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D esign and Build a
D um m y Antenna

A 40Ltv, 50 ohm RF dummy load with a VSWR of 1.3:1 at 500 MHz.

by Geoff Koehler VE5ZE

A dummy antenna is onc of the most basic
and csscr uial pieces of test gear in the

hum shac k . A good dummy antenna must
meet two requi re ments . First. the d ummy
must be resistive and not reactive at the Ire
qucncy of the transminer. The impedance o f
most military and amateur transmission lines
and equi pment is 50 ohms. so it is most use
fu l to b uild a dum my with a 50 o h m
impedance. A 50 ohm dummy must prese nt
this impedance to the transmitter for maxi
mum transfer of power and proper tuning of
the transmitter. Moreover. to be versatile the
dummy shou ld not change impedance sig
ni ficantly as a function of frequency. Sec
ond. the dummy must be able to sa fely dissi
pate the RF energy supplied by the transmit
ter as heat. and not radiate RF.

The purpose o f th is article is to describe
the desig n and testing of two si mply- built
dummy loads that mai ntain a mere-or-tess
constant impedance at VHF frequencies. and
arc able to dissipate the power of hand-
held amateur radi os or low-power mo-
bile rigs. In addition. comparisons are
made to the perfo rmance of a few
commercia lly available dummy loads.
one of which was measured (the MFJ -
264 dry dummy).

Hack to Basics : T he Smith Ch a rt

Basicall y. the Smith chan is a circu-
lar graph (Figure I ) where ci rc les of
cons tant resistance and consta nt reactance
form the grid. The only straight line on the
chan is the axis of reals, marked "resistance
component:' along whi ch are centered the
circles of constant resistance (Figure Ia). All
the points on a circ le of constant resistance
have an equal value to where they intersect
the ax is of reals and represent the resistive
co mponent of a complex impedance. Con
stant resis tance ci rcle s are ta nge nt to the
edge of the chart at the infinite resi stance
poin t.

Superimposed on these circles arc partial
circl es of con sta nt reactance (Figure l b )
whose ce nters lie on a line normal to the ax
is of rents and arc tangent to the axis of reals
at the edge o f the chart. The layo ut o f the
chart allows a com ple x impedance 10 be
plotted in its two components. a resi sti ve
co mpo nent and a reactive component.

Finally. radi al scales complete the Smith
chan (Figure lc). Two scales arc calibrated
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in terms of wavelength. and form the outer
ring of the Smith chart. One is measured as
" wavelengths toward gene rato r," and the
ot her "wavelengths to ward load." The entire
circumference o f the chart represents one
half wave length.

All Smit h ch arts have a characteri stic
impedance of I ohm. and are normalized to
the characteristic impedance o f the system
that you are work ing wi th . For example. a
50 ohm transmission line has a normalized
value of ZfZo (SQ(SO) = I. On this scale a re
sistive 120 ohm load would have a resistive
component of 120150 = 2.4 ohms. In this
way. the same chart can be used fo r any
characteristic impedance.

Any impedance. regardless of value. can
be ploned on the Smith chan. Impedances
can be generally broken down into two co m
ponents : a resistive component and a reac
tive component (either capaci tive or induc
tive). These usually take the form of a com-

" It is also important to use
only carbon and not wire-wound

resistors because wire-wound
resistors will become reactive

at high frequencies."

plex number: za = Ra -+ jXa. where R repre
sems the resi stive (real) component and X
represents the reacti ve (imagi nary) compo
nent. The sign of the reactive component de
termines whether the reactance is capacitive
(negative) or inductive (posi tive). The com
pleted Smith chan is shown on Figure Id.
Smith charts are also available in expanded
fo rm . wh ic h is use fu l when me a su re d
impedances all plot close to the center o f the
chart, or are already normalized to 50 ohms.

The primary use of the Smith chan in this
article is to display graphicall y the complex
impedances measured in the dummy loads ar
VHF fre q ue n c ie s. an d co nve rt t hese
impedances to a more fa miliar form. the
calculated VSWR at the transmitte r. A good
a rticle o n the va rious uses of the S mith
chart, written by Jim Fisk W I DTY. appeared
in the November 1970 issue o f Ham Radio
magazine (see " References" at the end of
this article).

