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5—frequency.

G—actual distance.

7—height factors.

8—dielectric of the earth.

9—magnitude and phase relations of the direct and

reflected components of the space wave.

10—meteorological conditions of the atmosphere.

11—divergence of waves caused by a curved surface.

For the consideration of the effect of these factors
upon propagation and field intensity of radio waves, the
reader is referred to any good radio engineering text,
such as the "Radio Engineers Handbook™ by Terman.

In conclusion, the practicing radio engineer should
bear in mind that:

1—Experiments have shown that in radio propagation
the strength of the ground wave on the shore
immediately adjacent to the water is of the order
of 8 or 12 db. greater than the strength of the
ground wave a mile or more inland.

2 The dielectric constants of fresh and salt water are
80 and 81 respectively although their conductivi-
ties are 1 x 10-1¢ and 4.64 x 10-11 emu respec-
tively, while the dielectric constants of soil vary
from 20 to 10 although their conductivities vary
from 3 x 10-13 to 2 x 10-14 emu.

3—There is so simple relationship between antenna
height and field strength or range in the propa-
gation of radio waves.
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EMERGENCY ALIGNMENT
OF MODEL VF EQUIPMENTS

It is generally considered that alignment of the "B”
range unit of the Model VF Radar Indicating Equipment
can be accomplished only through the use of a Type-
60ACZ "A" and "J" Oscilloscope. These oscilloscopes,
however, are not ordinarily carried aboard ship and are
rather scarce even at shore activities.

In an emergency it has been found possible to align
these range units with reasonable accuracy by following
a procedure suggested by Mr. Vaughn Kelly of the Pearl
Harbor Naval Shipyard. This procedure utilizes a Range
Calibrator TS-102/AP or TS-102A /AP together with an
Oscilloscope  TS-34/AP  (fast synchroscope). The
TS-102/AP provides trigger pulse and 500-yard markers,
and has a control by means of which the phase of the
markers can be adjusted with respect to that of the
trigger.

To align the units, connect the trigger and marker
output jacks of the TS-102/AP to the trigger and video
input jacks, respectively, of the Model VF. Sweeps
should appear on both scopes of the VF. Place the
cursor above the PPI sweep, and adjust the “B” video
gain and marker intensity controls. Both internal 1000-

yard and external 500-yard markers should now appear

on the "B”

Pulsed Oscillator Frequency Alignment
Operate the range crank for counter readings from
about 3000 to about 50,000 yards. If the frequency of
oscillator 1s correct, external markers should
coincide with internal markers on the' “B” scope at 1000-
yard intervals. For example, coincidence might occur
at 3000, 4000, 5000 . . . 40.000, 41,000, etc.; or at
3130, 4130, 5130 . . . 40,130, 41,130, etc. In either

SCOP(:.

the pulsr:d

case, the frequency of the pulsed oscillator would be cor-
rect, since the interval between coincidences would be
1000 yards. Coincidences will also occur at intervals of
about 500 yards, but only the 1000-yard intervals should
be considered at this stage, since the 500-yard intervals
will be affected by the phasing bridge alignment dis-
cussed in the next paragraph. If the interval observed
is other than 1000 yards, correction should be made by
adjustment of 1-301 in the VF oven.

Phasing Bridge Alignment

The alignment of the Model VF phasing bridge may
be checked and adjusted, if necessary, by observing the
position of the external markers with respect to the
internal markers at 90° intervals of the phase-shifting
capacitor (250-yard intervals on the range counter). For
example, if the markers coincide at 10,240 and 11,240,
they should also coincide at 10,740 and 11,740. Further-
more, at 10,490 and 10,990 the external markers should
be symmetrically disposed with respect to the internal
markers. Since the "B” sweep is not perfectly linear,
the grouping of the external markers on both sides of
each of the four VF markers should be considered, rather
than the grouping around a single VF marker. If mis-
alignment of the phasing bridge is apparent, it may be
corrected in the usual manner as described in the in-
struction book.

