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PREFACE

This book has been written as a supplement to an
eight hour course on NORD L.F. antennas. The

authors assume that the reader has a basic background
in antenna theory and operation. The book has been
divided into six sections for ease of presentation.
It would not have been possible without the help of
the entire engineering and clerical staff of

Multronics, Inc.

The Authors
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NORD L.F. ANTENNA COURSE

1. DISCUSSION:

The purpose of this course is to furnish supplementary data to a lecture series
of eight one-hour lectures on L.F. antennas. (Fcr ocur purpose 50-200 KC.)

This text 1s not meant to be a complete course in L.F. antennas, but rather a
refresher in basic antenna thecry applicable to L.F. and an introduction to the theory
and operaticn of NORD antenna systems.

The text is divided intoc six secticns for ease of presentation.

SECTION_ 1
I1. GENERAL:

The purpose of this section is to review some important factors pertaining to
electrically short vertical antennas operating in the L.F. region.
IIT. DISCUSSION:

(1) General Technical Consideraticns fcr Short Vertical Antennas:

A. Antenna Resistance:

The transmitting antenna system is the component of a radio frequency
transmissicn system which serves to couple the power developed in the final
stage of a tramsmitter intc the impedance cf free space. The power which is
radiated intc space is regarded as having been abscrbed by a component of the
antenra impedance called the radiation resistance. For an antenna arranged
vertically on the surface ¢f the earth, and having a height of less than a
quarter wavelength, {(always cur casel, the radiation resistance Rr may be

approximately caicuaiated by cne of the following formulas:

R = 520<_£j (»H@)
: <



Where:

14& = height of antenna in wavelength.

R = 100G 2 (2y(P)
r o
G_ = electrical height of antenna in radians
or:
2
= (c)
Ro=C _ (3)
312
Where:
Rb = base resistance in ohms
G = electrical height of antenna in degrees. (When G does not exceed

approximately 40°%.)
The antenna resistance measured at the base of a vertical antenna will
closely approximate thcose values determined from equations (1) through (3)

and will cnly be altered because of ground system losses.

B. Antenna Reactance:

Sc far in our discussion, we have not treated the reactive component of the
antenna, but have concentrated our presentation on the radiation resistance
and the expected base resistance for a short antenna. The reactance for a short

series fed antenna (referring to an antenna under 45% can be expressed as:

X, = -j (Z, Cot ®) @Y
Where:

XA = antenna input reactance in chms

Z, = 138.2 logyy Aid + 23.2

O = electrical length in degrees

The abuve formula assumes that the antenna is working against a perfect

(TR ULTRONICS INC
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ground system, and sinuscidal distribution of current exists on the antenna.
Ir mcst cases, ncne of these conditions hold. Therefore, equation (4) can
be off by as much as Z2:1 when ceonsideration 1s given to short L.F. antennas.
It is clear from a study of equation (4) that the f/d ratio (length to diameter)
materially affects the expected base reactance.

C. Length tc Diameter Ratic:

It is well kncwn that the physical height wversus the electrical height in
degrees for a given antenna are not identical except for a wire of such small
diameter as to make the X/d ratio a very large number. Some refer to this as
the end effect. As the diameter increases for a given length, the electrical
length becomes progressively greater than the physical length. Therefore an
antenna will go through first resonances (pcint where reactive component is
zero cr antenna equal to one quarter wavetength) at a height slightly less than
90° or one quarter wavelength.
section is small, close agreement exists between the calculated and measured
Teactances
D. Top Leading:

At iow radio frequencies, due to econcmic reascns, vertical radiators are
~ery short in terms of the wavelength in use. At 100 kilocycles where a wave-
length 1s 9843 feet an antenna ¢f one quarter wavelength height (the usual
height in the standard broadcast band, 540-1600 kilocycles? would tower nearly
2500 feet abcve the ground. Such a radiater would be extremely expensives

In practice at the 100 xilocyoles frequency antennas whose physical height

is approximately 300 feet are employed. Electrically such antennas are very
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small structurese. Their height is but 3% of the operating wavelength. Tech-
niques may be empleyed o imprcve the situation cof the electrically short radia-
tcto Obsiousiy the 1mprovement musi invoive a means of inireasing the electri-
cal height ¢t the antenna wnhile leaving its physical height unchanged. This
technique 1s aptly named tcp icading since by its applicaticn the antenna oper-
ates as i1if it were in fact a taller struactures

In a wypicatl vertical artenna cf 90Y ¢r iess, the current is maximum at the
base and zerc at the teps If this (cnditican could be reversed, that is the
Zorrent at the base reduced tec zerc and tne current at the top made maximum,

; e
this irn tucrn wouid make a short antenna Look cioser to a 180 . or a halfwave

R ek alatel:] 3
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igher base
and lcop resistances. Unfcrtunately. hewever, 1t is not possible with top
loading tc achieve such a radical change in current distribution. Top loading
Lncreases the capaszitance of the top of tne vertical antenna to earth. Ideally
since the earth represents one plate of the capacitor the other piate attached
tc the tower top should be parallel teo earth and have the largest possible area.
Urnfortunately this would require masts equal in height to the antenna tower for
support cf the top lcading structure. AU this peint economics ralses 1ts head
and the expense cf the mcst desirable solution renders 1t unacceptables
Cemmen.ing during Werld War 11 ana foilowing through the post war period,
sensiderable effert has been expended in studying the matter of top lcading.
Fur edoncmas reascns guy wire or umbrella Uep loading is now emplcyed inm L.F.
antenna systems. tmbrelia top icading takes the form of using the top three
sets of guys (Scmelimes use ds many as fourleen gay Lleading wires! as the load

irg elements. These guys are etertritaiiy wenne.ted 1o the top of the tower

;;"/; MULTR
)



and thelr tergth adjuasted by 1nsertiovi I gay insulators at the desired point

,“
=

the guyo
Bclruse‘eh desiribes a number f experiments in Lop tcading geometry and
fEPCYLS Cn tnerr resu.ts i terms of efrilzency.

These experimeital 1i «5i1gativns were made vsing a 70 foot werti_al radia-
ter and & umbrelia wires. Figure A i1s a prefile view of the experimental

STrudtures.

¢

L

e D

. EICIRE A

\ 4

The 70 root heignt of the radiatcr was constant in all tests. Parameters
D, the spacing from the radiatcr te the top tcading guy anchors, and d. the
vertnica: distance fLrom the tep uf the radiatcr te the lccation ¢f guy breakup
losuiatcrs . were aried. The smarlest dimensicn used for D was /0 feet which
15 equal te the tiwer hergni ard whion mékes U equat Lo 45%.  The maximom value
of D was 200 feet and this 1iier.at U bevame ,0¢,% Parameter d was sacied
- {

Coer e rdnge of O feet 1o U feers

The artenna radialicic resiSiance Progressively 1re reased as D was increased

"y
C
=2
-
s
~

AU Lot il meT cdtue Lo e 200 oo maximam figure. With d as the
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cartabie  radiatici teslSlainee maxsim..ed whes d was appreximately equal Lo 30/

of %0 feel. lraereasirg d beyend this peint dropped tne radidliofn resisidnee and

tavredased bardwidine

Ine resuits of tne experimenital work was checked ¢n twoe .ertical radiators

h

ce

o

nstalidtions was 350 feet. This

o
[

rerght.  The 1nter.at D fer boetn

-
'

250
dimensicn wdas diltaled by property iimitatiochse. Dimensicn d was made 10, feet
croslightiy greater than 3h// foc cne antenna and 179 feet approximately Shs/
foer the C(ther antennas

Liothe vase I Ler; snirtl radialccs the effell of "optimum' tep ioading 16

pf(;l".;)\;‘[‘..ed 1, 11s reduolion (I anternia reactandce wilh [&S“illfxg Lmprove

i

Tes
mentl 1n bandwidthe

Fir a given antenna stcu.ture of height = G at the cperating frequency with
¢ without wmbreiia type ot tep leading bardwidth and etficiency are dizectiy
feilaled Lo SySlod 1USSeboe

€rmiLing the effculi.e Lop

I

Tre Lollowing appresimdlic: .an bl .sed for de

leadring tthree wice! tnat 4 be oblarned by use of umbrelia tep icading oi

S ol anleidianoe
Lv 1s
G . = 1L x U..U> + C o
efr p L
Wrere

- elie tive heighi of ditennad 1o degrees

ik = pbusteas lergth of cas P otop leading guy wire  in degrees (o Tirst
K oM

D{edii LaSaldivr ife iCagih oI top :teading guy Shali nol estecd

DU o f tre Lewer Poeoglloe

¢ = prosival rerghi of tower  degrees  wiibool top loddinge



Equaticre * 5% 1s based orn assuring that the angies of depression and elevation
are «+5% and the physical teagth of the tep ilcading does not exceed the physical
iength ¢f the tcwer.

It 1s apparent that even when .sing ccnventicnal top loading, only a limited
degree of effectiveness can be acnie.ed with extremely short antennas due to

the large hat or cmbrella size required in relaticn to the physical height of

-

Che tower therefcre it carn be .crncluded tnat tep icading on very short antennas
fi:.ds 1ls greatest use in heiping Lo realize a nigher feed point resistance
rather Thar an appreciabie in.rease in radiation efficiency.

E. Current Distribution

Sc far we rave priefiy discuassed sume Lastors voncerned with short antenna
thecry , but we ha.e not dwelled cr the disteibution of <urrent on an antennd.
This paragraph wi:l discuss that sublecl.

The distcibaticn of carrent i1n an antenna <an be directly related to 1ts
radiaticn pattern ard efrficiency. Figare 1 illustrates the typical short series

fed artennas

C:)B

FICURE :
SHORT_SERLES FFD ANTENNA

MULTRONICS, INC.
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Referring te Figure 1, 1t wili be noted that the feed pcint is marked A and
the top of the antenna 1s indicated as B. It can be stated that the current
betweern A and B flcws only to charge the capacity of the antenna keeping in
mind that a series fed antenna which is iess than 90° in electrical height al-
ways locks like a capacitcr with a resistance in series with 1t. This means
that the effective vailue oI the vurrent at point A of the base of the antenna
15 maximum, and at B the top of the antenna zerc, for the current at A repre-
sents electricity flcwing through that point which goes to ¢harge the rest of
the antenna., while at point B nc electricity flows since there is nothing to
which it can flows

Figure 1 can be mudified to increase its effective height or efficiency if
capacity loading 1is usede

SIDE VvIEW TCP_.1EW

FIGLRE 2
SHORT SERIES FED ANTENNA WITH GUY WIRE TOP LOADING
Referring to Figure 2 abcve, 1L wirii be ncted that it 1llustrates a typical

series fed verticali antenna where top icadi.g =5 achieved by tne use of the

MULTRONICS, INC.



