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Errata Sheet - EPI Manual
(Special Publication No. 265A)
U. S. Department of Commerce
U. 8. Coast and Geodetic Survey
May 1955

Page 55 = 7.200 (e) (2nd line) Change to read: “The scope pattern should
appear as in Fig. 19.*

Page 55 « 7.200 (f) (2nd line) Change to read: **RECVR to TEST."

Page 65 - 8.103 (d) At end of first line after “*FAST SWEEP switch to 1"
add: *‘Set SWEEP SPEED switch to FAST."

Page 132 - 14,102 Lower right block insert ‘‘Cathode'* in place of ‘‘Plate.”

Page 139 - 14.200 Lower right block change **V403 6ACT7"' to read: ** V403
6SLT'".

Page 141 - 14.300 Top left block insert **Cathode’’ in place of ‘'‘Plate.”

Page 153 = 16.101. After T104 insert ‘‘Chicago F-63'' in place of **UTC 5-65."'

Page 155 - 16.101 After C-175, C176 and C177 change *'G. E. Pyranol Cat.
23F4153" to read: ‘*Mallory TX-831."

Page 155 « 16.101 Under group of items PACKED IN SPARE PARTS BOX #1.
.Change 3rd line to read **0.25mf instead of 0.26mf.""
Strike out 8th line **1-4mf 2000 volt condenser.*'
‘Strike out 13th line **1-2K 10 watt resistor."”’

Page 156 - 16.201 Change lst line ‘*1-box 5 amp Littlefuse AGC or 3AG"
to read: ‘‘*l-box 3 amp Littlefuse AGC or 3AG."'

Page 157 - 16.201 In 2nd line change '*2000 volt'’ to read: ‘*5000 volt.*’

Page 157 - 16.201 Strike out line: *{Indicator..... 1 meg potentiometer insulated.
Shaft..... R236 A &« BR239 A & B..... Clarostat D37W HV Navy
type cmc 632074
Insert in its place the following:

“Cont.~Ind...... 1 Megohm dual Pot...... R-236 A & Bor....Clarostat Type"
R-239 A & B DC-35-8
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18.

19.

20.

21.

22.

23.

24,

Page 2

Page 158 - 16.300 After T-104 strike out **UTC type S5~65'" and write in:

**Chicago F~63."

Page 181 - At end of 17.500 add: **T107.....Trigger output.....Philco T-352«

7224-2"

Page 198 - Lower right tube base diagram change **7BH'' to read ‘7CH "’

Figure 56 - Change **C208'' (100 mmf at pin 4 V-117) to read: **C-143 *'

Figure 59 - At right end of R-157 82K (Connected to pin 6 V-147)
add: “‘B +."’

Figure 61 - Delete **R-125 1K 2W"'' in plate circuit of V-103. Make
connection around resistor.

Page 176 - After C227 add: **C-1390 V112A grid timing 100 mmf;
mica 500V.

Figure 59 - Put in a 100 mmf. C~1390 from pin 1 V112 To ground.

Page 192 - On E 125 near top left, just to left of C140 in blank space
between terminals add: **C1390""

Page 176 - After C227 add item: C1390~--V112A grid timing...100 mmf,
mica 500WV.

Page 183 - 17,700 after C103 H.V. by pass 0.75 mf oil 5,000V. add:

(3 each 0.25 mf 5,000 WV in parallel).
¢~/ CY
Figure 61 - Above C1034add: (3 each 0.25 mf in parallel).

Figure 59 - R282 pin 3 V=136A ‘'S’* control add: **5~-K"’

Figure 59 - Delete C~133 .01 mf near grid V-117.

Page 174 - 17,500 delete C133 V-117 grid filter .01 mf, paner, 600V

Figure 59 - Make VI113A read V113B; make V113B read V113A.
Make V104A read V104B; make V104B read V104A.
Make V111A read V111B; make V111B read V111A.
Make V119A read V119B; make V119B read V119A.
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Important

The accuracy or successful operation of the EPI
systém depends entirely upon the correct operation of the
EPI Ground Stadtion and is no better than the quality of
synchronization maintained at the Ground Station. There-
fore it is essential that personnel assigned to the Ground
Station should be thoroughly trained and under competent
supervision to maintain the station correctly synchronized
at all times.



U. 8. Coast and Geodetic Survey Ship Ezxplorer.



U. S. DEPARTMENT OF COMMERCE

SINCLAIR WEEKS, SECRETARY
COAST AND GEODETIC SURVEY

RoBeRT F. A. STUDDS, Direclor

Special Publication No. 265-A

MARK III, MODEL 3

KPI

(ELECTRONIC POSITION INDICATOR)

MANUAL

By the

Radiosonic Laboratory Staff

FOR OFFICIAL USE ONLY

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON - 1954



Blank page retained for pagination



MAY 23 1955

WARNING

Because of the delicate construction of the 304TH transmitter tubes, it is
r imperative that great care be taken in the boxing and handling of these tubes.

When boxing these tubes, the packing around the tube on each side should
be equal to the diameter of the tube, or rubber-band suspended in a free space
equal to twice the diameter of the tube. Whenever possible, the tubes should
be kept in the original cartons which have the correct type of suspension or

e S RN

packing.

Never leave the tubes in the transmitters when the equipment is being trans-
ported. When the tubes are carried ashore to a station, they should be carried
W by a responsible person.

i

ATTENTION

EPI equipment in current use by the U. S. Navy are designated as XHC for
ground-station equipment and XHD as ship equipment.

XHC and XHD designations may be for Models 2 or 3 equipments. Model
numbers are unmarked on Model 2 equipments, but are marked on Model 3 equipments.

Safety Notice

This equipment employs high voltages which are
dangerous and may be fatal if contacted by operating
personnel. Exercise extreme caution when working with
the equipment.

II1
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PREFACE

Improvements made in the ELECTRONIC POSITION INDICATOR, both
electronic and mechanical, since the publication of Special Publication No. 265, indi-
cated, at first, that a supplement should be published describing in detail only these
changes, making suitable notations in this text as to the paragraphs of the Manual
which were effected.

While the overall operational characteristics of the system were not changed
materially, the new equipment has been given the designation MARK IIT Model 3.
The main changes are to be found in the RANGE UNITS (Goniometers), in the ship
equipment, and the placement of the SYNCHRONIZER in the ground station equip-
ment and the MODULATOR in the transmitter. The ship CONTROLLER-INDI-
CATOR unit has been redesigned physically, into & more compact and ship-shape
equipment.

On considering the very large number of paragraphs in SP No. 265 which would be
effected, it was deemed more desirable to have an entirely separate manual covering
the new Model. Hence, while this new manual, SP No. 265-A, has a great deal of the
information in it to be found in its predecessor, it is complete in itself, and no reference
is necessary to the earlier publication.

It is important that this manual be studied with care before attemptmg to use the
MARK II1 Model 3 Electronic Position Indicator even if the user is familiar with the
carlier models.

The material appeering in this manual was prepared by the staff of the RADIO
SONIC LABORATORY, Division of Coastal Surveys, U. S. Coast and Geodetic
Survey.

Commander CLARENCE A. BURMISTER,
Chief, Radio Sonie Laboratory, U. S. Coast
and Geodetic Survey, Washington, D. C.
1 May 1954,
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CHAPTER 1

GENERAL

This publication is an Operating Manual for the Mark III, Model 3 Electronic
Position Indicator. It does not supersede the EPT Manual, Special Publication No.
265, in regards to its use with the Model 2 EPI equipment. Conversely, Special Pub-
lication No. 265 may not be used as an Operating Manual for the Model 3 equipment.

Model 2 equipment will no longer be constructed and will eventually be replaced
by Model 3 or later models.

There are no changes in the principles of operation between the Model 2 and the
Model 3 systems Numerous circuit changes have been made, and in some cases func--
tions which were accomplished in one way in the Model 2 system are accomplished in a
different way in the Model 3 system. To summarize the changes appearing in the
Model 3 system:

(@) The synchronizer, which was a separate unit in the Model 2 ground station,
has been redesigned and is now in the controller-indicator.

(b) There is no longer a transmitter antenna coupler used at the ground station;
the 50-ohm coaxial cable is now direct connected to the antenna and the ground system.

(¢) The receiver coupler is now located in the transmitter, for both ground and
ship stations. '

(¢) The modulator has been redesigned and is now in the transmitter.

(f) The ship controller has been completely redesigned, the principal changes being
the use of a new, more readily available phase shifter and the replacement of the sine-
wave dividers by filters which take signals from the divider circuits and convert them
to sine waves.

(¢9) Small circuit changes in the ship indicator.

(k) Removal of the receiver coupler from the ship transmitter coupler.

(Receiver
coupler now in the transmitter as stated in (c).)

1.100 INTRODUCTION

The Electronic Position Indicator (EPI) was developed shortly after the close of
World War II. It was designed primarily for those hydrographic surveys which ex-
tend beyond the range of other electronic surveying instruments.

The offshore system—Radio Acoustic Ranging—used up to the period of World
War IT had shortcomings too numerous to enumerate. The war-developed electronic
systems failed to meet all requirements for long-range surveys. Among the objections
to these systems were: lack of sufficient range, lack of accuracy, ambiguous positions,
loss of position caused by interruptions to the system, and the need to know the starting
position to initially adjust the instrument. Postwar development has eliminated some
of these objections. The EPI contains fewer of these limitations to offshore surveys
than other navigational systems presently in existence.
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1.200  GENERAL DESCRIPTION

The EPI establishes the position of the survey vessel by measuring the round-trip
time for a radio pulse, initiated on the ship, to travel to two ground stations and return
to the ship. Since the positions of the two ground stations are known and the velocity
of the radio signal is also known, then the distance of the ship from the two ground
stations is measured. Although it is possible to get the position of the ship at any
time, a definite time interval is decided upon for the ship’s position fix.

