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OPTIMAL VERTICAL
ANTENNA LOADING TECHNIQUES

I he author discusses the various techniques used to load vertical antennas.
From the viewpoint of reasonable performance, ease of construction and
bandswitching, a combination of top and base loading is favored. The
construction of a pratical antenna is illustrated.

Many 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
frequency bands 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 construction 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 economi-
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.
1A. 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. 1A, 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. 1B).
Placing the loading inductor either at the
extreme top or bottom of the antenna will
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POWER SUPPLIES

Excellent for 12 volt transceivers, general
purpose experimenting, or for |.C. logic. Each
supply features |.C. voltage regulation. Output
voltage varies less than 1% of supply voltage
from no load to full load. The power supplies
are also current protected. A momentary short
will not harm this unit.

P51 5 volts @1A 30.00
P91 9 volts @1A 30.00
P121 12 volts @1A 30.00
P122 12 volts @2A 35.00
P125 12 volts @5BA 40.00

TERMS: Send check or money order plus 1.00
postage. Allow 3 weeks for delivery.

RIM SYSTEMS

1879 Princeton Dr., Clearwater FL 33515
SPACE-AGE TV CAMERA KITS & PLANS

BE A PIONEER IN HOME TELECASTING! Build your own
TV CAMERA. Model XT-1A, Series D, 51!&"?5 r.:n Solid
State.  Step-by-step construction manual., ]'jw qun!:hl
Connects 1o any TV without medification, |deal for hams,
experimenters, education, indushy, efc.

PHONE or WRITE for CATALOG.
DIAL A02-887-37TTH

i‘ Many ,,H,. kmr parts ond plans available including starter

Eﬂs focus./del
1301 N. eBroAaDwAY ATY Research paxora city, NEBr. 68731

FM Schematic Digest

A COLLECTION OF

coils, vidicon wbes, const. plans, etc,

Alignment, Crystal, and Technical Notes
covering 1947-1960 I

136 pages 11" x 17" ppd $6.50

S. Wolf
1100 Tremont Street
Boston, Massachusetts 02120

PARTS!

qS:"’ Send For *‘Pgr

CORNELL' 5
New Color

TUBES!

36 Coer
tube

DRI}EH FREE

33 r
Catalog tube . "NOT SHIPPED

48 Pgs. New Items IN LOTS OF 100 IN 24 HOURS!

4215 S University Ave. San Diego, Calif. 92105

MOTOROLA SCHEMATICS I

e —

ENJOY EASY,

RESTFUL KEYING
€21.95 to $543.95
THE VIEROPLEX
CO., INC.
833 Broadway,

New ank NY 10003

WORLD QSL BUREAU

5200 Panama Ave., Richmond CA USA 94804
THE ONLY QSL BUREAU to handle all of

your QSLs to anywhere; next door, the next
state, the next county, the whole world, Just
bundle them up (please arrange alphabetically)
and send them to us with payment of 5¢ each.
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Fig. 1. The dotted lines show the current distri-
bution on a full length %A vertical antenna (A) and
various forms of physically shorter, inductively
loaded antennas.

produce the current distributions shown in
Figs. 1C and 1D. Various points can be
advanced for either top or bottom loading.
Top loading has the advantage that the
greatest current flow will take place in the
metal rod section of the antenna and,
therefore, less I°R losses will take place in
the loading inductor on top. Bottom loading
has the advantage that the loading inductor
can easily be bandswitched. 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 induc-
tance either at the extreme top or bottom of
the antenna, one could also place the loading
inductance at the center of the antenna o1

place a portion of the inductance at the top
and a portion at the bottom of the antenna.
The current generation of mobile antennas
generally uses center loading because of 2
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Fig. 2. Splitting the inductive loading to both ends
of the antenna produces the current distribution
shown.