9.
guy wires. As already discussed the number of guy wires used for top loading

up to a point will determine the effectiveness of the top loading.

SIDE VIEW TOP_VIEW
O )
B

"T" TYPE SERIES FED ANTENNA WITH MULTI-WIRE TOP LOADING

Referring to Figure 3 it will be noted that a side and top view of a so-
called vertical "T" antenna has been shown. This antenna has soae of the
characteristics of a series fed vertical antenna with guy wire top loading,
but it has the advantage of obtaining a higher degree of top loading with less
area due to the fact that the so-called top loading capacity is parallel to the
ground plane of the antenna system.

Referring to Figures 2 and 3. in compariscn to Figure 1, if the capacity
locading has a large surface area in comparison to the base at the top of the
aritennia (A to B) the effective value of the current at B no longer will be zero,
but rather a value almost equal to A at the base. This is due to the fact that
the current at B must be such as to charge the large capacity of the loading

wires. It therefore follows that fur practical considerations that the effective

Vo —

2@{ MULTRONICS, INC.
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curreit distribution change cn a strulture wili be most effective when the top
icading 15 i the form of a T ard tre Jcrrent throughout the vertical portion
cf the antenna 1s unifcrme
Fo Artenca System Losses:
S, stem lusses Are .ery inpertant ia icw freguency antenna systems. In

cases of shiert arntennas the lusses can be expected to be quite high inasmuch

Qo

as the gruind icsses wiil be extremely high te begin with. (This subject is

fucriner dis.uissed in Secticn 2.

Ancther loss which is alsc appreciable 1s the AC chmic heat loss of the
lcading ze1l fheiixt.e Tre extent ¢f the grecund system and the Q ¢f the loading
coil wiii determine the itcaded Q ¢f the system, and this in turi will govern
the vverail cJircult losse

Tre fcllewing are additicnal lesses associlated with an antenna system which
muSt be tawkeén 1ate <onsideration ii determining efficiencys

These icsscs are due te the foliowing factorSL‘fB
{a) Resistarce cf the grcund system.

‘D! Resistar.e of the antenna structure (chmic .

i+ Eddy corrents in nelghibcring condsltorse

‘ds  Learage pathse

€’ Poor dicie tricss

it Clrona eftooio

Wiil respelt toe .lems “a% and 'bi, the lisses in.c.ved are 1o the rature of
Teolear. heat efiest, 1., urdinary IZR lesses, wnere 1 is the antenna or ground
corrent ard R is the oha:. resistance ¢f the antenna structure c¢r grouand systems

Fir a4 gl.en tower hewgnt, greund radidal installaticn and power inpat, these

MULTRONICS, INC.



L o-

lcsses are mest likeiy to prodace effects which are inversely proportiocnal to
the frequency, since the currents for a certain power will be greater at lower
frequencies. In additica, ground radials of a certain lemgth will be eifective
cver a greater area for ground currents c¢f high intensity when the frequency is
increased. Hewever, for instaliations inveiving an extremely high ratio of
total loss resistance to radiaticn, these effects may be inverted because the
currents for a certain power may beccme iess instead of more at the lower fre-

quencies. This is particuiariy true if an antenna is not galvanized. Experi-

. (g} ¢
ments conducted by Dre G. Ho Brown of R.C.A. &’ indicate that for a 90° tower
at 1000 KC a galvanized tower had a ioss of 0.233 chms whercas thc same tower

ungalvanized shcwed a less of 1.11 chms. He furcher shows if the galvanizing
thickness is tripled, the lcss is reduced te 0.075 chms. Therefore at L.F.,
ccrsideration must be given as to the type cf the material used for the antenmna.
Less due te eddy currents will cecur ia neighboring conductors. particularly
those within the inducticn field, and they depend upun the type of material in
the conductor, size and shape, and distance from antenna, etc. The effective
resistarce representing the 1css due to eddy currents increases with frequencye
since the induced voltage causing the eddy currents is proporticnat to -3 2IT £ LI.
Pecr dielectrics represented in the base and strain insulators or in wooden
materials, masoncy, trees, eti., which may be located within the mear vicinity
of the antenna system will introduce lusses because of dielectric hysteresis
resulting from mclecular fricticn within tne material composing the dielectrics,
The base insulatcr 1s of particular impertance because 1ts performance may be
scnsidered as analogeus to that of a capacitcr. In a perfect capacitor, with

o
nc energy icss, the current leads the impressed ,clitage by 907. However, no

MULTRONICS, INC.
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capacitor is perfect and the power loss which may be experienced in a particular
unit is expressed as follows:

Power loss = EI sin 6 (6)
Where:

® = Angle by which the current deviates from the quadrature current of a
perfect capacitor.

The phase angle © has a value in radians equal to the power factor of the
capacitor, e.g., a power factor of 0.0l represents a phase angle of 0.573°.

It is found that the power factor is essentially independent of frequency, the
dielectric loss per cycle being almost unchanged by the number of cycles per
second, with a nearly constant proportion of the energy supplied to the capa-
citor being dissipated as dielectric loss.

An imperfect capacitor may be represented as a perfect capacitor in series
(or in shunt) with a resistance, which the value of the latter chosen so that
the power factor of the combination is the same as for the imperfect capacitor.

The series resistance then has a value:

R = Power Factor (7)
2 TI £ C

It will be seen that the series resistance varies inversely with frequency
(and this is also the case for a shunt resistance), so that dielectric loss
is an inverse function of frequency.

Leakage paths may exist across the base and strain insulators of an antenna
system and will be affected by weather conditions and chemical composition of
the atmosphere. Power losses due to such paths are proportional to the square
of the impressed voltage, which in turn may be expected to vary inversely with

frequency for constant power input (except for conditions having a high ratio

I~
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- 13 -
of total loss resistance to radiation resistance, as previously noted). Gen-
erally speaking, therefore, leakage path losses may be considered inversely
proportional to the square of the frequency.

Corona effect is caused by high voltages, resulting in a partial ionization
of air around a conductor. At certain voltages, pluming will occur, and a
continuous current will be sustained, unless the voltage is lower or the
ionized path is lengthened.

Corona is of importance in an antenna system usually for higher powers
only, or in cases where the antennas operate at high elevations under condi-
tions of reduced atmospheric density. The effect is somewhat frequency
sensitive in that potentials at which pluming may occur are lowest for fre-
quencies in the vicinity of 2 mc's.

It should be noted that the formation of corona and standing arcs or plumes
cause very high losses and such phenomena can be very destructive. In order
to determine the probability of corona or plumes forming, it is necessary to
know the potential gradients to be expected for various parts of the antenna
system. For antennas as short as we are discussing, one may assume that the

maximum potential existing due to potential buildup will not exceed:

Tl (8)
Cos G
Where:
EA = maximum voltage on antenna.
IA = antenna base current in amperes.
XA = antenna base reactance in ohms.
G = antenna height in degrees.

MULTRONICS, INC.
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The combined sigrnificance of the above factors contributing to the loss of

energy in an antenna system is approximately illustrat -  on Figure 5.

VARIOUS COMPONENTS OF ANTENNA RESISTANCE

TOTAL TOTAL ANTENNA
RESISTANCE

RESISTANCE

CONDUCTOR LOSS,
EDDY CURRENTS,ETC.

RADATION

LOW=¢ FREQUENCY > HIGH

FIGURE 5

Figure 5 reiates the various equivalent resistance components of the
antenna to thelr variations with frequency. It will be noted that the net

effect is te produce a tctal antenna resistance which does not vary directly

)

with frequency, bust rather starts with a certain value at low frequencies,

decreases to 4 minimum and then rises consistently with frequency thereafter.
Since the idealired curve would approach more neariy the curve for radiation
resistance alone, it is cbvicus particularly at the lower frequencies, that
ail reascnable efforts should be made to keep the various loss resistance
compcernents as low as pessibles

In additicn teo the factors menticned above, which have to do with the

efficiency of the antenna proper, it is also important to consider the effect

—— -
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- 15 -
of the feeding and coupling methods employed upon the overall efficiency of
anterna systems. When deaiing with antennas for which the resistance component
of the feed point imepdance is quite low, (and this is almost invariably the
situation for antennas employed at low frequencies) it is necessary to keep
the resistance factor of the coupling device as low as possible. All inductors
should have a high Qs contact resistance should be minimized, capacitors should
have a low dissipation factor and the least number of components should be
emplicyed.

To illustrate how sericus the coupling losses can be , let's consider a 300
foot series fed antenna with a 120 radial ground system at three differ-
ent frequencies (50, 100, 200 KC! to determine the coupling losses we can
expect from the helix coil alone.

We must first compute the base resistance and reactance of the antenna for
each frequency so we can determine the value of reactance necessary to rescnate
the antenna.

To determine the base resistance for a 300 foot antenna at 50 through 200

KC, we wili use equatiocn (3) which states:

R, = G° (9)
312
Where:
Rb = base resistance in chms.
G = electrical height of antenna in degrees.

Using approximation (9) for resistancewe develop the following:

MULTRONICS, INC.



FREQ. (KC} | [ R, (OHMS)
50 - 5.46 40,096
100 10.92 ' 0.384
200 | 21.86 - 1.54

The reactance for each of the above conditions can be expressed as:

= - ot Q) (10
XA j (ZC.C( aj | {10
Where:
X, = antenna input reactance in chms.

N
]

138.2 loglo.L/D + 23,2
6 = electrical length in'degreesa
Assumeban L/D of 60 for computation pﬁrposesu
The followxng'table'indicates the reactances computed for the three

conditions under consideraticn:

FREQ. (KC) . Qj : Xp (OHMS)
50 5,46 -j2811
100 . 10.92 » - 11394
200 21.84 -i671

1t is apparent frum the above that in order to resonate each of the
conditions we will need positive reactances of the same magnitude for each
case., Typical helix coils used today have Q's on the order of 500; therefore,

using the expression:

=X,
Q °A (11}
Ry -
Where:
Q = 500 for each case.

