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Overview

This presentation Is organized inte five
Sections:

Tiean Acknowledgement.

Backgreund and’ Existing Measurement Techriques.

vm (relative vector meter) — Using a VINA with
specialized software to measure; complex antenna
CUrENL ratioes.

Applications; off fvim.
Summary.
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2. Background and! Existing
Measurement: Technigues

Why:should we want tormeasure antenna
CUrrents?

Antenna Modeling.

EXISting methods of measuring antenna
CUFENLS.
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Why should we want to measure
antenna currents?

We better care about: EM radiation, or
Amateur Radie deesnt exist.

ACCelerating Chiarge; onra wire produces

EM radiation.
EIECHHE CUrentiisi the; flow: off charge.

AR aitenng elementiis any: Wire ok
conductor carrying RE current (plannedior
unplanned!).
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Why: shoeuld we want te measure
antennal currents? (continued)

A'set off antennar Elements creates an amftening
array. The wire dimensions, erientation, and
currents create the potential fier'gain and nullsin
the overall antenna response patterm.

CUrrent 1s complex (vector), and usually
expressed In terms off magnitlde and angle.

I we can measure the; currents, We can /nsert
them Into an antenna model to obtainia high
guality prediction of' performance.

2. Background A New Approach for Measuring Complex Antenna Currents in a Vertical Array.




Antenna Moedeling

It's hardl ter Imagine: a contemporary antenna
design preject that deesnit include antenna
modeling,.

A NUMBEr of softWare packadges exist that are
based! upon thel NEC-2, NEC-4, or MININEC
engines. (my: examples will be EZNECH:v5.0)

I suspect that: moest all off Us have spent many
noursidoing what-ii-analysis by Varying Wike Size
and placement and current source values.
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Antenna Modeling (continued)

Classic 80m  4-Sauareias an: example (firng NE):

Other model inputs: ground type,
ground characteristics, wire loss...
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Antenna Modeling (continued)

EZNEC+

Graphical (pattern) andltabu

ar results.

In addition to the pattern, other important metrics

Incltde gain;, F/Biratio, 3 db

peamwidth, RDE (er DME),

soUrce Impedance, and the take-ofi angle.
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Antenna Modeling (continued)

Althouighr currents are specified as
abselute values, the antenna gainiand
eSponse; pattern are; a function of the
culenl [Elos, Net absoelute current values.

Absolute current Values are al function of
appliedl peower.

Antenna perfermance Is net a function: ofi
the pewer level.

A New Appreach for Measuring Complex Antenna Currents in a Vertical Array




Antenna Modeling (continued)

Tihere; are; infinite: aumber: off Ways) off Specifying
the same current raties. llhese are; equivalent.

Source 1 Source 2 Source 3 Source 4

Mag. | Angle | Mag. | Angle | Mag. [ Angle | Mag. | Angle

1 1 1 +90 1
2 2 2 +90 2
1 1 1 +180 1
085 085 0.5 0 0.5
12 12 ( £+1053 | 12 | +193 | 12
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Antenna Modeling (continued)

Modeling cani be used for design before
construction, and! evaltating actig) Perioiiance
aiterwards usinglmeasurec currents. This Is

especially: valuable; when the fireguency: moves
away from, the target design freguency.

Because; the discrete phasing) Network is not
part of the modeled array,, it’s behavior as a
function: of fireguency: Is not taken Inte; account.

This isfa generall problemsfor allfarrays with
separate phasingl networks bullt firom: discrete
compoenents.
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Antenna Modeling (continued)

I yourhold the current SouUrces constamt
(@nalideal), and simply:change the
frequency, your are not accurately:
modeling the; effiect offthe phasing
netwerk. dinis usually’ leads te everly.
optimistic results acressi the; band.
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Antenna Modeling (continued)

Simulation Simulation Mutvial
Impedance

Modeling| both demains inia single; envirenment
IS al difficult problem.
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Antenna Modeling (continued)

SOme Work has been done: by, others; to model

o
e

nasing Networks! N analogl simulatoss stch as

flavors ol Sp/ce; and include the antenna

ements as Iii they were lumped components,

Incltiding mutual impedance. The challenge is
creatingrantenna models that are accurate;in the
lUmped demain. And, even I the Netwerks are
Verified to; prodUce the desired currents, the
normal NEC outputs (patterns dain, et ) are
not availakle since it's an analog S|mulator not
an antennas simulator.