Phase-Shifting Capacitor Adjustment

Final alignment of the Model VF requires that, with
the range counter set at any 1000-yard point above 2375,
the "B" range markers be delayed, with respect to the

initial trigger entering the VF, by exact multiples of
1000 yards. This may be checked and adjusted with the
TS-102/AP by first adjusting its phasing control so that
the outgoing trigger Is exactly synchronized with one of
the outgoing 500-yard markers. This may be done with
a fast synchroscope by applying the trigger and markers
to the vertical deflection circuit, either alternately or
simultaneously, depending on the type scope which is
available for this purpose (the Oscilloscope TS-34/AP
mentioned earlier is satisfactory for this application).

When the VF s triggered with the TS-102/AP ad-
justed in this manner, coincidence of external and in-
ternal markers should appear on the “B" scope at ex-
actly 500-yard points on the range counter above 2375.
That is, coincidence should occur at 3000, 3500, 4000,
4500, etc. If this is not the case, correction should be
f“ade by adjusting the coupling between the phase-shift-
Ing capacitor and the gear box, as described in the in-
struction book,

Care must be taken, however, to avoid a 500-yard
error which would be present if the phase-shifting
capacitor shaft were 180° out of line. This is prevented
by looking through the window in the phase-shifting
capacitor cover (figure 5-21 of the preliminary instruc-
tion book) through which the top of the capacitor shaft
may be seen. This shaft is slotted, and there is a bevel
at one end of the slot. The bushing around the shaft
Is also slotted. With the counter set at, say, 10,000
yards, the two slots should be nearly lined up. The bevel
should be on the side nearest the outer case of the
¢quipment. If the bevel is on the opposite side, the
shaft must be turned 180° with respect to the gear box.
‘ After any readjustment of the phase-shifting capacitor,
it is imperative that the zero and slope adjustments of
the helipot be checked and adjusted, if necessary, to in-
sure proper tracking of the 6-microsecond gate with the
Phase-shifted range markers. This should be done as
described in the instruction book.

In conclusion it must be emphasized that this pro-
cedure is for use only in emergencies since it is not as
Precise as the usual method of alignment using the Type
-60ACZ “A” and “J" Oscilloscope.

CORRECTION!

In the article “"Dynamic Frequency-Shift-Spread Meas-
urements at High Frequencies” on Page 17 of the
October, 1948 ELECTRON, figures 1 and 2 are reversed
(the captions are correct).

The author of ""The U.S.S. Mississippi (EAG-128). ..
Its Function With the Fleet” on Page 16 of the June,
1948 ELECTRON is Mr. Phil T. Goldberg, Ship Section,
Radar Group, Norfolk Naval Shipyard. The illustration
at the top of Page 18 shows Radar Equipment Mk 47,
not Mk 39,

MODEL JT

SOUND ABSORBING
COUPLER UNIT

Reports of damage to the Navy Type —10366 Sound
Absorbing Coupler Unit of the Model JT Sound Re-
ceiving Equipment have been received in the Bureau
of Ships. In most cases the Allen set screws binding
the retaining caps to their studs were badly corroded
and, in some instances, sheared. This condition results
in the loss or loosening of the caps.

The plates, studs and retaining caps used in the
assembly of this coupler are of a non-corrosive ma-
terial. The set screws, however, binding the caps
to the studs are of ferrous construction. Any undue
stress applied to the JT hydrophone is transmitted to
the retaining caps of the coupler. Since these caps
are secured by a corrosive type screw, they eventually
loosen.

If non-ferrous screws were used for this application,
they would not be subject to corrosion, but they
would not provide sufficient strength. Accordingly,
stainless steel screws and washers are recommended.
These screws should be coated, however, with a suit-
able paint to lessen the chances of corrosion. Suitable
screws are 10-24, oval, fillister head, stainless steel,
% inch long, Class 2 fit, slotted for screwdriver, Stock
No. 43-S-15384-1030. Suitable washers are No. 10,
stainless steel, split, 1/16” wide, 3/64" thick, Stock

© No. 43-W-6005.

o~

Last To
Type of Approach Month  Date
Practice Landings .. ... .. 7,428 175,049
Landings Under Instrument
7,602

Conditions . ... ... .. .. 390
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U-H-F

ANTENNA
LOCATIONS

By Compr. E. H. ConkLIN, USN,
ComBatCruLant, E. O.

