PANAXIS COMPANY
WAS BOUGHT BY
PROGRESSIVE CONCEPTS
ON OCTOBER 11, 2007
NEED ANY INFORMATION ON PAST
PANAXIS ELECTRONICS PLEASE CONTACT
Eric Hoppe
Progressive Concepts
305 South Bartlett Road
Streamwood, IL 60107

PHONE. 630.736.9822 Fax: 630.736.0353
WWwWWw.progressive-concepts.com

COMPILED BY JEFF MORRISON APRIL 14, 2015


http://www.progressive-concepts.com/

PANAXIS

ANTS - AM

MEDIUM FREQUENCY

TRANSMITTING ANTENNAS

CONSTRUCTION PLANS

BY

PANAXIS PRODUCTIONS
BOX 130 PARADISE, CA 95969

COPYRIGHT 1984

COMPILED BY JEFF MORRISON ON APRIL 27, 2015



TABLE OF CONTENT

PAGE

1)

2)

3)

4)

5)

6)

7)

8)

CONSTRUCTION PLANS
MEDIUM FREQUENCY TRANSMITTING ANTENNAS

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
VERY BASIC PRINCIPLES

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONTD.
VERY BASIC PRINCIPLES, CONT'D.

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
FIG. 1 EQUALLY SPACED RADIALS

FIG. 2 RANDOM SPACED RADIALS

DESIGNING YOUR PARTICULAR ANTENNA

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONTD.
DESIGNING YOUR PARTICULAR ANTENNA, CONT'D.

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
EXAMPLE # 1

FIG. 3 SIMPLE 10 FOOT MAST WITH CAPACITIVE HAT LOADING
FIG. 4 SCHEMATIC

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONTD.
EXAMPLE # 1
FORMULAS

MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
EXAMPLE # 2

FIG. 5 HALF - SLOPER WITH BOTTOM LOADING

FIG. 6 FEED DETAIL

FIG. 7 SCHEMATIC



TABLE OF CONTENT

PAGE

9) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
EXAMPLE # 2
CALCULATIONS FORMULAS
FIG. 9 CAPACITY TUNING BOX
FIG. 10 DETAILS OF GUY LEG LOADING COIL

10) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
EXAMPLE # 3
FIG. 11 MULTI - ELEMENT VERTICAL
FIG. 12 SCHEMATIC

11) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
CALCULATIONS, FORMULAS

12) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
EXAMPLE # 4
FIG. 13 HELICAL WOUND WHIP
FIG. 14 SCHEMATIC

13) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
CONCLUSIONS
SOME LAST THINGS TO CONSIDER
TUNING THE ANTENNA

14) MEDIUM FREQUENCY TRANSMITTING ANTENNAS, CONT'D.
TUNING THE ANTENNA CONT'D.
FIG. 15 CAPACITY DISTRIBUTION
FIG. 16 DETAILS OF A TOROID LOADING COIL INSTALLATION



TABLE OF CONTENT

PAGE

15) APPENDIX
WINDING AND USING TOROIDS

16) BASIC PRINCIPLES
WINDING AND USING TOROIDS
FERRITE VERSUS POWDERED IRON CORES

17) FERRITE VERSUS POWDERED IRON CORES, CONTD.
WHAT IS SATURATION
CORE NOMENCLATURE
THE RIGHT WIRE SIZE

18) THE RIGHT WIRE SIZE, CONT'D.
WINDING YOUR TOROID
COILS THAT HAVE LINKS

19) COILS THAT HAVE LINKS, CONT'D.
TAPPED WINDINGS
FINDING THE CORRECT NUMBER OF COIL TURNS

20) FINDING THE CORRECT NUMBER OF COIL TURNS, CONT'D.
CHECKING TOROID RESONANCE

21) TOROID DOPING AND AFFIXING
SUMMARIZATION



CONSTRUCTION PLANS

MEDIUM FREQUENCY TRAMSMITTING ANT S5=AM
ANTEMNNAS

The principles and examples given in these plans are applicable to Marconi type
(vertlcally polarized) transmitting anternas. Design criteria is applicable for fre-
guencles bebtween 300 KHz and 3000 KHz. This band of frequencles includes those
of the Standard Broadeast Band of B35 KH=z to 1805 KHz, commanly called the AR
Band.

Although you can build an antenna to increase the range of a low or medium power
AM broadeast band transmitter with these plans, it may be illegal 1o oporate it.
FCC Rules, Part 15, Subpart D, paragraph 15,111 sets forth the following limita=-
tions for transmitter operation in the AM Band; :

15.111 Operation below 1600 KH=z.

A low powear communication device may be operated on any frequency between 10
and 490 kH=z or between 510 and 1800 kHz subject to the condition that the emission
of RF energy on tha fundamental freguency or any harmonic or other spurious fre-
quency does not excead the fleld strength in tha following table.
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Freguency {(KHz2) distance (peters) Field Strength{uV)
10 to 490 200 2400/ kHz
510 wo 1600 30 2400,/ kH=z
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1i5.11%3 ..&.].l:er"nahve provisions for operation between 510 and 1600 kH=z.

{a) The power input to the finzl redio staga doas not exceed 100 milliwatts.

by The emissions below 510 kHz or abowve 1800 kHz are suppressed 20 dB or mora
below the unmodul ation carrier.

