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Dipole Impedance Measurements

1

• Equipment
§ Keysight N9917A Microwave Analyzer in Network Analyzer mode

ü S/N MY56071016
ü 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)



©
 2

02
1 

W
hi

th
am

 D
. R

ee
ve

©
 2

02
2 

W
hi

th
am

 D
. R

ee
ve

Calibration & Test Fixtures, V2

2

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

3

V2 Calibration Fixture V2 Test Fixture
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Calibration & Test Fixtures, V1

4

V1 SHORT V1 OPEN V1 LOAD
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Calibration Fixture Measurements, V2

5

Short
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Calibration Fixture Measurements, V2

6

Open
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Calibration Fixture Measurements, V2

7

Load



©
 2

02
1 

W
hi

th
am

 D
. R

ee
ve

©
 2

02
2 

W
hi

th
am

 D
. R

ee
ve

Antenna Installation

8
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Marauding Wildlife

9

Moose admiring a quality installation
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Dipole Impedance Measurements

10

Port 2Port 1

0 . -

1 2 3

4 5 6

7 8 9

/\ \/

On/Off

Keysight N9917A Microwave Analyzer

Test Fixture

AMT-32+

Side A: Active11.05 m Field Test Cable A: MPD LMR-240 SM-NM, 37 ft

Side B: Inactive
11.05 m Field Test Cable B: MPD LMR-240 SM-NM, 37 ft

50 ohm Termination
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Dipole Impedance Measurements

11

• All measurement data saved as S1P Touchstone files
§ Reflection coefficient S11 → .s1p
§ ASCII text in 3-column tabular format
§ Frequency | Mag(dB) | Phase(degrees)

• Convert to R + jX format and plotted as impedances
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Dipole Impedance Measurements, V2

12

North-South Dipole, V2 East-West Dipole, V2
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Dipole Impedance Measurements, V1 & V2

13

East-West Dipole, V2 East-West Dipole, V1
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Impedance Matching Efficiency

• Reflection Coefficient S11

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

• Impedance Matching Efficiency

14

(deg.)11 ( ) jS A dB e f×= ×

( ) 2010A dBA = ( )(deg.) 180f f p= ×

 221 11 1 jIME S A e f×= - = - ×
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Impedance Matching Efficiency

15
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Assumes Z0 = 100 + j0 ohms
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FEE Measurements

16

• Foregoing IME assumes perfect Z0 = 100 + j0 ohms

• It may be better to use actual FEE impedance measurements

( )
( )

2
20

0
1 1

Z Z
IME

Z Z
-

= - = - G
+



©
 2

02
1 

W
hi

th
am

 D
. R

ee
ve

©
 2

02
2 

W
hi

th
am

 D
. R

ee
ve

FEE Measurements

17

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

• Reduces to IME when FEE reflection coefficient ΓRX = 0

( )( )2 2

2

1 1

1

ANT RX

ANT RX

IMF
- G - G

=
- G G

Rudge, A., Milne, K., Olver, A., Knight, 
P., The Handbook of Antenna Design, 
Vol. 1 and 2, Peter Peregrinus Ltd, 1986
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FEE Measurements

18

External
15 Vdc

MCL Bias-Tee
ZFBT-4R2GW

FEE
Rev. 2.0

FEE Test Fixture ~ Lower Bay

FEE Test Fixture ~ Upper Bay

HX62AMCL
Hand-Flex 086 RG-174

N-M

SMA-M

SMA-M SMA-M

SMA-M

RF Output
+ dc

RF Input
+ dc

RF + dcRF

RF Input

RF Output

ULC-1M-SMNM
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VAT-30+
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Keysight N9917A Microwave Analyzer
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FEE Reflection Coefficient, V1.8 & V2.0

19

V2.0V1.8
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FEE Impedance, V1.8 & V2.0

20

V1.8 V2.0
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FEE Impedance, V1.8 & V2.0

21
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FEE Impedance, V1.8 & V2.0

22
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