The history of v.h.f. and wh.f. in the Navy dates
back a number of years—well into the 1930's. There
were several Model CXL 30- to 60-Mc equipments pro-
cured in 1935 and installed in ships; there were some
TCD/RAR equipments procured in 1939 and installed
on two cruisers; and there were others. The first model
TBS sets were ordered in 1938 and became the most
widely used v-h-f set aboard ship. During the war,
100- to 156-Mc sets and 20- to 40-Mc f-m units also
were installed. i

From the very start, the line-of-sight type of com-
munication encountered variations in the reliable dis-
tances it could reach, depending upon the relative bear-
ing of the receiver from the ship. While this was
present in the v-h-f equipment too, it was not so easily
recognized. When voice radio became popular for
tactical circuits, action reports started to include re-
peated comments on “blind spots,” condemnations of
one model as compared with another, and other
troubles which were directly chargeable to the antenna
locations. Many ships were well aware of these pecu-
liarities, and undertook to correct them by common-
sense and cut-and-try approaches. Laboratory checks
of antenna patterns (plots of relative power radiated,
or relative signal received, at various bearings from the
ship) were made which confirmed the source of the
trouble.

Acknowledging the fact that the only proof of sat-
isfactory antenna locations is in the measurement of
the resulting patterns, the Bureau procured and distrib-
uted Esterline-Angus recording voltmeters and direct-
current amplifiers to facilitate measuring the patterns.
Some of these voltmeters were sent to Electronics Of-
ficers in the form of recording fluxmeters which con-
tained the necessary components. It still remained, how-
ever, to make suitable arrangements to obtain the
measurements, I.I'l(iLlL“ﬂg the ;1\‘21”‘(1]1.111.[}’ of a ('il'(‘]i['lg
ship or aircraft.
decided that a laboratory development
to work out completely satis-

It was also
program Wwas necessary, _ i
factory antenna systems for ships. Progress on  this
work was reviewed in ELECTRON for February, 1948.
This work has had to be so extensive, however, that

Two theoretical antenna  patterns, LEFT—a narrow,
sharp deep drop in signal such as might be caused by a
nearby conductor acting as a “divector” or “reflector”;
RIGHT—a broad shallow drop such as might be cansed
by the "shadow” of a large complex mast structure.

it is desirable that more attention be given to the
problems involved in locating v-h-f and u-h-f antennas,
in advance of the laboratory’s determination of ulti-
mate, ideal types of topside construction. To this end,
some of the more basic considerations are reviewed in
this paper in the hope that they will help to improve
future antenna installations.

Determining Antenna Patterns

Before going into the results of measurements and
what causes them, let us review the more elementary
ways in which horizontal radiation patterns may be
determined. For this purpose, let us discuss the work
done on the U.S.S. Bennington (CV-20) in 1944 and
early 1945.

The basic requirements for measuring an antenna
pattern are:
1—To transmit a signal from the ship being measured,
or to send a constant signal to the ship. This signal
should not be permitted to vary appreciably due to
changes in the height of an assisting airplane, or
changes in distance between the transmitting and receiv-
ing stations, or changes in relative bearing from the
assisting ship, plane, or shore location.
2—To indicate (‘Imﬂgc—s in relative bearing from the
ship being measured, resulting either from turning the
ship or circling it in an assisting ship or aircraft.
3—To measure the variations in receiver input (gener-
ally as reflected in the input meter or a-v-C voltage)
and to log these changes for various relative bearings.

