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July 14, 1938.
REPORT ON TESTS AT TUE PHILADELPHIA RADIO RANGE

This report covers an investigation of the operation of the Philedelphisa
radio range made jolntly by representatives of the 3efety and Planning Division
and Airways Engineering Division. The work deseribed herein wms undertaken
as a result of memorandums deted May 27 end liay 28 from the Chief, Airways
Engineering Division to the Chief, Safety end Planning Division, outlining
reports of erratic behaviour of the Westinghouse SHRA stations at Allentown
and Philedelphin, Pennsylvenia.

The prineipel difficulties encountered at these stations were severe
key clicks and insbility to sscure reciprocel course alignments, becauss of
reradiation of side bend energy from the center tower. The guesticn had
also been raised of the possible mnomalous ceffects of reradistion from the
center tower when courscs must be bent to sceure the desired elignmont. In
view of the fect that thc Phlladelphie range wos inoperative pending the
completion of the new Philedelphis Airpert, it was made svailable for test
purposes to determine mothods of properly aligning the courses, ond pessible

remedies for the key eclicks,

Koy Clicks

The phencmonon of key clicks is ceused by tronsient oscillations in the
various networks which mnke up the radic range coupling system betwecen the
trensmitter and cntennes, Since thesc networks arc wery complicated struc-
tures a mathemetical anclysis of their transient bcheviour is proctically
impossible. Consequently thorec is little to go on when dealing with koy clicks
cutside of o very genoeral quelitative knowledge of their couso.

In tosts run on the Hartford radio range during linrch eof this year, a
completc tbscnec of key clicks wes noted. There wero two essentinl differ-

enccs betweon the coupling squipments in use at Hertford and Philedelphin.
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In the Hartford equipment provisions were made for operating the link cireult
at exact resonance, In the Philadelphla equipment a power amplifier biasing
circuit was comnected in with the link circuit rclay, and no provisions for
tuning the link cirecult wore made. It was reasoned that if the Philadolphia
equipment were made as near like the Hartford equipment as possible, the key
elicks might be climinated, This was found to be the case.

The power amplifier blasing circuit appeared to be an entirely unneces-
sary complication of the equipment and was completely disconnected. This re-
sulted in a slight reduction in key clicks. The link circuit was then reson~
ated by detuning the goniometer primarics and by so doing the key clicks were
reduced practically to the vanishing point. Since operating this cilreuit at
resonance has advantagos other than the possible reduction of key clicks, it
has been recommended in a memorandum to the Chief, Airways Enginecring Divi-
sion from thc Chief, Safety and Planning Division that all of this type equip-

ment be modificd to incorporate 1ink tuning condensers,

Effect of Center Tower on Course Aligmment

Duc te the mutual impedances between the clemonts of the radio range an-
temma system, it is to be expected that current of side band frequency will
be caused to flow in the conter tower by induction from the corner towers,
except under very spccial conditions, Alse any current of side band frequency
in the center tower will in genoral affect the alignment of the courses,.

Consider an opposite pair of corner antennas denoted by 1 and 2 together
with the center antenna denoted by O, It will be assumed that the mutual ime
pedances are the same betueen the center antenna and either of the corner an—
tennas ie, #51 = 250 = Zy. The current induced in the center antemma by the

corner antennas will then be in genecral
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where ¢ is the phase difference between the current I, and Ine If ¢ equals

e
180 as would be the case for reciprocal courses then (1) becomes simply

I, = i?—i (I; - I) (2)

If the antennas are properly tuned the currents Iy and Ip will be equal pro-
vided the resistances of the towers are equal, and I, will vanish. Thus when
¢ equals 180° it is always possible to make I, equal o by the simplc expedi-
ent of equalizing the resistanccs of 2ll of the corner towers, In what fol-
lows it will be assumed that this has been done.

0
Considering now the case wherc @ 380 but Iy = Ip = I (1) becomes

I
I, = -2-2—1%-— c(:wsg

o 2
(3)
1
Let Wy = B E
; O
2, = P, -i%o
Then (4)
o
ID = 2 cos ¢ PM Ei (qM )
I 2 P,

The ratio of the center tower current teo corncr tower current is given in
phase and amplitude by {4). I the quantities Iy and 2, are determined by
measuremont or otherwise it will be possible to caleulate the exact affect
of the center tower current upon the course aligpnment. In the attached curves
the amcunt of course shift which will occur for varicus ratios of %9 is showm

for variocus phase angles between 0 and 90 degrees, It is seen that the maxi-

rmum shift occurs whenQK‘M - O 90O and that no shkift occurs WhenO(M - e,
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equals o, In practice it 1s possible for Oy ~ o to have any value between
0 and 90° and the value which i% will have is difficult to detcrmine unless
direct measurements of the quantities 2y and Z. are made, Furthermare, thero
is no way of preventing voriations of &, and hence of Oy — ¢ .