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 of 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 situation where the
highést 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 still 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 induc-
tance between the base and the top of the
inténna greatly simplifies construction of
the antenna for home station usage where a
single long aluminum or steel piece of tubing
s used as the main element of the antenna.
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CRYSTALS FOR FM RIGS

Regency, Varitronics, Drake, Tempo, Swan, Stan-
dard, etc. Receive $4.50 Transmit $5.50. Also
crystals for police receivers — Regency, Bearcat,
etc. $4.50

Quick Delivery — Postpaid (3rd Class)

DERRICK ELECTRONICS, INC.

P.O. Box 4578, Broken Arrow, Okla, 74012

' S5/ Ore CX-7A
New “A" model Now Available
Still $2195 — Great New Reliability

Phone/write Don Payne, K41D
For a brochure or big trade-in on your gear

PAYNE RADIO

Box 525 Springfield, Tennessee
days (615)384-5573 ® nights (615)384-5643

You can have theTa P F/" 5/ 6A/AL

with our base station antenna. The AT-2FM offers
yvou 6 dB Gain, 1.5:1 V.S.W.R. (or better) and 3
Mega-Hertz Bandwidth centered around 146.94
Mega-Hertz.

For full details write: Box 357 R.R. 5
AN-TEK INDUSTRIES Elkhart, Indiana 46514

LEARN RADIO CODE

THE EASY WAY!

® No Books To Read

® No Visual Gimmicks To
Distract You

® Just Listen And Learn

Based on modern psychological
techniques—This course will take
yvou beyond 13 w.p.m. in

LESS THAN HALF THE TIME!
Album contains three 12" Available on magnetic tape,
LP’s 2’ hr. Instruction. $9.95 — Cassette, $10.95

EPSILON [h] RECORDS

508 East Washington St., Arcola, lllinois 61910

| LABORATORIES

VHF CONVERTERS

We manufacture a complete line of converters for
50 through 432 MHz. Models to suit all needs. DX,
FM, ATV, MARS, etc. A postcard will bring our
new FREE CATALOG with pictures, schematics,
specifications and prices.

P.O.Box 112
JANEL Succasunna, N. J. 07876

TEL: 201-584-6521

GLADDING 25 $24995"

» 6 separately switchable transmit &

: *Sugnested list price
receive channels, * 2 meter lranscaiver ugaested list price

PEARCE-SIMPSON
DVISION OF GLARDING CORPORATION

P.O. Box 800 Biscayne Annex Miami, Florida 33154
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Sub-Audible tone
Decoder $9.9

® Compatible with all sub-audible tone systems such as
Private Line, Channel Guard, Quiet Channel, etc.

® Glass epoxy PCB's & silicon xstrs throughout,

® Any reeds, except special dual coil types may be used:
Motorola, G.E., RCA,ZS.D.L., Bramco, etc.

® All are powered by 12 vdc.

® Use on any tone frequency 67 Hz to 250 Hz

®Small size 1.5 x 4 x .75"

® All parts included except reed and reed socket

® Postpaid — Calif. residents add 5% sales tax

COMMUNICATIONS SPECIALISTS
P.O. Box 153 Brea CA 92621

TV -7/U ELECTRON TUBE TESTER
PQHTAELE DYNAMIC MUTUAL CONDUCTANCE TYPE

Used 1o test and measure the per
formance capabunhities, and (o deter
mine the rejection himits for Elec
tron Tubes used 1in Receivers, low
power Transmitters, & 1 many
other electronic equipment. The
tests made are for dynamic mutual
conductance, emission. shorts, gas,
noise. continuity, pilot lamp, elc
Test sockets are for loctal, octal, 4,
5 6, 7 pin, Norval 9, 7 pin minia
ture, sub-min. rd. & flat, acorn, elc
With special adapters (THAT ARE
OPTIONALI} 829, 832, 2C39 and
sub-mm, tubes with long leads also
can be tested. Power required: 115 Volt 50 to 1000 cycles
Tube test data charts, test leads and pin 5‘[rﬂ15htﬂn&r5 for 7 &
g'!‘,nn are included. Size! 6-1/4 x 8- 1/2 x 15-3/4"". Wt. 0 Ibs.

