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K4SYU Loop Antenna
A compact, portable HF solution.

by Everett James K4SYU
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IL i ~ interesting that a reasonable match
can he obtained on all fi ve frequency hands
using this simple matching device. without
having to rnovc the tap.
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Photo A. The I(}()!' (l1ltt!llIId in piect!s before assemblv. As.u·mhly time
is about fi re minutes.
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Figllfl' I. \!jew of f lip K-ISYU 10('1' without the tuning capa citor mounted.

on ly ne ce s sary to
add an RF coupling
d ev ice to tran s fe r
e nergy 10 and fro m
the loo p via u coaxi
al cable.

You know that the
portion o f the loop
next 10 the capacitor
has ve ry high volt 
age. but if we go to
a poin t halfway
around th e lo o p
w hic h is about the
ce n te r of a co rre 
spond ing o ne-tu rn
coil. we reach a ze ro
voltage poi m. This
point . for all pracu
cal purposes. is neu
tral . It is at this point
th at th e coax ia l
sh ie ld is attached.
The coaxial center co nductor i ~ connected
10 a nu mber 12 wire whic h is se parated
slightly from the loop and connected OI t a
point approximately 10 percent of the loop
circumference away from the neutral point.
This is very similar to the o ld-time method

" '1. Jhy a small loop'! Why not a d ipole or
VV a quarter-wave vertical'! The answer is

size and versatility. The loop is small and in
conspicuous. It C<l 11 he set lip 011 the porch of
a co ndominium or used as a portable ame n
na for Field Day or used .IS an emergency
an te nn a in case the wi re ante nnas b low
down.

The loop will not replace your favorite
yagi or other gai n anten na. hut if you are re
stricted. as man y hams arc. to using inside
antennas and are ge tti ng poor result s. then
this loo p is just what you arc looking for.

Let's 100'- at what this sm••llloop antenna
has to offer :

I. II req uires no radials (no external wires).
2. It requires no ground co nnect ion (reduced

RFI).
3. It requires no antenna tune r (simpli fied

tunc-up).
4. It exhibits l e~, noise than a dipole o r quar

rer-wave antenna.
5. It is somewhat directional (also has good

null s).
6 . It hel ps e liminate harmo nic radiation

(high Q).
7 . It is multiband (q uick a nd easy ban d

change . five hands ).
8. It is fairly efficie nt (good things do co me

..mall ).
9. It is portable (can fit in the trunk o f a

car).
10 . It is in e xpe nsi ve an d ea sy 10 b ui ld .

(Need I say more'!)
Are you interested '! Then read o n.

T heory

You all know that the loo p antenna has
been used for many years as a direction 
find ing antenna. In that type o f se rv ice it
made usc of the ..harp nulls off each side of
the loop. but off each end is a nice fat lobe
shaped like a doughnut. II is this large lobe
structure that makes the loop '>0 interesti ng
to reno amateu rs.

In theory. the I ~XlP antenna can be looked
at as a single-tum parallel-tuned circui t nOI
un li ke the tank circuit. TIle opposite sides of
the loo p act a~ a pair of spaced ante nnas car
rying RF currents o f opposite polarity. The
two RF currents te nd to cancel each other
out perpendicul ar to the plan e o f the loop.
The mag nenc' radiation will be maximum off
each end of the loop. As thc loop read ily ac 
ce pts energy at its resonant freq uency. it is
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Figure J. Plan of lhe K4SYU 100/1.

Figure 2. The loop s radiation pattern.
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Photo C. Derails 0/ the fool' UlltellllG base.

Photo B. The loop a1/tt'/IIIa, showing ,lit' marching section and coaxi
al cable[eed point at the 101'.

Bands

Th is loo p covers the 15. 17. 20. 30, and
40 meter bands. Thai is not had for an anten
na which can be set up on a table top and
take up nut much more space than five feel.

Can a Loop Antenna T his Small Be
Efficient?

The answer is yes . This antenna was de
signed with the idea of operating it Q RP.
The calculated maximum gain for this loop
on 20 meters is approximately 3.2 dB above
isotropic. It also has nulls of approximately
12 dB off each side. Calculated losses below
100% efficiency are 0.1 3 dB for 21 \ t Hz.
0.-1 dB for 14 MHz. and 3.2 dB for 7 Mill .

