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Dipole Impedance Measurements

e Equipment
= Keysight N9917A Microwave Analyzer in Network Analyzer mode

v' S/N MY56071016
v" Calibration due 23 Dec 2023

= Test cables, LMR-240 with N-M and SMA-M, 37 ft (11 m), 2X
= 50 ohm termination, N-F

= Calibration Fixtures (custom, Brian Hicks)

= Test Fixtures (custom, Brian Hicks)



© 2022 Whitham D. Reeve

Calibration & Test Fixtures, V2

V2 Calibration Fixture V2 Test Fixture
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Calibration & Test Fixtures, V2

V2 Calibration Fixture
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Calibration & Test Fixtures, V1

V1 SHORT V1 OPEN

V1 LOAD
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Calibration Fixture Measurements, V2

Short
6/24/2022 10:20:53PM 6/24/2022 10:12:52PM
0.5dB/
L2 3 . <Refl
5 6 0de
1. 5O0MHz 01248 1. SOMHz 0984007 % - P e/
2. 10.0MHz -0.17dB 2 10.0MHz -097+013 . !
3 19.9MH:z -0.23dB 3 19.9MHz -0.94+i0.25
4. 40.0MHz -0.33dB 4. 40.0MHz -0.84+0.46 e S
5. 80.0MHz -0.50dB 5 80.0MHz -0.54+0.78 f
6: 100.0MHz  -0.54dB 6: 100.0MHz -0.36+i 0.87 _
Start = 5 MHz Center =102.5 MHz Stop = 200 MHz Start = 5000000 Hz Cent;r - 1A0é. 'gMHz Stop = 200000000 Hz
- Span =195 MHz - Span =195 MHz
B 511 dB B 511 Smith
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Calibration Fixture Measurements, V2

Open
6/24/2022 10:21:38 PM
0.5dB/
1. 5.0MHz -0.99dE
2. 10.0MHz -0.93dB
3 19.9MHz -0.94dE
4: 40.0MHz -0.97dB
5. 80.0MHz -1.01de
6: 100.0MHz  -1.03dB
<Ref1
0de
12 3 4
X Vi - §
A AT ) 4,
Start = 5 MHz Center = 1025 MHz Stop = 200 MHz
N Span =195 MHz N
B 511 dB -

6/24/2022 10:13:43 PM

5OMHz  089+0.04

1:

2 10.0MHz 0.30-0.03
3 199MHz 083011
4: 40.0MHz 0.86-0.25
5 80.0MHz 0.75-0.49
6: 100.0MHz 0.66-0.53

Start = 5000000 Hz

511

Smith

Center=TD£5 MHz

Span =195 MHz

Stop = 200000000 Hz
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2dB/

Calibration Fixture Measurements, V2

6/24/2022 10:20:04PM

Start = 5 MHz

Load

511

dB

Center =102.5 MHz
Span =195 MHz

DO

5.0MHz -28.18dB
10.0MHz  -28.26dB
19.9MHz  -27.51dB
40.0MHz ~ -24.90dB
80.0MHz  -20.85dB
: 100.0MHz  -13.45dB

<Refl
-25dB

Stop = 200 MHz

6/24/2022 10:14:19PM

5OMHz 0034003

1:

2 10.0MHz 0.03+ 0.02
3 19.59MHz 0.03+0.03
4: 40.0MHz 0.04+ 0.04
5. 80.0MHz 0.06+ 0.06
6: 100.0MHz 0.08+ 0.07

Start = 5000000 Hz

511

Smith

Center = 1025 MHz

Span =195 MHz

Stop = 200000000 Hz



© 2022 Whitham D. Reeve

Antenna Installation
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Marauding Wildlife

Moose admiring a quality installation
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Dipole Impedance Measurements

Keysight N9917A Microwave Analyzer
Ol B Y ale
O == (| (.
O00Olooooc
g ooo O
oo Oooooono
O
olloooooo
olfloogjboo I
(o J |0
Port 1 Port 2
Q
11.05 m Field Test Cable A: MPD LMR-240 SM-NM, 37 ft
I: ﬂ]: i 11.05 m Field Test Cable B: MPD LMR-240 SM-NM, 37 ft

50 ohm Termination
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Dipole Impedance Measurements

e All measurement data saved as S1P Touchstone files
= Reflection coefficient S11 - .slp
= ASCIl text in 3-column tabular format
" Frequency | Mag(dB) | Phase(degrees)

e Convertto R + jX format and plotted as impedances

11
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Dipole Impedance Measurements, V2

North-South Dipole, V2 East-West Dipole, V2
6/25/2022 10:57:12 AM V2 North-South 6/25/2022 10:58:51 AM V2 East-West
v i
1000hm/ "~ 1000hm/

100chm/

1000hm/

100chm/

1000hm/

1
v

1: 5.0MHz 46.230hm  -B67.50ohm  669.10chm 1: 5.0MHz -9.03chm  -539.250hm  539.32c0hm
2. 10.0MHz 7910hm  -28514chm  285.260hm 2. 10.0MHz 2.48ohm  -267.250hm  267.270hm
3 19.9MHz 1.680hm  -105.220hm  105.230hm 3 19.9MHz 2.09hm  -102.990hm  103.010hm
4. 40.0MHz 21.36ohm 55.630hm 59.59chm 4. 40.0MHz 21.84ohm 57 56ohm 61.57chm
5. 80.0MHz 91.980hm  -110.480hm  143.76chm 5. 80.0MHz 92 51ohm  -105.270hm  140.14c0hm
6: 100.0MHz 75.19hm  -45.34chm 87.81chm 4 6: 100.0MHz 77.380hm  -45.06chm 89.55chm
Start = 5 MHz Center = 102.5 MHz Stop = 200 MHz Start = 5000000 Hz Center = 102.5 MHz Stop = 200000000 Hz
Span =195 MHz S Span =195 MHz
S11 ImagZ R S11 ImagZ
S11 RealZ S I | S11 RealZ S I |

