmag = 24972
Phase = 0.017
% refl power = 11.1

¥,

0.000MHz

[ [
10.000 20.000

FREQ (2.000 MHz/div)

v
Capacitance

Sep 23, 17 09:00:28
Port A/B

25 ohm load

Scan A Rescan A | Recycle | Point Data | Limits Scales Smith Comment

Equivalent Circuit:
Rs= 24072
Xs= 0007
| Q=00
Ls= 0.0403 nH
—50 Rp= 24972

Xp = 85511.690
Lp = 473.0830 uH

FILES:(546B)
BNC.acal

-5

Status

| 100 test1.cfg

Halt Quit




Example 3: Plot Z,, vs Frequency (cont’d)

il VMA- 2180 Program Version: 5468 - ] ®
File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help
Min SWR = 27.07 @ 146.005MHz .
SWR Resonantfreq: 0.505206 , 31.652548 , 63.608444 , 95 493893 , 127 428152 61 inches RG-58 C/U Zmag
46.00 N -
z — OPEN 2000 Average= 16
41.00 LOAD T Settling Time= 2 as
36.00 4 Trend= 0
| Line Exten=sion= 0 cm
31_uu| =+ ——
26.00 +
21.00 = . 10001 Driver Amplitude = 100% .
Zunac = Impedance Magnituge Freq = 118281
16.00 +
| Freq Step =1
11.00 +
6.00- + SWR = 33.775
20 Zmag = 103.799
10049~ T Phase = 85.658
L e % refl power = 88.8
0.00MHz 60.00 i1:20_00 180.00
T FREQ (10.00 MHz/div) T
T T Equivalent Circuit:
i 1 Rs= 7.859
Xs = 103.501
i 1 Q= 132
Ls = 139.2682 nH
- 1000 — Rp = 1370938
Xp= 104.098

Lp= 140.0712 nH

- Note: Line loss reduces SWR & Z,,,¢ il

FILES:(546B)
BNC_acal
test1.cfg

— -2000-—
Oct 8, 17 08:23:40

PortAB | Scan A RescanA | Recyde | PoiniData | Limits Scales Smith Comment Status | Halt Quit




Example 3: Plot Z,, vs Frequency (cont’d)

"l VMA- 2180 Program Version: 5468 - | *
File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help
Resonant freq: 0.505001 , 31.565787 , 63.952239 , 95.389905 , 128.183865 61 InChes RG-58 C/U Zphase
— 100

] 1 +9OO 2 — Average is OFF
mpedance Phase Zonp = OPEN T

n 4 Trend= 0
Line Extension= 0 cm
Zo= 50

7 - 50 Drniver Amplitude = 100% »

. Freq="115.014
Inductance Series Parallel T FreqStep=1

A 1 Resonance Resonance T

B T SWR = 39.019
Zmag= 7T2.264

T T Phase = 86.862
% refl power = 903

0.00MHz 60.00 1:20.00 180.00
FREQ (10.00 MHZ/div)

Equivalent Circuit:
v Rs = 3.956
1 Xs= 721586
Capacitance | k2
Ls = 99.8479 nH

- 90 Rp=1320.147
Xp= 72373
Lp = 100.1479 nH

J o 1
_9 O FILES: (546B)

T T Cal_BNC_acal
_VNA_Defauli.cfg

- —L 100
Feb 19, 17 08:34:50

PortAB | ScanA RescanA | Recycde | PointData | Limits Scales Smith Comment Status | Halt Quit




Example 3: Plot Z,, vs Frequency (cont’d)

"l VMA- 2180 Program Version: 5468 - | *

61 inches RG-58 C/U phase

2 z - OPEN T™ Average is OFF
I“pedance Phase LOAD T S5ettling Time= 2 a=s

n 4 Trend= 0
Line Extension= 0 cm
Zo= 50

File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

Resonant freq: 0.505001 , 31.565787 , 63.952239 , 95.389905 , 128.183865
1

7 - 50 Drniver Amplitude = 100% »
Freq = 115014

Freq Step =1

B T SWR = 39.019
Zmag= 7T2.264

T T Phase = 86.862
\ % refl power = 903

t t I |
0.00MHz 60.00 1:20.00 180.00
FREQ (10.00 MHZ/div)

