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FEATURES

The driver has two other features which are not too
common. One is a duty-cycle regulator, an 807 (V-105,
figure 5) with its associated circuit. Its function is to
present a compensating load to the power supply when
the gating M. V., sweep generator, and range-marks
circuits are not operating. It is designed and biased
so that it does not conduct when these stages are working
but comes into operation when they are quiescent. The
current of the 807 is approximately 100 m.a., which is
about equal to that of the circuit in question.

The other feature is the employment of a 6AG7 as a
focus-coil voltage stabilizer. The tube is placed in series
with the focus coil, the plate voltage of the tube being
the d-c voltage to the focus coil. The screen and grid
voltages are taken from a regulated power supply, and
the grid bias is of such a value as to permit plate current
of the desired amount to flow. The manual focus control
is a potentiometer shunted across the cathode resistor
and adjusts the plate current through the tube. Thus any
change in focus-coil resistance due to temperature,

humidity etc., will have little effect on the plate current.

With line voltage changes the anode and grid voltages
on the PPI will change. The semi-regulated grid voltagcig

on V-118 causes a change in focus coil current to occur
which approximates the change necessary to correct the
current value for correct operation.

INDICATOR UNIT

The indicator unit contains only four tubes: a 12-inch
cathode ray tube, two 6AG7’s, and a 6SN7. The two
6AG7’s are connected in parallel and are used as video
amplifiers. The range-ring voltage is ‘applied to the
screen grids of the video amplifiers. One section of the
6SIN7 is connected as a diode and acts as a d-c restorer
to avoid any positive excursions in signal-marks voltage
from cutting off the PPI trace. The other half is not
used.

In addition to tubes, the unit contains the focus- and
deflection-coil assemblies, the helipot range control with
its associated mechanical tic-up and components for
indicating target bearing.

Mark 29 Mod 2

M The 115-volt distribution diagram in the Mark 29
Mod 2 instruction book shows B-501, the Aided Track-
ing motor, connected to the “Standby”, rather than the
“Operate” side of the line. Thus, if the Time Control
is not turned off when the equipment is in standby
condition, the variable-speed drive is left in continuous
operation. This will result in excessive wear of the
hardened steel drive balls, especially if the Range Rate
is set at zero, where the resulting motion is one of

twisting rather than of rolling as is normally experi-
enced.

Wiring B-501 to run only in the Operate condition
is accomplished by opening the CW-62090 Junction
Box, removing the orange-black lead from T-1618 and
re-connecting it to T-1620 in the same box.

L ]
RCM Equipment

.Tl?e following data on current RCM equipments is
pub'l:shcd for general information. These figures are
subject to revision by the Bureau,

TDY-1 (Xmtr.) 200 delivered, 100 TDY's converted
to TDY-1’s.

Contract cancelled, none delivered.

Contract cancelled, 1300 delivered.

One contract cancelled, one contract
cutback. Expect acceptance of
about 500.

Contract cancelled, 100 delivered.

TDY-2 (Xmtr.)
RDP (Adaptor)
RDJ (Analyzer)

RE] (Adaptor)

SPA-1 (Analyzer) None on order, 1000 delivered.
SPR-1 (Receiver) 310 on order, 200 delivered.
SPR-2 (Receiver)  Contract cancelled, 776 delivered.
F19 (Wavetrap)  Contract cancelled, 800 delivered.
F20 (Wavetrap)  Contract cancelled, 1060 delivered.
66131 (Antenna)  Production stopped.

66132 (Antenna)  Production stopped.

SO Complaints

BA nun-)ber of complaints have 2 6
been received to the effect that the =
new TR caps included in the Field

Change 58 kit do not clamp the

tube and cavity tightly. This re-

sults in a condition whereby it is

often impossible to tune the TR

cavity. Pending investigation of

this problem it is suggested that Field Change 58 not be
made on SO equipments until further notice.

—Raytheon.

CORRECTIONS

October ELECTRON, p. 3: The last line of the caption for the
upper picture should read ™. . .
37 Director.”