(c) The total length of the transmission lina plus the antenna, plus the ground lead
(if us=ed) does mot exceed 3 meters,

(d) Low power communications devices cbtaining their power from the lines of public
utility systermns shall limit the radlo frequency voltege appearing on each power
line to 200 microvolts or less en any frequency from 510 kHz to 1600 kH=,

Fs4areEEan

The above are a stifff set of rostrictions. Under 15.111 [t warks out to 24 micro-
volte per meter, at a distance af 30 meter‘*s (100 feet), with a transmitting fre-
quichcy of 1000 kHz.

COPYRIGHT 1884 by PANAKIS PRODUCTIOMS, Box 130, Paradise, CA 95569
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MF TRANSMITTING ANTENMNAS, Cont'd. ANTS-—-AM

Of coursa mast of us do not have a calibrated Fleld strength meter. Even I we did
wie would find that 24 microwvelts just barely gives reliable reception on inexpensive
AR radios.

Tha alternate provisions are not much help either. An antenna anly 3 meters long,
gbhaut 10 feet, 1= extramaly inefficient at these freguencies. MNot only that but vour
transmission line (coax) and ground wire must be included in that 10 foot limit]

Of course vou can get around the transmission line and ground wire by installing
wour transmitter right at your antenna. OF course a 10 foot long antenng probably
would have to be cutdoors so your transmitter would have to be weather proof as
well,

The efficiency of a 10 foot antenna can be greaatly improved however, By so doing
you will undsubtedly have a field strength exceeding the FCC's limit under their
paragraph 15,111,

The following principles and examples are presented Ffor your information. Uss
vour own discretion in applying thern to your particular needs,

VERY BASIC PRINCIPLES

1. Any length of a conductor (wire, pipe, tower, etc.) is an antenna but is not
necessarily an efficiernt anternna,

2. At medium and low frequencies ground conductivity is a very important part of
your antenna system .,

3. Field strength is dependent on the current flowing in your antenna

4. Thea shorter an antenna is related o lts frequency's wavelength the lower is (ts
feed impedance.

5. The lower the antenna's feed inmpedance the greater the current reguired to
chtain a desired field strength. '

8. The most efficient hdrizontal antenna is 1/2 wavelangth long .

7+« The most comman vertical antenna is 1/4 wavelength long.

8. The physical length of an antenna is always less than its electrical length .

9. A vertical antenna with a ground plane, 1/4 wavelangth leng, has a feed im-
pedance of shout 35 ohms.

10. & wvertical anternna shorter than 1/49 warelength has capacitive reactance.
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For the most part horizomtzl antennas ara a pn:-bla:'n at the medium and 1o ﬁ'-cquen:y
wavelengths. Tha following formula gives us an indication why:

200
Wavelength (in meters) =

Freguency (in mHz)
Asasurming a frequancy of 1000 kHz ( 1 miz) we find the wavelength to ba 300 meters.,

Rule # & says the anternz should be 1/2 wavelength long, or in this case 150 meters.
This is about 500 feet long. It won't Fit easily into many backyards. Not only that
but it should be at least 1/4 wavelength above ground, in this case zbout 250 feet
high! It is for this reason that most broadeast band and low frequency stations use
a vertical (Marconi) antenna. The rest of this discussion will concern only vertical
type antennas [Rula # 7).

A verticsl antenna which is electrically 1/4 wavelength long is said to be resonant .
This means that inductive and cgpacitive components cancel each other allowing
maxlrmurm current to flaw in tha antenna. What remains in the way of opposition to
current flow iz cglled the antenna resistance. The antenna resistance consists of the
radiation resistance of the anterna itself, the resistance of the ground (earth), and
the resistance of loading ccil wires and transmission line (coax).

Radio frequency currents flow on the surface of conductors, noet thraugh them, so RF
resizstance ls always greaster than the DC resistance in the system. It can't be
maasured with an chmmeater!

In our example gbove we see that a 1/4 wavelength vertical for 1| miH=z is about

250 feet high! This will be a bit impractical, but we can shorten the physical length
and yat make it appear like it is glectrically 1/4 wavelangth long . Rule # 10 says
an anternna shorter than 1/4 wave has capacitive reactancze. [If we introduce the
proper amount of inductive reactance |n series with the antenna we can cancel out
the capacitive razctance! Tha antenna can be physically short, say 10, 30, or even
S0 faet but we can meake it appear to the transmitter like it is 1/4 wave long. Tha
inductance we add 1s called a "loading coil" .