Equivalent Circuit:
Y Rs = 3.956
Xs = T2.156
4 Q= 182

Va Wavelength Ls= 99.8479 nH
] —-50  Rp=1320.147
Xp= 72373
Lp= 1001479 nH

FILES:(546B)
Cal_BHNC_acal

| L _100 _VNA_Defauli.cfg

Feb 19, 17 08:34:59
PortAB | ScanA RescanA | Recycde | PointData | Limits Scales Smith Comment Status | Halt Quit




Finding the Electrical Length of a Transmission Line

“fl VMA- 2180 Program Version: 5468 - O *®

File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

Resonant freq: 31.737706 61 inChes RG-58 C/U Zmag Zphase
Z,0ap = OPEN [

Average= 16

Settling Time= 2 ms
L Trend= 0

Line Extension= 0 cm
Zo= 50

T ZMAG

] % A @ 31.74 MHz

1+ 50 Driver Amplitude = 100% .
Freq = 31.74069

Freq Step = 0.01000

B T SWR = 66.460
Zmag= 0.752

T T Phase = 0.623

% refl power = 94 2

31.000MHz 31.500 32.000 32.500
F (0.10D MHz/div)

Equivalent Circuit

i 1 Rs= 0752
Xs= 0.008
- 1 Q= 0.0

Ls= 0.0410 nH
1150 Rp= 0752

Phase Xp= 69178

Actual physical length = 61.37 inches (assuming VP = 0.66) | |

FILES:(5468)
BNC1.acal
tesii.cfg

. 24100
Sep 27, 17 10:45:32

| ScanA RescanA | Recyde | PointData | Limits Scales Smith Comment Status | Halt Quit




Finding the Input Impedance of a Transmission Line

O
(}v

Z1n?




Why Was The Smith Chart Developed?

Frank Lynch, W4FAL

al

The Formula!

Impedance Looking Hyperbollc Tangent

Into A Transmission
Line Zi+ 7 tanh
gz - g L LEMA
Lo+ /71 tanh

}/ =+ ]/8 \fComplex

Numbers

This is why the chart was developed.. Before calculators and computers the
above formula’s were impossible! They’re still not easy today.




Smith Chart
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Simplified Smith Chart

C onstant
,,f}“f Reactance
jﬁE f;; A

i R Constant

Resistance

Z=50-j50 ohms —

-ja0 Impedance



Normalized Smith Chart

Q
(&
c
1)
©
Q
Q.
E
S
Q
)
(72
SN
Vp]

Normalized to 1




SWR vs Transmission Line Length

For Lossless Transmission Line:

SVVRLOAD
SWR1 SWR?2

oO— i
SWRy=> T -> >

1
1
1
1
1
1
1
[

* Zoap

* SWRis determined solely by Z5 & Z,oap

* SWRis constant along a lossless transmission line
e SWR, =SWR1 = SWR2 = SWR g,




Simplified Smith Chart — Constant SWR Circles

Constant
,f*/ Reactance

jal I
j ;f;,

2:1 SWR Circle

Constant .
j*ll]ljlﬁ _f Resistance 1. Adding Length to a

g ,.-"':,-"{ Lossless Transmission
Line Causes

1 Clockwise Rotation
Inductive Around a Constant
SWR Circle
b 2. Zchanges but SWR is

constant

R 3. One Full Rotation
: ';.'-}' 250 | Equals 2 Wavelength

Infinite SWR Circle

5:1 SWR Circle

F System
-jai Impedance



Problem: Antenna Tuner Can’t Find A Match

* Many built-in antenna tuners can only match up to a 3:1 SWR
e External tuners have much better range than built-in tuners