<
o3
]

inductive reactance in ochwms.

apparent AC resistance of helix.

éﬁ;?? MULTRONICS, INC.
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17 -
8siving for RH fs5r each condition results in:
GV Ry (OHMS

5.46 5.62
10.92 2.79
21.84 1.34

Let's now summarize all of our data for the three ccnditions:

6" Rp (OHMS) X, (OHMS) Ry (OHMS)

5.46 0,096 -j2811 5.62
10,92 0.384 - {1394 2.79
21.84 Lo 54 - 1671 1.364

(.. of the above tabie indicates that the helix resistarnce is
greater than the base resistance for G = 5.46° and 10.92°, and quite closs =u
T for € = 21.84%; therefore the helix will consume most of the power befure
i: cven ¢ots to the input of the antenna. This is clieariy demonstrated oy 102
foliuwing 1able which is based on assuming 1 KW cutput from a tramsmitter tu
it of tne heiix coil, and the resulting power that rea;hes the antenna

cio in @ind .hat the transmitter or generator will see both Rp and Ry i

sorien sC ihatl Ly for 1 KW will be developed Dby:

i, .
Y i
Then
Ei I POWEK LOSS IN POWER AT INPUT
- HELIX (WATTS) ~ OF ANTENNA{WATIC:

50 5.46 13.23 983.2 6.8
L0 10.92 17.81 §78.9 121.1
20(.} ’ 21084 1.8063 46506 X 53404

We could assume higher Q's for the helix voils which would reduce the ioss

bot the Q must be at least doubled to really contribute a significant reduvlitn.

MULTRONICS, INC.
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1t has been demcnstrated that if losses are not to be completely prohibitive
the antenna loading coil must have a very high figure of merit or Q. Since the
antenna itself has a high ratioc of %“2%%—— or Q the high Q of the loading coil
drastically limits the rate of appiication of power to the system. The large
inductive reactance of the loading coil limits the buildup of current which is
required to charge the capacitance of the antenna. Conversely the reactor will
continue to release its stored energy for an appreciable time after transmitter
power has been remcved. The combinaticn of these effects places a ceiling on
keying speed which must be low enough to permit reasonable power flow into the
system and its correspcndent decay without distortion of foilowing characters.
Since the information rate is low the system described has narrow bandwidth.

The matter of bandwidth and its effects on system losses will be further dis-

cussed in sectiorr 5 of this courseo

MULTRONICS, INC.



SECTION 2

T. GENERAL.

This Sectichn will discass the number

i9

and iength ¢f ground radials and how to

reaiistically determine antenna radiaticn efficiencys

I1. DISCUSSION.

1} Number of CGrcuand Radiais:

So far we have not discussed how

many ground radials snouid be employed for

an antenna SySCtem. A ground system of 113 to 120 radials evenly disposed around

an anterna is generally considered adeguate for most installations. In certain

cases where the Junda.tivily 1s Guite low and base cfurrents are quite high it is

not uncommon to use <40 radials. I
greend radials, tet's briefiy review

A ground system serves a twofoid
ting path for earth currents so that
earth: and second, it acts as a goud

points on the antenna so that lhne e

crder to mure fuliy understand the need for
Lhe mai: purpose ror a ground system.
purpose: first, 1t provides a good conduc-
they do not flow tnrough a poorly conduacting

reflector for waves ¢riginating at various

rtical radidtion pattern c¢losely resembles an

antenna lccated c.er o perfectly corducring eartn. These two fundlions are synony-

mous. If the grouid system 15 exlensice and complere (4t least two wavelengths

iong!? s that there 1s L0 power lust

wave will be perfect.

iri the earth., the refiection of each incident

The earth currerts ii: the vivinity of 4r antenna are created in the following

manner. Displacementl .urrents ledve

the antennda, flow through space., and finally

flow 1nto the earth wnere they be.ome conduvtion currents. As the current flows

back UG the artlennda 1L 18 -oncentrated near ithe surface of the eartn due to the
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the skin effect. If there are ground radials present the earth current will be
made up of that part which flows in the wires and that which flows through the
earth. It is therefore of utmost importance then to maintain a large numbgr of
radials in order to have an efficient radiating system.

Dr. George H. Brown of R.C.A. is an authority on ground system losses. He
has made extensive measurements on various types of ground systemsa(h) Figure 6
is a graph taken from the Brown article which illustrates the unattenuated field
intensity at one mile in mv/m for different height antennas with a 0.274 wavelength
or a 99.5° ground system with varying number of radials.

The following table illustrates the efficiency for three different height
antennas with a ground system of 15 and 113 radials 99,5° long.

HEIGHT Og ANTENNA THEORETICAL EFFICIENCY EFFICIENCY WITH EFFICIENCY WITH

G FOR 1 KW INPUT 15 RADIALS 113 RADIALS
5 188 mv/m 30 mv/m 59 mv/m
10 189 mv/m 58 mv/m 90 mv/m
20 190 mv/m 102 mv/m 139 mv/m

It is quite evident from a study of the above table that at G = 5° the
difference in field efficiency is approximately two to one, or four to one in
power (field intensity varies as Jr§~)o At G = 20° the difference is not as
pronounced but it is quite apparent that the 113 radial system is preferable.

It should be noted that Figure 6 is for a 99.5° long ground system, and in
practice the average LF ground system length is closer to 500 feet; hence, the
losses for typical ground systems are even higher.

(2) Radiation Efficiency:

Radiation efficiency can be expressed in terms of power in to power out, or
unattenuated field intensity in millivolts per meter (mv/m) at one mile. The

latter is referred to as field efficiency.

% MULTRONICS, INC.
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Inasmuch as L.F. antennas for our case will not exceed a length of 600 feet,
the vertical current element is the proper reference for any short vertical antenna
at L.F. (Note: There is one school of argument that states it is possible to
obtain a hemispherical radiator at L.F. with antennas under 600 feet. Whether we
accept this theory or not, we must keep in mind that from an efficiency standpoint
this only states if such an antenna can be designed that its field efficiency
compared to a vertical current element will be 18.47 less.)

The unattenuated field strength at the surface of the earth one mile from

the antenna can be expressed in equation form as.

E, = 37.251 1-Cos G (13)
° Sin G
Where:
EO = mv/m unattenuated field intensity at one mile.

37.25 = a factor from basic radiation formula.
IO = antenna base current in amperes
G = antenna height in electrical degrees.
Equation (13) can be expressed in the following manner if we assume a constant

radiated power:
P 1- Cos G
E = 25— A=,
¢ 37 i[;r (Base) Sin G (14)

Where:

P = Power input at the base of the antenna.

We have already shown that the unattenuated field intensity at one mile
for a 90° (one quarter wavelength) antenna is 194.9 mv/m for 1 KW input. This

can be verified by using equation (14j.

% MULTRONICS, INC.
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By use of equation (14) it can be demonstrated that as an antenna becomes
shorter than a quarter wavelength for all practical purposes, the field strength
remains constant. (This assumes no loss.) For instance, the following series
expansion demonstrates this fact if we assume that the height of the antenna G
is extremely small.

sin 6 ¥ G

Cos G¥ 1 - G%/2

1 - Cos G ¥ G%/2

Using the above relations together with equation (2) for an input power of
1000 watts at the base of the antenna, the following is obtained:

1

E = 37025[_1_0__00 72

O

/8,5 G2 7: 186.3 mv/m (15)

Lie] [ % J
It therefore can be seen by the above expansion that an antenna of infinit-

esmal length, assuming no losses, will yield a field which is only 4.257% less

than the field of a quarter wavelength antenna using the same considerations.

Unfortunately, however, the determination of the unattenuated field as set
forth in equation (14) is based on a '"no loss" system. This condition will not
exist in actual practice, particularly for short antennas. We therefore have to
determine the total loss of the antenna to obtain the actual radiation efficiency.

So far we have briefly discussed factors which control antenna system losses.
The most prominent controlable variable loss 1s the type of ground system. We
therefore will now go to some detail to demonstrate the effects of ground system
length versus antenna height. For our purposes we will always use a ground

system of 120 radials. The length will at least be the tower height.

m MULTRONICS, INC.
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(3) Examples of How to Compute Radiation Efficiency:

In order to develop a method.for detefmining antenna radiation efficiency,
use will be made of Dr. Brown's article already referenced, published data of the
Federal Communications Commission, Mutual Broadcasting System and studies madé by
Multronics, Inc. on short antennas. It should be noted that during the last
thirty years appreciable information concerning antenna efficiencies have been
filed with the Federal Communications Commission in the form of field intensity
measdrements made on commercial broadcast antenrnas. The Commission asg part of
its technical rules has publiéhed a theoretical and averaged measured curve for
a simple omnidirectional vertical antenna wiéh a ground system of at least 120
radials one quarter wavelength long for antennas varying in length from 0.05
0.68 wavelengths. (18°% to 244°).

Figure 7 is a curve which illustrates the effecti?e field at one mile for
one kilowatt input for antennas having a height varying between 0.0152 to 0,2 .
wavelengths. Figure 7 assumes the ground system is 120 radials one quarter
wavelength long. It is based on using data from all of the sources referenceda

Figure 8 is a correction factor curve for Figure 7 to determine the addi-
tional loss factor that must be used for a ground system less than one quarter
wavelength.

In view of the fact that we are concerned with short antennas between 50-200
KC, we will analyzé a series of problems for a 300 foot vertical antenna with
ground systems és nétede (Note:. This techniqde can be used for any height L.F,

antenna to determine radiation efficiency.)

MULTRONICS, INC.
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Case #1:

Given: 300 foot series fed vertical antenna with a ground system
consisting of 120 radials 0.0152 wavelength long, operating
at a frequency of 50 KC.

Determine: The power and field efficiency.

Solution: A 300 foot antenna at 50 KC is 0.0152 wavelengths or 5.46°

high. At 50 KC a 0.0203 wavelength ground system is 7.3°
long or 400 feet.

To determine the efficiency first refer to Figure 7 and look up the un-
attenuated field for a 0.0152 wavelength antenna which is 77 mv/m. Next look
up the loss factor for a 0.0203 wavelength ground system on Figure 8 which is
46 mv/m. The resultant field efficiency is 31 mv/m (77-46 = 31). The radiated
field efficiency is 16.6% (31/186.3 = .166). The radiated power efficiency is
2.747%.