2. Backgroun
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Antenna Modeling (continued)

Beginming withr EZNEC V5.0, //ise/iion OLJEs
and Viriel segrients make it pessible ter moedel
mMost phasing networks: This capability: could be
guite powerfiul. More evaluationsis needed to
determine how: closely: completely: moedeled
arrays track carefully: measured arrays.

Similar emnancements may: be going omni in other
tools, but I am not aware off them.
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Existing methods of measuring
anténna CUrkrents

SoUrCes of more infermation:
s ARRL Antenna Book
x ON4UN's llow-Band DXing

Measurng magnittde is relatively: easy.— ani RE
ammeter:

Some Specific pnase relationships, stch asi90
degrees, invite; use of guadrature phase
detectors,

A'deneralipurpese magnittde and phase
measurement tool is the multi-channel
oscilloscope.
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Existing methods of measuring
anténnal CUrrénts (continued)

Clrrent: cani be measured directly’ at the element
feed pointsiwith current probes, or, Indirectly
measured as a complex voltage Y2 (5/4, 1 7z,
etc) wavelengthrfirom' the feed point on a
transmission line.

Voltage measurement s al side-effiect off current
Jorcing.

Tihe veltage measurements prererideal
transmission lines; at a single frequency, but can
be more convenient te make.
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Existing methods of measuring
anténna CuUrrents (continued)

Equal Lengths —

Current —_ \ e Current
Probe ' : Probe

at Base : at Base
of Element of Element

Two -Channel Oscilloscope

From ARRL Antenna Book, pg 8-30, 20t ed. W8WWV Hex Array Field Adjustments
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Existing methods of measuring
anténnal CUrrénts (continued)

W8WWV 40 m Hex Array ON4UN 80 m 4-Square (2_005 Dayton
Antenna Forum presentation)
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Existing methods of measuring
anténnal CUrrénts (continued)

@Q: Where is the refierence plane?
A: On the frent panell off the SCope.

Iihat meansi that the measurement will
Include the current probes andl the test
cables. This encolrages that the prebes
andl cables be identicaliso that they: camnrbe
practically ignored.

2. Background A New Approach for Measuring Complex Antenna Currents in a Vertical Array.




Existing methods of measuring
anténnal CUrrénts (continued)

Drawbacks te; existing methods:

s [ledious;, cumbersome, usually single fireguency
analysis. Manuall transcription off data. Nerdirect tie to
other analysis teols.

s Scopes beyond two channels are more expensive and
less common.

s Reading| the scope can be tricky, and! the; resolution Is
imited:

s Scopes can reguire substantiall AC pewer - outside.

s Current probes and cablesfare above the reference
plane;, and will influence results/iiFnot identicall, They:
are part of the Device Under Test (DUT).

2. Background A New Approach for Measuring Complex Antenna Currents in a Vertical Array.




vm — Relative Vector Meter

Tiheory, off Operation.
\/ECLOrSCope.

Freguency. Scan.
Measuringl Curreént Forcing:
Coupled! Current Ratios.

Pewer Port (dump: power).
NEC Driver.

/B Measurements.
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fvim — [Theory. of Operation

What isia VINA?Z

Simply: put, a transmitter and receiver in a box,
WhHEre, the receiver:can produce bothrmagnitude
and phase; INfiormation.

ANUEIISITIISSI DI SUCHIEL PASSES thE
transmitter signall throughr ar Device; Under: Test
(DUTY) and the receiver detects the complex
[eSPOoNSse.

A calibration standard IS Used tor previde a
np]agnitude and phase reference. A 7rroughin
tnisi case.
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fvim — [Theory. of Operation

Example: characterization ol al erystal filter,

Tihe relerence plane cani be extended to include
only ther DU, and not the cables andl test jig.

buT
CAL [}

Reference
Plane
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fvim — [Theory. of Operation

Consider anrentire; phased array:as ar DU,
With' a clrrent measurement: point at each
elementifeed poeint.

ihe primary: off the current: prebE IS Part of
the DU, the secondary: is within: the
ielerence plane.

lhe current probesiand cables ake; no
longer part of the measured data (DUIF).
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rivm — [Iheory. ofi Operatio

Phasing Plane

Reference
{ ..'

