MEMORANDUM ON THE BEVERAGE WAYE ANTENNA
FOR RECEPTION OF FREQUENCIES IN THE
550 - 1500 KILOCYCLE BAND

BY

Benjamin Wolf
and
Adolph Andersen

The theory of the Beverage Wave Anlenna i3 covered In a paper entitled " The Wave Anlenna”
by H. H. Beverage, O. W. Rlce, and F. W. Kellogg, presented at the Midwinter Convention of the
Amerlcan Institute of Electrical Englneers at New Yok, February 14-17, 1923,

This memorundum Is Intended lo oulline some of.the: practical problems experlenced In the
erection and operation of this type of anlenna for service in the Broodcast 550-1500 kllocycle band,
at the Federal Communicotions Commisslon Central Monitoring Station at Grand Island, Nelbruska.

 Among the desirable properiies of the Wave Anlenna for monitoring purposes are:
(a) Delivers a stronger slgnal over the entire band than a good simple-antenng.
(b) Unidirectional.

{e) Atmospherics and Industrlal eleciricol Inlererence considerably reduced
especially when the source is in o direction other than that of the recelved
signal.

(d) Low cost, long life, and unlikely obsolesence.

LENGTH

The optimum length for a broadcast band wave antenna Is approximately 1800 feet. This length
dellvers peak signal strength at closely 550 kilocycles ond again at one-half its wave length in
melers, ot cboul 1100 kilocyclea. The peaks are, however, rather broad and the slgnal delivered is
conslderably stronger than thaol from a good simple anterna throughout the entlre band. Near the
antenna peaks the Increase In microvolts lo recelver may reach moce than 400 percent.

Where space is o conslideratllon, the length can be reduced to 1400 or even 1000 feet, but the
slgnal slrength delivery and directivity will be proportionately reduced, and at less than 1000 feet
lhe slight advantage of a wave antenna {or the broadcast band over o good simple antenna does not
warrant its ereclion.

CONDUCTOR HEIGHT

The surge Impedance of the wave antenna is delermined by Its helght above the ground, and by
soll conditions with regard to molsture, elc. By erecling the conductors at a minimumof ten fest
above the ground, the surge Impedance remalns more nearly conslant during all seasons than when
erected at a lower helght. If erecled at a height greater than filteen feet the pickup of the vertical
leads at the far and near terminals may considerably reduce directive propertles. Il o greater height
Is required ot gat s or other passages, the higher poles should be erecled at the sides of the opening
and the conductors brought down vertically, proceeding at the selected height after the high point
has been bridged. Reasonably uniform helght of the conductocs throughout their length is, of course,
oreferable. '



POLE ERECTION

The standard practice ol telephone line construction is followed. The poles should be spaced
approximalely one hundred feet apart and for mechanical strength the conductors should be #7 B & S
hard drawn coppers The line should generally follow the earth’s contour, but small knolle e dis-
regarded and the lops of the poles after planted may be trimmed for general or even grarlis..i of the
conduciora.

_ For single, uni-dlrectional-receptlon or single conduclor antennas, the conductor can b= .aounted
on ordinary pole brackets attached to the poles,

For uni-directional receptlon from front or rear, or both, the two-conductor type of cor- ruction
is required. The conductors are mounted on short, standard cross arms. without braces. “rith the
locust Insulotor pins spaced 16" belween centers. This with ordlnary lelephone line glasg . sulator
glves the desired or adopled 18" spacing of conductors of the fInished antenna.

GROUND

For maximum elflclency the reslstance of the ground syslem at both the far ond near a:.ds of the
anlenna should approach zero, or at least be less than thirty ohms, The ground reslstance is best

determined by the volimeter-apmeter, alternating current method, but reasonably satlsfacto:, results
can be oblained by the use ol the battery and voltmeter voltage drop melhod.