Case #2:

Given: 300 foot series fed vertical antenna with a ground system
consisting of 120 radials 400 feer or 0.0406 wavelengths long.
Operating frequency 100 KC.

Determine: The field and power efficiencies.

Solution: A 300 foot antenna at 100 KC is 10.92° high or 0.0304 wave-
lengths. A 0.0406 wavelength ground system 1is 14.6° or 400
feet long.

Figure 7 indicates the antenna field is 109 mv/m(Curve A). The loss factor

from Figure 8 is 42 mv/m; hernce, the net fieid is 67 mv/m. This is equivalent to
a field efficiency of 267 or a power efficiency of 12.8%.

The frequency can be increased to 150 and 200 KC's and keeping the antenna

at 300 feet with a 120 radial ground system 400 feet long the following efficiency

results:
Frequency (KC) E (Field Efficiency %) P Power Efficiency %)
150 4745 22.4
200 5762 32.8

C;gii:zz;%> MULTRONICS, INC.
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We can now summarize radiation efficiency for a 300 foot antenna with 120

radials 400 feet long for the following frequencies:

Frequency (KC) E(Field Efficiency %) P(Power Efficiency %)
50 16.6 2.74
100 36 12.8
150 47.5 22.4
200 57.2 32.8

The above efficiencies are materially lower than those assumed by many engi-
neers who have not made detailed studies of how much field and power efficiency
can be obtained with any type éf a vertical antenna (series fed, NORD, UG's or
Pan Polars) with a 300 foot height and a limited ground system.

It should now be apparent that regardless of what type of vertical antenna

. . o (O 2% . B
£ the height is 300 feet between 50-200 KC (7~ to 22°) with a ground

system consisting of 120 radials 400 feet long, the maximum expected field effi-

ciency will not exceed approximately 57% and the power efficiency would be on
the order of 33%. (This also assumes a limited bandwidth.) The only way to
increase the antenna's efficiency for a given antenna height would be to mater-
ially increase the ground system length. Based on existing crowded conditions
at most military installations, this does not appear to be a realizable goal.

(4) Inverse Distance Field and Attenuation:

The radiation field from an antenna, assuming no absorption or attenuation,
is inversely proporticnal to the distance from the antenna. In other words if
we assume a vertical current element with an input power of 1 KW at one mile, we
would expect to measure 186.3 mv/m, at two miles the field would be 93.15 mv/m,
and continue to reduce as an inverse proportion with distance. This assumes the
earth is a perfect conductor. When a signal follows this inverse relationship we

say it is following the inverse distance law and the field intensity at one mile

% MULTRONICS, INC.
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is called the unattenuated or inverse distancepg field.

We know that the most important type of ground wave is a vertically polarized
wave which is radiated from a vertical antenna over an assumed perfect conducting
earth. 1In vertically polarized waves, the electrostatic lines of force are normal
to the surface of the perfect conducting earth, therefore, they are not absorbed
or reflected. Such a wave has associated with it a charge density which travels
along above in parallel to the surface of the earth. The surface of the earth,
therefore, is the guiding conductor just as in the case of progagating energy
along a transmission line but instead of having a uniform conduction for propaga-
tion, we have the vertically polarized fieild diminishing in magnitude inversely
with the distance from the transmitting antenna. Because we are dealing with an
imperfect earth, we have to keep in mind that the electrostatic field has a
slight forward tilt which results in a downward component of energy to supply
earth losses. Therefore because the earth is not a perfect conductor, it absorbs
or attenuates some of the signal and depending upon the conductivity of the path
over which the signal travels will determine the amount of absorption or attenua-
tion. Norton (1) has published data on attenuation that is universally used.

Figure 9 is an example of a series of attenuation curves for a frequency
range of 540-560 KC's published by the Federal Communications Commissiocn. It will
be noted that sixteen different attenuation curves are shown. The vaiues shown
represent ground conductivities expressed in millimhos per meter (mm/m), assuming
a dielectric constant of 135.

Referring again to Figure 9 we note that the field intensity is plotted
against distance for both inverse distance (perfect conductivity) and the actual
signal we would measure if the effective conductivity was any one of the sixteen

values shown.

MULTRONICS, INC.
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The unattenuated field intensity is shown as 100 mv/m for convenience. If

we are working with an antenna having an inverse field of 186.3 (current element

with 1 KW), we still can use this curve by multiplying all readings by 1.863.

Going further we note that the inverse distance field at one mile is 100 mv/m.

At two miles it is 50 mv/m. At ten miles it is 10 mv/m, and continues on down as

the inverse distance law. For sea water (highest conductivity), we have a small

amount of absorption but its real effect doesn't start to show up until the dis-

tance from the antenna is over 100 miles. In the case of a conductivity of 3 mm/m,

the effects of absorption or attenuation is pronounced and can readily be noted

from an examination of Figure 9. In the latter case note that at 10 miles from

the antenna, the field using 3 mm/m 1is approximately 6 mv/m or 40% below the in-

verse distance value of 10 mv/m. At 50 miles from the antenna the field for a

conductivity of 3 mm/m is 0.32 mv/m compared to 2 mv/m for inverse distance.

Therefore it is quite apparent that attenuation must be considered before an

accurate inverse distance field can be determined.

(5)

Determination of Inverse Distances or Unattenuated Field Intensity By

Analysis of Field Intensity Measurements:

A. Attenuation or Absorption:

Attenuation or absorption at L.F. is less than at broadcast frequencies,

but it does exist. 1In order to make use of fieid intensity measurements and

accurately determine the unattenuated field intensity, one must have a family
of conductivity curves to compare measurements to for analysis purposes.
Figure 10 is a copy of Graph 20 in the F.C.C. Rules (Standards of Good

Engineering) entitled "Ground Wave Field Intensity Versus Numerical Distance

MULTRONICS, INC.
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Over a Plane Earth". It is based op the Norton article already referenced.
It can be used to compute a family of conductivity curves for L.F.

Figures 11 through 13 are a family of conductivity curves for 149, 162,
and 185 KC's, respectively, They were prepared by use of Figure 10. It shoula
be noted that the highest conductivity computed is & mm/m. It will be noted
that conductivities have been computed for 0.5, 0.75, 1, 1.5, 2, and 4 milii-
mhos per meter. These curves have all been normaiized for 100 mv/m unatten-
uated efficiency at one mile. Reference to these curves will show that as
the distance increases from an antenna, the effects of the conductivity,
particularly where low effective conductivity is encountered, is quite pro-
nounced between 149 and 185 KC.

Figures 11 through 13 show that all conductivity lines tend to merge
together and approach a value slightly under inverse distance between ten miles
back to the antenna, but beyord 10 miles the effects of low conductivity are
material.

There is one school of thought which states because the conductivity lines
tend to merge into one curve just below inverse distance, one can assume for
all low frequencies that the unattenuated field intensity varies inversely
with distance and cne can then determine unattenuated field by taking the
measured field strergth times distance (E x Dyo This technique in theory 1is
correct, but in practice field lntensity measurements cannot be so precisely
taken between two to ten miles that the effects of conductivity, reradiation,
reflections and instrumentation €rror can be ignored. Further because of wide
variations at identical distances (different directions from antenna) in field
intensity can be measured, iU i1s 1mperative that a large number of measuring

Points on at least eight radials be measured.
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A good example of the futility of using one point for analysis is as
follows:

Field intensity measurements were made on two antennas, one operating on
162 and the other operating on 185 KC. At a given location (appears excellent)
which we will call Point A, the 162 KC measurement obtained a field of 1900
microvolts whereas the 185 KC operation obtained a field of 4500 microvolts
per meter. This establishes a field ratio of 2.36 (E 185/E 162 = 2.36). It
also establishes a power ratio of P 185/P 162 = 5.58. Now we continued on
the same radial to Point B (also an excellent location) where we found that
the field at 162 KC was 2200 microvolts and the field at 185 KC was 4000
microvolts. This, therefore, established a field ratio of 1.82 or a power
ratio of 3.3. During these measurements the power was maintained constant
for both the 162 and the 185 KC operations; therefore, if we were attempting
to state the power relatioﬁship for either antenna based on using either Point
A or Point B, we immediately have a power ratio of 3.3 to 5.8, depending upon
which point was selected either A or B. This is an appreciable difference in
efficiency. This difference in apparent efficiency based on using one or two
points for an analysis most certainly points up the reason why a series of
measurements at varying distances on the same path must be carefully analyzed
to obtain the true effipiency of the antenna system.

Another example of why field intensity measurements must be made to deter-
mine the efficiency and conductivities along a given path is illustrated by
the following example where we assume a frequency of 1000 KC and a 90° antenna

and a 120 radial ground system 90° long.
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For illustration purposes we will assume that we desire to determine the
0.2 mv/m (200 microvolts per meter) contour using three different conductivi-
ties and five different powers. The following table illustrates the differ-
(1) '
ences in coverage based on using the Norton technique.

GROUND WAVE DISTANCES TO THE 0.2 MV/M CONTOUR IN MILES:

Power Conductivity Conductivity Conductivity
Radiated (KW) 5 mm/m 30 mm/m 5000 mm/m(Sea Water)
1 55.0 150.0 300.0
5 78.5 200.0 392.0
10 91.0 222.0 432.0
25 110.0 253.0 489.0
100 141.0 302.0 570.00

The above table clearly shows that with 1 KW and a conductivity of 30 mm/m
the 0.2 mv/m contour goes nine miles further than the like contour of a 100 KW
station where the path conductivity is 5 mm/m.

It should be readily apparent that to obtain true efficiency from any
antenna system the existence of effective conductivity along a path cannot be
ignored, and the effective conductivity cannot be obtained without adequate
data in the form of field intensity measurements.