By canceling the reactances of the anternna we are left with ju=st lts radiastion re—

sistance. The resistance of the ground is part of the overall antenna resizstance
however. [t must be corrected as well,

Except along the s=a shore and areas of high mine ral deposits, the ground (earth)
is not a very good conductor. The way to correct the problem (s not easy however.
The best msthod is to plant about 120 wires {radials) like spokes of a wheesl, each
1/4 warelength long, buried 8" under the surface, around your antenna (see Fig. 1).
This can be axpensive and a lot of hard worl! There is a decraasa in efficiency of
the ground system as the radials are reduced to about 15 or so. Below 15 radlals
almost any random pattern and length is better than nothing (see Fig. 2). If radials
ara just plain imgossible o do then use other grounding devices which are as close
o tha base of the antonna as vou can gat.
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Fig. 1 Equally spaced radials Fig. 2 Random spaced radials
Some simple grounding devices consist of:

One or more copper clad steel ground rods driven 8 fast into the ground naar tha
base of the antenna. Connect all of tham together for your "ground wire",

Several copper or iron pipes buried mear the antenna base. Cornsct all of them
together for your "ground wira™,

Connect your ground wire to underground water pipes (or a water faucet in your
ward),

DESIGNING YOUR PARTICULAR ANTENNA

The dasign of your anterna depends an:

(a) The freguency of operation
(b} How high you are permitted to build it
(c)} Thea capacitive reactance of the antenna

This means yau may have to do soma caleulatiens for your particular installation.
You may need to caleulate the capacitive reactance of your antenna, the inductive

reattance necessary for a loading coll, the number of turns required by that coil ,
and how to match the impedance of the finished anternna to your transmitter,

Formula for finding capacity (in picofarads) of your anterna

ITh.
24k Fh "J
d )EH-] EF)

Chick to view formula

f = frequency In MHz=
h = height of antenna in feet Cy =
I-:('LS Lag,

d = dizameter of antenna in inchas

S
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The examples in the following pages assume the use of a TV mast as your antenna
or a part of your antenna, Examples are based on 10, 30, and 50 foot holghts. Fer
othar heights yvou may want to calculate tha capacity yourself, or you may salect
tha apprepriate value from the following table:

Typleal Capacity of TV Masts at Freguencies of 535 kHz to 1805 kH=
10 feet high 30 feet high 50 feet high

1" dlameter mast 38 pF 83 pF 140 pF

1.8" diameter mast 42 pF 100 pF 150 pF

R A R ® d R E @R A R R F AR R R E B R Boe B d R @ oW OE R E W B E R B

Interpolation of the shove teble for other heights will probably be close enough to
cormnplete other calculations for loading coils, etc. A 20 foct high, 1™ diameter
mast would have a capacity of about G5 pF (picofarads), by interpolation.

Farmula for finding required inductance of the loading coil: {Formula B)

L = Inductance in Horrys /

F = Freguency in Cyclas (Hz) L = i —
C = Capacity in Farads 145 ¢
Pl=3,1416 i

Click fo wiew formulas
Formula for ﬁndmg rurmber of turns required to make the loading coll: (Formula C)

M = Mumbear of turns of wire
a = Radius of coil form

b = Length of esil N = ‘]/I_ (23 +10b)
L = {nductanca in microchenrys

a
Forrmula for finding number of turns using an Amidon T=-184-41 toroid core: (D)
M = Number of turns of wire
X e e N = ooyt
L = Inductance in micrchentrys (1= 3]

Fermula for finding inductive reactance of coil: (Formula E)

Pi=3.1416
f = Freguency in Cycles (Hz) o
L = Inductance in Henrys }":L = Z TrF L

X = Inductive reactance in Ohms

NOTE: T=184~41 core can be obtalned from AMIDOMN, mna_h Otsego St
Morth Hollywood,, CAa 91607
(213) Ta0=-4429
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EXAMPLE # 1 2L

L i ]
o=
¥
'

4 "
r_-":"'\_ Fig. 4 Schemakic

Fig. 3 Simple 10 foot mast with Capacitive Hat loading

The mast is held in place with threes guys of 3/16th inch Nylon rope. If regular guy
wire is used instead then insulators must be installed between each guy and where

it connects to the capacitive hat. The capacitive hat is made from regular guy wire
(H) as shown In the drawing. A thres sided pyramid is made in which each side _
consists of a rumber of wires, or screen wire, or pieces of sheet metal. The length
of each side (M) is about 2 feet. The apex of the hat is electrically connected Lo tha
tep of the mast.

The base of the mast is insulated from ground. The mast may be placed on top of a
pve pipe can, a short beer bottle, or some other glass or plastic insulating material .
The loading coil and transmitting matching unit is installed at the base of the mast

as shown, The antemna wire connects to the smast, the ground wire connects to the
ground system (redials, reds, pipes, etc.) very close to the base of the mast.

See Fig.1g for details on the construction of the toreoid loading cofl and matching

unit (T). Tha coax connector of the unit connects to the transmission line from
the transmitter.

-E.Hl



MF TRANSMITTING ANTENNAS, Cont'd, ANT S=-Ak
(Exarrple £ 1)

The anternna can ba constructed without the capacitive hat but it will not ba quite as
alficient. Addifional cepacitive loading at the top end of the antenna assures a more
even Mow of current through the antenna. Fig. 15 shows that capacitive loading
gppears slorg the entira length of the antenna. fdore current flows in the bottom of
the antenna and s shunted back to ground by the capacitive effects. As the capacity
to ground decreases with height so doas the shunt path - hence mare current flows
at the battom,. The capacitive hat having more capacity due to its larger size be-
comes the larger governing factor in the flow of current up through the entlre mast.