12
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Dipole Impedance Measurements, V1 & V2

East-West Dipole, V2 East-West Dipole, V1
6/25/2022 10:58:51 AM V2 East-West 6/25/2022 11:49:41 AM V1East-West
i v
1000hm/ 1000hm/

100chm/ 1000hm/

1000hm/ 1000hm/

1: 5.0MHz -9.03ohm  -539.25chm  539.320hm 1. 5.0MHz 5.43chm  -B04.53ohm  604.560hm
2. 10.0MHz 2.48ohm  -267.250hm  267.270hm 2. 10.0MHz 0.90chm -288.290hm  288.290hm
3 19.9MHz 2.09hm  -102.99chm  103.01chm 3 19.9MHz 1.5Tchm  -108.950hm  108.960hm
4. 40.0MHz 21.84ohm 57 56ohm 61.57chm 4. 40.0MHz 20.450hm 53.420hm 57.200hm
5. 80.0MHz 92 51ohm  -105.270hm  140.14c0hm 5. 80.0MHz 131.18chm  -111.370hm  172.080hm
4 6: 100.0MHz 77.38chm  -45.060hm 89.550hm 6. 100.0MHz 93.41chm  -41.63chm  102.27chm
Start = 5000000 Hz Center = 102.5 MHz Stop = 200000000 Hz Start = 5 MHz Center =102.5 MHz Stop = 200 MHz
N Span =195 MHz . Span =195 MHz
- 511 ImagZ " S11 ImagZ
S11 RealZ S I | S11 RealZ S11|1Z2]

13
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Impedance Matching Efficiency

e Reflection Coefficient S11

§11=A(dB)-e/?"8)

where A(dB) is the measured (reflected/incident) voltage ratio in dB
and ¢p(deg.) is the measured phase in degrees at each frequency
point. A is converted to a linear ratio and ¢ to radians

A=1044120  §=4(deg.)-(7/180)

* Impedance Matching Efficiency |ME :1—\511\2 :1—‘A.ej'¢‘2
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Impedance Matching Efficiency
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FEE Measurements

e Foregoing IME assumes perfect Z, = 100 + jO ohms

(Z_Zo)
(Z+2,)

2

IME =1— =1-[1

|t may be better to use actual FEE impedance measurements
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FEE Measurements

e Alternate form called Impedance Matching Factor, IMF,
takes into account actual FEE reflection coefficient

2
( ‘FANT ‘ )(1 o ‘FRX ‘ ) Rudge, A., Milne, K., Olver, A., Knight,

P., The Handbook of Antenna Design,
‘1 F F ‘ Vol. 1 and 2, Peter Peregrinus Ltd, 1986
ANT — RX

IMF =

e Reduces to IME when FEE reflection coefficient 'z, =0
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FEE Measurements

Keysight N9917A Microwave Analyzer
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A
MCL HX62A O
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P EHvAaT-30+jm O s dc
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FEE Reflection Coefficient, V1.8 & V2.0

Keysight Technologies: N9917A, SN: MY56071016 Keysight Technologies: N9917A, SN: MY56071016
REEVE LAB e Thu, 21 Jul 2022 3:56:11 PIvI EIREEVE LAB

MNa  Ref0.00 dB S11 NA  Ref0.00de S11

100000 MHz
MHz

Start 5.000 MHz IF B\ 100 Hz Stop 200.0 MHz Start 5.000 MHz IF BW 100 Hz
Points 1001 Output Power -20.0 dBm Swp 258s Points 1001 Output Power -20.0 dBm Swp 25.8 s

e Wed, 20 Jul 2022 5:58:36 PM

100000 MHz
MHz

Stop 200.0 MHz
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FEE Impedance, V1.8 & V2.0

7/25/2022 5:59:28PM S11Measurements V1 S/N 0273 IFBW 100 Hz 21 July 2022

V1.8

50chm/

S50ohm/

<Refd
Ochm

1. 5.0MHz 75.86ohm  -16.30chm 77.590hm
2: 10.0MHz 58.46ohm  -38.71chm 70.110hm
3 19.9MHz 27.43ohm  -14.93chm 31.230hm
4: 40.0MHz 53.550hm 29.680hm 61.230hm
5. 80.0MHz 35.880hm 24 48ohm 43.440hm
6: 100.0MHz 63.260hm  -15.11chm 65.04ohm

Center =102.5 MHz
Span =195 MHz

S11 ImagZ
511 RealZ 511 |1Z]

Start = 5000000 Hz Stop = 200000000 Hz

7/25/2022 6:03:05PM S11Measurements V2 IFBW 100 Hz 21 July 2022

V2.0

50chm/

S50ohm/

50chm/

<Refd
Ochm

1. 5.0MHz 43.500hm  -32.39%hm 54.240hm
2: 10.0MHz 42 03ohm  -14.81chm 44 570hm
3 19.9MHz 45.120hm -2.420hm 45.190hm
4: 40.0MHz 54.820hm 1.880hm 54.850hm
5. 80.0MHz 38.120hm 7.610hm 38.870hm
6: 100.0MHz 50.04o0hm 14.720hm 52.160hm
Start = 5000000 Hz Center =102.5 MHz Stop = 200000000 Hz
- Span =195 MHz
B 511 ImagZ
511 RealZ S11|12Z2]
20
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TIK] PSD [arb. dB]
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TIK] PSD [arb. dB]

AT [%]
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X Pol. Y Pol.

40 —— Observed 32.5 - —— Observed
—— ARX —— ARX
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