The good news is that this loop will nol
cost you a bundle. The construction of this
loop is simple enough that any radio ama
leur with ordinary mechanical skill and sim
pic tool s can hui ld it . How about COSI? I
would estimate thaI the cost would be less
than 35 dollars. NOI had for a five-hand an
tenna! It could be even less if you have a
good j unk box. The half-inch hard drawn
copper tubing and fillings cost me $ 11 at the
local plumbing supply shop. T he variable
capacitor and beehive ceram ic insulators
were obtained at a hamfcst for a few dollars,

and the wooden stand was made out of scrap
lumher. You can make yours real fancy if
you desire.

You say you want a loop an tenna bn you
do nOi want to be confined to QRP? look no
further; this small loop will handle power
outputs up to 100 walls peak. The tuning ca
pacitor that I am using is a medium-power
tran smitti ng type with O.075-inch spacing
between plates . The two stators arc in series
through the rotor, which gives a plate spac
ing of 0.1 5 inches hut cuts the effective ca
pacity in half. Thi s spacing will handle more
than 10k volts of RF.

Using a split-stato r capacitor with each
stator connected to one end of the loo p. the
RF voltage on the rotor and frame is ncar ze
ro and the frame can he attached directly 10
the wooden base. The capacitor can he tuned
using a good bakelite knob as shown in Pho
to D. Of (.'OlJrSC. if you want, you may add a
motor drive . I do not recommend using a
non-split -stator capacitor as the rotor will be
at a high RF potential and there is a danger
of RF hum . The inductance o f this loop is
approximately 5 1l1 1. If you have a capacitor
and you know its value, just use the formul a

")0

to find you r frequen cy coverage at maxi
mum and min imum capacity.

Tune-Up

The tune-up is very easy. First. select the
hand o n which you wis h 10 o perate. then
resonate the loop. When the loop is near
resonance the recei ved noi se lc....-c l and sig
nals will peak .

You could o perate with this tunc-up but
you probably would not gel maximum pow
e r tran sfe r. I recommend that you use a
VSWR meter in the transmission line . Set
the VSWR meter for reflected power, reduce
the drive lev-e t at the transcei ver until re
fleered power is mid-scal e or less. then ad
just Ihe loop lun ing capacitor for minimum
return power. Increase flOwe r and re-adjust
aga in for minimum. You should now have
maximum power transfer for that segment of
the hand as allowed by your loop bandpass.
Tune-up should not take much more than a
minute if your rig is loc ated near the loop
antenna.

High Q a nd Ba nd pass

The high Q of the loop will work both for
and against us. II will help reduce the re
cei ved noise and it will atte nuate harmon ic
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Photo U. Details of the split-stator tnning cupacitor; the beehive msu
latars, and the "Iug-ill 4() meter capacitor:

Photo E. The loop and rig ,\'('/111' Oil a picnic table ill (/ North Georgia
park.

radi a tion. It wi ll not all ow us 10 move up
and down the band without re-resonau ng the
loop to the new o perating freque ncy.

The follow in g bandpass figure s we re
measured using this loop:

Band Bandpass
15 meters 138 kHl
17 meters "ot measured
20 meters 57 kH l
30 meters 23 kH z
40 meters 15 kH z

These bandpass figures indicate the limits
bet ween 2.5: I V5WR points for each hand .
It is easy to see that as the frequency de
creases the bandpass becomes smuHer. the
tuning of the loop becomes more critica l and
the efficiency also decreases.

1 haven' t encou nte red any problems thus
far in manually tun ing this loop, as the loop
is operated next 10 the transceiver. If the
loop is to be operated at a location at a dis
tance from the rig. then a motor dri ve me
chanic ultuncr will be req uired .

Cons truct ion

As you can see in Figure 3, the loop an
tenna is octagon-shaped. but is a lillie short
e r than it is wide. Thi s was do ne in order to
provide clearance from the ceiling when op
eratcd from a tabl etop.