1.300 GENERAL DISCUSSION

Long-distance measurements are possible with EPI because of the frequency of
the radio wave employed with this system. For frequencies lower than 5 megacycles,
the ground wave is propagated for considerable distances. Higher frequency ground
waves are attenuated because of the imperfect conduction and other electro-magnetic
characteristics of the soil or water over which these waves travel. The lower end of the
frequency spectrum was not used because of certain accuracy considerations. The
EPI uses a frequency of 1850 kilocycles, which gives desirable range characteristics.
This frequency is shared with Loran without interference between these two systems.

Ground waves follow the contour of the earth but extend to great heights above
the earth. These waves induce fields into the earth for a short depth. The earth-
induced waves in turn re-induce a field above the earth. -These waves supplement each
other as they travel outward.

At the low frequencies employed by EPI, it is difficult to start electric circuits
rapidly because of the electrical inertia of the circuits. Also, the amount of space
occupied in the spectrum must be limited to prevent interference with other radio sig-
nals. Since the rapidity at which the pulse starts determines, in part, the accuracy
of the system, the two above-mentioned factors place restrictions on the system. At
higher frequencies, where the pulse wavefront rises rapidly, the pulse at the receiver-
output can be made to trigger the ground-station transmitter without much loss in
accuracy. Shoran is such a system. This method is not employed in the EPI system,
since the pulse at the receiver-output takes about 12 microseconds to rise and large
errors would result when the pulse was noise-modulated or the receiver gain changed.

. Instead, a synchronizing method is used at the EPI ground stations which precisely
sets the time that the ground-station signal is transmitted in relation to the time the
ship-station signal is received. The rate at which the ground-station pulses are trans-
mitted is controlled by a quartz crystal oscillator at the ground station. The rate
of this crystal is held the same as that of the ship-station crystal oscillator by the pulse
from the ship. The ship and the ground-station signals appear on the ground-station
cathode-ray oscilloscope. Their wavefronts are equalized and the leading edges
matched. Now the pulse rate and the phase relation between the ship and ground
station are correct, which means that the ground-station pulse is being transmitted at
the proper time after the ship signal has been received. The automatic synchronizer
maintains this relation for long periods with only slight manual adjustment.

The velocity at which the system is calibrated is 299,792 kilometers per second.
A velocity correction has not been found necessary. The recurrence rate of the ship
and ground-station transmitters is 41.66 pulses per second, the pulse length being
about 60 microseconds. Radiated power from the antenna is about 10 kilowatts. The
recetver-system band width is about 85 kilocycles.
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1.400 ACCURACY

Extensive studies have been made, both in the laboratory and in the field, to
determine sources of error for the purpose of improving the accuracy of the system.
During the laboratory tests, all factors that could contribute to instrumental error
were studied. Field conditions were simulated in the laboratory, but closed circuits
were used which made the tests nearly noise-free. Results of these tests appear in the
table below. The data is presented as the percentage of observations that comes within
plus or minus the fraction of a microsecond, as shown in the left column of the table.
Field tests were made at a test buoy anchored in a known position from which the
precise distances to the two ground stations were known. The path between the buoy
and the ground stations was almost completely over water, the distance to one station
being 45 nautical miles and to the other 90 nautical miles. During a period extending
over seven months, 267 observations were made at this buoy. The figures in the table
are the means for both stations. During this period, the stations had to be removed
three times because of hurricanes; also, instrumental changes and adjustments were
made. This data is as read—no modifications or weighting of the data were made.

Microseconds, Field Tests, Laboratory Tests,
plus or minus 267 observations 21 observations
Percent Percent
0.1 35 26
.2 53 53
.3 72 71
.4 83 82

Other field tests were made which show that there is little change of correction
with range or signal strength.

The system remains stable over a considerable length of time. Static can produce
a considerable error in any individual reading; even so, if unreasonable fixes are re-
jected, a creditable survey can be made.

1.500 RANGE

The minimum range that has been measured with the EPI is 14 nautical miles.
With slight modification to. the equipment, it is probable that shorter ranges could be
measured. Under low static conditions, dependable measurements can be made to
distances of 500 nautical miles, and to distances up to 250 nautical miles when the
static is abnormal. Since the static is always worse at night, barring local storms, it
is customary to plan night operations closer to the ground stations.

1.600 SHIP-STATION EQUIPMENT AND MATERIAL FURNISHED

1 Controller-Indicator, with interconnecting cables

1 EPI Transmitter

1 Transmitter-coupler—Ship type

1 Voltage regulator, 2.5 kva, 115 volts, 60 cycle—when needed
1 EPI manual Special Publication 265A

1 Wavemeter for EP1

1 Set of ship spares (three boxes)

1 Set of ground station spares carried on the ship (one box)
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Figure 2,—8hip Controller-Indicator; with enlarged view of range dials and counters.
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Figure 3.—Transmitter— -Ship and Ground.

1.601 Ship Equipment—Weight, Size, and Other Data

All these measurements are clearance sizes and are to be used for the placement
of the instruments and not for design purposes:

CONTROLLER-INDICATOR
Width—24 inches
Height—25% inches
Mounting depth—28 inches
Controller projects 6 inches in front, making total effective depth 34 inches
Weight—250 pounds
Power consumed at 118 volts, 60 cycles, 570 watts

TRANSMITTER
Width—31 inches :
Depth—21 inches (blowers on front make total depth 28 inches)
Height—23 inches
Weight—199 pounds
Power consumed at 118 volts, 60 cycles, 500 watts
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ANTENNA COUPLER

Width—11 inches
Depth—15 inches
Height—9 inches
Weight—15 pounds

1.700 GROUND-STATION EQUIPMENT AND MATERIAL FURNISHED

1 Controller-indicator, with cables

1 EPI transmitter

1 Voltage regulator, 2.5 kva, 115 volts, 60 cycles, with operation manual. (Only
needed in cases where the power supply is poorly regulated.)

1 2 kva variac and voltmeter panel

1 EPI Manual, for Mark ITI, Model 3, System.

1 EPI antenna tower, 100 feet, aluminum, with guys, gin pole, and fittings

1 Set of ground station spare parts (one box)

1 Reel ground wire, size 12 to 16, solid or stranded—4,000 fect

1.701 Ground-Station Equipment—Weight, Size, and Other Data

All these measurements are clearance sizes and are to be used only for the place-

ment of the instrument.
CONTROLLER-INDICATOR

Width—23 inches

Depth—27 inches

Height—17 inches .

Weight—168 pounds

Power consumed at 118 volts, 60 cycles, 330 watts

For sizes, weights, and power consumed by the Transmitter and Voltage Regulator.
see 1.601 SHIP EQUIPMENT

MAST AND GROUND WIRE

- With gin pole, base insulator, and guy wires, 600 pounds; this is for the Tabet

mast and may be different for other types of tower.
Ground wire, copper (4,000-feet, size 12 to 16 solid or stranded)—100 pounds.

1.800 COMMUNICATION EQUIPMENT
TRANSMITTER

(E. F. Johnson Co., Viking No. 2)

Width—21 inches

Depth—15 inches

Height—11% inches

Weight—62 pounds

Power consumed at 118 volts, 60 cycles, 410 watts
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RECEIVER
(Hallicrafter SX-71)

Width—19 inches

Depth—13 inches

Height—9 inches

Weight—42 pounds

Power consumed at 118 volts, 60 cycles, 90 watts

SPEAKER
(for Hallicrafter SX-71)

Width—15 inches
Depth—11 inches
Height—11% inches
Weight—14 pounds
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Figure 4.—Ground-station Controller-Indicator.
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CHAPTER 11

SURVEY PROCEDURE

Certain procedures, tests, and computations are necessary when working with EPI
equipment so that the most logical location of positions and sounding lines will be
obtained. The frequency of these tests is dependent upon the stability of the equip-
ment. The system is not self-calibrating; therefore, you must rely on direct range
comparisons to ascertain the system correction. Three methods can be employed
to determine this correction for each combination of EPI equipment, namely:

1. EPI-Shoran Calibration method

2. EPI-Buoy Calibration method

3. EPT-Three-Point-Fix Calibration method

Selection of the method will depend on the area to be surveyed and the availability
of necessary equipment.

In areas such as the north Pacific Ocean, the EPI-Shoran method of calibration
is more adaptable. This method may be used in all localities. In addition, however,
to the requirement of Shoran equipment, it is also required that the survey ship run
to the vicinity of each station for calibration observations.

However, since the ship must visit the ground station about every two weeks for
the purpose of resupply, calibration may be done at this time.

When a buoy can be anchored and its position established by a three-point fix,
the buoy calibration method may be used. Areas such as the Atlantic Coast and Gulf
of Mexico are favorable for the buoy calibration method.

The third method is usable anywhere a three-point fix can be obtained. It is a
variation of the buoy method without the use of a buoy to mark the calibration site.

The advantage of the buoy method is in reducing the distance computations
when a great number of observations are to be made in an area over an extended
period. Also the buoy method can be used when the shore signals are not visible to
take the three-point fix.