Calculations: (For operating freguency of 680 KHZ)

(1) Find total capacity of antenna: From teble....10 foot 1 " mast = 38 pF-
(Formula &) Capacllive hat (approximately) = 50 pF
Total antenna capacity. ... 88 pF
I
(2) Find inductanca of loading coil: : =
{Formula B) -E_l(j.,f']ff:.) [::mxl.a") (‘.i': ,;m'”) S 621
Click to wiew the fommlas
{3) Find turns for loading coll: Agairme 3" dlameter pve plpe 8 " long but
(Formula C) coll eavering just 4" (Alr wound coil)
Vezr[(axisf(and)] = 119 TueRMS
e 75
{(4) Find turns for toroid loading coil: Use Amidon T=184-41 toroid core

(Formula )
61t = G2 TURNS
foo ..Fﬁ;;

(5) Find inductive reactance of coll:

(Farmula £) 2 (3.0916) (650 %10 Y622 X10¢) = 2658 oilus

(&) Impedance ratio for finding 50 ohm tap polnt;
LN tHL 1&5&}

=0 S0
(7) Turns ratio to 50 ohm tap point:

== \fu:.n. RATI0 ~J 53 = T2y

=53

(B) Turns from ground end of coil Adr wound coil Tarold coll
which is the approximate 50 j29 s
Chrn matching point = /5§ TerMS e = F.5 TURNS
T-1E Tip

NOTE: Although a toroid loading coil/matching unit is shown in Fig. 3, it can be
replaocod with tha air wound loading coil /matching unit caleulated above. A diffarant
cperating froquency will requlre new caleulations.

hT_
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EXAMPLE & 2

L jaly

};5 c c%
L] @ o

£ oy 2 = =
Fig. 5 Half-Sloper with bottorn loading Fig. 7 Schemnatic

The Half-Sloper is a maodified inverted vee type antenna. The feed point is at the
tep rather than at the bottom, When properly adjusted the feed impedance is bo-
tween 35 and 70 ohms (nominal 50 chms). Standing wave {SWR) should be less than
1.5 to 1 after adjustmant. 1t's somewhat directional {arrow) with a power gain of 2.

The mast serves as one leg of the system, One of the fiuy wires is tha other leg of
the system. All cther guy wires should be 3/16th inch nylon rope. In this example

th2 mast 1s 30 feet high. This reguires MNylon guys at the 507, 30', and 10" levels at
laast.

The system uses additional eapacity tied directly to ground, This results in a smaller
loadlng coil for each leg. Both coils are of the same inductance, The coils may be
tapped if deslred for tuning, however tuning may be accormplished by the loading
capacitors instead. Tha loading capaclitors are recelver-type air variable tuning
capacitors of about 360 pF each. Fig. 9 shows how they can be installed inside of a
weather tight box. Fig.10 shows the details for construction of the loading coil for
the guy wire leg of tha system.

Flg. B shows how the coax is connected, The shield is electrically connzcted to the

mast with a hosz or mast clamp. Tape the coax to the mast every few feet. The base
of the mast I3 insulated from ground.

==
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(Example & 2)

Caleulations { 50" mast, 1,5" diam. , 50' slope quy , 05268" diam,
: Operating freguency of 1000 kHz )

(1) Fird capacity of each leg: Magt cap. 2160 Sloper cap, = 90 pF
(Fermula A or tabla) Var, egp.=230 Var. cap, =290pF
Total cap each 1eQevasns 280 pF 380 pF
(2) Find inductance of loading colls:
(Formula B) { Both ceils are the same inductance)
0 /
(0.0 (107 (350 x007) T 674 H
Chck to siews formulas
(3) Find rns for loading coils: (Both coils have same £ of turns)
(Formula C) ( Assume2" diam pve pipe, eail 2" long)
Y o7 (431} + (o)
i [_ = G TIRKS
!
E-\-"‘—'—-._,_____'___,_.--'—"'_._._._._}
<

M@
F B

Fig. @ Capacity tuning box -

A 360 pF or dual 180 pF variable 3
czpacitor is mounted in a small

mctal box. The ground screw is

connacted diroctly to the box, The

capacitor is also grounded to the

box, The other capacitor lead is

brought out with a screw and it

through insulating shoulder washers, Flg. 10 Detail of guy leg loading coil
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EBAMPLE # 3

“ ik :

Fig. 11 Multi-element Vertical Fig. 12 Schematic

The rmulti-element antenna is used extensively in low and very low frequency com-
rmunications (10 kHz up through 300 kHz). Antenna current flows in each leg of the
system as if it were one single antenna section. Because each section radistes
energy the overall efficiency is approximately 4 times that of a single antenna of
the sarme length,

The mast is ane current path, and each of the guy wlres {s a current peth. The 3
guy legs are in parallel with the m.ast leg and are fed from the high impedance point
at the top of the system. The mast section is fad at the bottomn with a combination
loading coil and matching transforrmer. Each of the guy wires are electrically
connected to the top of the mast. The base of the mast is insulated from ground.

Each guy leg is terminated with a loading coil which s connected to ground. When
properly adjusted each guy, and the mast, are resonant. In cthar words, each
loading coil is adjusted to cancel the capacitive reactance of the antenna section to
which it is attached. Altheugh a torold type unit 1s shown in Fig. 11, it could ba
replaced with an air wound (pvec pipe) cquivalent. Guys at the 10 and 20 foot levels
must be 3/16th " Nylan rope.

