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OPTIMAL VERTICAL

ANTENNA LOADING TECHNIOUES
The au thor discusses the various techniques used to load vertical an tennas.
From the viewpoin t of reasonable per formance, ease of construct ion and
bandswitching, a combination of top and base loading is favored. The
construction of a pra tical an tenna is illustrated.

M any amateurs are faced with antenna
placement situations which do not

allow the erection of full-sized antennas. A
loaded type of vertical antenna is often the
only antenna possibility . Often, even a trap
type vertical cannot be used on the lower
freq uency ba nds because of the size of such
an antenna and its support requirements.
The only choice then is to use as long a
vertical antenna as possible with as much
loading inductance as necessary to resonate
the antenna on a desired band . The physical
length of such an antenna may be 1/6 or less
of the electrical length it represents through
inductive loading.

The subject of how to produce efficient,
extremely short-loaded antennas has been
the subject of numerous studies by com
mercial and military organizations. The pur
pose of this discussion is not to delve into
the more advanced techniques which have
been developed since such techniques often
require special constructio n and special
equipment for a relatively small gain in
antenna efficiency . This approach may be
necessary in some situations where the capa
city of the power supply for a portable
transmitter is limited and the only possi
bility to improve the radiated signal is
through increased antenna efficiency. In the
amateur case, and particularly for the new-
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comer who starts with a low-power trans
mitter, it is often easier and more econorni
cal to first try increasing the transmitter
output level (via an inexpensive linear ampli
fier, for instance) rather than getting in
volved with complicated antenna construc
tion projects. Therefore we will discuss only
the simple forms of antenna loading which
have been well proved and which are easy to
build. The material is particularly oriented
toward the newcomer who would like to
construct a simple loaded type of vertical
antenna that will give reasonable results on
one or more high-frequency bands.

Loading Variations

A full-length quarter-wave antenna will
have the current distribution shown in Fig.
l A. If the physical length of the antenna is
made shorter than the required electrical
length, a loading inductor can be used to
establish the correct electrical length . When
this is done , the current distribution may
appear different than in Fig. I A, depending
upon where the loading inductor is placed. If
the loading inductor could be distributed
over the entire length available for the
antenna (helical loading) the current distri
bution would look the same (Fig. I B).
Placing the loading inductor either at the
extreme top or bottom of the antenna will
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POWER SUPPLIES
Excellent for 12 vo lt transceivers. general

purpose experimenting, or for I.e. logic . Each
supply fea tures l.C . voltage regulation . Output
vo ltage va ries less tha n 1% of supply vo ltage
from no load to fu ll load. The power supplies
are also current protected. A momentary short
w il l not har m th is uni t .

P 51 5 vo lts @ l A 3 0 .0 0
P9 1 9 vo lts @ l A 30.0 0
P12 1 12 volts @ l A 30.00
P 122 12 vo l ts @2 A 35.0 0
P 12 5 1 2 volts @5 A 4 0 .0 0

TER .l1S: Send check or money order plus 1.00
postage. Allow 3 weeks for delive ry ,

RIM SYSTEMS
18 79 Princeton o-.. Clearwater FL 335 15
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5200 Panama Ave., Richmond CA USA 94804
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y our aSLs t o an y wh ere ; nex t door , the nex t
stat e , t he nex t county . t h e who le wo r ld . J ust
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produce the curre nt dist ributions shown in
Figs. IC and I D. Various points can be
advanced fo r either top or bottom loading.
Top loading has the advantage that the
greatest curre nt flow will take place in the
metal rod section of the antenna and,

therefore, less 12 R losses will take place in
the loading inductor on top . Bottom loading
has the advantage tha t the loading inductor
can easily be ba ndswi tc hed . Also, if the
loading inductor is constructed of heavy
enough wire. the losses can be held to a
tolerable level.