Dummy Load Design

Two dummy loads of different design are
considered (Figure 2). W hi le a simple car
bun resistor remains resistive to several hun 
dred MHz. a dummy capable of dissipating
more than abou t 2 watts must be built from a
number o f re sist ors. A t VHF freq uencies.
most multi- resistor dummies become reac
tive. as well as simply resistive. Therefore.
as the freq uency increases the design of the
dummy load becomes important.

Both dummies arc constructed from about
20 2 watt carbon resistors. some double-s id
ed copper-clad board. and an Rf connector. I
used a type-N connector. but a BNe connec
tor will wo rk. too. UHF connecto rs shou ld
work up to about 150 MHz. but at higher fre
quencies these connectors may compromise
the performance of the d ummy. All other
things being equal . UHF connectors should
not be used. although they are the most corn
mon on amateur equipment. It is also impor-

ta nt to use only carbon and not wire
wound resis tors because wire -wound
resistors will become reactive al high
frequencies. One dummy. which I call
the DIP dummy. consists of a dual-in-
line arran gement of resistors. while the
other is of radial design.

To build the DIP dum my. 22 15 k
2W resistors and two pieces o f double
sided copper-dad fiberboard are need
ed (F igure 2a). Both are about SIS-

wide; the top board is S" long, and the bot
10m board is 6-314" long with a tapered end.
For the resistors. a tot al of 22 small holes are
drilled in two rows o f I I. about 3/8- apart.
Solder the resistors between the two boards.
You will have to so lder all the resistors on
one board first. and then fit the other board
omo the resistor leads . and solder. Make sure
to use a hefty soldering iron. because good
so lder joints are important. Mount the RF
connector in the alumin um box. and so lder
the tapered end of the bottom plate direct ly
to the center concucror of the RF connector.
The top plate is grou nded to the box by a
sheet of copper foi l w hich can ei ther be sol
dered direct ly onto the top plate or bo lted
th rough with 4-40 machine screws. The pur
pose of the tapered bottom plate and the cop
per foil is to decrease. as much as possible.
le ad indu ct ance in the d u mmy. Fin all y.
mount the bottom p late o n an in su la ting
stand-off to the bonom of the aluminum box .
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Figure J. Construction of the Smith chart: a ) COIlSUlII I resistance circles: hI partial circles of conSW IlI reactance; , ,) radia l scales:
til completed Smith chart. Modified after Fisk. / 970.

The radial dummy is buill in a similar
manner. except that the RF connector is
boiled directly 10 the ground plate, with the
center conductor soldered to the back plate
wi th a piece o f large (les s inductanc e )
hookup wire (Figure 2b). Twenty Ik rests
tors are arranged around a 1·\12" circle. As
with the DIP dummy. it would be a good
idea to mount the dummy in an aluminum
box to help shie ld the dummy and prevent
any grounded surface from contacting the

back plate of this dummy. where there will
be RF vohagc.

Measurement of Complex Impedance

Measurement of complex impedances can
be performed with an impedance bridge and
a signal ge nerator. An impedance bridge
that. with careful attention to construction ,
should wo rk at VHF frequencies is de
scribed by Henry Keen W2CTK. For the
dummy antennas in this art icle. I used an

alternate setup which consisted of a Hewlett
Packard 608A Signal Gene rator. a power
div ide r. a co uple o f 10 dB pa ds . a nd a
Hewleu Packard 8405A Vector Voltmeter
(Figure 3 ).

In this setup. VA represents the incident
voltage only. because the cnd is terminated
in a pure ly resistive 50 ohm load and there
fore there is no reflection. Ve- however, will
repre sent tbe vector sum of the incident volt
age and Ihe refl ected voltage. The rati o
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Figure 3. Complex impedance measurement us ing the Vector Voltmeter.

VBN A is the vector vo ltage ratio between a
50 oh m resist ive load and the load under
lest. Thi s is the resistive (or real) component
of the complex impedance of the load. To
find the reacti ve component. the phase d if
ference Im } between V A and Va are mea
sured. If V H lags VA ' the reactive (irnagi
nary I component is capacitive and the phase
difference is negati ve: if VA leads VR it is
inductive and the phase difference is posl
tive. These IWO measurements. VnN A and

oB-A. C3 n be plotted on the Smi th c ha rt
(Figure 3). This tusk is then repealed for a
variety of freq uenc ies 10 calc u la te t he
impedance of the load as a function of fre
quency.