For measurement of a single ground the planted conductors are divided Into equal . res and
measured, and the resull divided by two, or the far ond near terminal resistances measured through
the antenna conduclors lor the comblned resislance of the two lerminals or the series resistunce of
the enlire syslem. '

[{ the voltage drop method ol measurement Is used and should polarlzation or other direct current
eltects produce obswd readings such as negative resistance, a reslstance of 100 ohma or more may
be placed in setles with the circult and two measurements taken with changed polarity. The overage
of the two recorded values divided by Iwo In the case of a divided system, less the added external
teslstonce may then be considersd a reasonable appioach to the wctual Tesistance. Due to polari-
zatlon, readings of instruments should be taken at the moment of contact.

Ii dilflculty is experlenced In obtaining proper ground reslstance values, the constructor is
relerred to U. S. Bureau of Slandards’ Techniological Paper #109, issued June 20, 1018,

TERMINAL CONNECTIONS

Single Conductor for Forward Reception
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A. Signals from A directlon are dissipated either completely or partially In Ry
B. Dlrectlon of reception. |

Removal of Ry permits the anlenna to be used bi-directlionally or forward and rear.



Two Conductors Iinr Forwoard Reception
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Flgure 2

All faclors are the same as the single conductor irpe except that the surge lmpedance wlll be
lower as a result of the two conductors In parallel,

Two Conductors for Rear Recsption
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Figure 3

A. Dlrectlon receptlon.

The signal builds up untll it reaches B where the phose Is reversed by grounding one of the con-
ductors and leaving the other free alter which it Is reflected back to T using the antenna conductors
as an untransposed transmisslon line, The signals from B dirertion are dissipated elther complete-
ly or parllolly in Impedance R connected from the center tap of T to ground. It will be noted that
Figures 2 and 3 are the same except with respect to far and near terminal connections. When it s
changed as shown, the anlenna can be made uni-directional for either forward or rear reception, but
not for both forward and rear reception simullaneously.

When the wave length of the signal to be rejected Is a mulllple of one-hall wave ol the length
of the antenna, It is elther completely or largely absorbed In resistances Hh or R,. Odd multiple
[requencles of one-quarler wave length of the antenna length dellver a greater resldual or undesired
slgnal 1o the recejver. :



In order to balance oul an undesired signal originating ot an angle of mote than ninety degree
lrom the source of a deslred signal originating In dlrection of maximum receplion ol the antenna,
part of the undesired signal Is rellecled back lo T In proper phase and magnilude to cancel itse
oul. This Is accomplished by the insertion ol a tuned clrcult in series with a variable reslstor o
the lar lerminal, as In Figure 4 lor rear slgnal rejectlon, and as In Flgure 5 for forward slgnal re

Jeclion.
Two Conductors for Forward Reception
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Figure 4
Two Canductors for Rear Reception with Rejector Circuit
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Flgure 5

The system of changing dlrecllvily ol the nnlennas and remote erasure adjustments as outlined
Is somewhal Inconvenienl because of required travel, terrain condilion, tlme consumption and the
foct that the anlenna when madedlrective In one direction Is not avallable for service In the ‘opposite
directlon.

To overcome lhese undesirable fealures, a modifled arrangement of the terminal coupling unils
and rejeclion sysiem may be employed which permils lhe use of o0 two-conductor wave onlenna lor
unl-directional reception both {orward ond rear simullanecusly on the same or different fFequencles
within the band lor which the onlennas are designed, and with all variable factors under ¢onltrol at
the recelver. The citcuit is shown in Figure 6.



Two Conductors for Simultansous
Forward and Rear Unidirectional Recaption
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Flogure 6

Terminal rach
The slanals are delivered from the near antenna terninal coupling translormers 1o a lerminal
rack through two 400-ochm transmission lines connected to o Groybar. $223-A, three-point, switchboard
jack. The receiver Input lead connects 1o the terminating jack through a shert length of good quality
lamp cord and a Graybar 3-A phone cord plug. A fixed one-watl resistance unlt of proper value is
connecled acroas polnts | and 2 of the Graybar Jack which automatlcally connects acrosa the trans-
mission lines when the receiver plug is out.