November ELECTRON, p. 18: The OAW described in figure
2 is pictured at the top of the page, and the OCL s the lower
picture.

are shown mounted on a Mk P
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FIGURE 1—As the aircraft approaches the ship at a con-

stant altitude, the angle © becomes increasingly larger and

a narrow beam pattem wounld not aﬁam’ return n'gpmlr of
sufficient strength at the closer ranges.

TO HORIZON

Cosecant Squared Antennas

BY W. G. TULLER, RAYTHEON MANUFACTURING CO.

B One of the undesirable characteristics of microwave
antennas has been their lack of coverage at angles greater
than a few degrees above the horizon. This has meant
that good echoes might be obtained from targets four
or five thousand feet in elevation at near maximum range,
while the same target might be lost at a range which is
too close for comfort, yet too distant for detection by
UHF air-search radar. The cosecant-squared antenna was
designed to relieve such conditions at the expense of a
small amount of surface coverage.

Those who are not familiar with this new type of an-
tenna probably wonder why it is called a cosecant-squared
antenna. In order to understand this terminology, it first
becomes necessary to understand the principles employed
to insure continuous detection of the aircraft as it ap-
proaches the ship at a constant altitude.

Since there is available only a limited amount of total
energy, this energy must be concentrated where it is
most needed. The amount of power directed upward
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FIGURE 2—The upper parabola is tilted back slightly to
produce the necessary high-angle coverage.

should be sufficient to insure a constant amplitude of re-
turn signal as the target moves in at a constant height.
However, any additional energy expended in this direc-
tion is wasted power which is needed on the nose of the
beam for increased range. Referring to figure 1, which
represents an aircraft at H height approaching a ship,
the angle formed by a ray from the ship’s antenna to the
aircraft and a ray from the antenna to the horizon is
defined as ©. When R, the slant range in miles, is very
large, ® must be zero for detection at low or medium
altitudes. However, as the aircraft approaches and R
becomes smaller, ® becomes appreciable, and R is equal
to H/5in® or H cosec®, since the cosecant of an angle is
equal to the reciprocal of its sine. If © is fairly large
(greater than a degree or s0), so that there is practically
free-space propagation, the received power is directly
proportional to the square of the antenna gain G and
inversely proportional to the fourth power of the slant
range K. Where £ is used as a constant which takes into
account the rest of the system, the formula for received
power P, becomes:

G2
P,. —_ ré ja_i-

Transposing,
2 s der

S

Extracting the square root of both sides,

G:Rf\/{;f

As stated above, R = H cosec ©. Thus, by substitution,

LE VIINIAEINOD
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G — H?2 cosec2 © \/&_
£

Since we are assuming a constant height of target and are
trying to obtain a constant received power, we may com-
bine these factors into a single constant, C:

(i H2 By

V5
Then, by substitution,
G = C cosec2 6,

Summarizing the above, in order to obtain a constant
pip-amplitude from a target approaching at constant alti-
tude, regardless of its range, it is necessary to have an
antenna gain in the vertical plane which is proportional
to the square of the cosecant of the target elevation angle.
Hence, there must be a cosecant-squared pattern, or a
"cosecant-squared”” antenna.

HOW IT'S DONE

There are several ways of spilling a small amount of
power upward, but as the SG-6 system is one of the
latest developments, it will be used as an example.
Fundamentally the SG-6 dish consists of two sections of
a parabola set with respect to each other such that they
are wall-eyed in cross section as shown in figure 2. The
lower section is a conventional dish which is fed from

UPPER SECTION -~
e
erER NORMAL EXTENTION OF
_——~—" LOWER SECTION
e
rd
lég\EIESRHSECTION NORMAL EXTENTION OF
\ UPPER SEGTION

FIGURE 3—Cross-section showing construction of the
theoretical cosecant-squared antenna.

the lower edge by a horn. This lower-edge feed is used
in the SG-3, and in the SG-1 modernized antenna kits,
since it keeps the big feed horn out of the way of the
beam and improves the side lobes. Some of the radiation
from the horn is allowed to miss the lower dish and
strike the dish above where it is reflected upward at an
angle, due to the fact that this dish is tilted slightly back-
wards. The combination of the two beams gives sky and
surface coverage, with the percentage of each adjusted by
varying the amount of power sprayed into each dish.
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FiGUre 4—Typical SG-6 antenna coverage and expecied
range of a twin-engine aircraft.