In the tests at Philad=lphia the currents in 211 of the antennas were
equalized and the courses flight checked, Under these conditions with no
side band current in the center tower opposite courses were found to be exact
reciprocals as would be cxpecteds Next the artificial lines werc adjusted
to make ¢ cqual 18 degrees and another fligit check made, Although with this
phasc difference the currcent ratio was found to be %f = G045 no ancmalous
bend in the courses was observed which leads to the conclusicn that the quan~
tity (X — ) must have been less than 15 degrees as the accuracy of checke
ing courses was approximately 1 degrec. Thus under the conditions at Philo-
delphins no difficulty would be cncountered in aligning courses as the actual
alignment would coincide with the calculated alignment within the limit of
observational error, This is considered as being purcly a matter of chance,
however, and not to be interpreted as meaning that trouble will nover be en-
countered at other stations,

From the magnitudes of the impedances &y and &, which will likely be
Tound at most stations, it is nob apnticipated that a great deal of difficulty
will bc experienced in scecuring the desired alignmont of courses even though
actual and calculated alismments do not coinecide. The probleom will merely
be reduced to one of trial and errcr which has zlways been the case to a cer—
tain extent. Cortainly no difficulty will bc had in securing reciprocal
aligmments if the tewer currents arc cqualized as they should be under any

circumsianccs.
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It is recommended that further investigation of the effect of center
tower reradiation upcn the alignment of the courses be deferred until actual
difficulty arises in the field, Investigation cf such a case would be much
mcre instructive and provide more data to work on than could be secured under

the limited experimental conditicns at Philadelphia,

D, M. Stuart
Radio Engineer
Safety and Planning Division

P. Caporale

Assistant Radic Engineer

Airways Engineering Division
DS : jam/hf
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APPENDIX

Since this report was written the question of the exzmct methed to
employ in equalizing entenna currents has arisen. Accordingly this short
note covering the method to be used is appended.

It is obvious that if the resistances of the corner towers are equal
their currents will be equal provided the stabilizing process has been
carried out properly and the antennas are not too far off tune. This
suggests at onec the incorporation of a wvariable resistor unit in each
tuning house with a contrel knob on the front panel so that resistances
nay be equailzed during the tuning up process. The resistor to bc used
should heve & maximum value of approximatcly 2.0 ohms with s current
carrying cepsacity of not less then 6.0 amperes. It should be variable
from zero to maximum value in steps of not more then .05 ohms and should
be connccted directly in the antenns circuit. The resistor need not
have any particularly great conmstancy of wvalue as will be explained here.

When the stabilizing wocess is carried out the result is to make
the trensfor impedance relating the line sending cnd voltage to the an-
tenna current independent of antenno tuning, i.e,.

- E5 - 3
Eoz = _% o JXM cos 8

where Xy 15 the mutual rcactence of the transformer windings and & is
the electrical length of the transmission line. Thus it is secn that
if the volue of Xy is the same for all antennas their ocurrents will be
equal rcgerdless of entonna resistance or reasctance sinee it is assumed
that equel lengths of line run to each tower. Howover, when the linc

impedancc is motehed the value of Xy ot cach tower is made

Xy = _\/50 R,

cos &
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where %y is the characteristic impedance of the line and Ry is the antenna
resistance. If the resistances RZ are not the same for all towers the
transformer mutusl reactances and hence the currents will be unequal. It
is apparent then that unequal resistences will not of themselves directly
produce unequal currents. The sffect is brought abeut by the unequal
valucs of Xye arrived at by the tuning proccdure which we have adopted.
Furthermore, it is obvious that if the resistances worc cogualized only
during the tuning up preocess cqual currents would persist et any subscguent
time oven though widely different resistances woere inserted. Homce the
roguireclcrts of constoncy of thoe resistance to be chosen arc net at all
soeverc and should be mot by a wide variety of commcreial produc@s.

It might be pointod out in concluding that increasing the resistonce
of the antomne circuits will wrovide grentor stebillty of coursc alignment,
espocially ot stations where the goniometor is sct near 2oro or nineoty
degrecs,. Since in all ceses ample power 1s avalloble in the sideband
choyxmel of the treansmitter it is considered .desircble to operate the an-

tenmnas ot rosistances of cpproxinmately 5.0 ohus.

DS

DMS: jam
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Curves dhowlng Course Shift Against The Ratip
of 5ide Band Current in the Center Antsnna
%o Currant in the Corner Antemnas For Verisus
e .. Phass Angles Between These Currents. These . . _.;
: Curves Apply to 500 oot Tower Spacing ard a
Frequency of 369 Kllocycles.
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