-10~
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{Example £ 3)

Caleulations (30 lfeot mask, 1" diam,, 3 guy wires 95 feet long, .0B25" diam.
Cperating frequency of 1400 KH=)

(1) Find the cepacity of each leg: o
{Formula A or table)

mast ™ 9= pF Eﬂ'—'ﬁ" = T3 pF (all samea)

(2) Find inductance of loading colls:; (all 3 guy coils are the same inductance)
(Formula B) ||'
!
L 1 - -
et (3.1 (hy x10°)' (35%16™) ¢ (3rt6) (19 x10*)* (23 %16™)
= [3G.wl{ MAST Coi = 177 H &uy cors
(3) Find turns for loading colls: (all 3 guy colils have same # of turns)
{(Formula C)
117 A
Vs +osd] |
o 5
(4) Find burns for torold (mast) coll: {use Amidon T-184-41 toroid corea)
(Farmula O)
136
! —|/ = A9 TURMS
0 TaAe
(3) Find inductive reactance of cofl;
{Formula E)
2 (3116 (1.9 x10%) (177X10°) = /1557 oini 2(3-1906) (1% X10°) (136 X167°)

= {loo oHms Totetd
(5) Impedance ratio for finding 52 ohm tap point:

-I"I!l:{
— 1557 _ [166
50 = - 3 : ___._E:_-..u = 24

(7} Turns ratio to 30 ohm tap point:

J 31 = 55§ V ay = 49

(8) Turns from ground end of coll which Air wound coll Toroid coil
is the approximate 50 Ohm matching
Dﬂiﬂti Féﬁ 2,?
— T JOTUWRNS —— = [ TURNS

Chck to view formulaz 4 -8 5-5F %1
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EXAMPLE # 4

Fig. 14 Schematic

Fig. 13 Helical wound whip P

t 1s also possible to distribute the necessary resonating inductance over the entire
length of the physically short antenna. The wire of the coll also has capacity to
ground just as if it were the mast in previous examples. To assure a gaod current
distribution throuch the entire antenna it is wise to zlso include a capacitive hat.
The hat in this case(H) is the same dimension as tha ene in example # 1 and has the
same effective capacity. The guys are all 3/16th inch Mylon rope.

The wire consists of a little less then 1/2 wavelength , unifermly spaced turns,
wound cver tha langth of a 1" diameter pve pipe. The top end of the winding is
electrically connected to tie capacitive hat. The bottormn is connected to a small
value of loading coil with matching provisions.

Unfortunately the value of the small loading coll and matching section is bast found
by experimentation. The only calculaticnd that ean be done with certainty is the
finding of how much to use and how many turns you'll wind up with.

Assuming an operating frequency of 800 kHz, then:

: Fa 4 1 &
B @ VsE owty 500’ o ; ]'
i il w &) Gooww
@375 - 47 AETEs Ghuave) 300 * Goio S = 190 TuRes

L —12-
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CONCLUSIONS

You have seen four different ways of constructing Fairly efficlent vertical antennas

useful for experimaental broadcasting an the AM band, 1t is difficult to recommend
any ocne over another, each having its own characteristics. “You rmust be the one to
decide which might serve your nesds best.

Sorme last things to conslder

Since the RF currents flow over the surface of a conductor instead of through it, it
would sppear that the larger the wire the better, This {s true but reaches a point

of impracticability. For power handlifg up to 100 watts or =0 a £ 16 wire should be
alright, For higher powers you might go to a # 14, 12, etc, Loading coil wire may
be varnished, plastic insulated, er even bare if the turns are spaced apart, IF the
coil will be subject Lo heavy weather conditions it would be wise to coat them with

a clear varnish to hold down axidaticn.

Wihen winding a loading coil you should provide 10% more turns than your calculations.
This is because there will always be some error, not in the mathematics, but just

cue to the surrourdings. Walls, trees, cars, people, and poor ground connections
are all affecting your antenna system just because they are close. The effects are
umpredictabla, The best you can do is caloulate as close as you can and then leava
soma room for error. By having more turns on the loading eoil than you are supposed
to nzed you have extra adjustment you may need!

TUNING THE ANTENNA

Of course this is best done with expensive equipment which most of us don't have.
But, with alittle trizl and error, patience, and lots of luck you can tuns your an-
tenna pretty oclosa,

Connect your transmitter to the antenna, Set up a simple field strength meter using
any sensitive de meter with a diede across it. Put the meter where you can see it
easily a few feet away from the antenna, Connect one lead of the meter to ground
by just poking the wire into the sarth. Connect a short length of wire, a couple of
feet or so, to the other lead of the meter to act as a plck—up artenna. Turn on your
transmitter, If the meter reads backward, reverse the diode, It is assumed hera
that you have connected your loading coil(g) and have your coax connected to the ap-
proximate 50 ohm tap point.

Mova the tap at the antenna end of the loading eoil until you find a polnt on the coil
which gives the maxirmum reading on the meter, If you have more than ane loading
coll do this with each coil. If you built the half-sloper then you should also adjust
the varieble capacitors for the highest meter reading.