ICES: Used, serviceable 19.95 Checked = $25.00
| Adapter for 2C39 = $55.00 For B29/832 = $5.0 Far
sub-min. Lg. Lead = $3.00 All prices FOB Lima, OH.

Dept. 73 — SEND FOR NEW CATALOG

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 - LIMA, OHIO + 45802

HHI_DEVICES

HOT CARRIER DIODES: HP280Q....5 9012/510.00  Matched hy HAL..............4/54.25
ZENERS: 1NA720(3.6v), INA733(5.1v), INATI5(6.2v), IN4TI6(0.2v),

W INA739(0.1v), INAT42(12), INATAZIT24), 1 WatL.rrrrrr e § T8
LINEAR ICS: 700N .....§ .75 108L,710N....... $1.256 741N ..o $1.60
MC1428G 53,75 MC14966.......$3.25 MC150806G......... $5.60

DIGITAL ICS: Ful923..5 .90 MCIG7P......... $3.30 MC723P...........5 .85
MATL: MC788F...51.30 MCBSOP........... $3.50 MCED0P...........52.00

MC724P, MC725P, MCT80P, MCTOZP _ ... $1.05
MCI71R...$1.75 MCO70P____$330 MCO760F.. . $5.45
DIPTTL: 7400, 7401, 7402, 7410, 7420, 7430, 7440 ... RS
7404, 7405 .5 60 7441, 7495, 7496300 74A2....... $2.25
477 ........$ .15 MII 4. $105 1415 $240
71 T —— $1.15 490, 7482, ST U82 00 M2 3140
FETS: 40673 MOSFET . §1.60 WHR.-3. 8 NN '
TOROIDS:  Indiana General CF102.-06, CF102-01, CFI010Z. ... $ 50

CF10203.....51.25 FERROXCUBE FERRITE BEADS ..10/51.25
CINCH IC SOCKETS:  84CS, 14-DIP...S 6O 10-ICS, 16-DIP _§ .70

MANY OTHER DEVICES AND COMPONENTS IN STOCK.WRITE FOR CATALOG.

HAL DEVICES
Box 365L, Urbana IL 61801 @ 217-359-7373

FRECK RADIO SUPPLY

38 Biltmore Ave,, Asheville, N.C. 28801
(704) 254-9551

Serving the amateurs for 43 years

LLarge Stock of Used Equipment. FREE list
upon request. We stock Collins ® Drake @
Galaxy ® Kenwood ® Signal One ® Swan
® Tempo ® Hy-Gain ® Newtronics ® Several
Others.

BEFORE YOU TRADE — TRY US!

Bank Americard — Master Charge
Tenny Freck W4WL — Sandy Jackson Magr.
Harvey Nations W4VOV
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APPROX 60 uyH-85 TURNS
NO. 14 AWG, 2-1/2 in. DIA,

10 ft ROD, I-1/2 in. DIA.

50-70.n LINE SAME AS TOP
2 /— LOADING COIL

GROUND POINT

Fig. 3. Dimensions and coil sizes for 80/40m
antenna.