* It is easier for most antenna tuners to match a high impedance

* Ex: MFJ-993B spec’d matching range is 6 — 16000
* SWR:
16000 => 32:1
6Q=> 8:1
* Many antenna tuners become very lossy at very low impedances
e Obtaining a match is only part of the solution

 Example: Palstar AT-Auto
e Loss matching 6.25 ohms on 160M is 42%! (QST Aug 2006)



Problem: Antenna Tuner Can’t Find A Match

* Many built-in antenna tuners can only match up to a 3:1 SWR
e External tuners have much better range than built-in tuners

* It is easier for most antenna tuners to match a high impedance
* Ex: MFJ-993B spec’d matching range is 6 — 16000

Common recommendation: add a short length of coax to reduce the SWR

6o => 8:1
* Many antenna tuners become very lossy at very low impedances

e Obtaining a match is only part of the solution

 Example: Palstar AT-Auto
e Loss matching 6.25 ohms on 160M is 42%! (QST Aug 2006)



Example 4: Antenna Matching Problem
* Problem: Antenna Tuner Can’t Find A Match At 14.0 MHz:

Zn =100 +l1.3Q V)
IN J s \lJ

SWR =5.0:1 Zo =500 Z, = 2500
I
Vv
Ziy =350Q —~ | Antenna -, i
SWR =1.0:1 => __ 1 Tuner Y Zo = 50Q Z, = 2500




Example 4: Antenna Matching Problem (cont’d)

il VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help
Min SWR= 501 @ 13.944MHz
SWR
46.00

41.00 ”,g
Zo= 50.00 0.00j
SWRref=2

36.00

31_00: Z = 10+J13Q

2500 SWR = 5.02:1

21.00

16.00

0.5

R

11.00

6.00

13.900MHz 13.950

LX)

1001 | o OB )

- Marker Data |

Close

T Sep 24, 17 09:41:37

Sep 24, 17 09:41:37

Port A/B Scan A RescanA | Recyde | Point Data

Limits

Scales

x| 2x| 3x| ax| sx|
SCALE

Smith

Zmag

200

Zphase

— 100
Average= 16

Settling Time= 2 as

» Trend= 0

Line Exten=sion= 0 cm

Zo= 50

— 50 Driver Amplitude = 100% »
Freq = 14.040019

Freq Step = 0.001000

- SWR = 5020

Zmag = 10.055
Phase = 7.588

% refl power = 44.6

Comment

Equivalent Circuit

| Rs= 9.967
Xs= 1.328
| Q=01

Ls = 15.0503 nH

20 Rp= 10.143
Xp= 76.145
Lp= 0.8632 uH

FILES:(546B)
BNC_acal

-200-

Status

L 100 test1.cfg

| Halt Quit




Example 4: Antenna Matching Problem (cont’d)

il VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help

Zmag

x| 2x| 3x| ax| sx|
SCALE

Min SWR= 501@ 13.944MHz
SWR
46.00
41.00 o
36.00
_ . Zo= 5000 0.00]
31_uu| /= 10+J13Q SWRref= 2
0.5
26.00 = .
SWR = 5.02:1 -
21_nn| -
7
16.00
2 /4
11.00
6.00-
1.004%% . .
13.900MHz 13.950
N ~
~ ~ =
- 0.5
- Marker Data | Print | Close |
) 7 Sep 24, 17 09:41:37
Sep 24, 17 09:41:37
Port A/B Scan A RescanA | Recyde | PoiniData | Limits Scales

so0T 100

-200-

Status

Zphase

Average= 16

Settling Time= 2 as

Trend= 0

Line Exten=sion= 0 cm

Zo= 50

——100

Driver Amplitude = 100% »
Freq = 14.040019

Freq Step = 0.001000

SWR = 5020
Zmag = 10.055
Phase = 7.588

% refl power = 44.6

Equivalent Circuit

Rs = 9967

Xs= 1.328
Q=01

Ls = 15.0503 nH
Rp= 10.143
Xp= 76145

Lp= 0.8632 uH

FILES:(546B)
BNC_acal
test1.cfg

Halt Quit




Example 4: Antenna Matching Problem (cont’d)