“a
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(Tuning the antenna)

When you have obtained the very best fiald strongth reading on your meter you can
adjust the transmitter tap. This is best done with an SWR meter connected in the
transmissicn line. The bransmiiter tap is adiusted up ardSor down the turns B
get the best (lowesl) SWR resding with the highest feld strength reading,

If you do not have an SWR meter, or your power (s oo low to operate one satis-
fastarily, wou'll just have o hepe vour matching point is near correct. Adjust the
transmitter tap point up and/or down the Wwras to cbtaln a maximum reading on your
field strength mater. Go back and rechack for bast tap on the loading coil. Repeat

each adjustrnent several times urtil vou are sure you have the best field strength
obtaingble from the system,

-

Fig. 15 Capacity distribution

Falk The capacitive cffect is graatest near
/ the base of averticgl anterna, This
iz due to its closeness 1o ground. Amy
: higher point must be progressively
less as that distance is increased.

! !
-~ \ A Because of this greatest current flaw
e T \ G : iz near tha base of the antenna. To
P % assura current flow through tha entire
L, anterna, and thershy getting maimum
~ radistion , additicnal capacitive load-
/ P 1Y \ A ing can be employed at the top of the
~ L5 A antenna.

Flg. 16 Detail of a torold loading coll installation

The bo protects the unit
against the weather, It

may be metal or plastic. [a
If it ig metzl the "AY

saraw must be insulated
from the box with fibre

ar plastic shaulder
washars, The tap naars-—
est the ground end is for
mgtching the transmitter "
to the systern. It is con—
nected o the coax by way
of voues cholce of connector.
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WINDING and USING TOROIDS

De not bhe afrajld te work with toroids. Think cf them as donut-shaped coils that
have magnetic cores. Coapare this to slug-tuned coils that have adjustable iron
or ferrite cores. The major difference is that a toreoidal ceil has a donut shape,
while the slug-tumed coil has & cylindrical shape. The core material provides
high inductance with a small nmumber of coil turns, wheress &n air-core call
of egquivalent inducténce would have many more turns thapn a teroid or slug-tuned
ceil. The latter assembly poreits us to change the inductance when we vary the
position of tho slug within the ceil. A toroid coil is alse edjustable, but
over 8 small range ot imductance. This iz done by spreading or compressing the
turns of the winding. An ideal toroidal coil has its winding spread over 330
degrees of tho core. This leaves o 30° gap st tho onds of the winding.

There are twoc advantages when using toroids. (1) The coil Q {quality factor)
fs high, owing to the smell number of turns., This is true only if the right
core saterial is used for a specifled oporating froquency. (2) A toroidal coil
or transformer is self-shielding. Wo metsl enclosure is needed in arder to keep
the field of the eoil confined te a small area,

T e, et . S e ety e e e’ Y e g S S e W S S s S

Tou may be contused about when to yse ferrite 25 ocpposed to powdered irom. This
simple rule moy be adopted for most amateur work: use powdered-iren cores for
circuits that require high Q in narrow-bend (tuned) networks. These include
RF amplifiers, mixers, IF amplifiers, eoscillators and RF filters. The charts
and tables found in the menufecturer's data sheets indicate the best powdered-
iron core ftor a given frequency range. Powdered-iren cores are sometimes usod
ter avdio inductors. These cores have high pereesbility. An example of an iron-
core audio inducter is the popular BB-mH telephone toroid,

Ferrite toroids may elso be used for narrow-band RF circuits wp to, say, 10
MHz. 1 do not use them above this frequency if high Q is s criterion. Again,
you must select the proper core mix (recipe) fer high @ et the froquency of
interest. Check the manufacturer's charts,

Farrite cores are uvsed mostly in brosdband inductors and transformers. By this
I mean RF chokes, beluns and matching transformers in solid-state circuits and
antennas., Ferrite toroids of a specified size [dismeter and thickness) have
tar greater permeability (u or mu) than equivalent-size powdered-iron toroids,
This means that far fewer coil turns sre required. But, the greater the core
eu the lower the @ of the coil or transformer at a particular frequency. This
rule applies also to powdered fron cores.

Ferrite is brittle bocause it is made from & ceramic material that is actually
8 semiconductor, It breaks easily whon stressed, and may aven break or shatter
when wvsed in a circuit that generates more power than the core can handle.
This is not true of powdered iron., Hoth typos of core will overheat if subjected
to excessive power, Powdered irom will retura to its rated mu after cooling.
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4 torojids

Ferrite will not. The core may become permanently damaged from ovarhesting.
The mu will decresse and render the winding useless from insufficient inductance.
Many antenna balung are destroyed iIn this mannaer when high power is applled
to an afdtenna that does not mateh tha feed line (high SWR).

¥HAT 1S SATURATION?

The mattar of overheating that we just discussed is an éxample ot coere saturstion,
All magnetic coras have & gauss ratimg that relates te how amuch pewer they can
handle before saturation occcurs. This is5 & runction of "tlux densfity"™ in an
operating circuit, The greater the cress-sectional asres of & core the grester
the power it cap handle before saturation occurs, Equmtjons exlist tor detaraining
the core capebility {gewss) for a particular circuit spplication. In-depth treat-
ment of this subject is contained in The ARRL Handbook and in my Prentice-Hall
beck, Ferromagnetic Core Design & Applications Handbook (1},

Saturation is based on the core size, the number of coil turns and the voltoge
and current in the windings. It is too complex & subject te discuss hare, I
@ncourage you to reoad the aforementlioned referepces If you wish te learn more
abpout selecting the proper size core.