The first attempt on the U.S.S. Bennington was made

with an assistant operating a pelorus on the bridge, and
calling down to the radio room the relative bearings
of the assisting ship or aircraft. For each 5-degree
change in relative bearing, another assistant read off
the receiver input meter readings, which were logged.
This method was not very satisfactory, and the read-
ings did not coincide well during the second revolution
of the assisting ship or aircraft. Having brought along
several Esterline-Angus recording voltmeters and d-c
amplifiers, they were connected to the a-v-¢ terminals
in the receivers, and the variations were recorded on
paper tape. A marking line at the side of the paper was
caused to make “dits” or “pips” whenever the assistant
on the bridge called down a S5-degree bearing change.
The spacing of these marks could be checked to see
that there were no unusual changes or errors. After
the tests, the output of a signal generator was fed
to each receiver and the main chart lines were calibrated
in microvolts input to the receiver. At the end of
the day, the chart data were transferred in decibels
to polar charts to show patterns, using only the highest
and Jowest chart readings (and the order in which
they occurred) between each pair of S-degree lines on
the polar charts.

When antenna patterns must be measured without
the recording voltmeter, it is suggested that the as-
sistant watching the receiver input meter call out the
highest and lowest meter readings and which comes
first, between each pair of 5-degree changes in relative
bearing. The recording assistant can put this in the
log. This method will avoid too much smoothing of the
dips in signal strength which are so important to the
analysis,

Of course, with the recording voltmeters a number
of antennas can be measured at the same time. Man-
Power and confusion may limit the number that can
be done by the manual method. Each measurement
should take about 114 turns for confirmation, and the
overlapping measurements should agree to about one
decibe].

Analyzing the Patterns
Although there are some irregularities that are of
little importance in the measured patterns, it will be

LEFT—, representation of the effect
of a complicated mast structure on
antenia radiation; RIGHT—a rep-
resentation of the effect of a single
thin mast or conductor.

MAST AND ASSOCIATED CONDUCTOR!

Antennas shonld be mounted « minimum of one wave-
length away from the mast. LEFT—unsatisfactory;
RIGHT—better.

seen from studying a few selected patterns that there
are three general difficulties, as follows:

1—A narrow, sharp, deep drop in signal. This results
from induced current flowing in a nearby conductor
which acts like a “director” or “reflector.” This effect
is most marked for vertical metal within some 34 wave-
length of the antenna, and is less likely to happen in
metal which is several wavelengths from the antenna
because less current can be induced in conductors that
are far removed from the radiating antenna. In one
pattern on the U.S.S. Bennington, a null was produced
that was 39 decibels down from the average full-power
part of the pattern. On this bearing, aircraft could
not be contacted beyond five miles although other an-
tennas were entirely satisfactory out to large distances
at this same bearing. The difficulty was attributed to
power induced in other antennas on adjacent outriggers
which, in this case, were too short. At the post-shake-
down availability, the matching sections of the antennas
were mounted on outriggers instead of directly on a
small platform surrounding the Model YG topmast,
and a recheck showed that the trouble had largely dis-
appeared. Other types of conductors might have been
detuned if they could not be removed from the prox-

imity of the antenna.
i )%

MAST ANDASSOCIATED CGONDUCTORS—
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TOP—a method of mounting u-b-f antennas; BOTTOM

—same mounting with insulators placed in the supports
to lessen the *closed loop” effect,

2

A broad, shallow null. This is found in essentially
every pattern unless the antenna is mounted entirely
in the clear. It is attributed to the “shadow’ effect
of the mast structure on which the antenna is mounted.
It is less important than the deep null discussed above,
and is frequently more difficult to cure. However, there
are several things that can be done. One is to mount
the antenna as far out from the mast structure as
is possible, so that the shadowing angle is small. The
second is to reduce the diameter of the supporting mast
and associated rigging, for the same reason, so as to
permit the signal to “fill in” around the mast. The
third is to remove the closed loops of metal, especially
those which measure less than one wavelength around
the opening, so that the signal can pass through the hole
in the same manner as through a waveguide. An-
tennas mounted out from railings are likely to have a
bad shadow unless the railings are made of nonconduct-
ing material, or are broken up with insulators. Supports
for outriggers are another source of trouble, unless they
too are broken up with insulators.