Results

Measured complex im pedances o f these
two loads are shown in Figures 4 and 5. The
DIP load remains esseruialty resistive up to
about 10 MHz. after which it becomes reac-

rive (0 a maximum VSWR o f 1.5:1 at 100
MHz. Because it has a DC resistance of 68
o hms. there is a sma ll mismatch with 50
ohm equipment at low frequencies (VSWR
= 1..t: I). The experimenter may be able to
get better rcsuns at VHF frequencies by sim
ply clipping off pa irs o f resistors with a pair
o f diagona l cutters, However. this will prob
ably resu lt in a higher VSW R at lo w fre 
quencies. This aside. this dummy is surpris
ingly good. and should be usable up to about

......... • ..... 01 NlMmAICI' ,

_._- -.,_.._-
Figure 4. D IP dnmmv impedance f rom 0 /0 200 MH:. The Smith
chart is ;/1 expanded form,

Pigllre 5. Radial dummy impedance f rom 10 10 SO(} MH:.,. TIle Sm;rh
chart is i ll expanded fo rm.
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• Manufacturer's specificatioos: Where both manulaeturers specifications and measured values are
available , the manulaeturefs val ues are shown in parentheses.

•• Continuous duly.
••• Prces approximate.

Table 1. VSWR of Dummy Loads from 0-500 MHz

Dummy 0-100 MHz 200 MHz SOO MHz Powe~'(W) Price-'
Ten Tee 239 1.1:1' 1.1:l ' 2:1' 75 $SO
MFJ 260 B 1.3 :1 ' 1 .5:1' so $30
MFJ 262 1.5 :1 " 2ttO $SO
MFJ 264 1.1 :1 « 1.3: 1) 1.1 :1 « 1.3:1) 1.3:1 «1 .3:1) 75 seo
DIP 1.3 :1 1.1:1 5 :1 40 'to
Radial 1.2:1 1.2:1 1.3 :1 40 <$10

Figure 6. VSWR ofdummy cliltelliU/S at various frequencies. Included
for comparison is the MFJ 264 dry dllmmy.

Rererences
Jim Fisk WIDTY. "How to U~ the Smith

Chan: ' Ham Radio, November 1970 , p. 17.
Henry Keen W2CTK. "A Simple Bridge

fo r Ante nna Measurements," Ham Radio,
September 1970. p.34.

my remains below 1.3;1. as claimed by the
manufacturer (Figure 6 ). For co mpleteness.
a summary, of the impedance. etc.. o f a few
othe r comme rci a lly- built dummy loads.
along with those described here , are com
pared in Table I .

Conclusions

Multi-resistor du mmy loads at VHF fre 
quencies can be react ive and result in con
siderable VSWR and mismatch to the trans
mitter. For thi s reason, those dummies de
signed for HF operation may not be suitable
for proper tuning of VHF and UHF transmit
ters. Therefore, des ign becomes important in
that the simple DC resistance of a dummy is
not the to ta l impedan ce presented to the
transmitter. especially at VHF. Two designs
are offered here that are easy to build and re
sult in a dummy that is usable into VHF. arc
well belo w the price of commercial loads of
comparable quality. The major drawback of
these dummies is thai they cannot be used
continuously with high -power rransmiu ers.
For sho rt periods of time. say up to about
two min utes. you can use these dummies
with l OOW HF rigs but they will get hot. Ex
perience has shown that abou t two minutes
of keydown at SOW will melt the solder on
the dummy!
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200 M Hz. A t 300
MHz (not shown)
th e dumm y be
comes ve ry reac
tive, resulting in a
ca lcul ated VSW R
of greater than 4:I !

T he rad ia l load
d isplays exce lle nt
characteristics, even
we ll up to the 300
MHz region. reach
ing a V SW R of
1.2:\ at 300 M Hz.
At 500 M Hz (the
limit of my signal
gen e ra to r ) the
VSWR is 1.3: I.

For comparat ive
p ur p o s e s - the
impedance as a
function of frequen
cy of a commercial
load- the MFJ-264
wa.. measured in
the same way as
those constructed in
th is article . Up to
500 MH z. th e
VSWR of this dum-
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