Another side effect from saturatien iz the generation of wvnwanted harmcnic
currents. As tha core goes into saturation the sine wave (RF or audio) beacamnas
distorted and degenerstes into a square wave, Square waves are rich in harmonic
enargy, and this distortion cam ruiln en sudioc circuit or ceuse T¥l and RFI in
an RF circuit or antenna. This nonlipear oparaticon can be avoided bty making
certain that you select = core than can handle the jeb, 1t & core is quite warm
er hat te the touch during operation., chences are that the size is inadeguate
of marginal, Substitute a larger core it this heppens.

CORE_NOMENCLATURE

The numbers assigned to toroids may confuse you. Mtierometals coras are the
anes used most frequently by hams, so I will sention the numbering system that
reletes te those components, Powdered-iron cores have a T prefix (toraid). By
way ol an example, suppose you have a T6B-2 cora, T stonds for toroid and 08
indicates the core dismeter (0.68 inchl), The noc. 2 in the sufifix tells ¥you what
the cere mix is. The c¢olor code for ne. 2 cores is rad. The Colored powdered-
iren cores are menutactured by Micrometals Cerp.

Ferrite coeres have a slightly differemt numbering system. For exanple, assume
you have an FT-50-43 toreid, The” "FT" indicates ferrite toroid., Tha 50 means
that the diameter is 0.5 inch, Tha nuaber suftix, 43, tells you what the core
mix or permeebility is, All OF +the ferrite cores are gray (uncodedl, so it Is
important te keep them separated In your warkshop. 1 like te use spray palnt
to color-code my ferrite coras when I receive them. This saves many headaches

latar oni
THE _RIGHT WIRE SIZE
Micromatals catalog contsins charts that suggest the proper wire gauge versus

the required number of coil turms for a given core size, Try to use the largest
wire diameter practicable, consistent with ease of winding. This will help te

ensure minimum circuit lesses and highest ¢, Enamel-coverad magnet wire is usad
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for most toroidal coils &2nd transformers. Use care when winding ferrite toroids,
because most of them have rough sdges. These sharp surfaces can scrape the
insulatien from the wire and cause shorted turns., Shorted turns kill the 0 of
the circuit and ruin performance. I like to wrap the larger ferrite coresz with
3M gless tape or strips of masking tepe before I apply the windings. Damage
to¢ the insulation can be avoided when doing this., Most powdered-iron toroids
have been tumbled. Therefore, their edges are smooth and do not present a hazard
toe the wire. Do not tension the wire too much when winding a powdered-iron core.
These cores will break inmn half if too much pressure is applied.

WINDING YOUR_TOROID

We tend to weste magnet wire when we wind torgids. This iz because we guass
gt the required length ftor X pnumbar of turns. You can avold this waste by first
determining the necessary number of turms, Next, wrap cne turm erocund the torecid,
remove it, then measure its length, Multiply the length by the required number
of turns, end allow two extra inches of wire for the loads at the end of tha
winding.

Fig 1 -- Right and wrong methods
for toroid winding., The example
30° at A is the recommended technigue.
GAP Note the 30° gap between the

ends of the winding. This minimizeos)
unwanted capacitive effects and

A B c inductance cancellation. Compress-
RIGHT WROMNG WERONG iﬂ‘g‘ the turns (B) increases the
Inductance. Spreading the tums
{C} decreases the Inductance.

Fig 1 illustrates the right and wrong ways te wind toroid cores. However, at
a moderate sacrifice in coil quality you mey compress or spread the coil turns
(B 2nd C) to very the effectlve inductamce, This is a useful method when tweak-
ing & tuned circult that contains fixed-value capacitance.

COILS THAT HAVE LINWKS

Thore soems to be confusion concerning placement of the link on a toreid that
has a mpin winding. There are two phllesophies we can embrace in this regard.
(1} The limk can occupy the same area on the core a5 the main winding. This

appsars to provide the greatest afficiency (reduced losses) in coupling. I
prefer this technlque for broadband trensformers. See Fig 2.

LINK B Fig 2 -- The dark lines represent
the link winding at A and B. Example
A shows the 1link winding spread over
all of the main winding. In drawing
B is a Iink that Is crowded atr one
end of the main ctorolid winding. In
A both examples the 1link should be
wound in the same sense as the main
winding.

L INK
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For narrow-band transformers, such &8s those in RF amplifiers, mixers and
oscillators, | use method B of Fig 2. The link is wound over the grounded
or +¥ end of the main cocil, whichever may apply. This minimizes unwanted
capacitive coupling between the windings. Harmenic currents are not so
easily passed through the link when method B iz wesed. 1In any avent, wind
the link with the same sense (clockwise or counter clockwise) as the main
winding., This will ensure that the polarity of the windings {35 the szaame
at the start of each winding. The black dots that you often see above
the windings of a toroidel transformer are there to show that the tops
of the windings have the same polarity or phase, as indicated in the circuit
diagram.