INTER-ANTENNA COUPLING

In the event the erection of more than one wave antenna may be contemplated, the question of
Inter-coupling may arise. Tests covering this feature at Grand Island using o standard signal gener
ator iiidlcate that broadcast band wave antennas may be crossed within a few leet of one another at
angles of sixty degrees or more without detrlmental coupling eifects or moy be safely paralleled when
spaced [our hundred leet or more; in elther case without noticeable or excess coupling.

When the antenna conductors run parallel over.wire fences with non-conducting supports, the
fence wires, to avoid Interaction, should be broken with insulators at even .'Ienqlhn of about seventy-
[Ive feel.

Cenductors such as !am:a wires and metal posts rubblng agalnst one unuther within @ hundred
leet or 8o of the antennas, may be assumed to be a source of nolse generation In the antennas.

LIGHTNING PROTECTION

During some weather condillons such as snow or dust storms, or summer electrical stomms,
voltages sulliclently high lo break down unprotected coupling coll Insulation are developed in the
antering ayslem. To prevent transformer damage from all butl direct lightning stitkes, L. S. Braasch
#270 neon-argon tube arresters or thelr equivalent with breakdown range ol 200 to 300 volts may be
connected to the two antenna terminals and ground at both Iar and near ends of the antenna; also to
both terminals of the transmission line from antenna to recelvers when the lenglh exceeds two hundred
feet. The odinary l-wall [.LR.C. metalllzed reslsiance units as used al Grand Island f{or terminal
impedances will almost always be found open circulled oiter each electrical storm occurting In the
vicinily of the antennas whether or not protected by arresters.



TRAMSMISSION LINES

Where I Is not practical to erect the antenna with the near tetminal direct to recelver location,
it can be located at ony distance up lo a hali-mlle or more irom recelver locatlon and the signals
brought to the receiver by transmisslon lines without noliceable loss. For long stretches the [our
parallel f14 B & S conductor type of transmiss ton line ls prelerted. For distances of 100 feet or less
requlring no Intermedlale supporls the two conductor lransposed line may be employed. Two o1 more
\ransmission lines may be mounted on the same poles or other non-conducting supparts when the
sepatation equals or exceeds ten times the spacing of the transmission line conduciors.

A coupling ttansformer with astatic shield is required at the receiver to keep the transmlagion
line balanced and pravent possible pickup of the transmission line getting inlo the teceiver.

When this resistance unit does not ilself absorb or reject undesired Interfering signals delivered
lo the recelver while the antenna Is In service in the opposite direction, a ghlelded L.C.R. ciicult, -
Flgure 7, also terminated with a shost length of lamp cord and Graybar 3-A plug is inseried In the
apposlte receptlon Jack of the antenna and by manipulation of C and R the interfering eignol con
generally be largely or completely erased without reduction In strength of the desired signal, when
the Interlering slgnal 18 more than 90° {rom the direction of maximum reception of the antenna. It s
not as elfective for signals predominately sky wave because of their varylng phase and intensity.

Rejector Cleult
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Fiqure 7

Some casual experimenta and cbsetvallons In service indicate that by discennecting and grounding
one ot the other of the conductors of o two-conductor anlenna at the slatlon terminal, the forward
teception pattem can be changed sufficlently to permit partial or complele erasure of Intereting
signals otiginating thirly or mofe degrees from elther side of the antenna, depending upon which
conductor Is grounded and without noliceably aifecting the strength of the desired signal originating
more nearly directly forward or {rom an angle opposite the grounded conductor.

This seemingly unteasonable clrcull connection is, apparently, more eflective durlng afternoon
hours or for several hours before local sunset. It is frequently not elfective at all.

In some Instances forward Intetlering strong slgnals can be more completely balanced out by

connecting a slmple or genetal purpose antenna to one of the lemminals of the signal rejector for
clear reception of weak slignals on the same {requency ctiginating In the rear.

In order to obtain a better balance al the far end, and to partlally or completely eliminale pickup
by the vertical ground lead at both far and near terminals, o beverage reflectlon transiotmer, T, ,
Figure 6, Is employed and o lead covered f12 B & S conduclur used as a shielded vertical ground
connectlon. The conductar with lead shield is made water Light at the bottom by soldering conductor
and shield together and connecting the whole to the underground radials. The transiormer housing
Iz grounded to the upper end of the lead shielding and the coil lerminal Lo the shielded conduclor.