About 16 linear feet o f half-inch hard 
dra wn coppe r tubin g is required . Us ing a
tubing CUller or hacksaw, cut the tubing 10

at tach them to the two copper pipe caps with
self- tapping sc rews. Cl ean the caps and
brackets for soldering.

Lay the parts out fla t on a concrete !loor.
Use acid soldering flux on all joints and as
semble the loop. Use wooden blocks to raise
the loop abo ve t~ level of jbe floor. keeping
it flat for soldering. Use a propane torch and
heat the fittings one at a time. UM' lead-tin
solder. the same as is used in radi o work.
The solde r will be draw n in to each joint
when hOI enough. You may wipe e xcess sol
der off using a damp cloth if )"OU wish.

Note the position o r the copper T-filling
(Figures 4 and 5) at the top of the loop. It is
used as the upper suppo rt, as it fi ts into a
hole in the vertic al support shaft.

When all of the tubing joints are soldered
the loop should look like the plan drawing in
Figure 3. The loop will be rigid and have no
loose joints . Make a vertical wooden shaft 1
112" x 1-112" x 52" lon g.

Make a 14 " x 18" wooden base as shown
in Photo A. Make a wooden support for the
vertica l shaft to hold it a l right ang les to the
base.

A cop per brack et is required for th e
50-239 coax filling . It may be scre wed or
soldered to the copper Tvfirting as desi red .
vl oum the beehive insulators on the wooden
base along wi th the split sta tor capacitor.
Fasten parts down with wood or sheet metal
screws using brack-

to go between the insulator lops and the ca
pachor stators. Try to ha w these connectors
as short as possible.

The loop as presently set up will cover the
15. 17, and 20 meter hands. In orde r to res
onate it on the 30 and 40 meter band s, addi
tional capacitance must he added in parallel
with the existing spli t-stator variable capaci
tor. This is done by attaching two banana
jacks to the top of the beehive insulators.
Fi xed plug -in capacitors can then be added
in order to work the 30 and 40 meter bands.

Const..uctlcn of the Fixed Capacuers

The fixed capacitors arc made of double
sideJ copper printed circu it hoard using air
as a dielectric. The printed ci rcu it ho ard is
CUI into plates which arc stac ked in such a
way as to make a high-voltage capacitor.

Fig ure 6 shows the size and shape of the
fixed capacitor plates. Three plates are used
for the 30 meter capacitor: six for the 40 me
tcr capacitor. T he approximate cap aci ty of
the 30 meter capaci tor is 30 pF; 75 pF for 40
meters.

All plates are cut with a large pair o f tin
smps.

T he p late s are then s tacked and ho les
dri lled to accept tw o 6-32 screws. Remove
the copper from around the hol e on onc end
of each pla te. As we are using double-sided
printed ci rc uit board. th e coppe r mu st be

FIgure 5. COI'I'er r-fiumg de tail, fOf! wen:FIgure 4. Rase bracket detail.

th e length s shewn in Figure 3. Clea n the ets as needed on the
portion s of the tubing 10 he soldered. using capacitor frame.

Wooden u e r tical Sha fteme ry d oth . Also d ean the interior of all fit- Make connector!'> »:rings. tl-1ake two copper angle brac kets and o ut of coppe r st rip
T-Fltti ng

Pipe c a ps"", "I

~

:L " l..};- Tubing t
_

Loop TUbi ng

11_
(oaMFitling
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Figure 7. Detail ofgrinding tool.Figure 6. Detail offixed capacuor plates.
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Figure 8. Stacking ,IIe capacitor plates.

Nuts

loo ps fro m these plans. Bot h arc very happy
with the results.

My recommendation is. t ry it. you wi ll
like it.