Current
Probe

Addl arcomputer-controlledrhardware multi
0 select current probes one; afiter another.

N

Dlexer

Choose a reference element; and divide al
complex current: values by it. The resultsia

e the

antenna element current ratios relative to the

reference.
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fvim — [Theory. of Operation

Calibration must be performed ox each CUrrent prebe.
This IS done once at the; start off al session;, and can be
saved fior future use i desired.
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fvim — [Theory. of Operation

Tihe hardware multiplexer allows fully: autematic
measurement off up 6 elements. RE relays, 501 %

Real time response; for pnasing: NEtwork
adjustment.

It Is desirable, but: not required.
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fvim — [Theory. of Operation

Eield " Kart Unit
2000 (FKU2000)

s Laptep w/sun
shield

= VINA
s Multiplexer

s Cables/Hardware
= 12 V Tractor Bat.

A New Approeach; for Measurin




fvim — [Theory. of Operation

rvm - Relative Yector Meter Q @

VM main Window.

I — Establishes the # of
Element Descriptions e | e m e n ts N

Enable Ref. Magnitude  Phase Name

AT Establisies the
o [100 [0 | efierence element.

v
oo Joe7  [+es327 [ ;

. e — Establisnes the
i
i

— ieference current
T e Magnitide and phase.

— [Launches| other tools.

K3LR80m 3650 KHz

1
2
3
4
5
6

A New Appreach for Measuring Complex Antenna Currents in a Vertical Array




Vim — VECLOrSCope

Used for real-time adjustment ofi phasing
NEtWOorks at a single tardet freguency.

Polar representation off CUrrent Vectors.

User-defined current magnitude reference circles
and phase anglé reference; lines.

Requires the hardware multiplexer to: be off
practicall value.

Update rate: 5 to 101 Hz, depends upoen # of
elements.
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VM — VECLOrsSCope, (continued)

K3LR 80 m 510108 (3600 KHz) [Sat May 10 14:04:53 2008] Hex Array 20 Azimuth (3800 KHz)

K3LR 80 m 4-Square NE W8WWYV 80 m Hex Array 90
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VM — Freguency. Sean

Captures current magnitude and phase
INfermation’ acress! the entire test band, at
al user-specified interval.

User-defined magnitude and phase
LalgEets.

Can display: magnitludes, phases, or Pt
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rvim — Measuring Current Foercing

TIhe current rorcig Property: can be; easily,
demonstratedrwith: rvim.

81 Ohms

49' RG-8x 80 deg 3.95 MHz

i FUE

| I b WL MY

\ ALY ALY
- L ¥ ¥

24

49' RG-8X 00 deg 3.95 MHz

; LU R
[N 0
o WY

49' RG-8X 90 deg 3.95 MHz rotnms

M M M
{ PR Y
LR,
oA ;o .
L L T )

- ~ 100 Ohms
49' RG-8x 90 deg 3.95 MHz 180 Chms

Voltage I 1 Current
Forcing - ~ | Forcing
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rvm — Measuring Current Forcing
(continued)

Assume; 50V & no transmission lines invelved:
50/ volts / 51 Ohms = 0.98 amps
50/ volts)/ 24: Ohms = 2.08 amps

1.
2
5, 50 velts /[ 75 Ohms = 0.667 amps
4. 50 volts / 100 Ohms = 0.50 amps

Although' these currents vary: by a factor ofi 4,
current forcingl states they will be the same; 4
Wavelength down the line.
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rvm — Measuring Current Forcing
(continued)

Current Forcing Test Case #2 [Mon Sep 17 14:42:32 2007]

Magnitude
Magnitu de
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rvm — Measuring Current Forcing
(continued)

Peviations! firom' equall currents are due to
|@SSes Inf the; cable.