For cach project a calibration program should be devised using one or more of the
methods given. Such program would include calibration observations at the begin-
ning and end of each trip, after each shutdown of the equipment, and more often if
convenient A record should be kept on the ship and at the ground station of all re-
pairs, changes in equipment, or accidents which might affect the calibration,

2.100 EPI-SHORAN CALIBRATION METHOD

The ship EPI set can be calibrated by Shoran if certain conditions are met. Shoran
equipment must be available at the EPI ground station and aboard the ship. The
geodetic relationship between the EPI ground-station antenna and the Shoran an-
tenna and the calibration values for the Shoran, must be known.

1
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Due to present technical requirements and limitations. it is not considered feasible
to mount the EPI and Shoran antenna together. A simple way to utilize Shoran for
calibration is to lay down, on the chart, the positions of the EPI and Shoran antennas,
and the perpendicular bisector of the line between the antennas. The ship is then
placed on the perpendicular bisector of the line between the EPI and Shoran antennas,
which insures equal Shoran and EPI distances, provided the ship is on, or very close
to, the perpendicular bisector.

To place the ship on the bisector, EPI or Shoran, and in some cases a combination
of these controls, is used. The use of EPI for control is usually the best method because
no additional equipment is required.

Another method is to place the ship on the line extended between the two antennas
and correct the measurement for the distance between them.

In selecting a site for the Shoran antenna at the EPI station, the distance at which
calibration is desired must be taken into consideration. Usually the Shoran antenna
elevation is chosen so that the signal will carry 25 to 30 statute miles. Since EPI is
desired for use at much greater distances than 25 to 30 statute miles, a shorter calibra-
tion distance is not considered desirable. The Shoran antenna location, where a 50-foot
mast is required, should be at least 400 feet away from the EPI tower.

The actual calibration consists of a series of simultaneous EPI and Shoran read-
ings. With the EPI station on continuous synchronism (sync), 20 readings are obtained
at about %-minute intervals with the ship underway at slow speed, heading along the
perpendicular bisector either away from or toward the stations. These values are
plotted against each other on graph paper for the purpose of rejection of wild readings.

The EPI distance is read directly in microseconds, but the Shoran distance has to
be converted from statute miles to microseconds. For this conversion, the value of
10.7401 microseconds per statute mile is used. After correction of the Shoran readings
for the ZERO CHECK (see paragraph 7.700), the difference between the mean cor-
rected Shoran value and the EPI mean reading is the EPI celibration correction.
Enter under REMARKS identification data on the sets used and whether the EPI
ground station being calibrated is an A or B station. If there is a possibility that the
EPI station being calibrated may be used as an A or B station, it should be calibrated
on both A and B delays.

Calibration should not be made until all equipments are warmed up for a period of
not less than 45 minutes. It is also advisable to make and record an EPI zero check
and make a routine check of the divider circuits at the time of calibration.

A sample calibration is shown:

EPI CALIBRATION: EPIE vs. SHORAN 31 AUGUST 1951

Ship set No. 2

EPIE controller-indicator No. 2
EPIE transmitter No. 3

EPIE Shoran Set No. 3

EPIE on A side

Ship Shoran Set No. A
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|
! Time EPIE SHORAN Zero check

h m
16 58 307.1 28. 115 99. 804
306. 3 28. 065
305. 8 28. 016
305. 3 27. 966
17 00 304. 8 27. 925
304. 2 27. 888
303. 7 27. 844
303. 2 27. 804
302. 8 27. 770
302. 6 27. 732
302. 3 27. 697
301. 9 27. 660
301. 3 27. 622
301, 1 27. 584
17 05 300. 8 27. 545
300. 4 27. 508
299, 8 27. 467
299. 0 27. 425
298. 9 27. 387
298. 5 27. 347 99. 801
Total___| 6049. 8 554. 367
Mean___| 302 49 27. 718 99, 802
—0. 027
27. 691
09.802 ... _.___ Mean zero check
99.775 __.__. . Zero set
—0.027 _____..._.. Shoran correction
27. 691 ee-vw--"._ Shoran distance in statute miles
10.7401 .. ___.._ . _.  Conversion factor to microseconds
297. 40 ~—e- .- Shoran distance in microseconds
302.49 . ____ ... EPIE distance in microseconds
297.40  __._._ .. __. Shoran distance
—5.09  ____. ——- ... EPIE correction as A station in microseconds

2,200 EPI-BUOY CALIBRATION METHOD

To use this method for EPI calibration, a buoy is planted in a position easily acces-
sible to the ship as it goes to and from the working grounds. A good 3-point fix is neces-
sary at the buoy location and the depth of water must be favorable for buoy planting.
Description of construction and methods of locating the hydrographic buoy will be found
in chapter two of the U. S. Coast and Geodetic Survey Hydrographic Manual, Special
Publication No. 143.

Thus with the buoy accurately located, the EPI system can be checked quickly
most any time the ship is in the vicinity of the buoy. The buoy is planted at a position
not closer than 30 miles or greater than 300 miles from the stations. More than one
test buoy can be used if desired.
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2.201 Circle Tests at Calibration Buoy

These tests are made by circling the buoy at reduced speed, keeping the ship ap-
proximately 100 meters from the buoy and taking observations at 30-second intervals.
Ship’s head, pelorus readings, and distances by range finder to the buoy are taken at
each observation, and all EPI readings are reduced to the buoy center. The cirele test
takes about 5 to 7 minutes per circle. At all fixed buoys, the circle test consists of 3
circles, with a different EPI reader for each circle so as to reduce personal equations.
The equipment during the test is in continuous synec and the EPI reader constantly
maintains a match. Two recorders are used, one who records the range readings at
the designated intervals while the second records the other data in a separate book.
At the end of the test, the EPI readings are added to the record book and the results
computed. A sample record is shown below. If a good circle is made, the corrections
cancel each other and the direct mean of the observed readings is the desired result.
To reduce the burden of reduction to buoy center, good circles are necessary.

Date: 8 December 1950 Buoy No. 2 Wind: NNE-4 Sea: 2
Position Time Ship’s head Buoy bear Distance EPID EPIE
h m s Degrees Degrees Meters Microseconds; Microseconds

1 06 06 00 196 114 106 1306. 6 2415. 7
2 30 154 076 106 6.0 - 5.0
3 07 00 121 034 106 5.9 4.6
4 30 078 357 106 5 4 4.0
5 08 00 040 314 107 5.0 3.9
6 30 353 268 107 4.7 4.0
7 09 00 309 214 107 5.0 4.4
8 30 261 160 107 5.7 5 3

Mean._____ 1305. 5 2414. 6

2.300 EPI-THREE POINT FIX METHOD OF CALIBRATION

The ship is located visually from shore signals by three-point fix while taking a
series of EPI readings. The fixes may be plotted on a large-scale aluminum-mounted
sheet, which has equal-distance circles from the ground station plotted on it for quick
determination of the true distance.

2.400 EPI REDUCERS

In cases where the various observations at the calibration point do not vary much,
it may be assumed that the equipment is stable, and the mean of the corrections ob-
tained may be used without further computation. If the observations at the various
calibration points indicate a jump or drift in the correction, an effort should be made to
determine the reason for the change, and the exact time of the change.

It is recommended that the calibration corrections be obtained from trip to trip
rather than using a mean for an entire season. Daily calibration is not required but
calibration should be done whenever possible, and certainly at the beginning and end
of each 2-weeks trip.

2.500 DUAL-SHIP METHOD FOR HYDROGRAPHY

In the event that two ships are available for hydrographic surveying and only
one has EPI equipment, by use of the precision VI radar repeater or a radar of equal
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accuracy, supplemented by gyro bearing using telescopic-alidade, two hydrographie
lines can be run simultaneously.

For this type of work, the VF radar repeater should be calibrated and adjusted to
the nearest 20 yards by means of the special delay line inserted in the VF trigger circuit.

This method should only be used in areas where the accuracy of such procedure
will not be detrimental to the quality of the survey. In other words, in flat arcas where
a wide spacing of the hydrographic line is all that is required.

EPI fixes are taken aboard the ship having EPI control at selected intervals
(about 15 to 20 minutes) and the other ship takes a VF radar distance and bearing,
plus visual bearing, if possible, at the same time. This information is then exchanged
via radio telephone between the ships so that both can make a continuous plot of the
courses run,

The success of this method depends on careful planning as to the arrangement of
sounding lines and the procedure at the ends and beginnings of the lines. The control
ship should keep the following ship informed when it intends to make important
changes of course or other mancuvers.

2.600 DISTANCE MEASUREMENTS BETWEEN FIXED POINTS BY USE OF
EPI

Positioning of off-lying islands and other measurements of distances, or independent
datum, may be made by EPI length measurements. Three methods of making these
measurements have been used, as follows:

1. The line-crossing method between two EPI ground stations

2. Line-crossing method between an EPI ground station and a Shoran ground

station

3. A direct EPI measurement from one ground station and the measurement

reduced to & position on shore by means of a visual fix

The line-crossing method is a means of measuring the distance between two EPI
ground stations accomplished by having the ship cross the line between the stations
while making EPI distance measurements to each ground station. The sum of the
minimum distances measured to the ground stations is the distance between these
stations, after the instrument corrections have been applied. Range readings are
taken at intervals of either thirty seconds or one minute for a period of ten minutes
before the minimum and continuing ten minutes after. The figure eight crossing is
considered best. A series of four crossings is made at the center and is repeated at the
quarter-distance points from each ground station.

While the line crossing is going on, it is necessary that the ground station remain
in sync with the ship signals for the period the fixes are being made.