This system will work but is difficult to manufacture.
Another system, working on the same principle, has been
used with success. The antenna is a slatted affair in ord
to reduce windage. The horizontal slats are all parabolas
but the vertical risers that hold these horizontal slats in
position are shaped as shown in figure 3. Here a normal
parabolic curve extends upward to a point slightly above
its axis, then tilts backward and continues on upward in
accordance with the new axis created by the tilt.

PIGEONS

Support for the belief that radio waves affect the in-
stincts of homing pigeons has been supplied by a recent
series of tests made by the Army Signal Corps. These
tests apparently prove that radio transmission confuses
the birds and retards them in their flying missions.

Three successive tests were made with three groups of
ten birds each, all of similar type and training. The birds
were taken to a loft about ten miles from their home
lofts. In each test five birds were released while the
radio station was transmitting, and the other five with
the station silent. The first group seemed bewildered.
The birds circled erratically, very close to the station, for
15 or 20 minutes, then took off uncertainly for their lofts,
requiring a total of 42 to 52 minutes to complete the
10-mile flight. The birds released while the station was
silent took off normally and finished their flight in 18 to
21 minutes. Identical weather and wind condition pre-
vailed throughout the tests.

Electrical Engineering.

COMMUNICATIONS WITH TOKYO

B Dircct commercial radiotelegraph communication with
Tokyo, suspended since Dec, 7, 1941, was restored re-
cently by RCAC and Mackay Radio. For the time being
the service is limited to official military and government,
press and prisoners-of-war messages.

—Telephone and Telegraph Age.

MASS PRODUCTION

B To give some idea of the size of the radar program,
the Western Electric Company is said to have furnishec
over 52,900 radars of 64 different types during the war.
Equipment was valued at over $800 million.

@

@

Testing 6AK5 and 6J6 Tubes

W Tests of 6AKS and 6]6 tubes in the Hickok models
540 and 550X (Navy type OZ) have been found to be in
error when using the settings recommended by the manu-
facturer. These errors are caused by the tube drawing
excessive plate and grid current due to parasitic oscilla-
tions.

These oscillations can be eliminated by the use of a
Navy type CV-49519 miniature tube adapter, modified
as follows: 1—Remove screw and nut which holds the
adapter together and pry the socket away from the
adapter. 2—Disconnect leads 1, 2, 5, 6, and 7 from the
test points. 3—Drill five 145" holes 345” from the bottom
of the adapter in such a manner that the five disconnected
leads may be brought out externally, then reassemble the
adapter. 4—Solder one 47-ohm =109, resistor in series
with each of the five leads. Bend the soldered connection
so that the resistor lies parallel to the adapter, then solder
the free end of the lead to the correct point on top of the
adapter.

After the adapter has been modified, the following
settings will be used for testing 6AKS and 6]6 tubes:
(Red Socket )

6J]o I
Tube Tester ok | OAINS
Setting I
£ Ist Section | 2nd Section
A 11 J 1 | 1
B 8 | 2 ' 0
FIL 6.3 ‘ 6.3 | 6.3
L ‘ 52 52 ' 55
R 0 \ 0 ; 20
Notation Set meter | Set meter Set meter
switch at 6,000 switch at 6,000 switch at 3,000
micromhos ‘ mciromhos ‘ micromhos

The mutual conductance (G,) readings on the meter

. will not be correct but can be used for comparison of

tubes of the same type. The color indicated by the needle
will be the criterion of the efficiency of the tube. If the
meter pointer rests in the green area, the tube is good, if
in the red the tube should be replaced.

The CV-49519 tube adapter may be requisitioned from
the nearest Electronics Supply Officer.