Practical Example

Figure 3 shows a simple antenna using a
10 ft aluminum rod and top and base
loading which I constructed for use on 80
and 40m. The maximum amount of top
loading was utilized that would still permit
enough base loading to be present on 40m so
a coaxial transmission line could be tapped
on the base-loading inductance for a proper
impedance match. For the 10 ft rod, this
meant a maximum top-loading inductance of
about 60 uH. Since the top loading is fixed,
this meant that the base-loading inductance
has to be increased as necessary on 80m to
resonate the antenna. Again, about 60 uH is
necessary. The coil dimensions shown in Fig.
2 are those for which B&W or Air Dux coil
stock is available. If possible, it would be
desirable to increase the diameter-to-length
ratio of one or both coils (maintaining the
same inductance) so that the diameter is
about half the coil length. This would raise
the Q and improve the overall antenna
efficiency. Such construction would make it
more difficult to tap the transmission line on
the base-loading coil but it should be easy to
implement for the top-loading coil. The
top-loading coil used is a salvaged coil from
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a commercial trap-type vertical antenna. The
necessary
bands or with other lengths of tubing can
either be calculated from 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
frequency band that still allows a sufficient
amount of base-loading to permit matching
the transmission line. The base loading is
then increased as necessary to resonate the
antenna on the lower frequency 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 1:1 swr. On the lower
frequency band, the base coil tap 1s 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
compromise tap point for the transmission
s0 its position does not have to be changed
when changing bands. The actual changing
of the coil or transmission line taps can be
lone with relays or manually with clips, as

lesired.

summary

No simple, short-loaded antenna will be
xtremely efficient on the lower frequency
vands. However, the antenna described will
vork reasonably well for its size and it is a
ractical solution for a simple to construct
nd inexpensive antenna where sSpace is
mited. One point that should be carefully
bserved in installing the antenna is to
rovide a good ground connection either in
he form of radials or connection to some
irge metal structure. If no ground connec-

on possibility exists where 1t 1s desired to
1stall the antenna and no room exists for |

idials, two antennas with similar loading
oil arrangements can be combined to form

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

.« .W2EEY |
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loading inductances for other |

ARNOLD'S ENGRAVING

Personalized
ELECTRIC s i,
orxks on
ON-THE-AIR AU
WITH CALL

Metaltex Lapel Bar - $1.50 Metaltex Tie Clip - $2.25

ARNOLD'S ENGRAVING

2041 Linden St. Ridgewood, N.Y. 11227

WE PAY HIGHEST CASH PRICE

for Electron Tubes & Semiconductors
Immediate Payment on Unused Tubes

H & L ASSOCIATES

Elizabethport Industrial Park
Elizabeth, New Jersey 07206
(201) 351-4200

NU SIGMA ALPHA

International Amateur Radio Fraternity. Mem-
berships now-available. Includes wall certificate,
|.D. card, newsletter, and more. Send for free

brochure.
BOX 310
DEPT. 73, BOSTON MA 02101

HHLIEEVICES

HAL ID-1 REPEATER
s IDENTIFIER

w5’ $7500

Circuit board wired & tested.

TTL logic. Power line frequency counter for 3 minute
or less timing and control. Easily reprogrammable
diode ROM uses only 27 diodes (depending on call) to
send DE "any call’’. Low impedance audio with
volume and tone control. All circuitry including PS on
small G10 glass PC board. Write for full details. HAL
DEVICES, BOX 365, URBANA , ILLINOIS 180!

N1’

DATA ENGINEERING INTRODUCES

FREQUENCY MARKER: 7 markers, harmoniecs to 150 MHz.
TWIN-LEVEL KEY: Electronic touch, all solid state.
ADVANCED KEYERS: 1 — lambic, dot/dash memory, var.
weighting., monitor, auto. character and word spacing. 2 — As
above, plus 500-bit messagpe memory, reprogrammable at
normal keying speed.

FIVE-YEAR WARRANTIES. Send for free catalog

DATA ENGINEERING, INC.
Box 1245, Springfield, Va. 22151

HW12.22 .32 OWNER

New three band modification kit delivers the
performance of your transceiver on 5—200 Kc.
band segments. 80/40/20 Mtr. SSB/CW coverage.
Perfect for Civil Defense nets. Complete kit price
unl;ﬁ$69.95 ppd. Complete assembly manual

$5.95 ppd. Send 50¢ for illustrated brochure.

DYNALAB RADIO CO.

215—-28 Spencer Ave., Queens Village NY 11427
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