Perfiect current forcing réeqguirés ideal

cables at one freguency.
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fvim — Coupled Current Ratios

Tihe typical phasingl netwerk design process
COMPULES the G/e /ilipPEG[HCE 0N Eachl SOUKCE.

|1XZm | 2XZn2 InX Znn
Zn= + + ...+

In In In

Drive; Impedance; Is computed from se//=
Jerlgelzilee (Znln)), ritictzll Jrrladelzirlae (4f)), zlsle
clriver etirrene ()

Self-Impedance Is the Impedance ofi an element
N Isolation. That's easy.
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rvim — Coupled Current Ratios
(continued)

Drive; current is our desired current. That's
easy tooe (It's a gwen).

Muttal impedance;is the hard ene. It can be
computed from the self-impedance andl the
COUPICAIITIPEAGICE:

L12=*.\|Z2X(L11—Z12)

A New Appreach for Measuring Complex Antenna Currents in a Vertical Array




rvim — Coupled Current Ratios
(continued)

lihe sguare root means that there are twe
solutions. In general, for element spacings
ol 015 ter 0.7 Wavelengtis, the reactance

IS Negative for the correct root.
Still, thisf cani be a SOUIrCE off Error:

Both Terman; (27¢ ed. 1937) and Gehrke
((1983) provide a second method: foer
computing mutual impedance.
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rvim — Coupled Current Ratios
(continued)

Considering twos elements at a time:

| 20X / 22

12 = —

| 1

Where element 1 isidriven, and element: 2 IS
drounded. (it is coup/ed te ground)

Note that Z2/27 |s just a Curent ratio, and that
IS exactly: what rvm isdesighed! tor measure!
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rvim — Coupled Current Ratios
(continued)

Vi has!a teol Windew: that guides' you
threughr the precess; off measuring all pairs
off coupled current ratios.

Tihe result 1s a tableroff data, fior example:

Coupled Current Ratio Table (measured by rvm for 3680 KHz):

(1.000 @ 180.00°) (0.538 @ 102.83°) (0.589 @ 44.92°) (0.574 @ 96.18°)
(0.534 @ 108.86°) (1.000 @ 180.00°) (0.585 @ 84.13°) (0.589 @ 47.01°)
(0.351 @ 69.20°) (0.590 @ 83.96°) (1.000 @ 180.00°) ( 0.620 @ 89.25°)
(0.547 @ 101.29°) (0.556 @ 46.19°) (0.586 @ 88.22°) (1.000 @ 180.00°)

Eachivalue 1s —12/11 (column, row).
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rvim — Coupled Current Ratios
(continued)

TiNIS current ratior data can’ be combined with
self-Impedance datal torcompute the muttal
IMPEdanCe; fior eachi palir:.

[FOr a 4-element: case computed using both
methods, the maximum error was 1.4%.

Coupled current ratios fiom rvim cam be used to
either' determine, or, confirm mutual Impedance
computed by ether methods.
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Fvim — Power Port

A popular phasing network, the  Z-Sqguarée Aybrd.
coupler, terminatesi the; /so/ated. port withra S0
Ohm dummy: lead.

Pewer at this; port represents power dumped
and not radiated.

SInce rvim Is nething more tham a VINA making
transmission measurements with' a frent-end

multiplexer, we can Use a chamnnel toer monitor
the pewer being dumped to the dummy: load.
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apnubew

0.50

e —_——

Dump Power
(relative to array input)

K3LR 80 m 9M0/08 [Sat May 10 14:04:53 2008]
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rvm — NEC Driver

ihe complex: current datar measured: by Vi cam be
entered into the current sources in a NEC modeliand
them analyzed to predict performance.

Iypical freguency: scans can consist of 50 te) 100
freguency. peints. That's a lot of datal

Entering all' of this data, running the NEC engine, and
then analyzing the results can be tedieus, time
CONsSUMING, and errer prone.

Iihe rvm NEC Driver automatically: generates (edits) the
models, runs the engine, and'then: collects;all output for
a single unified! graphical and pattern analysis.
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rvm — NEC Driver

Outer Ring: 7.71 dB 3000 to 4000 KHz AZ: 46" EL: 207
#Cursor Data: 345 0 15

330

Ref. Freq: 3500 KHz
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rvm — E/B Measurements

IS alwaysia wWise idea| to independently
VEriry: results WRenever possible.

Antenmaidain, RDE, and beamwidth' are
elatively: hard tormeasure, and tend to
change slewly: acress the band.