UKVNA-E‘ISD Program Version: 3468 Z = 55+j929 - O bt I
File Functions Calibrate Setup Markers ™---- - moenmoo oo TRR T
Min SWR = 487 @ 13.942\ oy ® SWR = 491
Additional 8.2 ft of RG-8A Cable 2g Zphase
46.00 —— 100
| 200 Average= 16
41.00 - : : T Settling Time= 2 as
36.00 x =4 Trend= 0
| Zo = 50.00 0.00j i x| 3x | ax| sx| Line Extension= 0 cm
31_nn| SWRref= 2 SCALE T Zo= 50
26.00 0 ~ 4
-
21.uu| 2 1001 50  Driver Amplitude = 100% .
l Freq = 14.061414
16.00 1
| 9.2 Y Freq Step = 0.001000
11.00 +
/
6.00 + SWR = 4877
, Zmag = 107.182
1.00 ) —— 5 T Phase = 50.004
1 % refl power = 43 .5
. ; ; ; i .
13.900MHz 13.950 14.100
» T Equivalent Circuit:
A 1 Rs= 55052
S~ o4 Xs = 01963
D5 4 Q=17
= Ls= 1.0409 uH
- . . . 100---50 -
* Match should be possible due to higher impedance Ro - 208.070
. ) T Lp= 14139 uH
* SWR didn’t change! 1
L3
* The loss in the tuner should be lower T reeecosn
T BNC.acal
_ ‘ _200—100 test1.cfg

Sep 24, 17 09:53:21
PortAB | Scan A RescanA | Recycle | PointData | Limits | Scales Smith | Ccomment Status | Halt Quit




Example 4: Antenna Matching Problem (cont’d)

* Simple (Single Band) Solution:

8.2 ft RG-8A
1
[ \
_ : o o N\
SWR =4.9:1 o, O
I
124 pF =-j920 @ 14MHz Vv
\?124 i 8.2 ft RG-8A
{7 S——
_ , b LA O N
SWR=1.1:1 —O O
L



ARRL Transmission Line for Windows (TLW)

* Free software with ARRL Antenna Book

i TLW

— >
1 TLW, Transmission Line Program for Windows  pep j
Version 2.0, Copyright 2000-2003, ARRL, by N6BV, July 22, 2003

Cable Type: _:J Tili’lf

iFEEt éLength: 5.2 Feet 0.177  Lambda  Frequency: | 14.0 MHz

Meters Use "w” suffi for wawvelength (for example, 0.25w)

Characteristic Z0: 2.2 -1 0.31 Ohms Matched-Line Loss:  0.706 dB/100 Feet

Velocity Factor: 066 Max Voltage 3700V Total Matched-Line Loss:  0.058 dB
S-IJ-IJFEE.‘ e e B R e e e —
| & Normal || & Load Resistance: | 10 | | & Volt/Current
| Autek Ohms | | ~ Resist/Reac. EEh_J
e | T Input Reactance: | 13 | ] =

S Tuner | Print | Exit ]

SWR at Line Input: 5.06 SWR at Load: .23 Rho at Load: 0.67895
Additional Loss Due to SWR: 0.141 dB Total Line Loss: 0.199 dB

Impedance at Input: 5017 + | 91_54@ 104 .39 Ohms at 6127 Degrees




Example 5: Antenna Tuning

* Should an antenna be tuned to resonance, or for lowest SWR?



Example 5: Antenna Tuning — cont’d

* Should an antenna be tuned to resonance, or for lowest SWR?