A straight continuous sync is quite tiresome to the ground station operator and it
is believed that this weariness is responsible for many of the erractic values obtained
while using such a system.

It was found that a reading every minute on the minute using CW radio signals
from the ship, or the EPI blink for transmitting intelligence to the shore station was
more satisfactory. The radio signals are subject to interference and may be missed,
but the use of the KPI blink is positive.

On the minute, the shipboard EPI operator takes his readings and then turns on
his blink which notifies the shore operators of a period of relaxation. This relaxes all

302383-—54——3
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operators. At 30 seconds before the minute, the ship EPI operator turns off his blink
which notifies the ground station operator to resync and re-align his pips in preparation
for the next minute reading.

This procedure can be continued for an hour or more which at times is required
for line crossings, when the exact position of the line between the stations is doubtful.

As a variation, a 10-second standby warning can be given via radio or blink from
the ship but this is not entirely necessary. The ground stations will normally hold sync
automatically for the short period of 15 to 20 seconds between the time of the adjust-
ment and the measurements by the ship operator.

When making line measurements by the combination of EPI and Shoran, the line-
crossing method is used with some modifications. Because of the limited range of
Shoran, the measurements must all be made at the end of the line nearest the Shoran
station. This may be a distance of 15 to 30 miles from the Shoran station.

When distances are to be measured by using Shoran equipment at one of th(*
stations, the EPI procedure is the same, but two ship operators are required. At the
ship, the Shoran is read simultaneously with the EPI reading. Shoran values can be
obtained at any time, thus no prearranged schedule is necessary for the Shoran part
of the measurement.

The distance between two stations, or between one station and a point on shore
can also be measured with the ship at anchor near one end of the line to be measured;
in this case, the distance from the nearby station is obtained by visual fix. An approx-
imate knowledge of the azimuth of the line to be measured must be available. The
correction to be applied to the EPI distance measured is then scaled. It is recommended
that the control for the visual fix be plotted on an aluminum-mounted sheet to reduce
the scaling error to & minimum. The reduction from the anchored position to the ad-
jacent EPI station may be computed if the geodetic positions of the control are avail-
able. This anchor method eliminates the use of the EPI calibration correction for the
adjacent EPI station.

If the control is not available at the adjacent EPI station, reduction may be
accomplished from the anchored ship position by Shoran distance and gyro bearing
to the station.

2,700 PLOTTING METHODS AND PREPARATION OF BOAT SHEETS

EPI fixes are readily plotted on a boat sheet constructed on a polyconic projection.
Reference is made to the U. S. C. & G. S. Hydrographic Manual, paragraph 7341, dis-
tance arc for RAR, where a similar problem is solved. To construct distance arcs on
boat sheets, plastic templates can be used in addition to methods deseribed in referenee
above.

Reference is made to the U. S. C. & G. S. Hydrographic Manual, paragraph 4537
where the Odessey RAR protractor is described. This protractor is well suited for
plotting fixes on circle systems. Information concerning the best method for working
up line-crossing observations is found in an article by Commander C. A. Burmister,
U. S. C. & G. S. published in the Journal of the Coast and Geodetic Survey, Volume 4,
December 1951.



CHAPTER III

THE EPI FIX

‘The operational characteristics of the system require that certain adjustments be
perfected at the time of each fix. The main consideration is that each ground station
be properly synchronized with the ship in order to obtain as nearly correct data as
possible for the fix. This requires that fixes be obtained at certain predetermined
times, at equal time intervals. The fix interval will, in part, be governed by the scale
of the survey. The following are the suggested fix intervals for use on boat sheets at
scales indicated: ‘

Time between fixes

Survey scale (minutes)
1:100,000 10 or 15
1:200,000 15 or 30
1:400,000 (or smaller) 30 (or longer)

3.100 DUTIES OF SHIP EPI OPERATOR

Before performing duty as an EPI operator, the person assigned to this duty
should be instructed by the radio technician in the following particulars:

How to recognize a sky wave.

How to check the timing civcuits on his indicator but not how to adjust them.

(See paragraph 7.200.)

How to take a zero check. (Sec paragraph 7.700.)

The uses of the various knobs, dials, and meters on the indicator.

How to recognize a saturated signal.

How to adjust the instrument (as described in paragraph 3.102), match his wave-

fronts, and take a reading.

When first coming on watch, he should inquire from the man whom he is relieving
as to the approximate readings to be expected, the approximate settings of the gain con-
trols, whether or not sky waves or static interference is to be expected. He should
make a check for sky waves, if indicated, by turning the gain up and searching for other
signals 50 to 100 microseconds away from the signal being used. The signal giving
the smallest reading is the ground wave regardless of the sive of the signal. If static
conditions exist, he must be alert to keep track of his signals between fixes so that he
does not lose them in static.

He must check the voltage to his equipment before each fix, and should take a
zero check at least once a watch.

When it becomes necessary to more closely develop bottom features, the fix-time
interval is made less so that better control of the ship’s course is possible.

17
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3.101 Procedure On Ship

Assuming that the fix interval has been set at 15 minutes and that the fixes oceur
on the hour and at each 15-minute interval thereafter, the proper procedure in obtaining
the data for the fix is as follows:

09:59:00

09:59:30

09:59:45

10:00:00

EXAMPLE: Fix to be at 10:00:00

The recorder calls out One minute to go. If blinking is being used by
the ship, it should be stopped by turning the trigger switch to center
position. The EPI operator makes such preliminary adjustments to
the settings of the indicator as necessary.

The recorder calls out Thirty seconds, or makes three warning buzzes on
the buzzer. The EPI operator aligns station pips on the indicator
scope, and makes such adjustments as necessary.

The recorder calls out Fifteen seconds, or makes two buzzes on the buzzer,
The EPI operator aligns the station pips on the indicator scope and
keeps them aligned, making such other adjustments as necessary until:
The recorder calls Mark, or makes one buzz on the buzzer. The EPI
operator has the pips aligned, takes both hands off the vernier cranks,
and calls out the data as follows: EPIA one zero six seven point two
(recorded as 1067.2); EPIB nine eight six point one (recorded as 986.1).
Blinking is now turned back on and the EPI transmitter high voltage
turned off, or left on, depending on type of operation. (See paragraph
9.310 for description of the blinking circuit.)

The navigator writes these values down on his Shoran-EPI abstract
sheet. The recorder records the data in his record book, then repeats
what he has recorded back to the EPI operator, who checks them against
the vernier readings still held on the controller. The verniers are NOT
changed until the fix has been plotted and verified. The fix will gen-
erally be plotted within a period of one to one and one-half minutes.

‘The requirement that verniers be not changed during this time gives

the navigator time to plot the data and thus check it. This safeguards
against the possibility of incorrect readings of the verniers, which some-
times appear as transpositions in the data as read.

When essential to minimi e interference to the ship’s communication system, the
EPI transmitter high voltage is turned off between fixes. The EPI operator should
turn on the high voltage of the transmitter between 5 and 10 minutes before fix time.

3.102 Instrument Adjustment for Range Measurements on Ship

Assume that the position of the ship is not known (as when the ship first enters
the working grounds). With the ship’s equipment properly warmed up and the ground
stations synchronized, set the controls on the instrument as follows:

SWEEP SPEED on SLOW
RECVR on SLOW TEST
TRIGGER ON

RECVR GAIN about 6 or 7
OPERATE-TEST on OPERATE
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Set both A and B.1000-microsecond range counters on zero. (It is not necessary
to set the vernier dial to zero.) It should be noted that there are two groups of four
timing pips on the vertical trace. The upper group is the A sweep pips and the lower
group is the B sweep pips. The A ground-station signal should appear somewhere in
the group of A sweep pips, while the B ground-station signal should appear in the
group of B sweep pips. If the ground-station delays are set for normal range operation
(ship within 3000 microseconds of the ground stations), the approximate range of the
ship from a ground station is found as follows: Starting at the top of the group of
sweep pips, count the number of pips before reaching the ground-station signal. The
distance to the ground station within 1000 microseconds is one less than the number
of pips times 1000. As an example, if thore are three pips between the start of the
group and the ground-station signal, the approximate range will be three less one,
or two, times 1000, or 2000 microseconds. The exact range will be read later from
the vernier and the 2000 microseconds will be added to this reading to give the total
exact range.  Proceed to the next step by setting the controls as indicated.

SWEEP SPEED on FAST
FAST SWEEP on 1

RECVR on OPERATE
TRIGGER ON

BALANCE GAIN centered
RECVR GAIN about 6
OPERATE-TEST on OPERATE

Rotate the A range dial in the direction of increasing microseconds until the
thousand microsecond range counter (top number) reads the correet thousand miero-
second found in the preceding paragraph. Continue to rotate the <1 range dial until
the A ground-station signal appears on the left side of the vertical sweep, then make a
rough match of the ground and local signals. Repeat this operation for the B side.
For the final matching of the signals turn RECVR on OPERATE, then follow the
steps accompanving Figure 7.