/B, however, ustally has arvery distinct
S/gratlre acress the, band.

/B can’ be; measured! relatively: easily.
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rvm — E/B Measurements

Withr arfixed, electrically rotatable array, We
usually: compare the front reSponse of One
direction to) the rear response off the opposite
direction. For'a symmetric array, this is the; E/B.

ihis allows the secondary antenna o) stay: at a
fixed location, as epposed o moving to the
opposite side of the array. It's easier!

Although the response ofi the secondary: antemnna
IS measured, It Isi subtracted out In the
COMParison.
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ELNECH

rvm — E/B Measurements

Inv. Vee

Hex Array | /\

Secondary

Iihe separation! is only: 4007, and the alignmentiisia littlie
ofif. Net the best antennal test range for 80 meters!

Use the VINA toimake a funny form: of transmission
measurement.
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Vm — F/ B Measurements

&d Front and Rear Respo

et

=
a

=
=
fag ]
[0
=

GdB (Gai

4 000000

Eront is the 90° response, Rear Is the 270°.
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rvm — E/B Measurements

80 m Hex Array Measured vs. rym/INEC FIB

- lies. FIB
i EC

Very good agreement for a very informall setup.
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Usin

4, Applications

d vm fer explerationrand answering

SOME qUEestions.

s W
SC

AN

nat dees an analysis off the KSR 80imi 4-
tiare tell us?

Hat perfiormance Isiavailable wWithr ether

pPhasing network design appreaches?
s Beauty Is in the eye of'the beholder.
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Applications

K3LR 80 m 5/10/08 [Sat May 10 14:22:28 2008]
+180.00

]
o
3
=
c
=)
@
=

80 m Comtek network current measurements.
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Applications

W, decided to build ar series; of trial
phasing networks fiellowing the pepular
design approaches.

Evaltiate eachifor performance, especially;
AChess the contest/DX portion of the band
(3500 — 3800 KiHZ).

Not al detailed analysisi off the classic
yDrid coupler phasing network (Yet).
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Applications

Phasing Network design; approacnes:

s Standard Comtek (hybrid coupler, 180 trans.)
a Simplest (lLahlum with; 180 trans., of coax)

s PUre; Lahlum (WIMK)

= Crossfire (W8II)

s Port Matched Hybrial Coupler

All"design/implementation: errors are mine!
Approaches taken fromi the 4% ed. ON4UN
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Applications

Standard' construction using doublelayer of perfboard), trimmers &
silver mica caps, and inductors woundion #2 (or #1) iron cores.
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gs. Phase targets
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Pure Lahlum — use L networks for 2 of the 3'le

were +- 105! degrees, not 90.
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Crossfire Phasing, artificiall ILine. Phase targets were +- 105°.
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Port Matched Hybrid Coupler.

s Insert networks so that the coupler has 50 Ohm leads
at the target freguency. Additions were an - network;
Inductor, andl 22° off 50 Ohm transmission line.

s [lhe coupler will produce a 901 degree shiit enly: When
the reflection coefficientss onl the twor ports are the
Same.

» Use a lower Fo on the coupler'tor provide Voltage
magnitude compensation: (around 3.2 MHZ).

s Improve the 180 degree phase inversion transformer.
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Relatively flat magnitude; and pRase response.
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300 KHz of at least 20 dB E/B.

Data can be saved in the .csy file format for continued analysisiin Excel.
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Gain Comparison
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Comparison between unmodified Comtek and Port Matched Hybrid.
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FIB Comparison
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This is the big| difference, moving the F/B' peak up into the band.
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RDF Comparison
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SWWR Comparison
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How! could we forget SWR? SWR measured with; VINA.
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SWR Comparisan
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All"of the networks have an SWR' under 2 within the range of 3500
to 3800 KHz.
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5. SUmmary.

VI Provides accuracy. with ease; off Use.
Especially: helpitl for'analyzing an entire; band.

Current probes and cables are within the
ieference (calibration) plane.

Current probe cables should be; heavily: choked
at bethrends.

A hardware multiplexer Is desirable for real time
adjustment, but otherwise not necessary.

vm| (O the approach) can be adapted to other
VNAS.
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