For mo re information see the Ted Hart
W5QJ R art icl e in the June 19 86 issue o f
QS T. I would like to th ank Burl Bittn e r
K0 WQ:-.s for his suggestio ns and computer
ta b-o ut s mode ling this antenna. For loop
theory. see Electronic (/11I.1 Radio Engineer
ing by Terman. Iii

Parts List
Copper elbows 112" dia,
Copper T-fiUing 112" dia.
Copper end caps 112' o e.
Har(!-<lrawn copper ttbng. 112" dis .
Coaxiat connector. female type 50-239
Beehive insulators
About 2" of No. 12 solid coppet wire
2" x 4" copper t1ashing
Tuning cepacnor. spIit·stalOl" type '
Wooden base, 1" x 6' x 14"
Wooden legs, 1-1 12' x 1-1 /2" x 18"
Wooden vertical shalt, 1" x 1,1/2" X51"
Double-sided Ci rcuit board. 3-518" x 18'"
Banana jacks' "
Banana plugs with 6-32 lhreaded ends"
Brass screws. 6-32, t "tong"
Nuts 6-32 10 fasten plates"'
Hose damp. sma• . stainless steel

•
1

2
14-112"

1

2
1

1

1

1

2
1

1

1

4
41.
1

, Note : The spIll·stator capacilor which t used was made by Caretwen. and was removed lrom a p1ug-tn
unafrom a surplus s e A 188 MOPA uansmrnes. The capacitor was not split-stator and it measured about
30 to 130 pF. The stator was supported by lour insulators anached 10 the lrame. I drilled and tiled through
the center 01 the bars holding the stator plates. t removed the center stator plate and made two separate
stator sections with 3/16· inch spacing between the stator bar sections.

[opper
Remoued

North Georgia. ~ly rig is a Ten-Te e Argosy.
Its output is either 5 or 50 watts. depending
upon whether I want to o perate Q RP. T he
antenna has helped make many contacts on
15, 20. 3D, and 40 meters. Most o f the oper
atio n has been po rtab le b att ery- powered
from a city park in Melbo urne, Florida. The
loop has also performed ve ry well o n OX
contacts.

We have a small QRP d ub. and two o ther
members. W~MPT and N"~MPU. have built

" Note: If you have trouble finding the banana plugs and the double-sided prin ted circuit board. a
transmitting type variable capacitor may be substituted and may be coo nected to the loop using battery
cos. The variable capacitor should have a maKimum capacity of about 100 pF. It does not need 10 be a
spIlt-SlatOl" type.

If this Sl-Ostitulion is made, then al " dems may be ominect,

removed from around (he same hole on both
sides. Th is can he done quickly hy gri ndi ng
the copper away using a homemade tool in
an electrical drill or dri ll press (Figure 7) .

Fasten a small strip o f emery cloth to the
grinding tool, passing the nail through the
e mery cloth. Insert na il in o ne side of the
printed circuit board in the dri lled hole. and
rotate the tool usi ng an electric drill . The
copper will be removed quite rapidly.

Stacking the Capacitor Plates

Referring 10 Figure 8, you can see that on
the left -hand terminal plates 1 and 3 arc con
nected while the right-hand terminal is con
nected only to plate 2. A common 6-32 nut
is placed o n the screw between eac h plate
and on top of the stack of plates. This gtves
a spaci ng o f about 0.1 inch.

Loop Antenna Tu bi ng Disconnec ts

For those radio amate urs who intend 10

use the loop as a po rtable antenna or fre
quently mov e it fro m one place to another. it
can be equip ped with tu bi ng disconnects.
The loop will then break do wn into th ree
sections of no more than four feet in o vera ll
length. which will allo w it 10 be easil y car
ried in the trunk of a car. The tubing is cut at
the two tubing disconnect points. A brass in
sert is made with a good fit to the interior of
Ihe tubing. II is soldered into one sectio n
and . w it h the loop asse mb le d . a hole is
drilled th rough the mat ing tubi ng sectio n.
The brass insert is then tapped for a screw
thread . A 6-32 or 8-32 screw. as available.
can he used to sec ure the sect ions o f the
loop together and make a good mechanical
and electrical connection.

A word of ca ution : Th is loop concen
trates wry high lewis of magnet ic radiation
and should be !..e pt away from people and
metal objects. halh of which will absorb en 
ergy. This could cause a hazard.

Ccncfuslon

For the past s ix mo nths. I' ve used thi s
loop antenna every Tuesday in a mini -Field
Day operation to make co ntact on schedule
with W2GU~1 in Ne w Jersey on 20 meter
CWoSignal reports ha w frequently been S9 .
even with poor band conditions. Some of the
contacts were made using QRP. The setup as
shown in Pno rc E is portable from a park in
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