Aside from placing the loading indue
tance eit her at the extreme top or bottom of
the antenna. one could also place the loading
inductance at the center of the antenna 0 1

place a portion of the inductan ce at the top
and a po rtion at the bottom of the ante nna.
The current generation of mobile ante nnas
generally uses cen ter loading because of 0:1

Fig. 1. The dotted lines show the curren t distri·
bution on a full length ~A vertical an tenna (A ) and
various forms of physically shorter, in ductively
loaded an tennas.
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A COLLECTION OF

MOTOROLA SCHEMATICS
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covering 1947·1960
136 pages 11 y," x 17" ppd.$6.50

S. Wolf
1100 Tremont Street
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VIBROPLEX
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CRYSTALS FOR FM RIGS
Regency , Varitronics, Drake, Tempo, Swan, Stan 
dard, etc . Receive $4.50 T ransm it $5.50. Al so
crystals fo r police receivers - Regency, Be arc a t ,
etc . $4.50

Quick Delivery - Postpaid (3rd Class)

DERRICK ELECTRONICS,INC.
P .O . Bo x 4578 , Broken A rrow, Ok la. 7 4 0 12

Slgna//one CX-7A
New "A" model Now Avai lable

S tilt $2195 - Grea t New Reliability

Fig. 2. Splitting the inductive loading to both ends
of the antenna produces the current distribution
shown.
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P.O. Box BOO Biscayne Annex Miam i. Florida 33152

508 East Washington St. , Arcola, Illinois 61910

P.O. Bo x 112
Succasun na, N. J . 07876
TEL: 201-58 4-65 21

THE EASY WAY!
• No Books To Read
• No Visual Gimmicks To

Dist rac t You
• Just Listen And l ea rn

Based on modern psy chological
techniques- This course will take
you beyond 13 w .p .m . in
lESS TH A N HALF THE TI ME!

Available on magnetic tape,
$9.95 - CaSlie ne. $ 10.95

We manufacture a co m p le te lin e of converters fo r
50 through 432 MHz. Models to suit a ll needs. DX,
FM . ATV, MARS, etc. A postcard will bri ng ou r
new FR EE CATALOG with pictures, schematics,
specifications and prices.