“ufl VNA- 2180 Program Version: 5468 DEMO MODE - ] X
File Functions Calibrate Setup Markers Bands Utilities Port B Functions  Multi Channel TDR  Help
Min SWR = 113 @ 14.230MHz File: Hex_Beam_20M._scn
SWR Resonant freq: 13.968194 , 14.353979 Zphase
2.80 — 100
Average= 16
2.601 T Settling Time= 2 a=
Trend= 0
2.40 +
L]
SWR 5 Ba nd Hex Beam- 20 M Line Extension= 0 cm
2207 T Zo= 50
2.0042.00 4
1.80+ Driver Amplitude = 100% .
Freq = 14.07354
1.60 1
\ Freq Step = 0.01000
1.40 1 h
1.20- Phase \ SWR = 1.319
Zmag = 61185
1.004 T Phase = -10.700
i % refl power= 1.9
! T T I T T T f T i f i T T
13.800MHz 1.4.000 14200 14.400 14.600
- I i
FREQ (0.050 MHz/div)
T T Equivalent Circuit:
| 1 Rs= 60121
Xs = -11.360
T Resonancel Resonance2 L a-o
Cs = 995496 pF
- T90 Rp= 62268
Xp = -329.544
Cp= 34317 pF
FILES:(546B)
T T BNC.acal
. L _100 test1.cfg
Feb 8, 17 15:31:41 Hex Beam_20M
PortAB | ScanA RescanA | Recycle | PointData | Limits | Scales Smith Comment Status | Halt Quit

11:21 AM
2017 D



Example 5: Antenna Tuning — cont’d

40 M Dipole

"l VNA- 2180 Program Version: 5468 — O x
File Functions Calibrate Setup Markers Bands Utilities Port8 Functions TDR Help
Min SWR= 145@ 7.080MHz
SWR Resonant freq: 7.086690 Zmag Zphase
2.80 — 100
200 Average= 16
2.604 T Settling Time= 2 ms
2.404 1 Trend- 0
Line Extension= 0 cm
2201 T Zo= 50
2.004z00 +4
1.804 SWR 100-- 50 Driver Amplitude = 100% .
Freq = 7.08672
1.604 =
Freq Step = 0.01000
1.404 +
1.204 T+ SWR = 1447
Zmag= 72335
1.004 T Phase = 0.003
% refl power = 3.3
|
6.900MHz 7.150 7.400
) FREQ (0.050 MHz/div) T
T T Equivalent Circuit
I Phase TomnE
Xs= 0004
1 1 Q= 0.0
Ls= 00972 nH
-1 10050 Rp= 72335
Xp > 100K 2
Lp = 27149.5223 uH
FILES:(546B)
1 T BNC_acal
n _so0l_1gp teSticra
Sep 26, 17 09:34:19
PortAB | ScanA RescanA |  Recycle | Point Data Limits Scales Smith Comment Status Halt Quit
O 0 3 3 : J




Example 5: Antenna Tuning — cont’d

40 M Dipole

40 M Dipole at input to transmission line

"l VNA- 2180 Program Version: 5468 — ] P4
File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR Help
Min SWR= 1.45@ 7.080MHz
SWR Resonant freq: 7.085113 Zphase
280+ - 100
Average= 16
2.604 T Settling Time= 2 as
240 1 Trend= 0
Line Extension= 0 ca
2201 T Zo= 50
2004200 1
1.80 —— 50  Driver Amplitude = 100% .
Freq =7.08529
1.604 +
Freq Step = 0.01000
1.40 1
1.204 + SWR = 1.449
Zmag = 72419
1.004 T Phase = 0.018
% refl power = 3.4
|
6.900MHz 7.150 7.400
FREQ (0.050 MHz/div)
T T Equivalent Circuit:
| 1 Rs= 72419
Xs= 0022
| 1 a= 0.0
Ls= 05026 nH
-1 T50 Rp= 72419
1 1 Xp > 100K
Lp = 52647184 uH
FILES:(546B)
1 T BNC_acal
i 1 4gg testicio
Oct7, 17 19:12:07
PortAB | ScanA | RescanA | Recycle | PointData | Limits Scales Comment Status | Halt Quit