B. Method For Making and Analyzing Field Intensity Measurements:

It has already been stated that we feel that in order to accurately
determine the efficiency of a vertical antenna system, a large number of field
intensity measurements should be made throughout a complete circle on radials
to obtain the efficiency as well as the effective conductivity. The Federal
Communications Commission for over thirty years have required a very precise
method to be employed by engineers in the making of field intensity measure-
ments to assure that the data obtained is accurate and it in turn can be

analyzed to a reasonable efficiency and effective conductivity for the antenna
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system and the area under consideration. Section 73.186 of the Federal

Communications Commission's Rules (Part III) sets forth a method for making

and

all

analyzing measurements. It is not the purpose of this section to give

of the details concerned with field intensity measurements but rather to

point out that great care must be exercised in the taking and analyzing of

field intensity measurements in order to obtain realistic efficiencies.

and

The following based on F.C.C. practices is a suggested procedure for taking
analyzing L.F. field intensity measurements:

(a) Beginning as near to the antenna as possible without including the
induction field and to provide for the fact that an L.F. antenna not being
a point source of radiation starting at points no closer to the antenna
than one wavelength,, measurements shall be made on eight or more radials,
at intervals of approximately one-tenth mile up to two miles from the
antenna, at intervals of approximately one-half mile from two to six miles
from the antenna, at intervals of approximately two miles from six miles

to forty miles from the antenna and a few additional measurements if needed
at greater distances from the antenna. Where the antenna is rurally
located and unobstructed measurements can be made, there shall be as many
as sixty measurements on each radial. However where the antenna is located
in an area where unobstructed measurements are difficult to make, measure-
means shall be madé on each radial at as many unobstructed locations as
possible, even though the intervals are considerably less than suggested
above, particularly within 6 miles of the antenna. In cases where it is
not possible to obtain accurate measurements at the closer distances (even

out to 5 or 6 miles due to the character of the intervening terrain), the
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measurements at greater distances should be made at closer intervals.
(It is suggested that "wave tilt" measurements may be made to determine
and compare locations for taking field intensity measurements, particularly
to determine that there are no abrupt changes in ground conductivity or
that reflected waves are not causing abnormal intensities.)
(b) Next plot each individual radial's data on log-log coordinate paper
with the field intensity as the ordinate and the distance as the abscissa.
(c) Prepare a family of conductivity curves for the frequency of interest.
(Use Figure 10 for preparing curves similar to Figures 11 through 13.)
(d) Next place the sheet on which the actual points have been plotted
over the curve prepared in step (c¢) above and adjust until the curve most
closely matching the points is found. This curve should then be drawn on
the sheet on which the points were plotted, together with the inverse
distance curve corresponding to that curve. The field at 1 mile for the
radial concerned shall be the ordinate on the inverse distance curve at
one mile.
(e) When all radials have been analyzed in accordance with paragraph (d)
above, a curve should be plotted on polar coordinate paper from the fields
obtained, which gives the inverse distance field pattern at one mile. The
radius of a circle, the area of which 1is equal to the area bounded by
this pattern, is thé effective field or Erms° As a check of your analysis
use Figures 7 and 8 to determine its reascnableness by checking the theore-

tical field for a given antenna system and power input.
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SECTION 3

1. GENERAL:

The purpose of this section is to review some useful information pertaining
to antenna L matching networks, particulary at L. F.
IT. DISCUSSION:

(1) Network Efficiency:

Network efficiency is primarily determined by the components used in the
network. In Section 2 it was shown how the Q of the helix coil affects the
overall system losses. Antenna network efficiency can be expressed as:

Efficiency (%) = Pin x 100 = Pout x 100 (16)
Pout Pout + Plost

Where:

Pin = power into network in'watts.

Pout = power delivered to antenna in watts,

Plost = power lost in conponents in watts.

Exantly how to determin loss for a given network will be discussed in the
following paragraphs.

(2) Networks General:

The purpose of an antenna matching network is to transform the antenna
impedance to its line or generator impedance. Typical networks used in L.F. are
the L, T, or IT types. The T and TIT networks are an extension of the L network
hence, we will only discuss L networks.
Matching networks operate on the principal that for any series circuit (a
resistance in series with a reactance) there exists an equivalent parallel cir-

cuit (a resistance in parallel with a reactance) of the same impedance.

% MULTRONICS, INC.
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[}
Ry
X
i

FIGURE 14
Figure 14 illustrates a series and parallel circuit having identical magnitude

of impedance between terminals 1,1 and 2,2 where at the operating frequency:

2
R =R X _ 2
p s L + s and Xp = X, JT + Rg (17)
Ry X

Equation (17) can also be expressed as:

R. =R
s P _ and X = X
R 2 s —E——i—ze (18)
L +_P 1+ P
— -
X R
p P

1t can be seen that any impedance can be balanced on the known side of a
bridge, either by using two elements in parallel or by two other elements in
series. Whichever arrangement is used, when balance is obtained, the values of
the other arrangement which would give balance can be found from equations (17)
or (18).

The impedance and Q for the series circuit of Figure 14 is:

z_ = (Rg + x,2)* (19)
Where: -

X, = impedance in ohms for series circuit.

Rs = series resistance in ohms.

X = series reactance in ohms.

;; /; MULTRONICS, INC.
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and

Q Xs d X R
" cm— n -
R é s = Qs (20)

The impedance for the equivalent parallel circuit of Figure l4 can be expressed

as:
Zp = Rp %p
5 5 (21)
(Rp™ + Xp7)2
Where:
Zp = magnitude of parallel impedance in ohms .
The Q for the equivalent parallel circuit is:
Q=R (22)
XP

Now that we have the Q's for both the series and the equivalent parallel network,
we can rearrange our equations to state:
R 2

D _ Q + 1 (23)

Rs

Where:

Q = either series or parallel value.

We can accomplish a given transformation by selecting a value of either our
series or parallel Q. For instance, assume we desire to match or transform a
50 ohm series load to a 1000 ohms generator. First we use equation (23) and
substitute 50 ohms for R, the series R and 1000 ohms for the parallel Rp or
1000/50 = 20 = Q% + 1 or Q = 4.36.

The series reactance is determined from equation (20) where substituting

we have:
. Xs
436 T ——— = 218 ohms. (24)
50

éﬁ;%? MULTRONICS, INC.
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We can now say the series circuit consists of a 50 ohm resistance and a 220
ohm reactance. To find the equivalent parallel circuit we use equation (22) and

substitute Q = Rp / Xp = 4,36 = 1000 / Xp 3 Xp = 230 ohms.

Note that the reactance can be either an inductance or a capacitor providing
one side is positive and the other side negative.
Our example can be proved by use of equations (19) and (21). If we have
worked the problem correctly, the magnitude determined by equation (19) we have:
- 2 2,5 _
Zo = (50 + 2187)2 = 225 (24)
Substituting in equation (21) we have:

Z. = 1000 x 230 = 225 (25)
P 2 2%
(1000° + 230°)

1t therefore can be seen that for any series circuit of R and X there exists an
equivalent parallel network having the same magnitude of impedance.

The above example,although we did not state it, is the theory of an L network.
Now-let's go further into the subject.

(3). The L Network:’

The L network gets its name from its shape or the arrangement of compon-

ents. An L network can be shown as:

X,
o—r—FI¥ I —o
—_— X2
(Ry GREATER
THAN Rz) —
FIGURE 15
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Where:
L = inductance in henrys.
C = capacitance in farads.
XL= reactance in ohms, calculated for the inductance.

Xo= reactance in ohms, calculated for the capacitance.

+h
]

frequency in cycles per second.

It should be noted that we have not assumed the antenna or load having a
reactance. Inasmuch as the antenna has reactance the output reactor of the
L network will have to be equal to the value but opposite sign of the antenna
reactance plus the value determined by equation (20).

1.7 15}

) Tr 1 .
we rnave ai n

..
A%
o

be noted from an examination of equation (16) that it becomes increasingly
difficult to achieve high efficiencies for low values of load resistance. The
load resistance tends to become comparable to the coil r-f resistance in these
cases. This is the problem commonly encountered when attempting to match a

transmission line to antennas appreciably shorter than.a quarter wavelength at

L.F. The efficiency of an impedance-matching network for such an application is

expressed by the

% efficiency = QL (28)
Q + QL
Where:
Qp, = ratio of coil reactance to coil resistance.

ratio of antenna reactance to antenna resistance.

Qa
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SECTION 4

I. GENERAL:

This section will discuss some factors pertaining to Folded Unipole antennas
which is the first step to a NORD antenna system.
II. DISCUSSION:

(1) Folded Unipole Antenna:

In order to more readily understand the principal of the NORD antenna, it
is first necessary to understand the theory of the folded unipole antenna, particu-
larly operating at second resonance. So, let's take a quick look at some basic
transmission line theory to explain its operation.

We know that a transmission line which is less than 90° in length and
shorted at its far end will appear inductive at its input terminals. If this line
is increased in length so that it equals a quarter wave, it will appear to be a

parallel resonant circuit at its input. That is, it will appear to have very high

impedance.

‘. 1 \‘\\‘d
I
(E)

INAHELERRNNNRNANANANNY

FIGURE 16

Figure 16 illustrates a one fold, folded- unipole antenna. 1In order to

determine its input impedance, let us assume a generator voltage (e) and then find

w MULTRONICS, INC.
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the current (1) flowing in the lower end of element d1 as illustrated in Figure 16.
Roberts, (Input Impedance of a Folded Dipole, R.C.A. Review, Volume 8, No. 2, June
1947, W. Van B. Roberts) has outlined a method for analysis of a folded unipole

antenna. Figure 16 then becomes:

FIGURE 17

Referring to Figure 17, it should be noted that Generator A is opposing
Generator C, with respect to the lower end of element dy. Thus, element dp is
grounded so far as any voltage in' concerned.

Generators B and C impress a voltage, 2E, on the lower end of element dj;
therefore, Figure 17 is equivalent to Figure 16. Our reason for using three gen-
erators is that it is fairly easy to determine the current developed by each gener-
ator and then by the principal of superposition, add these currents to obtain the
actual current in the lower end of element dl.

Let's go a little further and first assume that there is no voltage (for the
moment) in the lower generator. There is then only the voltage 2E acting between
the lower ends of d, and d,. Inasmuch as elements d; and d, form a 90° transmission

line, shorted at the far end, their resistance is very high; consequently, only a

5%; MULTRONICS, INC.
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small current will flow into element dl° Next, assume there is voltage only in
‘Generator C. Then, since the lower ends of dj and dy are shorted together (by the
zero internal impedance of A and B), the two elements act as a simple 90° radiator
made up of two elements connected in parallel. If R is the radiation resistance of
this radiator, Generator C will supply a total current equal to E/R to this compo-
site antenna, but by symmetry, this current divides equally between d; and dj, so
that the current entering element d1 is:

L, = 1/2E (29)

—_ \

R

Thus, if Generators A, B, and C are working at once,the voltage impressed on
element dl is 2E, while the current entering it is 1/2E/R plus a very small amount
produced by Generators A and B working above. The input resistance of element d19
being the ratio of voltage impressed to resulting current flow, is therefore ap-
proximately 4R. 1If the two elemen?s are close together, the value of resistance
will be different from that of a single radiator, and the impedance multiplication
due to folding is approximately four.