JANEL
LABORATOR I ES

~~~.~.~~~,~.~5 $249.95*
' e c e lve c ha n ne ll . • 2 m e le, t .anlc e;wer ·Su'n ..s ted hSl proce

~PEARCE-SIMPSON
..CI\IISCN a tiLAIllbIN:i Cc:YfI:YATCN

VHF CONVERTERS

Phone/w rit e Don Pay ne, K4 1D
For a b rochure o r big trade -in on your gea r

PAYNE RADIO
Bo x 525 Sp ringfie ld, Tennessee

days (615)384·5573 . n igh ts (6 15)384-5643

Alb um co ntains three 12"
LP's 2%hr. Inst ruction.

Y o u can h ave theT () I' '-'11. 51GNAJ.
with our base station antenna . The AT·2FM o ffe rs
you 6 dB Gain. 1.5 : 1 V.S.W .R. (or better) and 3
Mega-Her-tz Bandwidth centered arou n d 146.94
Mega-Hertz .

F or full d etails write : Bo x 3 57 R .R. 5
AN·TEK INDUSTRIES E lkhart , Indiana 46514

combination of electrical and mechanical
factors. The loading inductor need not be as
heavy as a base-loading inductor to keep
losses to a reasonable level, and the physical
placement of the inductor allows a flexible
upper section for the antenna , as well as
access to the inductor for bandswitching by
changing inductors. However, for home
station usage. the proper placement o f part
of the loading inductance at the top and
bottom of the antenna, as shown in Fig. 2,
has a better combination of electrical and
mechanical advantages. The placement of
part of the loading inductance at the base
does not optimize the sit ua tion where the
highest current flow is through the metal rod
of the antenna, but it is also true in a
practical situation that the most severe
ground losses would st ill take place at the
base of the antenna. So the actual increased
loss that results as compared to solely top
loading the antenna is a small price to pay
for the convenience factors involved in
bandswitching and impedance matching the
antenna to a transmission line . The top
loading that is used insures that a good
portion of the highest current flow will take
place in the metal rod.

Finally . the splitting of the loading indue
tanee between the base and the top of the
antenna greatly simplifies construction of
the antenna for home stat ion usage where a
tingle long aluminum or steel piece of tubing
.s used as the main element of the antenna.
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• Comoenbte w Ith a ll su b-au dib le tone systems such as
Private Line , Chan nel Guard, QUie t Channel . etc .

• Glass epoxv PCB 's & SIlicon xs. ns t hroughout .
• Any reed s. except specia l dual co il ty pes may he used .

Motorola. G.E ., RCA . S.D.L., Bremco, etc.
• All are powered by 12 vdc.
• Use on any l o ne frequency 67 Hz t o 250 H z
- Sma ll se-e 1.5 )( 4 )( .75"
• A ll p a rts inc luded except reed and reed socket
• Po stpaid - Ca lif. residen ts add 5% sales ta x

COMMUNICATIONS SPECIALISTS
P.o . Box 153 rea CA 92621

T V · 7/U ELECT RON TUBE TESTER
POR TABLE DYNAM IC MU TU AL CONDUC T ANCE T Y PE

KITS Sub-Aud ib le tone

/- APPROX 60 JlH-6' TURNS
NO. 14 AWG. Z- 1/2 in . OlA.

/ - 10 f, ROO, 1-1/2 In OIA.

'0-70.1\. LINE

Practical Example
Figu re 3 shows a simple antenna using a

lOft aluminum rod and top and base
loading which I const ructed for use o n 80

and 40m. The maximum amount o f to p
loading was utilized that would still permit
enough base loading to be present on 40m so

a coaxial transmission line could be t apped

o n the base-loading inductance for a proper

impedance match. For the lO ft rod , this
meant a maximum top-loading inductance o f
abou t 60 MH. Since the top loading is fixed,
this meant that the base-loading inductance

has to be increased as necessary o n 80m to
resonate the antenna. Again , about 60 pH is
necessary. T he coil dimensions shown in Fig.

2 are those fo r which B&W o r Air Dux coil
stock is available . If possible, it would be

desirable to increase the diameter-to-Iength

ratio of o ne or both coils (maintaining the
same inductance) so that the diameter is

about half the coil le ngth . This would ra ise

the Q and improve the overall antenna
efficiency. Such construct ion would make it
more d ifficult to tap the transmission line on
the base-loading coil but it should be easy to
implement for the top-loading coil. T he
top-loading coil used is a salvaged coil from

Fig. 3, Dimensions and coil srzes for BO/4 Om
antenna.
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FRECK RADIO SUPPLY

Large Stock of Used Equi pment. FREE list
upon request . We stock Collins. Drake e
G al a x y e Ke nwo od e Signal One • Swan
e Ternoo e Hy-Gain. Newrrcnlcs e Several
Others.
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W orks on
110 VAC

$12,95

BOX 310
DEPT. 73. BOSTON MA 02101

Circ u i t board w ired & tes ted.
T TL logic. Power line frequency coun ter for 3 m inu t e
or less t im in g and c o n t ro l. Easily reprog rammab le
diode ROM uses o n ly 27 diodes (d epe nd ing o n ca lli to
send D E " a n y c a ll". Low Impedance aud io wi t h
vo lum e and t o n e c o n tro l. All c ircu itr y includi ng PS ~n

sma ll G l 0 glass PC board. Write for f u ll d eta ils. HAL
DEV ICES . BOX 365. URBANA,ILLINOIS 6 1801

NU SIGMA ALPHA

WE PAY HIGHEST CASH PRICE
fo r Electron Tubes & Semiconductors
Immediate Payment on Unused Tubes
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1750 0
No simple, short-loaded antenna will be

.xt remely efficie nt on the lower freq uency
iands. However, the antenna described will
vork reasonably well for its size and it is a
iractical solution for a simple to construct
nd inexpensive antenna where space is
irnited . One point that should be carefu lly
.bserved in installing the antenna is to
rovide a good ground connection either in
he form of radials or connection to some
rrge metal structure. If no ground connec-

n possibility exists where it is desired to
istall the antenna and no room exists fo r
id ials, two antennas with similar loading
oil arrangements can be combined to form

vertical dipole , or they can even be
taunted at right angles to each other in the
rrrn of an L.

;ummary

a commercial trap-type vertical antenna . The
necessary loading inductances fo r o ther
bands o r with ot her lengths of tubing can
eit her be calculated fro m handbook data or
it can be easily experimentally determined.
In the latter case, the maximum amount of
top-loading inductance is used on the highest
freq uency band t hat still allows a sufficient
amount o f base-load ing to permit matching
the transmission line. The base load ing is
then increased as necessary to resonate the
antenna on the lower frequen cy band.

An swr meter is the only instrument
necessary to adjust the antenna . Starting on
the highest frequency band , the minimum
amount of inductance is used in the base coil
that permits the transmission line to be
tapped on with a I : I swr. On the lower
freq uency ban d, the base coil tap is first
changed to bring the swr down and then the
transmission line tap readjusted to finally
lower the swr. It may be possible to find a
:ompromise tap point for the transmission
:;0 its position does not have to be changed
when changing bands. The actual changing
of the coil o r transmission lin e taps can be
lone with relays or manually with clips, as

Iesired .
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