3.103 Range Measurements Beyond 3000 Microseconds

The normal range of the EPI from any one ground station is 3000 microseconds;
however, ranges of 6000 microseconds or more are possible if the ground station is
instructed to introduce the proper delay.  Normally, the ground-station operator does
not know if extra delay should be put into his instrument; thus, it is the duty of the
hydrographer to instruct him. Also, as the ship moves from ranges greater than 3000
microscconds to distances closer to the ground station, the ground station should be
informed to remove delay. However, if the ship fails to inform the ground station to
remove the delay, it will not affect EPI fixes until distances less than the additional
delay added are approached. It should be kept in mind that it is necessary to instruct
only the ground station whose ranges will exceed 3000 microseconds, The other
ground station may continue to use normal range delay. When it is possible, it is
best to inform the ground stations well in advance when they should put in extra delay.
It might even be possible to let the ground station know at what time they should
make the delay change.  When the ship is steaming away from the ground station,
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Focus for minimum width
of lines at top or
leading edge of pulse

Make pulse fronts
paralfcl before

Local and ground
station signals
are not neces-

sarily the same
height

Keep entire signal
on scope, but as near
edge as possib

1st. Using receiver gain control, brinf weaker ground station to proper
amplitude, which is as large as possible and still have entire signa
on scope. :

2nd. Using local gain control, nd;ust local signal until wave front of
local signal matches wave front of weaker ground station (should be
parallel for 0.8 leading edge).

3rd. Usinf balance gain control, adjust Qtronger ground station signal
to match local signal as in 2nd.

4th. Bring wave fronts into coincidence with range dials at standby,
holding coincidence until mark, then read.

Figure 7.—A ppearance of signals on the ship’s scope just before signals are superimposed.

they should tell the ground station to put in 1000 microseconds’ delay before they are
2800 microseconds from the station. If the ship intends to go to ranges between 4000
and 5000 microseconds, they can instruct the ground station to put in 2000 instead of
1000 microseconds.

The instrument adjustment made by the ground-station operator is given in
paragraph 3.202.

3.200 PROCEDURE AT THE GROUND STATION AT FIX TIME

Assuming that the necessary adjustments have been made to the instrument, as
described in paragraph 3.101, then:

At the one-minute-before-fix alarm, the ship operator will cut his blinking circuit.
When the ground-station operator notes that the ship signal has stopped blinking, he
will make the adjustments preparatory to the fix. First, the SYNC METER is cen-
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tered by the FINE FREQ control on the controller-indicator. Then the pulse wave-
fronts are lined up by the SYNC DELAY control on the synchronizer. It may be
necessary to make small adjustments to the GAIN, BALANCE GAIN, and LOCAL
SIGNAIL GAIN controls to make the local- and ship-signal wavefronts parallel. Then
comes the final FINE DELAY adjustment to match these wavefronts. Most of these
adjustments should be made well before the end of the minute-before-fix time so that -
at the time of fix there will be no change. The synchronizer, in the absence of noise,
will hold the system for a considerable time without adjustment. At the end of the fix,
the operator makes the following entries in his log: TIME, FINE FREQ, SYNC DE-
LAY, BAL. GAIN, GAIN, QRN, MATCH, LOCALSIGNAL GAIN, and REMARKS,
Once each hour the transmitter’s transmission line current is recorded. The MATCH
and QRN indexes appear in the following table. Selection of the proper index number
is a matter of personal judgment, which will become more accurate as the operator gains
experience in operating the equipment.

~

MATCH Index NOISE Index (QRN)
0 No signal, or out of sync Excessive
1  Unsatisfactory Moderate
2 Satisfactory Little
3 Excellent None

Focus for minimum width of
lines at left or leading
edge of pulse

Keep signal about-¥”
elow saturation level

Make pulse fronts
paralgel before
superimposing

Figure 8.—Appearance of signals on the ground-station scope just before signals are superimposed.
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3.201 Synchronizing Procedure

After the equipment has warmed up at least 30 minutes and all timing checks have
been made, with the station delay control set properly, the unit is ready for surveying
fix matches.

Set controls as follows:
SWEEP SPEED switch on SLOW
FAST SWEEP switch on 3
RECVR switch on ON 1
RECVR GAIN turned up
Use some trace separation

TRIGGER ON

If the ground-station transmitter is working properly, a local-signal pulse should
be seen on the lower trace at the leading or left edge of the lower pedestal.

With the electronic attenuator unblanking switch off (located on front of the
electronic attenuator), and the amplitude balance control centered, the ship-station
and other ground-station signal pulses should be seen on either top or bottom traces.
These signals can be moved to the left or right by pressing the left-right switch cor-
respondingly The ship signal can be easily identified as it will shift along the trace
while in the process of blinking.

Move the ship’s pulse by means of the left-r lght switch to the top of the pedestal
on the upper trace. The fast-sweep switch should then be set to 2 and the sweep-speed
switch set on FAST. 1If the ship-signal pulse is drifting fast to the left or right (with
the left-right switch normally centered), an adjustment should be made with the
fine-frequency control. If this drift cannot be stopped by the fine-frequency control,
this control should be centered and a coarse-frequency adjustment made until the
drift is stopped. The coarse-frequency control is a screwdriver adjustment in the
upper right hand corner of the controller-indicater panel.

Using the left-right switch, the signal should be shifted to the left edge of the
sweep or near the local-signal pulse.

Set the sweep-speed switch to 1 and the receiver switch to ON 2. The electronic
attenuator unblanking switch is switched to ON.

The amplitude balance, receiver gain, and local-signal controls are adjusted to
give a just-below-saturation of signals. This condition is found by noting where the
tops of signals just begin to flatten, and the receiver gain is backed off just a little from
this point. :

Adjust the fine-frequency control so that the synchronizer. meter needles are
centered.

Adjust the Syne delay until the leading or left pulse fronts are nearly together.

Using the local-signal gain, receiver gain, and amplitude balance controls, the
leading edges of the pulses are adjusted so that they are parallel along their entire
front; then these parallel pulse fronts are brought into exact coincidence, using the
sync delay control. See Figure No. 8. This adjustment is held for a full MINUTE
during fix time (30 seconds before and 30 seconds after), or until the ship signal blinks.

Care should be taken that these pulses do not go into saturation during adjustment.
The balance gain is adjusted in steps of one division of the dial at a time, the settings
usually being in the range of 7, 8, 9, or 10.
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After making adjustments, operation is a simple matter of trimming the local
signal gain, amplitude balance, and receiver gain. In case the ship signal goes off
the Fast Sweep, it is a matter of bringing the signal back into synchronism by going
back to slow sweeps and repeating the above procedure.

3.202 Ground-Station Adjustment for Ranges Beyond 3000 Microseconds

The delays are changed at the ground station by means of the control marked
STATION DELAY on the front panel and the control marked R on the right side of
the controller. Delays are established by the position of the pedestals on the upper
and lower slow-sweep traces. When the ground-station operator is told by the ship to
put in or remove delay by a certain amount, he should adjust his instrument, using the
delay tables shown below. Set the instrument as follows:

SWEEP SPEED on SLOW
FAST SWEEP on 3
RECVR on OFF

For A Station

*Top *Bottom
sweep sweep
DELAY pedestal on pedestal on
(Use
(Micro- (Use R STATION
seconds) control) DELAY)
Normal 2nd pip 4th pip
1000 : 2nd pip 2nd pip
2000 4th pip 2nd pip
3000 6th pip 2nd pip

*Count pips from the left end of the sweep to the left edge of the pedestal.

For B Station

*Top *Bottom
sweep sweep
DELAY pedestal on pedestal on
(Use
(Mdero- (Use R STATION
seconds) control) DELAY)
Normal 2nd pip 14th pip
1000 2nd pip 12th pip
2000 2nd pip 10th pip
3000 2nd pip 8th pip

*Count pips from the left end of the sweep to the left edge of the pedestal.

302383-~H4——4
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3.203 Alternate Method for A Ground-Station Adjustment for Ranges Beyond 3000
Microseconds

If the left edge of the pedestal on the top sweep is set at the 6th pip, the ranges
can be adjusted solely by use of the STATION DELAY control on the front panel.
In this case, for normal operation, the left edge of the pedestal on the botfom sweep
will be set at the 8th pip. Moving the bottom pedestal to the 6th pip will extend the
range by 1000 microseconds; to the 4th pip, 2000 microseconds; to the 2nd pip, 3000
microseconds,



CHAPTER 1V

INSTALLATION OF SHIP EQUIPMENT

4100 LOCATION OF INSTRUMENTS

4.101 Controller-Indicator Placement

From electrical considerations, the location of the controller-indicator is not critical.
However, it is desirable, but not necessary, to have it in a different compartment than
the EPI transmitter. The choice of position for the controller-indicator is most often
controlled by the space that is available in the vicinity of the plotting table. When
the controller-indicator is located near the plotting table, the hydrographer can super-
vise its operation. It also simplifies communication between the various points of
operation. When the controller-indicator is remotely locdted, a communication sys-
tem between this unit and the plotting room will be needed.

There should be two to three feet of space all around the controller-indicator for
operation and maintenance of this instrument.

4.102 Transmitter Voltage Regulator and Wavemeter Placement

While the location of the transmitter is not critical, it is preferable to select a
location which will shorten the distance between the transmitter and the antenna.
As a secondary consideration, the controller-indicator and transmitter separation
should be kept small. Since there is no forced ventilation, the space should be mod-
crately well ventilated. There should be 3 or more feet of space in front of the trans-
mitter and 2 feet on each end. For convenience in adjustment, it should be mounted
about 30 inches off deck. If the ship’s power system is poorly regulated, a voltage
regulator should be used and may be mounted in the same compartment with the
transmitter. It is not necessary to permanently mount the wavemeter, but it is often
convenient to have it so mounted. There should be no large metal surface within
12 inches of the back or bottom of the wavemeter. A satisfactory arrangement is
to mount the wavemeter on brackets which attach to a bulkhead back of or over the
transmitter. By looping the rf coaxial cable from transmitter close to the wavemeter,
large deflections of the wavemeter are possible.