3—A generally reduced response, even at the best
angles. "This was found in one of the four antennas
on the U.S.S. Bennimgton. This antenna was 20 decibels
worse than any of the others, mmparing the best angles.
It was confirmed by disconnecting the r-f coaxial cables
from the antennas and connecting them together in

INSULATORS

Two similar antenna mountings. TOP—stays attached
above antennas, and no insulators in stays; BOTTOM—

stays attached below antennas leaving antennas in the

clear, and insulators in stays lessening the closed loop
effect.

turn, measuring the loss by comparing the receiver
input meter reading when fed directly by a signal gen-
erator, with that when fed through the loop of coaxial
cable. When the cable to the poor antenna was used
in the loop, it indicated a loss 20 decibels larger than
when other cables were used in the loop. This par-
ticular test, of course, would not apply to losses in
the transmitter or in the antenna,

Installation Rules

From the above, it will be seen that there are
several rules that can be applied immediately to u-h-f
antenna installations:

1—Keep vertical u-h-f antennas at least one wave-
length away from any vertical conductors.

2—If possible, detune any vertical conductors within
two wavelengths of the antenna,

3—Mount antennas as far out from supporting struc-
tures as practicable. Wider antenna supporting struc-

THROUGH MAS
AND PLATFORM

NEGLIGIBLE =
SHADOW

Three antenna monntings. TOP—poor because platform
and mast canse severe nulls; CENTER—better because
closed loops in the platform are broken up by insulators;
BOTTOM—still  better becanse antennas are now
mounted away from the platform comparatively in the
clear, with mnsulators in their supports. This arrangenment,
however, would still bave some shadow for high close
:ﬂ'f'rmf!.

tures and associated gear require a greater outrigger
distance between the antenna and mast than narrow sup-
porting structures, for the same distortion in the result-
ing antenna pattern.

-‘i'—Keep all conductors as close to the supporting
structure as possible, to reduce the shadow angle through
the structure.

5—Make the supporting structure electrically narrow
by breaking up with insulators all closed loops, espe-
cially those smaller than one wavelength.

6— Pay attention to angles moderately above the horizon
from the antenna, if aircraft communication is 1n-

volved.

7—Check the resulting antenna patterns, preferably
at several frequencies within the range of the equip-
ment. Do this both for surface and for elevated tar-
gets if the equipment may be used for communication
with aircraft.

After the 1944 tests, several of the participants came
to the conclusion that it would be difficult to reduce
variations below 10 decibels on an AGC and 20 deci-
bels on a CV with typical installations of multiple an-
tennas not mounted in the clear. Variations beyond
that certainly can and should be corrected, however.
It was also found that it is a5 easy, if not easier, to
get a satisfactory u-h-f pattern than it is to get a
good one on v-h-f; this assumes, of course, that the
spacings for the u-h-f antenna are not deliberately
reduced from those of the v-h-f antenna.

MODEL VF SYNCHRO
SWITCHING RELAYS

In early Model VF Radar Indicating Equipments,
synchro switching relays’ K-502 and K-504 of the
servo amplifier and rectifier power unit were found to
be extremely sensitive. Accordingly, it was usually
necessary to “circuit select” the 6AG7 tubes of this
unit, in order to obtain proper operation. This fact
was not generally known by field personnel and
usually resulted in unnecessary adjusting of the relays.

Beginning with Serial No. 643, Model VF equip-
ments were supplied with less-critical, hermetically-
sealed plug-in type relays. While this new type relay
was not supplied as a retroactive field change for the
early models, a quantity of them, together with the
mounting brackets necessary for replacing the old type
relays, were supplied in Model VF tender and stock
spares under Tag No. 1615. If satisfactory operation
of the old type relays cannot be obtained after ad-
justing them in accordance with the procedure out-
lined in Section 8 of the Radar Maintenance Bulletin,
a complete new relay should be installed.