"l VNA- 2180 Program Version: 5468 — ] P4
File Functions Calibrate Setup Markers Bands Utilities PortBFunctions TDR Help
Min SWR = 1.46 @ 7.070MHz
SWR Zphase
280 —~ 100
Average= 16
2.604 T Settling Time= 2 as
2.40 1 Trend= 0
line Extension- 0 cm
2201 T Zo= 50
2004200 +
1.80 —— 50 Driver Amplitude = 100% .
Freq =7.08529
1.604 +
Freq Step = 0.01000
1.40 4
1.20 T SWR = 1.459
Zmag = 66.713
1.004 T Phase = -13.640
% refl power = 3.5
6.900MHz

R —

Oct7, 17 19:17:15
PortAB |

Scan A Rescan A

Recycle |

—-50

——-100

PointData | Limits Scales Smith Comment Status |

Equivalent Circuit:

Rs= 64831
Xs= -15.733
Q=02

Cs = 1427.765 pF
Rp= 68649

Xp = -282.890

Cp= 79.405 pF

FILES:(546B)
BNC.acal
test1.cfg

Halt | Quit

Is the antenna no longer resonant?



Example 5: Antenna Tuning — cont’d




Zo= 50.00 0.00j
SWRrel= 2

Example 5: Antenna Tuning — cont’d

Marker Data |

| Sep 27,17 08:44:42

* The antenna is still resonant
 The antenna “System” is not resonant?

W

Marker Data | Print |

Close

J

Sep 27, 17 08.50.41




Example 5: Antenna Tuning — cont’d

"l VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands

Utilities Port B Functions TDR  Help

Min SWR = 147 @ 7.070MHz
SWR Resonant freq: 7.087163

2.80-
2.60-
2.40-
2.20-
2.00-
1.80-
160 —
1.40 1
1.201

1.00

SWR

6.900MHz

Sep 26, 17 09:50:07
PortAB |

|
7150

FREQ (0.050 MHz/div)

* Tuning for minimum SWR is usually the best approach
* Resonance:

* Is not required for good antenna performance

 May not occur at the same frequency as minimum SWR
* SWR affects transmitter output, not resonance

Scan A

| RescanA | Recyde | PointData | Limits | Scales | Smith | comment Status

16

Average=

Settling Time= 2 as

Trend= 0

Line Extension= 0 cm

Zo= 50

Driver Amplitude = 100% »
Freq = 6.94250

Freq Step = 0.01000

SWR = 1.592
Zmag = 58 810
Phase = -24.102
% refl power = 5.2

Equivalent Circuit:

Rs = 53.683

Xs = -24016
Q=04

Cs = 954 578 pF
Rp = 64.427
Xp=-144.016

Cp = 159.181 pF

FILES:(546B)
BNC_acal
testi.cfg

Halt




SWR vs Transmission Line Loss

7\ .
SWR => \l/ Il::)nsi Open/Short

Loss Measured

(dB) SWR
0 Infinite
1 8.8
2 4.4 (75 ft RG-58A @ 28 MHz)
3 3.0

Infinite 1.0

Transmission line loss reduces measured SWR




Summary

* Make sure you understand the impedance measurement you are getting from your
antenna analyzer

* When Z,5,p # Zo, transmission lines can become impedance transformers
* This behavior can either be helpful or harmful

* The Smith chart:
* |s a good learning tool
* |s not the easiest way to solve impedance problems

* Adding a short length of transmission line might help an antenna tuner achieve a
match

* Because it raises the impedance (it does not lower the SWR!)
* |tis usually better to tune an antenna for best SWR rather than resonance

* Transmission line loss lowers the measured SWR