The impedance transformation can be expressed as follows:

The impedance transformation = Z{ = (1 +p)2 (30)
Zo
Where:
Zy = input impedance of the folded unipole antenna-.
ZO = input impedance of a single antenna.
n = current ratio T2 =1
I

Up to this point, we have discussed equal size conductors, that is, the diameter

of the tower and the fold is the same. However, with the introduction of the

w MULTRONICS, INC.
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transformation ratio, as noted in (30)above, we are now prepared to discuss the
operation of a folded unipole antenna with unequal diameter conductors. Figure 18

illustrates the folded unipole antenna with unequal size conductors.

d2

.||._

FIGURE 18

Generators A and C are alike in order to put zero voltage on element d2, but
Generator B must now be so chosen that no current will flow through Generator C
when it is not producing voltage. The determination of this voltage (e;) is one
of the two essentials to the solution of the problem. The other is to determine
how the current produced by Generator C, acting above, divides between elements
di] and dze This problem becomes extremely complex because of the non-symmetry of
the elements and there are several methods which can be used to solve the problems.
(Guertler, Impedance Transformation in Folded-diopole, Proceedings of the IRE,
September 1950) demonstrates a method for determining this voltage. Roberts has
also demonstrated methods for determining this voltage. We will use the electro-
static or capacitive method discussed by Roberts,since this method appears to offer

the most promise for a simple solution. Briefly, this theory states that the current

O
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will divide directly as the ratio of the capacities of the elements, which the
voltage ratio will be the inverse of the capacity ratio. To solve our problem then,

we must assign undefined capacities c; and ¢y to elements d; and dy. Then:

e - ¢l (31)
€1 co .

The current entering element d, is the total current produced by Generator C
acting alone multiplied by:

cp / (e + cp) (32)

Neglecting the very small current produced by Generator A and B acting alone,

as already discussed for equal elements, the total current due to Generator C alone

is:
e (33)
R
Where:
R = radiation resistance of the two elements connected in parallel.
The driving point impedance of the antenna is:
(e + ey}
— 1 (34)
the current entering d1
Thus, it is readily proven that the driving point impedance is:
2
R (1 + 02’) (35)
¢1

The above method of determination indicates that the impedance step up ratio
depends upon the ratio of the elements' diameters, being inversely proportional to
the diameter of the excited fold or element and directly proportional to the diameter
of the grounded element. The spacing between the tower and fold is not extremely

critical, but dces determine, tc some extent, the impedance transformation ratio.

>}
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Although this type of antenna has good bandwidth, its bandwidth characteristics will
be decreased if a transformation ratic of greater than approximately ten is atrtempted
by means of the spacing factor. It has been found that the best way to increase the
bandwidth of the antenna is tc increase the number of folds.

The electrostatic or capacitive method outlined by Roberts is primarily a phy-
sicist's approach to a solution of the folded unipole antenna. It can be shown that
the impedance transformation ratio for a folded unipole antenna where unequal

diameters are used is:

2
Transformation ratic = (1 + Zy) (36)
2
Where
Z. = the characteristic impedance of a transmission line made up of the

smaller of the two conductor diameters spaced the center to center
distance of the twc conductors in the antenna.

Z, = the characteristic impedance of a transmission line made up of two
conductors the size of the larger of the twos

The above equation assumes that the power will be fed to the smaller conductor
(fold). This is, the feed line from the tramsmitter is connected in series with
the fold (fold's diameter always assumed to be smaller than tower's) so that an
impedance step-up of greater than four will be achieved.

The magnitudes for Z,; and Z; of equation (367 for uniform cross-section
conductors can be determined from standard transmission. line formulas.

A folded unipcle antenna can cbtain a wide range of resonant radiation resistarnce
by varying the ratic cf the diameters tc the folded conductors to the diameter of the
tcwer. The radiation resistance varies as the square of the height and if the trans-
formaticn ratic 1s rairsed encugh fhe height of the antenna can be reduced. the limit

being the pcint where ground lcsses consume a prehibitive percentage of the power.

>
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For practical operation a very short antenna should have a resistance of at
least 25 chms. Unfcrtunately short series fed antennas in the range of 59 to 30°
do not approach this value {only 1 tc &4 chms): consequently, these types of antennas
have excessive losses. In these ranges. the use of a top-loaded folded unipole
antenna is extremely desirable, inasmuch as these antennas can be operated at first
or second rescnance. For second rescnance, a tcp-loaded folded unipole has a length
of approximately cne half that cf a folded cnipole at first rescnance.

It should be noted that a folded unipcle antenna can go into first resonance
at approximately a frequency equivalent to 60° of electrical length, therefore, this

is the same as saying that if a folded unipcole antenna goes into first resonance at

B c .
an equivaient length of 60 o cccur at approxi-

mately one half this length, cr 30°. The base impedance for a top-loaded folded

unipole antenna at second rescnance can be expressed an(j)
Rop = 1580[&25‘ x log 482/d1d£fr (37)
L2r log 28/d2 |}
Where:
Rop = resistance of folded unipole at second resonance in ohms.
h,. = height at second rescnance 1n degrees.
2r = wavelength at second resonance (same units as hople
S = spacing, center to center, of tcwer to fold.

dl = fcld diameter.
d2 = tower diameter.

S, d

» dy and do shouid be expressed 1n the same units.

It shculd be ncted that '"log)g" cr '"loge" can be used. imasmuch as a ratio 1s

expressed in equation (371,
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A top-loaded folded unipole antenna at second resonance can be used to obtain
a base resistance on the order of 12 to 15 ohms for antennas as short as 100°

The current in the fold wires in the antenna of a folded unipole at second
resonance are in phase just the same as if the antenna were operated at first ré-
sonance, hence there is no cancellation of field due to out of phase currents and
the end effect is to increase the efficiency of the short antenna, which in turn
appears as an increase in effective antenna height.

Folded unipole antennas are now widely used in standard broadcast antenna

systems.
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SECTION 5

I. GENERAL:
Low frequency antennas are invariably short in terms of their operating wavelength
hence these systems have high values of Q and are extremely selective or narrow band.
In antenna systems the bandwidth controls the amount of intelligence that can be
transmitted, therefore,this section will deal with a simple procedure for determina-
tion of bandwidth, and factors which control the usable bandwidth of an antenna.
IT. DISCUSSION:
A. General:

The bandwidth of an antenna depends upon its base impedance and the rate
with which its reactance and resistance change with frequency. The bandwidth is
considered to be the frequency band within which the power is equal to or greater
than one-hall the power at resonance.

There are two types of bandwidth to be considered, one being the static con-
dition which is the antenna reactance divided by the antenna radiation resistance
(series equivalent of antenna circuit X,/Ra), and the dynamic or loaded condition
which is the net bandwidth after consideration is given to the antenna structure

losses and the '"tuning reactance" used to resonate the antenna.

B. Dynamic Conditions:

The loaded or dynamic bandwidth conditions can only be obtained by consider-
ing the coupling components used to resonate the antenna. If a series fed antenna
less than 90° in height is considered, we know that its equivalent circuit can be
represented as a capacitor in series with a resistance. To resonate this antenna

it is necessary to cancel out its negative reactance. This requires a positive
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reactance (helix coil) equal in magnitude to the antenna reactance. Coupling to
the resistance of the antenna is then obtained either by a network (such as an L)
or a coupling transformer. Conversely, if the antenna is a folded unipole or grounded
type its measured reactance will be positive, therefore, a negative reactancé of the
same magnitude must be used to obtain resonance. Bandwidth for a simple series fed

type of structure can be expressed in equation form as:

2R
= a
af = (38)
dx
df
Where:
Af = bandwidth in kilocycles between half-power points.
Ra = measured antenna resitance in ohms.
%% = slope of reactance curve at resonant frequency.

The effective bandwidth will be doubled when the generator is matched to the
antenna circuite. |

Equation (38) assumes that the resistance over the range of interest does not
change appreciably. It therefore can be stated that for a series fed antenna whose
resistance and reactance are symmetrical around the operating frequency that the
half-power bandwidth condition is where R = X on either side of the operating fre-

45°).

quency. (Tanm1 X=1
R

The bandwidth for a NORD antenna cannot be accurately determined by use of
equation (38) because a NORD is designed to operate on one side of a resonant curve,
hence, the resistance and reactance curves do not vary symmetrically but rather
asymmetrically. Although a transfer function can be computed for any shape of curve,
it is not within the scope of this course to demonstrate that technique. However, a

simple method for determining bandwidth of a NORD antenna will be explained.

o>
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The bandwidth for any antenna system at the transmitter feed point can be readily
obtained by the use of a VSWR meter which has a reference resistor equal to the mag-
nitude of the characteristic impedance of the transmission line in use.
Absolute bandwidth of a system is the frequency separation between the low fre-
quency and high frequency points where fifty percent of the applied power is deliv;

ered to the load which in this case is the antenna.

—V\VW-e ®
GENERATOR () Zy" Ry +1ig LOAD
.- .
 FIGURE 20

Figure 20 illustrates a transmission system in which the generator is matched

to the line and the load is mismatched. The power loss may be expressed as:

Pn - 1 = (s + 1)2 (39)
P |pfr 48
Where:
P = power delivered to the load.
P = power which would be delivered were system matched.
p = voltage reflection coefficient.
S = voltage standing wave ratio.

For the condition where one-half of the available power is delivered to the

load p has a value of .707 and the VSWR is 5.83:1.0.

o<
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By connecting a signal generator to the VSWR meter and transmissicn line and
varying the generator frequency abcve and below the operating frequency (frequency
determined by frequency cocunter) of the antenna system until VSWR readings of 5.83:
1.0 are cbtained the half power points are located and the bandwidth thus obtained.