You must be careful when placing a tep on a toroidal winding, It is |ASY
to damage the wire insulation and cause a shorted turn or turms. I use
the method shown in Fig 5 whem I need to tap a winding. It consists of
keeping track of the coil turns during the winding process, then allowing
excess wire at the tap point, This excess wire is twisted Into a smalil
loop (two or three tight twists)., The remainder of the winding i3 then
pleced on the core. I next scrape the insulation from the loop with a
hobby knifa or Mote Teol with an abrasive bit. The bare wire cam now ba
tinned with a scldering iron. Am alternative and neater looking technigue
results from scraping the insulation from the wire at the tap peint, but
not making & loop. The bare section is tinmned and a short piece of bus
wire is wrapped around it and soldered in place, This serves as a confection
point, A thin piece of seat-wrapping paper or glass tape is placed around
the tap area (U shapod) and the winding is continued wuntil comploted,
The insulating material prevents sharted turns.

Fig 3 == Two methods for

A 8 BUS WIRE | placing a tap on a toroidal
/’ LEAD winding. Mertheod A involves
twisting a loop in the

winding for the tap point.

"\ At B is a technigue that
SCRAPE™ PAPER regquires scraping the
and TIN winding and using a piece

of bus wire for the tap
{see text),

A third method for making a coil tap is to cut the winding at the tap
point, Allow a 3f/B-inch pigtail. Scrape aoff the pigtail insulation and
tin it, Create & similar pigtail with the wira for the remalnder of the
winding, Twist the plgtails and solder them, This becomes the coil tao.

FINDING_THE_CORRECT NUMBER OF COIL TURNS

Each toroid has what is called an A factor. This relates to the resultant
inductance for a spacitied number of turns. The A factor varies with
the parmeability of the core being used. The Amidon Assoc. catalecg lists
the A tactors for powdered-iron and ferrite toroids, This information
is available also from Micrometals Corp. (powdored iren) and Fair-Rite

Corp. tfor ferrites (3). 19
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Let's examine an example of how the A formula works. Suppose you nead
a torold inductor that is for wuse at | MHz and the required inductance
is 1.2 uH. A T50-86 (yellow) core will, mccording to the Amidon charts,
provide high Q &t this frequency. We check the AL rating in the Amidon
catalog., It is lizted as 40,

M{turns}) = 100 JLIUHII#L. thus H = 100 J1.2flﬁ gr 17.3 turns.

We will wse 17 turns in order to avoid the impracticelity of a fractional
part of a turn.

The equation for ferrite cores is similar. But, owing to the high mu of
ferrites, the formula is expresszed in mH rather than uvH. For example,
suppose you need a coil that has an inductance of 10 uH for use at 7 MHz.
We will use an FT-37-61 core. The hL for this core is 55_3. Hence,

M{turng) = 1000 L(mH!IlL. hence N = 1000 Jﬂ.ﬂi mH/55.5 or 13.44 turns.

I have changed uH te a decimal value of mH. This makes the formula easier
to usa when working with uH.

CHECKING TOROID RESONANCE

If you do not have access to an inductance bridge or a Q meter, try the
following technique for finding the approximate resonance of a toroidal
tuned circuit. It involves the use of a dip meter, Datails are given in
Fig 4.

=== CAPACITOR

TEMPORARY LINK

a— EXTERNAL LINK

CAFACITOR

DIPPER

Fig 4 -- Two methods for checking toroids for resonance. Method
A shows that the dipper coil is inserted in the loop formed by the
winding and capacitor leads. At B is a technigque that reguires adding
a temporary l- or 2-turn link to the toreoid coil. A similar external
link is joined tc the first one, as shown. The dipper coil is placed
in the extermal link to sample the resonance. The Iinductance of
the toroid may ke checked in this manner if a known value of capacit-
ance is used in parallel with the toroid coil. The coupiing methods
at A and B are necessary because of the self-shielding properties
of toroids. They cannot be dipped like conventional coils.
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TOROID DOPING AND AFFIXING

T R i e e i e - o e s s

Toroidal coils may be used in VFOs and other frequoncy-critiecal clrcuits,
but they can céwsev drift problems, The drift is related to changes in ambiant
temperature, which causes changes in core permeability, These shitts im my
cause the coil inductance to vary, and honce frequency shift, Ne. & powdersd
iron scems to be the mbst stable of tha core mixes for use in VFOs, After
you wind the VFO coil, coat it and the torold with polystyrene ( Dope, As
the leyer dries, add another until three ccatings have been applied. This
helps te koop the winding securaly in place on the core, snd hence impreves
trequency stability. Q Dope is aveilable.

Comploted toroidel coils and transformers should not be supported by their
leads when they are sounted vertically on & PC board, Vibratios will cayse
the leads to break whem small-gauge wire [s used. Place the vertically meunted
toroid im its position on the PC board. Next, put & generous deb of guick-
sotting opoxy comont botwosn the bottom adge of the torold and the PC board,
When the cement has dried the toroid will be held firmly in place. This can
be done also to flush-mounted taroids it better stability is desired, You
may also use Dow or GE silestic compound for this purpose, It will be assler
to remove latar,

SUMMARIZATION

| have covered the subjects that appear to confuse most bullders. You may
want to place this file in a notebook for future reference, I have prepared
similar ftiles on other subjects of interost to builders, They are available
from Oak Hills Research,

If you break & ferrite toroid or red, don't throw it sway. You may glue ths
pieces ftogether by means of epoxy cement, and the core will work properly,
Be sure to interface the broken pieces flrmly when gluing them together, Thijs
technique has not proven practical when 1 have broken powdered-iron cores,
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