4.200 INSTRUMENT AND CABLE INSTALLATION

4.201 Controller-Indicator Installation

The controller-indicator should be arranged so that the scope faces either for-
ward or aft as this eases operation during rough weather. It is necessary to place
the instrument on a stand which is secured to the deck. The height of this stand
should be between 25 and 28 inches above the deck which will bring the center of the

25
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cathode ray tube about 47 inches above the deck. This will be a convenient height
for a seated operator. The stand should be built to fit the slope of the deck so as to
level the controller-indicator.

Where practicable, the cables from the controller-indicator should pass through
kickpipes between compartments. To keep the cables off the deck, the kickpipe should
be located as close to the back of the unit as possible. When this type of cabling is
not, advisable, the cables may pass through the deck above or be secured to the beams
above the instrument.

4.202 Transmitter and Regulator Installation

The transmitter may be on a table-like stand to elevate the base of this instru-
ment about 30 inches above the deck. This makes for convenience in operation and
maintenance. Enough space (about 12 inches) must be left behind the transmitter to
make the antenna and ground connections.

Since the regulator is heavy and needs little attention, it may be located on the
deck in some out-of-the-way place. This space should not be enclosed, since a moderate
amount of ventilation is needed for this unit. The same applies for all other units.

4.203 Transmitter Coupler Installation

Locate the transmitter coupler near the basce of the vertical down-lead of the
EPI antenna. While it is desirable to mount this unit in a watertight compartment,
it can be mounted outside if there is reasonable protection against spray. When the
coupler is mounted inside, a bowl insulator should be used where the antenna passes
through the bulkhead or deck. The coupler must be grounded to. a steel bulkhead or
deck which forms a structural part of the steel hull of the ship. Grounding should be
made by using a wide copper strip or braid. RG-10/U cable is used to connect the
coupler to the transmitter. Figure 10 illustrates a typical ship antenna installation.
Refer to paragraph 9.600 for the data on the ship antenna.

4.204 Cables and Grounds

For permanent installations where coaxial cable is needed, RG-10/U should be
used. For temporary installations, 52-ohm RG-8/U coaxial cable is recommended.
The power cable should be 2-wire, No. 10 or 12, leaded and armored—the conventional
shipboard type. Grounding strips should be of thin copper shim, 3 or 4 inches wide.
The ground point should be as near the transmitter as possible. This may be a bulkhead
that is well conneeted to the hull of the ship.
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CHAPTER V

INSTALLATION OF GROUND STATION

5.100 SELECTION OF GROUND-STATION LOCATION AND OTHER CON-
SIDERATIONS

Assume that the general location which will give the best control of the area to be
surveyed has been decided upon. The exact location should be selected to meet the
following requirements:

a. Tt is desirable that the ground be fairly level and clear for a distance of about

100 feet from the center of the system.

b. While the location may be on high ground, there is no advantage in having the
station elevated except when Shoran is used for calibration. In fact, other
considerations make it more desirable to have the station on low ground neat
the water’s edge.

¢. Have the station so located that the signals will not have to pass over more
than a quarter of a mile of land from any direction to the working grounds,

d. Where the ground wire is close to the water’s edge, the wire should never be
under water at any stage of the tide.

In selecting a site in remote areas, the camp water supply will be a serious problem.
When possible, select a site which is close to fresh water or where the transportation
of water is not difficult.

It should be kept in mind when undertaking the construction of an EPI ground
station that the extensive area served will make it a semipermanent installation,
requiring sturdy weather-tight structures for shelter of instruments, equipment and
personnel. When the station is to be used to serve a special purpose requiring only a
brief period of operation, tents or temporary shelters may be used. In any case, the
lightly constructed EPL towers must be carefully erected on a solid foundation and
securely guyed, the instrument shelter must be weather-tight to protect the electronic
equipment and well lighted. If any assurance of satisfactory operation is to be had,
the electronic and electric installations must be done meticulously. In general, time
and effort spent on sturdy construction and careful installation is well repaid when
stations are to be used for long periods in remote localities. Satisfactory operation is
almost as much a personnel problem as a technical one since long periods of conscien-
tious effort must be obtained from the operators. Provision of a moderate degree of
comfort in living and working conditions and periodic inspections are of great assistance
in obtaining the full cooperation of the operating personnel.

5.200 PRELIMINARY

Figures 11, 12 and 13 show the typical layout of a station when a calibration buoy
is used. The physical characteristics of the site are not critical except from the stand-
point of ease of construction. When Shoran is used for calibration, the site must be
selected on higher ground. Operationally, a minimum clevation of 100 feet for the

20
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Shoran antenna is essential and 150 feet is desirable. If the elevation of the station
site is greater than these limits, the Shoran antenna may be attached to the operating
shelter and the need for a separate Shoran shelter eliminated.

The position of the EPI tower must first be selected and the ground plane laid
out. The stakes for fastening the wires of the ground system may well be driven at
this time, but laying of the wire should be deferred until the major part of the construc-
tion is finished to eliminate damage to the system and interference with the work.
If the stakes are driven, bright-colored cloth is a help in recovery in grass or tundrs.
Wooden stakes, 2’/ x 2’ x 2’, are satisfactory in firm soil, but where the ground is
rocky or frozen, metal stakes must be provided. A %- to J-inch metal bar, 2 feet long,
is suitable. Ideally, it should be pointed at one end and have a boss at the other.
The layout of the ground system may be accomplished by improvised means, but a
small theodolite with tripod and a 300-foot tape will speed up the work.

Once the ground plane system is staked out, the positions of the structures will be
indicated by the terrain. The minimum dispersal is dictated by operational efficiency
and technical considerations. If the dispersal of the EPI structures is appreciably in-
creased, longer cable lengths are required and considerable power losses may develop.
When an elevated Shoran antenna is used, the Shoran installation should not be less
than 400 feet from the EPI tower. If additional elevation is required, it may be placed
as much as » quarter of a mile away. At greater distances, operational problems will
multiply.

The following factors should be considered: (1) The station should be accessible
from roads, beach, or other entrances; and (2) the power lines that service the station
should be in a direction away from the EPI antenna; where possible, these lines should
be in a direction away from the ship’s working grounds—in no case should elevated
power lines be between the ship and the antenna.

The order in which the station is erected is not of importance, so the items needed
for construction need not be in the order of the description given here.

5.201 Camp Construction

The reconnaissance party should determine the available facilities, material such
as driftwood suitable for dead men, foundations, and antenna poles. Materials may
then be reduced accordingly. They should note the type of soil that must be dug to
place the dead men and latrines. The actual shore construction party is then organized
according to the work that has to be done at the particular location.

The layout party, consisting of one officer and a man, should stake out the center
of the tower, the location of the four dead men or anchors for the tower guys, the 32
terminals of the ground system, and the position of the operating shelter.

Tower assembly party. Depending upon the type of the tower, this should consist
of a junior officer and two men. A tool box with the following tools should be brought
ashore:

Speed socket, and open-end wrenches to fit all tower bolts, U-clips, shackles,

turnbuckles, and foundation bolts

Lineman’s pliers

Gas pliers

Hammers and drift pins for aligning tower holes
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Also, some light and heavy wire should be taken ashore. The former is for tying
cable and chain ends out of the way, and the latter for fastening the tackle to the top
of the boom. A small quantity of trichlorethylene for cleaning the guy insulators
should be on hand. Normally, 8 hours will be required ta assemble the tower, lay
out the guy wires, and install the tower base. This time can be varied a little according
to how much preparatory work can be done on the ship; but, in general, sufficient
men familiar with the work are not available to permit them to work without close
supervision. The final lengths of the guys and design of the base foundation depend
on conditions at the site, and generally cannot be done ahead of time.

Labor party. Men must be provided to carry about 6 tons of equipment from the
beach to the site of the camp. The number of men required will depend on the loeal
terrain. A large quantity of the equipment must be kept dry, and tarpaulins must be
provided as temporary covers until the shelter is finished.

Shelter-building party. This should consist of one petty officer and two seamen
familiar with carpenter tools. The construction of the shelters will take about two
days. If possible, the generator shelter and the operating end of the main shelter
should be built first so that the engineer and electronic technicians can proceed with
their work. If men are available, a slightly larger crew may be assigned to this work.
They should be equipped with the tools listed in paragraph 15.500.

Digging party. The number of men assigned to this party will depend on the soil.
A minimum of two men are required in easy digging. They need to dig eight holes for
dead men for the towers (EPI and Shoran) and one hole for the latrine.

Tower raising party. Raising the tower is simple if well organized. Five men can
raise the tower if power is available to pull the blocks. The best power likely to be
available is a weasel winch. If it is necessary to pull the tower up by hand, additional
men must be provided for pulling on the block and tackle. This operation takes about
2 hours, and usually the party is formed from the various other groups working at the
camp site.

Electronics party. In general, there is no work for this party to perform until the
shelter is finished. It should consist of the radio technician and two seamen a,ss1gned
to the camp, plus one radio technician from the ship. They have to install all wiring
in the shelter and ground system, set up and test all electronic gear assigned to the
camp, unpack all boxes and place spare parts and tools on shelves, and arrange storage
of the empty boxes. The two seamen on the party should set up the sleeping quarters,
living quarters, and stow the food supplies on the shelves in the living quarters. In
general, they should go ashore with the initial party and assist with the other work
until such time as they can start on their own jobs.