C. Bandwidth Efficiency Procduct:

Figures 21 and 22 are bandwidth efficiency pruduct curves. They can be used
to determine the power efficiency or bandwidth whern either parameter i1s known. In
both figures the ordinate shcws values of power efficiency in percent and the ab-
scissa provides corresponding values of loss factor K. Operating bandwidth = K
(Static Bandwidth). Static Bandwidth is the antenna bandwidth which would be obtained
if the antenna system had nc loss. Figures 21 and 22 cover ranges of power efficiency
from 10 to 100 percent and 1 to 10 percent respectively.

In crder to determinethe bandwidth efficiency for any antenna it is first nec-
essary to determine the static Q, assuming the structure under consideration is a
perfect radiatcr (no loss). This is determined by computing the radiation resistance
by means of either fcrmulas (1), (23, or (3). The base reactance is next determined

by means of equaticn (43. The static Q of the antenna then becomes:

Q = Xa/RO (40)
Where .

X, = base reactance of the antenna 1n ohms.

R = radiation resistance in ohms assuming nc loss.

We have already discussed how to determine the radiation efficiency of a vertical
antenna but we did not point out the effect of bandwidth on radiation efficiency.
The following example will i1liustrate a method for accurately determining the overall

pcwer efficiency that can be expected from a given antenna structure taking 1into

Co><r—
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consideration its bandwidth efficiency product.

Assume a frequency of 80 KC's and an antenna 400 feet (.033 wavelengths) and
a ground system consisting of 120 radials 500 feet long (.0406 wavelengths). . Then
determine the 100% bandwidth efficiency product for this antenna assuming no loss.
This is accomplished by using equation (3) where we determine:
R_ = (11.78)2 / 312 = 0.444 ohms (41)

b

and the base reactance is:

Xy = -] (ZO Cot ©) (42)
Where:
ZO = characteristic impedance for an antenna height of 400 feet with a 3 foot
side. (assumed effective radius = 1.35 feet, and L/D = 296).
® = .033 wavelengths or 11.82°.

Substituting in the above equation we determine that the capacitive reactance
Xp = -j 1560 ohms.
The static Q is:

Q = 1560 = 3514 (43)

Knowing the static Q we can now determine the bandwidth by the expression:

OF = fO/Q (44)
Where:

OAf = half power point bandwidth of antenna in cycles.

fo = operating frequency in cycles.

Q = static Q of antenna.

Substituting in equation (44) we determine:

Af = 80,000 / 3,514 = 22.8 cycles. (45)

O <)
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1t has been shown that the static bandwidth for a 400 foot antenna having a

3 foot side at 80 KC's is 22.8 cycles. This bandwidth represents 100% efficiency

for the structure (assumes no loss).

Now that we know the static Q for our antenna we can now determine how mﬁch
the bandwidth has increased and the radiation efficiency been reduced because of the
losses introduced in the antenna system. (Keep in mind that as the losses are added
to the radiation resistance the Q will go down which in turn means greater bandwidth).
Referring to Figure 7, we determine that an antenna 0.03261 wavelengths has an un-
attenuated efficiency of 111 mv/m at one mile for 1 KW input. Figure 8 shows that
for a ground system 0.0406 wavelengths the loss factor should be -42 mv/m. This
means that the net unattenuated field intensity at one mile for 1 KW input is 69
mv/m. This, however, is not equivalent to 1007 efficiency but rather a field effi-
ciency of 37.10% (E{/E_, = 69/186.3 = .371). Power efficiency is therefore equal to

(0,3712) or 13.76%.

In order to obtain the bandwidth for this antenna it is necessary first to
compute the total resistance and Q one would expect for the antenna system. This
is determined as follows:

(a) for lossy condition power out = 137.6 watts

% L
1 = {137.6]° = (310)% = 17.61 amperes (46)

0.444

2p = 310 R loss

(b) power lost = 862.4 watts = 1
R loss = 2.78 ohms
(¢) total R = 2.78 + 0.444= 3.224 ohms

(d) knowing the total R we can now obtain the dynamic Q

Q = 1560 = 484 47)
3.224

O
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(e) the dynamic bandwidth is:

AF = 80,000 = 165 cycles (48)
484

1t can now be stated that a 400 foot antenna (3 foot side) with a ground system
of 120 radials 500 feet long at 80 KC's would have a power efficiency of 13.562
and a bandwidth of 165 cycles. This can be verified by using Figure 21 where we
find that for power efficiency = 13.76%, K will equal 7.22 and bandwidth is (7.22)
(22.8) = 165 cycles.

By following the step by step procedure of the example power efficiency and its
associated bandwidth for any low frequency antenna can be readily determined. Where
the desired operating bandwidth is known the amount of loss which must be introduced,

and the resulting power efficiency can be obtained by use of the curves of Figures

21 and 22.

N
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SECTION 6

I. GENERAL:
This section will discuss the theory and operation cf a NORD antenna system.
I1. DISCUSSION:

(1) Basic Information:

The NORD antenna, fed by the folded unipole principle, is basically a.
vertical tower radiator which is grounded at its base and fed by one or more feed
wires (or folds) which are connected to the very top of the tower. In addition to
feeding the antenna at its base as a folded unipole type, three wires attached to
the top of the tower and spaced at 120° intervals are used for top loading. The
antenna is completely over top loaded. The three top loading wires extend from
the top of the tower to three termination poles or towers located at a distance
equal to the height of the tower plus 100 feet from its base. These poles are one
third the height of the tower. At the top of each pole an insulator is inserted
between the top loading wire and ground. From the end of each top loading wire,

a connection is run down to the Guy Termination Unit. The G.T.U. is used for con-
trolling the feed point impedance of the antenna. 1If desired they can also be
used to control the phase angles of the termination currents to provide a limited
directicnal radiation effect. The impedance or phase angle of the antenna itself
can be controlled by the feocllowing:

(a) Spacing of the fold, or folds, from the tower.

{(b) The diameter of the tower, as well as the diameter of the folded wire,

Or wireso

{c) The angle (top loading depression angle) at which the guy wires come
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off the tower, and the height of the grounded top lecading support structures.
(d) The length of the top loading wires.
(e) Use or non-use of an interconnecting skirt wire connecting the outer
ends of the three top-loading guy wires to completely enclose the coﬁeo
(f) Use of a shorting stub connecticon between the fold, or folds, and the
antenna.
(g) Location of the G.T.U.'s at the termination poles, versus locating
them at the base of the tower and returning the currents by transmission
lines.
(h) The number of folds.
(i) The height of the grounded towers.
{(j) The Lype ol ground system used.

(k) The type of network used at the guy wire terminations.

The above items are the most controlling factors for determining the im-
pedance of the antenna.

The NORD base resistance between 100 to 200 KC's for a short tower (300 to
400 feet) can be varied from approximately 20 to several hundred ohms. 1Its base
reactance is always inductive or positive, varying frpm a few ohms to approximately
j400.

The electrical features of an L.F. NORD 300 fcot antenna are thus materially
different from those of the typical series fed Marconi Antenna. A similar height
Marconi at L.F. has very low resistance (on the order of 1 ohm or less) and very
high negative reactance; hence, the Marconi requires a large Helix coil for reson-

ating, and this Helix has an effective series loss resistance greater than the

antenna's base resistance. The overall system lcosses are therefore higher, and

MULTRONICS, INC.
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because the operating Q's are quite high, the Marconi antenna has a limited power
handling ability and limited bandwidth capability.
The NORD, therefore, when compared to a series fed Marconi antenna has the
following desirable features:
1. Bandwidth is increased materially, especially on very short antennas.
2. At L.F. an approximate 3 db increase in radiated power can be realized
for very short electrical towers because of much lower coupling losses,
and the ability of the antenna to accept power.
3. Because the antenna is grounded, no lighting transformer or base insu-
lator is required inasmuch as the entire mechanical structure is D.C.
grounded. Obstruction lighting,and de-icing in areas where it is required,
is simplified in terms of routing 60 cycle A.C. service wiring onto the towers.
In addition, the system is less subject to static discharges and induced
lightning surges. |
4. Because the NORD antemnna feed point reactance is positive, the need for
a Helix coil is eliminated.
5. For a given amount of applied power, the NORD offers a considerable
reduction in the design and operational problems of managing extremely high
voltages and currents.
6. A material reduction in guy insulator cost is accomplished.
7. Depending upon power, a material saving in the antenna termination
v
building or L.T.U.'s can be realized, versus the cost of a copper-lined Helix

house required for a series fed antenna.
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(2) Types of NORD's:

There are two basic types of NORD's used in L.F. communications. The first
type is called an "A-System" and is arranged as shown in Figure 23. This is the
most common type used today.

The seccnd type is called a "B-System" and is illustrated in Figure 24.

The primary difference between the A and B systems is the fact that the Guy
Termination Units in the "B-System" are located at the base of the tower and obtain
their return currents from the top-lcading wires by means of a four to six wire open
transmission line. The use of three such type transmission lines has some mechani-
cal disadvantages, but this is offset by the fact that a better method of adjusting
the dynamic bandwidth of the system can be realized.

{ < n™

{3) Theory oi A NORD:

In crder to more readily understand the thecry of a NORD let us review some
basic factors concerning series and parallel networks in relation to short vertical
antennas which are series and folded unipole fed.

The equivalent network for a short series fed antenna can be shown as.

FEED POINT
Ra
T

FICURE 25
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In order to transfer power from a generator or transmitter it is necessary
to resonant Figure 25 by means of a Helix or inductance having the same magnitude
as Xp- We now have a series circuit. The current in a series circuit can be

expressed as:

1= E (49)
R+ j (XL - Xc)
Where:
E = voltage at input of antenna in volts.
R = total antenna resistance plus resistance of helix.

Xy = inductive reactance of helix in ohms.

Xe

capacitive reactance of antenna in ohms.
1t is evident from examining equation (49) that rhe reactance is zero at zero
frequency and rises to a maximum at infinite frequency.

The frequency at which maximum current occurs 1is called the resonant fre-

quency. The condition when the frequency is such that the maximum current flows is

called resonance. The curve of Figure 26 is a resonance curve.

+14

| PLOT OF
I | | NET X
|

r——————

t, f f, FREQUENCY

FIGURE 26
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The steepness or sharpness of the resonance curve depends on the ratio of
L to C and the Q of the circuit. It is evident that the higher the Q, the narrower
the bandwidth (f; to fy) will be (f1 and f, have been represented as half power
points).
Figure 25 illustrated the equivalent circuit for a short series fed antenna.