This amangemenl Is on apparent Improvement in directivily over the exposed, directly grounded,
vertical seclion of the antenna conducter.



TEST FOR TRANSMISSION LINE BALANCE

The Uansmission line may be checked for slgnal pickup or unbalance by disconnecting the two
anlenna wires and connecling a reslslance across the Lransformer In place of the antenna and equal
to the surge Impedunce of the two onlenna conduclors. Very little pickup of slgnal or noige should
reglster in the receiver {tom a well-balanced llne,

TEST FOR TRAHSFORMER BALANCE
The center-tapped coupling transformers may I}E.IEEI.E'I:I for balonce by the use of a slgnal
generator and teceiver connected as shown In Flgure 5. When properly balanced the recelver will
indlcale nearly zero inpul or a very small transfer of energy to the secondaty of the transformer.

Clicult for Testing Transformir Balance
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TERMINATIOMS

Impedances H‘ and HI:- in Flgure & should be equal to the surge Impedance of lI_u.- transmission
line as calculated [rom:

2, =277 lﬂqm 28 ohms
a— -

(s equals spaciag from cenler of wltes)
(d equals diameter of wire [d and = in same unlts ])

The translormer T, couples the transmission line lo the \woconduclor antenna and the two
wlres are now acting only as ttansmission line to carry the rellected signal from A directlon 1o the
receiver. The impedance of the twoconductor anlenna serving as a transmisslon llne ls calculated
from the same formula. The Grond Island transmisslon lines are approximately 400 ohms and the
antenna conductors 700 ohms,

The transformer T\ couples the transmission line to the antenna with the two wires acting as If
they were In pamllel, because the primary uiT. has practically no effect on signals arriving in phase
at A from B direction. Therelore It is necessary to know the surge Impedance of the two wires In
parallel with respect to the ground.

The lransiormer Tr reverses the phase and sends the slgnal which arrives Irom A direction back
over lthe two-wire line now acting oniy as o lransmisslon line, The ptimary coll Is designuled lo
match the surge impedance of lhe Iwo-conduclor antenna line in paralle]l with respecl lo ground and
the secondary lo match the same twoconduclor antenna as a transmission llne back to Lhe stallon.



Cireult for Determining Surge Impedonce Forwaord Receplion
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A signal Is tuned in from A direclion on the recelver. Frequencies of multiples of one-hall war:
length are preferred as they are more completely balanced out when the proper resistance value
used at Ry, The resistance Ry ls adjusled for minimum signal in the phones and this valu¢ used o-
the anlenna surge u:tpedun:e. The surge Impedance may uhu be dulurmlmrd h\r adjusting the re-
slstance at the opposite end of the anlenna,

Circult lor Dlllrmlnlng Surge Impedance Ihur R-I'{:I'P“ﬂl'l
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Figure 10

In this cuse slynals from B directlon are luned in to the receiver and balonced oul by vorying
R, This method will usually give a lower value of R, than thal recorded for Ry In the other case.
The dilerence is due lo lhe R.F. resislance ol the primary of the transiormer and some residual
Inductive reactance, as unily coupling belween turhs is nol possible. II the recorded value of re-

sislance is low il Is an indlcatlon of high ground tesistance. Values ol Grand 1sland for two wires
in parallel are approximately 300 ohms.

Another ond more simple method which has been employed Is to make the resistonce H_, Hh
variable In sleps of 20 ohms [rom 230-440 ohms. With an ohserver at Lhe receiver, lhe readlngs are
recorded as changed at the antenna terminal und os indicaled on a meter In the second delector plate
circuit of the receiver for each changed slep of the teslstonce. The observer al the recelver hiears a
click when lhe resistance is swilched lo the next step. Its value Is known according lo a shilting

plan as prearranged wilh the antenna terminal collaborator and the proper Impedance value lhus
determined.