Mechanics party. The EPI generators and Shoran generators assigned to the
camp should be set up and tested by the engineering department on the ship. Two
men should be sufficient if the labor party assists them in moving the heavy equipment.

It may prove practicable to set up a temporary camp site to permit the working

parties to live ashore until the station is finished, especially when transportation to
and from the ship is difficult.
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5.300 SUPPLY AND TRANSPORTATION FOR THE GROUND STATION

The problems of supply and transportation for ground stations may be divided
into two classes: Supply from the ship to the ground station, and ground stations
which attend to their own supply.

In remote areas, all the station supplies and transportation are handled by the
ship. 1n most cases, the supplies and equipment are moved between the ship and
shore by means of small power boats. The ground stations depend entirely on the ship
for resupply.

When the ground stations are in more developed areas, they may operate more
nearly independent of the ship in regards to supplies. Rented quarters are used by the
station personnel. The men purchase their own food supplies out of a-mess allowance.
A truck is normally furnished to be used for personnel transportation and other station
business.

5.301 Landing and Transportation

Since no more than moderate elevation is required for an EPI ground station, it
may normally be expected that the site will be comparatively easy of access even in
remote localities. Ease of access is, in fact, & prime requisite in choosing the site since
there is an irreducible minimum of heavy and bulky equipment to be taken ashore
and moved to the location selected. A suitable beach for landing from the sea is
essential.

The use of landing craft is required for beach landings unless considerable time is
to be lost in coping with even moderate sea conditions. Some form of transportation
ashore is also necessary and will permit the selection of more suitable landings at some
distance from the desirable site. The task of moving even the bare minimum equip-
ment by manpower for any distance is a considerable one. Suitable vehicles for most
localities are weasels or small tractors. Since neither of these vehicles has any consider-
able carrying capacity, a tratlerisa desirable addition. A two-wheeled trailer of standard
design is capable of traversing moderately rough ground but under the more difficult
conditions, a tracked trailer would be required. Where a wheeled trailer is to be used
over rough ground, a link must be inserted between the tractor pintle and trailer draw
bar to prevent damage to one or both. All tools and material should be packaged in
convenient sizes before landing. The electronic equipment should not be landed until
a shelter is available for temporary storage.

5.302 Supplying the Camp

In general, camp supplies can be divided into two distinet classifications, namely,
camp equipment of a nonexpendable nature which is to remain in camp during the
entire season and expendable supplies which include fuel and food which are delivered to
the camp at specified intervals. These two classifications are treated separately in the
following paragraphs.

5.303 Camp Equipment

Cooking and mess gear. As an EPI camp is generally manned by four men, much
time will be saved in the field if boxes containing all necessary cooking and mess gear for
four men are prepared when the ship is in port. Increasing the number of men in a
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camp for any reason simply requires dishes and silverware to supplement the fixed gear
box.

Heating units. Due to the explosive qualities of gasoline, heating units which
utilize stove oil, kerosene, or diesel oil should be used in all camps. Experience has
shown that the Coleman heating stove, in which stove oil is burned, gives excellent
service. In addition to the basic units, about four sections of 6-inch pipe, a T-damper
draftometer in the chimney pipe, asbestos wall plates, and a metal roofjack plate will be
needed for the installation of each stove in a shelter.

Cooking units. In temporary camps, it will probably be most practical to use the
Coleman two-burner stove with detached heating oven. Two of these units and one
oven should be furnished for each 4 to 6 men camp. In camps of a more permanent
nature, the Coleman flame stove with an enclosed oven is recommended. While this
stove is more difficult to move, it is far more adequate for a permanent camp. Con-
siderable success is obtained with converted wood and coal stoves with ovens. A ecar-
buretor and burner are fitted on this type of stove to permit the use of diesel or fuel oil.
This allows the use of a safer fuel, and also obviates the need of a separate heating stove.

Furniture. Standard cots are recommended for use in temporary camps. In
permanent camps, particularly where space is limited, it is recommended that two-tier
frames be built along the walls to hold canvas or spring bunk-bottoms. Enough lumber
should be furnished the camp so that in addition to shelving, a standard Army-type
mess table and bench can be built in each camp. Several card tables and camp chairs
should be furnished or built.

Bedding. Mattresses should be furnished for all cots or bunks. The amount of
linen and number of blankets or sleeping bags required will depend on the climate.
Four blankets were supplied each manp in the Alaska camps.

Tools and miscellaneous equipment. A chest containing a complete set of carpenter
tools, nails, and screws should be provided. Fuel cans, water cans, buckets, spigots for
drums, shovels, mop, broom, and dustpan are essential for each camp.

Fire extinguishers. At least two 15-pound CO-2 fire extinguishers should be pro-
vided, and several pyrene extinguishers should be placed in all buildings and on all
vehicles in the camp area,.

Lighting equipment. 1In general, sufficient current is available from the generators
to furnish lights to the several buildings in the EPI camp area. At least three Coleman
lanterns and a few candles should be supplied for an emergency.

Medical supplies. A complete First-Aid kit which includes bandages and medicants
is & necessity. '

Water drums. Water drums should be of noncorrosive material; even drums of
corrosive material that have been tested are not completely satisfactory. Aluminum
kegs, such as beer kegs, are recommended. When water must be transported great
distances, the drums should be no larger than 30 gallons.

5.304 Expendable Supplies

Fuel. The amount of fuel used in an EPI camp will depend on the climate and
the type of equipment used. If a gas stove is used for cooking, experience has shown
that two 91-pound tanks of Flamo gas will be sufficient for an entire season of 4 months.

The amount of stove or diesel oil used for heating a camp will depend on the
climate, size of buildings, etc. In general, five drums of fuel oil a month were used in
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heating the buildings in cach camp in the Alaska area. Blazo, a purified type of white
gasoline, is preferable to white gasoline in Coleman lanterns and stoves. A drum of
Blazo will supply a camp for a month when gasoline stoves are used. Leaded gasoline
was used to run the generators which supplied power for the EPI, Shoran, and for
lighting the camp in the Alaska area. In general, 10 drums of this fuel were used in
each camp per month.

It should be noted that white gasoline rather than leaded was preferred for use in
the Onan generators for the Shoran. The type of lubricating oil to be used in the
generators is specified by the manufacturers. About 20 gallons of oil each month were
used in each camp.

Cleaning equipment. The supply of soap, soap powder, and toilet paper needed
in a camp will depend upon the number of men. A box of lime for use in outdoor toilets
and Aerosol bombs for insects is recommended.

Food. Stewards and cooks aboard the ships will generally prepare the list of food
supplies which are required for a specified period. In an extensive project area, such
as the Bering Sea, it is frequently difficult to supply camps at regular intervals because
of landing conditions. It should be standard practice to provide enough additional
food for 10 days beyond the anticipated reprovisioning. In isolated areas, supplying
the camps is done on an average of 3 weeks to a month.

It is emphasized that in unfavorable climatic areas, the morale of the personne’
can be maintained by building comfortable, adequate quarters, providing the camps
with reasonable comforts, and making every effort to give them good and adequate
supplies of food. ’

Mail should be dropped off at every opportunity where serious interference to the
field work is not involved.

5.400 ANTENNA SYSTEM
5.401 General

The proper operation of the System depends upon an effective means of emitting
the radio signals. Theoretically, this should consist of a quarter-wave radiator of fairly
broad-banded characteristics, and with an impedance which will exactly match the
output of the transmitter. Further, this requirement would demand a different length
(height) of radiator for every frequency which might be used. Generally, the system
will operate on any frequency in the 1750 to 2000 kilocycle band. Fortunately, none
of the criteria of length and match need be met accurately, and such compromises as
may be necessary do not affect the operation of the system materially. Also, the 109-
foot mast will be quite an efficient radiator on any frequency in the band. Actually
the 100-foot mast is resonant at a frequency several hundred kilocycles above the band
used. Its impedance is somewhat less than the output impedance of the transmitter.
Nevertheless the efficiency is quite good.

This 100-foot mast is insulated from the ground: the mast is supported at the base
on three heavy bakelite insulators, and all of the guys are broken up into short sections
by ceramiec insulators. In order to complete the radiating system, a ground plane is
laid with the mast as its center. The ground plane consists of thirty-two radials of
copper wire extending 100 feet from the center. The outer ends of all of these radials



EPI MANUAL 37

are bonded (electrically) together. The inner ends are also bonded together and to
the sub-base of the mast. Special fittings are attached to the mast for attachment of
the transmission lines from the equipment. ’

The mast is of partially pre-fabricated construction of triangular cross section,
with side dimension of eleven inches. The mast is of the so-called boom-type: that is,
it is assembled in the horizontal position on the ground and erected to the vertical
position by means of & boom. The mast consists of ten (10) ten~foot pre-fabricated
sections, none being identical, and one slightly different, this being the top section.
The boom consists of three sections, two being exactly like the nine in the mast, but
the third having special fittings for erection. The sections are fabricated from
63-ST-6 aluminum alloy angles and sheet.

The base, also of aluminum, is of a double-pivoted construction with one large
plate forming the sub-base, which will rest on a suitable foundation, and the insulated
portion, which is the base proper.