Figure 27 shows the same short antenna equivalent circuit assuming folded

FEED POINT
Ra

unipole feed.

XA

FIGURE 27

This antenna must be resonated by a series capacitor which at L.F. has a
very low loss resistance and its resonance curve can also be determined from equation
(49). Generally speaking because the fold wires increase the static capacity of a
folded unipole, its overall Q will be somewhat lower.

Going further let's now look at a parallel resonance circuit (which our
antenna will eventually look like if we consider matching networks).

Figure 28 showsbat (a) another type of resonance circuit sometimes called

a parallel resonance circuit and sometimes called an anti-resonant circuit because
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. at resonance the impedance looking into terminals 1, 1 goes to a maximum. The
resistance represents the resistance of ;he coil censtituting the inductance I,.
Strictly, a resistance should also be shown in series with the condenser, but

usually this resistance is small enough to be neglected.

PR (}
il L c
B
]
: (a)
N RESISTANCE
L=
o
Xl —
ol
g | FREQUENCY \ /REACTANCE
'+ o

(b)

"FIGURE 28
If we were to assume that the series circuit of Figure 25 was shunted by

a pargllel circuit such as Figure 28, we then‘have:

“g\».
L ?ﬁa
0 ki &
R S
Q | | omgrnr K
R .
FIGURE 29
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The net reactance for Figure 29 can then be shown as the dashed curve of

Figuré 30.

+j :
J SERIES NET X

O - .

-j PARALLEL NET'X

I
|
I
|
|
e f fy +f—>
FIGURE 30
The net reactance for Figure 29 is determined by adding the ordinate values

.for both the parallel and series circuit over the frequency band of interest.

A simple way to show one equivalent circuit for a NORD is: -

FEED
_POINT

~4
T
Ke)

R=(f)(aC)

J Cz» - |
FIGURE 31
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R2 and L1 represent the resistance and inductance of the vertical fold wire.
R3, L2 and C2 represent the resistance, inductance, and capacitance of the grounded
vertical tower. L3, R4 and Cl represent the parallel combined inductance, resistance
and capacitance of the three top-loading guy wires including the adjustable éuy
termination tuning capacitances. Cl is the only adjustable element (other than those
controlled in the physical layout), and by its adjustment we can change and control
the feed point resistance. Rl is the feed point resistance, and values of Rl are
readily obtainable in the order of 100 ohms or less in typical cases. One can, if
desired, set the guy termination tuning to produce a feed point resistance of 50
ohms. The inductive reactance may then be cancelled out (resonance) leaving a 50
ohm pure resistance that may then be fed directly by a coaxial cable. This is prac-
tically a zero loss tuning condition since a capacitor is used for resonating the
feed point. Other values may of course be used depending on specific values of
bandwidth and radiation efficiency required. In such cases, a simple "L'" matching
network is used to transform the characteristic impedance of the transmission line
down to the antenna feed point resistance while simultaneously cancelling the antenna
reactance.

The net or dynamic bandwidth of the NORD is then determined by computing
the net reactance for its parallel and series equivalent circuits and then combining
these reactances (algebraic addition of ordinates of net reactance) together as
already shown for Figure 30. It should be noted that the NORD parallel equivalent
circuit is deliberately tuned to one side of the series resonance frequency so that
a non-symmetrical impedance curve is obtained.

(4) Controlling the Bandwidth of a NORD:

The bandwidth of a NORD can be controlled by adjusting the Guy Termination
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Unit capacity, the depression angle of the top-loading, and the addition of non-
terminated top-loading wires.

Inasmuch as L.F. antenna systems will probably be used for 8 channel multi-
plex (requiring approximately 1700 cycles bandwidth), the net bandwidth should be
adjusted as close to 1700 cycles as possible.

We have already demonstrated that as bandwidth is increased efficiency is
reduced. The full impact however of what any vertical antenna system's efficiency
looks like with a AF of 1700 cycles has not been shown. Figure 32 is a plot of the
power efficiency of a 400 foot tower with 1700 cycles bandwidth as a function of
operating frequency in the region of 80 to 200 KC's. (Ground system is 120 radials
500 feet long.) It will be noted that the power efficiency of the antenna varies
from approximately 1.4 to 55%. This is equivalent to a variation in field effi-
ciency of approximately 11.9 to 74.5%.

(5) Adjustment and Operation:

(a) General:

Once the Multronics field engineers have established the tuning settings
for the Line Termination Unit and the three Guy Termination Units and recorded them
in the chart provided, shifting to another frequency is simply a matter of re-setting
all the tuning dial veeder counters to the specified settings for a given frequency
and changing the "J" plug switching points if required. All such tuning and switch-

ing must be done with all R.F. power off.

After re-setting all adjustments,a check should be made to see that
all current indications match those shown in the chart for given transmitter powers
and feed point currents. Permanent meters are mounted and calibrated in the L.T.U.

coupler cabinet and a portable meter is provided for checking the G.T.U. currents

2 g; MULTRONICS, INC.
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at the test point connectors at each G.T.U. Records should be regularly maintained
to correlate the antenna instrument readings with the transmitter's final P.A.
stage plate currents and any other instrumentation in the transmitter output system.
All antenna meters should be read at least once a week. The type of transmission
(RTTY, CW, Multiplex and the number of channels) should be noted with each set of
readings logged. These readings should also include pressure gauge readings on gas
or dehydration equipment associated with the transmitter and antenna system.

(b) Equipment Necessary For Making Impedance and Bandwidth Measurements:

Tuning and adjusting the NORD antenna system requires the following
equipment if one wishes to establish tuning counter settings for another frequency
or merely check existing frequency impedances and network settings.

1. A General Radio Co. Type 916-AL R.F. Bridge.

2. A detector such as the AN/FRR-21 or R-389/URR low frequency

communication receiver‘or equivalent.

3. A URM-25 R.F. Signal Generator or equivalent.

4, A Digital Frequency Counter.

5. Assorted patch cables for the above.

6. A VSWR Indicator.

(¢) How To Set Up Antenna For a Given Base Resistance:

The following description of tuning procedure assumes one desires to
set the antenna to a given base resistance (such as the contracting engineer would
do on initial installation) and obtain an omnidirectional radiation pattern. It
also assumes that the engineer making the adjustments ic familiar with use of a

Type 916-AL R.F. Bridge.
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The following procedure is recommended:
1. Set up all measuring equipment at Line Termination Unit.
2. Balance bridge at desired frequency, which should be established
by a frequency counter, and decide what resistance you desire to obtain.
(We will assume 30 ohms for discussion.)
3. At each of the Guy Termination Units, adjust the capacity to maximum.
This will occur when the veeder counter tuning dial is set at 000 and all
"J" plugs are connected in between capacitor sections. (Referring to
Multicap).
4, Now at the L.T.U., open up or remove the J plug immediately in series
with the feed point (between current transformer and bowl insulator) and
on the jack, connect the test clip of the bridge. Depending upon the
frequency, you should read anywhere from 5 to 10 ohms resistance and a
positive reactance of 100 to 200 ohms.
G.T.U.'s while the bridge is monitored continuously. As the desired
range of antenna resistance is approached while reducing the G.T.U.
capacitance, the bridge reading will move more and more out of balance.
As this occurs the G.T.U. should be tuned more slowly in order to observe
the rising values of antenna resistance.

Continue adjustment until 30 ohms is obtained. A positive reactance
also will be obtained, generally greater than the magnitude of the resis-
tance.

6. Keep in mind that we now have one G.T.U. with one value of capa-

citive reactance (the one we have been varying), and two others with
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maximum values. The next step, therefore, is to equalize the counter
dial readings on all G.T.U. tuning capacitors in order to keep the
capacitances and hence the currents reasonably equal under operation.
7. Go to one of the two G.T.U.'s which are set for maximum capacity
and reduce its capacitance. Then proceed to the next G.T.U. and reduce
its capacity. Then proceed to the next G.T.U. (first one adjusted) and
add capacity so as to produce the desired 30 ohms resistance value.
After this, return to the first G.T.U. and start the round trip over
again, adjusting a small amount at a time trading off counter readings
until 30 ohms of feed point resistance is maintained with all G.T.U.
counter dial numbers and "J"
8. The resistance is now 30 ohms, but there is a positive reactance
that must be tuned out before the antenna can be resonated and matched

to the 50 ohm coaxial line. This is accomplished by adjusting the L
network (components L, and C, as required) for the proper transformation
values. The method for determining the values for an L network has al-
ready been discussed in Section 3 of this course.

The bandwidth for the system can be determined by means of the

method already discussed in Section 5 of this course. It should be

noted that because the NORD has an asymmetrical bandwidth curve, in order
to obtain maximum efficiency (for multiplex operation) the VSWR should

be converted to a power ratio and plotted against frequency. This will
then allow the proper power level to be selected for each multiplex
channel to obtain maximum information transfer efficiency.

After the above checks have been completed, you are now ready for

power.
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; 9. Ready for Power: After the tuning of all elements has beenxsi'

v and all'"J" plugs have been put in place, completely remove all measu
equipment from the L.T.U. along with all loose test cables and hardwarel\
N

Switch the transmitter over to its dummy load and check iﬁs tuning as \
: well as verify the proper indication of a resistive load on its reflecto-
meter. Then switch the transmitter to the antenna transmission line.

Next raise the carrier level until about 15 KW (assumes a 100 KW
P.E.P. transmitter) of power output is indicated on the transmission

line. Be sure that no change in the reflectometer reading occurs as

the power is raised. At this point., a complete set of current readings

should be taken and logged along with the P.A. plate currents. A port-
. _ able current read-out indicator is provided for making readings at the
»
G.T.U. test points. The G.T.U. currents should be within approximately
LoE 30% of each other. 1If the readings are normal and compare favorably
with the original readings established by the contractor's field engi-
‘ EZ» neers for the power level involved, the carrier level may now be raised
o to full power of 50 KW average. Raise the carrier level up slowly enough
. :EF to observe the plate currents and the reflectometer. As power is varied,
there should be no change in the reflectometer indication. Assuming
that the transmitter P.A. stage has already been properly tuned and
‘ adjusted for linear operation, there will be a direct linear relationship
of all antenna currents and the P.A. plate currents.
D
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