It should be noted that the new type relays are
also supplied in equipment, tender and stock spares,
less the mounting bracket, under Tag No. 503. This
item should be used when replacement of a new type
relay becomes necessary.

At the same time that the old type relays are re-
placed with the hcrmctigally-sﬁ'dlcd units, the value of
capacitors C-502 and C-512 should be increased from
one microfarad to two. Also, on equipments bearing
Serial Nos. 585 to 643 incl., resistors R-296 and
R-297 should be replaced with 620-ohm and 390-ohm
resistors respectively.

d3LO1Y 1S3y
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SINGING ARC OR OLD FASHIONED COHERER?

Apparently there is a bit of dissent over the reason for the “'Singing Palm” mentioned in this department jn

the December isswe of Electron. Here are some answers:

*x Xk *x %X

Sirs:

.. . Sound created by Corona effect—brush discharge
into palm—the singing arc. Another argument in the
AM-FM question: Use FM to keep your palm trees
from singing.

Cor. W. B. MARTIN
D.R.EW.P.O,,
Fourth Naval District.

* * k *k

Sirs:

The article describing “The Singing Palm” is not in
keeping with the high level of material usually published
in ELECTRON,

If Commander Horsley intended this article to be a
scientific puzzler, I am afraid most amateurs could an-
swer his question. What radio man hasn't at one time
drawn an arc off the antenna with a pair of pliers and
listened to the audio amplitude-modulated signal in the
arc?

The audio component modulating the r-f amplitude
causes the ionizing of the surrounding atmosphere to be
an exact replica of the audio train, and the human ear
detects the ionization taking place at audio frequencies.

JamEes A, CoLE
Electronics Engineer,
U. S. Naval Station,
Tongue Point,
Astoria, Oregon.

* Kk ok Kk

Sirs:

Regarding the article in the December  issue  of
ELecrron on the “Singing Palm,” somewhat the same
results have been noted at N.C.S., Norfolk, Transmit-

ters at this station have, at times, been perfectly readable
to persons in the immediate vicinity of the antenna
arrays.

The effect has been noticed primarily from relatively
high power transmitters. Although no extensive checks
have been made on all frequencies and powers at which
this is noticeable, the signals were heard with TDH
transmitters on 3195 and 6290 kc, operating at a nominal
power output of 2 kw. The sound appears to come
directly from the antennas overhead, when under the
array but at a considerable distance from the transmitter
building. The voice component of the signal is clearly
readable with good fidelity and volume.

Several theories and possibilities have been advanced
by the men stationed here, among them:

1—The immediate vicinity of the transmitter station is
used by the Naval Base supply activities as a storage
area for galvanized pipe, structural steel and lumber,
and as an automobile parking area, All of this is
directly under the antenna array. It is thought pos-
sible that some of this pipe, being loosely stacked, is
cxcited. by the nudio-frcquency component of the
transmitter output, allowing the modulation to be
heard directly. The audio is much the same as that
produced by loose laminaticns in audio and modula-
tion transformers,

2—Several large coal loading docks are located adjacent
to the transmitter station. Heavy concentrations of
very fine coal dust settle continuously over the en-
tire area (happy housckeeping!). Since the pendants,
fittings, shackles, etc., and the antenna wire itself,
are made of dissimilar metals, it is believed that a
coherer or a crystal detector of a sort may be set up.

All hands here are interested in the reasons for these
phenomena, which we hope will be published in a
forthcoming issue of ELECTRON.

C. A. DiLLavou
U. 8. Navy Communication Station,
Norfolk, Va,
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TEED OFF'?

STOP PUTTING AROUND. IF YOU'RE
HANDICAPPED BY A POOR PART,
SEND US YOUR SCORE CARD (NAV-
SHIPS 383) AND LET US HELP YOU
MAKE A NICE RECOVERY.
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