REPORTING FIELD CHANGES

Bl For reporting field changes in which no kit is supplied
or in which no modification card is available, the Bureau
suggests the following easy and convenient procedure:

Fill out the top half of a NavShips 383 (Failure Re-
ports—Electronic Equipment) card and under Remarks

note "'Navy Field Change No. ... made”.

If properly filled out, the card should contain the
following information:

Equipment Model and Serial Number
Unit Name and Serial Number

Navy Field Change Number

Date Field Change made

Name and rank, rating, or title of person making
change.

When the card is filled out, enclose it in its self-
addressed envelope, seal and mail. If no self-addressed
envelopes are available, mail the cards to the Bureau of
Ships, Code 980, Navy Department, Washington 25,
b. C

66 VILNIAENOD
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FLASH ON VF PPI

-When a VF repeater is being fed from a radar dis-
tribution switchboard a flash may occur on the PPI tube
for each operation of the video blanking relay, K-701.
Due_ to the fact that the VF has no coupling capacity in
Fhe incoming video line, there is a constant d-c voltage
impressed on the input to the VF video amplifier. When
the video blanking relay operates, the B-tube video gain
control is connected in parallel with the PPI video gain
control causing a difference in the loading and a resultant
change in d-c voltage. This may be sufficient to produce
the ﬂa:5h observed on the PPI tube at the beginning and
sometimes at the end of the scan period.

~

T e

e
E

If this condition exists in your equipment, the only
materials necessary for correcting it are a 1-megohm
Yo-watt resistor and a .01 ,f capacitor. The modification
involves rewiring the video blanking relay K-701 as
shown. Dotted lines in the sketch indicate wires to be
removed, and solid lines indicate new wires to be added.

~—Raytheon.

CLEANING SILVER-PLATED PLUGS

M Silver plated plugs such
as the Holmdel and [ones
types can be very satisfac-
torily cleaned of black tar-
nish by means of “Blitz”
cloth, a product obtainable
in most Ship’s Service stores
or- Army PXs,

The plug to be cleaned is rubbed with this cloth until
the tarnish has disappeared. A soft cotton cloth is then
used to remove any chemicals left over from the cleaning
process and to finish the polishing operation. The
amount of silver removed is apparently negligible com-
pared to that removed by crocus cloth, which has often
been used to achieve the same result.

This method is particularly suitable for cleaning the
i-f plugs in the SL Indicator and Transmitter as a means
of correcting oscillations caused by poor plug contact.

—Western Electric.

MARK 34 MOD 2

M Apparently some of the junction boxes for the Mark

34 Mod 2 systems are being shipped with jumpers acro/®®

such terminals as to cause grounding of the feed-back
voltage. This may be found by resistance measurement

from terminal 10 in the Modulation Generator to ground.
he resistance should be about 25 ohms and not zero as
11 be the case if the jumpers are connected.

There is also an error in the Mark 34 Mod 2 prints for
the Mk 12 Mod 0 junction box connection. BuOrd
Print 561754— (for transmitter below deck) shows P1
and P2 reversed from their correct designation. This
error is often copied in navy yard blue prints and should

be changed if found incorrect.
—E.FS.G.

*

SO Tuning

B Tuning of SO-1 and SO-8 radars can be accomplished
without the use of the indicator or an external scope, and
it is possible to make adjustments with the transmitter
cover removed without tuning errors being present. This
method requires the use of the CW-60ABM Wavemeter.
A connection from the wavemeter to the SO can be made
up from adapters found in SO-1, SO-8 and SL spares.
In order to vary the repeller voltage of the local oscillator
at the transmitter, a potentiometer and resistor are fitted
with clip leads and connected as shown in the diagram.
It is necessary to remove the normal connection to the

t TO REPELLER PLATE

200K 400K

TO HOT END
OF R-339

TO CHASSIS

repeller plate. Of course, the controls at the indicator
must be set to give a higher voltage than normal at the
repeller plate in order that the proper range of control
of voltage with the potentiometer is obtainable. The
tuning procedure is as follows:

Allow the transmitter to operate for at least 30 min-
utes and then measure the transmitter frequency using
the echo box jack as a source of energy for the wave-

meter.

Remove the transmitter case and connect the crystal
current cable of the wavemeter to the crystal metering
jack on the i-f strip. Connect the potentiometer and vary
it for maximum crystal current. Remove the output cable
from the local oscillator and, by use of the wavemeter,
adjust it for the same frequency as the magnetron. (The
output of the McNally oscillator is quite low and it may
be necessary to couple the output more tightly in order
to get sufficient power to operate the wavemeter.)

When the local oscillator is at the magnetron frequency

—mhe crystal current is adjusted for a maximum by means

of the crystal line length. The tuning plugs of the cavity
are then adjusted for minimum crystal current.

A final touching up of these adjustments is done by
connecting the cable with the polystyrene probe to the
local oscillator and holding the probe over the open end
of the choke joint. In this case, however, both adjust-
ments are made for maximum crystal current. The local
oscillator is then tuned 30 Mc above the magnetron fre-
quency. This is approximately 10 divisions lower on the
wavemeter micrometer.

The normal connections are made (except for the re-
peller plate) and crystal current set for a maximum of .3
ma, since it is assumed that the current will be higher
with the meter resistance removed. The repeller plate
connections are then returned to normal, the cover re-
placed, and finally the TUNE SET control at the indica-
tor is adjusted.

—EFS.G.

*

ARC-Over in BM Equipment
B The BM IFF equip-

ment was occasionally /\ /

4N ¢
blowing fuses in the high- R P77

(==
voltage circuit. Trouble § /aj_'\ /J-—l\
x 2 2x2a

&,

was traced to a high-volt-
age arc-cover from the

plate cap connector of the 2X2 rectifiers to the retaining
spring, which is connected to ground.

FARC OVER - A
] 7

)

—

s

VATAYS

The metal strap A" was longer than necessary,
making it too close to the retaining spring, so we cut
1/16” from the ends and rounded the sharp edges and
corners. Fuses stopped blowing. This trouble was very
difhcult to localize because arc-over was infrequent and
did not leave any tell-tale marks.

—EFS.G.

*

SL Tube Centering Washer

B When performing the 6000-hour lubrication pro-
cedure as applied to the oscilloscope tube assembly, the
rubber (or neoprene) CRO tube centering washer may
be found to be in a deteriorated condition. This washer,
per Western Electric Co. ES-692540-2, is a part of the
shield assembly that encloses the focus and centering
coils. Since the washer is not a spare parts item it may
sometimes be necessary
to have them made lo-
cally as per sketch,
Specifications call for
A.S.T.M. Ncoprene
8003, or Navy Spec.
33R1 (Int.) Rubber.
—Western Electric
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Naval
Research
Laboratory

M The Naval Research Laboratory, Washington, D. C.,
is an activity familiar to a great number of fleet person-
‘nel, particularly those engaged in the upkeep and main-
tenance of electronic equipment. The Radio Matériel
School, Airborne Coordinating Group, Combined Re-
search Group, and the Electronics Field Service Group,
are some of the major activities located there. These
individual activities, in addition to all the permanent
divisions of the laboratory, are under the direction of
Commodore Henty A. Schade, USN.

The laboratory has grown steadily in size and person-
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nel since its inception in 1923, During the war yeaQ h

just past, the increase was greatly accelerated, with many
new buildings being constructed, improvements made on
other buildings, and personnel figures mounting to a
peak of approximately 7000 military and civilian persons
on board in September 1945. Among this number is
included about 2000 instructors and students at the
Radio Matériel School.

In addition to continual research and consequent ad-
vancements in the electronics field, personnel of the
laboratory are active in many other fields. A complete
photographic laboratory, chemical research division, mod-

ern machine shops and foundries are only a few of thesc
activities,

The laboratory is located in a suburb called Bellevue,
along the east bank of the Potomac River about 4 miles
south of Anacostia, or about 5 miles south of the
Capitol. The shaded area in the upper-right‘corner of
the photograph is the Navy's Bellevue Magazine.
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