The mast is supported in the vertical position by means of five (5) sets of four (4)
insulated guys. The guys attach to the mast at points about 20, 40, 60, 80, and 98
feet from the base. Eight (8) anchors are required, four (4) on thirty (30) foot radii,
and four (4) on sixty (60) foot radii. The type of anchor will depend almost entirely
upon the conditions of the land on which the mast is to be erected. They will usually
be deadmen, fabricated from 2 x 4 material buried at the points indicated, the depth
depending upon the consistency of the soil-—being deeper for light, sandy ground.
If it is not practicable to dig anchor holes, the anchors may well consist of cribs filled
with bags of either sand or rocks.

5.402 Material

The mast consists of a number of prefabricated sections and other accessories, as
shown in the following table:
The Mast:
9 sections, intermediate/bottom, with connectors.
1 section, top, with connectors.
The Boom:
2 sections, intermediate/bottom, with connectors.
1 section, top, with special fittings.
The Base:

5 sets of four (4) guys each, to attach to the mast at heights of 20, 40, 60, 80,
and 98 feet. Each guy is suitably marked. Each guy terminates at the
upper end in a ring. One guy of each set is special, having a bridle at the
upper end and a fitting near the lower end to attach to the boom (this will
be at the end of 20- and 40-foot guys, but will be approximately 30 feet
from the end of the others).

Accessories:

Block and tackle, for hoisting.

25 Turnbuckles, for attachment of guys to anchors.

8 Pieces of %-inch open-link chain (anchor chain) about 12 feet long.

40 Crosby clips.

20 Thimbles.

20 Repair links (¥%-inch).
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Figure 13.—Ground system and placement of instrument and power shelter.

4 Lag Bolts, %-inch x 4-inch (to secure subbase to foundation).

2 Pieces line, light, to guy the boom.
36 Quick-link connectors.
Ground plane: 5000 feet of #12 (AWG) bare copper wire.
Material not generally furnished with the mast, and which should be provided by
the field party, will consist of the following:
Mast Foundation:
4 pieces of 2 x 12 x 48-inch pine.
4 pieces of 2 x 4 x 48-inch pine (cleats).
4 pieces of 2 x 4 x 48-inch pine (stakes).
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Figure 13a.-~Layout of anchors for 100-foot EPI mast, ground-station.

Anchors (deadmen): Eight are required, each consisting of—
3 picces of 2 x 4 x 48-inch pine.
3 pieces of 2 x 4 x 18-inch pine (cleats).

Spikes and nails to fasten the parts together.

Stakes: 32 pieces, 2 x 2 x 24-inch pine, for ground plane.

5.403 Mast Site

Since the ground plane extends 100 feet out from the mast base, the site selected
should be moderately clear of brush and other obstructions over an area about 200
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feet square. For ease in assembling and erecting the mast, the site should be level.
It should be flat at least, with some slope tolerated. The slope should not be more
than six or eight feet in the 200 feet, if this is possible to find. The site should also
be accessible to transportation and land facilities, if possible, but these are not essen-
tial. The site must be accessible to some control network so that the position of the
mast may be accurately calculated either before erection or afterwards. This require-
“ment must be the first consideration, for the ultimate accuracy of the system will be
no better than the accuracy with which the ground station radiators are located.

The first thing to do after the site has been selected is to lay out the center of
the system and the positions of the eight anchors. The 100-foot tapes will be found
useful in this operation. (See figure 13a.) To simplify the erection, the anchors
should be so placed that, relative to the center, anchors #3 and #4 are in the up-hill
direction from the center. The lines of anchors 2-1-3—4 and 6-5-7-8 are at right
angles (90°) to each other. In order to lay these out at right angles, the positions
of anchors 2-1-3—4 are first laid out. Holding the zero of one 100-foot tape on point
#4 the zero of the other tape on the center, measure the following distances: 85 feet
from #4 and 60 feet from the center: the intersection of these distances will be posi-
tion #6 or #8. The odd numbered anchors are on 30-foot radii, while the even num-
bered anchors are on 60-foot radii.

Since the digging of the anchor holes is generally the most time-consuming part
of the work, this should be started as soon as possible. The holes should be a little
larger than 18 x 48 inches, to accommodate the deadmen easily, and they should be
at least three (3) feet deep, especially in sandy ground (as along the shore). The
long dimension of the holes should be at right angles to the lines 2-1-3—4 and 6-5-7-8,
respectively. The edge of the hole nearer the center should be at the measured dis-
tance from the center (30 or 60 feet, as the case may be). The hole for anchor #1
should be a little deeper than the others, since this anchor is used to erect the mast,
and may have considerable pull on it during the early stages of erection.

The deadmen are made up of three pieces of 2 x 4 x 48-inch pine, cleated together
by the three 18-inch pieces. The longer 2 x 4’s are spaced about 3 inches apart and
well-spiked to the 18-inch cleats. There is a cleat at each end; the center cleat is
on the opposite side from the two end cleats. The side with the center cleat goes
DOWN. Loop a piece of the % inch chain around the center cleat and center longi-
tudinal 2 x 4, having the shorter part of the loop only long enough to reach from the
deadmen to the surface after placing the anchor in the hole. If the site is to be used
a long time, the chain should be looped around the center twice and pulled tight,
with the short part still just above ground. A single loop is used if the site is tem-
porary, so that the chain may be recovered by pulling if desired. The short end is
secured to the long end by means of a repair link. Wire the repair link to prevent
it from coming loose.

Set the deadman in its hole; throw in a little of the earth. Pull the anchor chain
tightly in the general direction of the mast base. Dig out a narrow channel towards
the base so that, when the hole is completely filled, the chain will be more or less
directed towards a point about 50 feet above the center (mast base). There should
be 5 or 6 feet of chain usable for attachment of the mast guys. Tamp the earth well
into the hole as it is being back-filled. THe use of a little water will help compact it.

If a sufficiently large working party is available, the mast may be assembled
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while the anchors are being placed. The foundation of the mast consists of a plat-
form about 48 inches square, fabricated from the material indiested above. 'The
four pieces of 2 x 12 are cleated together with four lengths of 2 x 4. There is a cleat
at each end; the other two cleats are spaced 20 inches apart (10 inches from the center).
All are parallel to each other. The two middle cleats are so spaced that the lag bolts
used to secure the sub-base to the foundation will go into them for additional strength.
Place the mast base on the foundation and bolt it to the foundation, using the lag
bolts provided for this purpose. Do not set this foundation in place permanently
until the mast has been partly assembled, but place it in its approximately correct
position, with the pivoted portions hinged towards anchors #3—4.

5.404 Mast Assembly

The mast will generally be shipped in three crates or bundles, two containing
five (5) sections each, which are for the mast proper, and one containing three (3) sec-
tions, which are for the boom. Uncrate all of the sections. There are several boxes
containing the base, guys, and other fittings. Open these, and lay out the parts in
groups—that is, all of the guys marked 20" in one pile, and so on, and other fittings
where they can be obtained easily when needed.

Lay out the ten sections, end to end, with the special section with the top plate
farthest from the base. The mast should be laid out on the line Base—#3-#4. 1In
order to insert the first section of the mast into the base, it may be necessary to
remove the small cast aluminum sub-base which is bolted to the upper part of the
base assembly. This is held in place with three %s-inch bolts and the lightening gap.
Remove these. Remove the connecting links from the inside corners of the casting,
and insert the legs of the mast into the base. It will probably be a tight fit. See
that the mast section seats solidly. Using the links which were removed, bolt the
section fairly tightly into this base. With the base assembly horizontal (in its normal
position) replace the cast sub-base, together with the assembled first section, and
_ bolt it securely into place. The lightening gap should be about one-eighth (%) of
an inch: see that this bolt is tight. Tip the assembly until it rests on the ground:
one flat side of the triangular mast will be UP. Assemble a second ten-foot section
to the first.

Lay out guys marked “20” with the ring-ends nearest the end of the partially
assembled mast. One guy will have a bridle 8-feet long at one end, each part ter-
minating in a ring. Slip & ring over each of the two upper legs of the mast, and
against the formed cross member: lay this guy out ON the mast and towards the
base. Take two more ‘“20” guys, slip a ring over each of the UPPER legs of the
mast: lay the guys out appropriately towards anchors #5 and #7. DON'T CROSS
THEM. There will be two rings on each of the upper legs of the mast. Slip the ring
of the fourth guy over the LOWER leg, and run this guy towards anchor #3. Secure
the guys temporarily to their respective anchors, using a thimble, turnbuckle, and
two Crosby clips: leave the guys plenty slack, and don’t tighten the clips too securely,
as they will have to be adjusted later.

Add the third section to the assembly, keeping the assembly as straight as possible
both vertically and horizontally, using some shoring if necessary. The end of the third
section should just about rest on the chain of #3 anchor. If it does not, turn the mast
base foundation carefully until the mast points in the correct direction, seeing that
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there is no strain at any point, especially in the pivots. Set the base as nearly level as
possible and tamp the earth under and around it. Drive in at least three of the 48-inch
2 x 4’s along the side of the foundation towards anchor #1, snugly against the base.
When they have been driven as far as possible (short of flush with the top of the founda-
tion) spike them to the base and, if necessary, cut off any material projecting more
than an inch or two above the base. One or two stakes similarly driven on the opposite
side (on each side of the mast in its present position) will help. These stakes are neces-
‘sary to prevent the foundation from skidding out of place when the mast is being
erected (or lowered).

When this part of the work has been properly completed, add the fourth section
to the mast. Selecting guys “40”’, place them on the legs of the fourth section in a
manner similar to those at section “2” and lay them out in their respective directions.
Attachment to the anchors should be done, also, as before. Keep the mast straight.

Continue the assembly of the rest of the mast. The guys marked “60”, “80”
and ‘“100” are secured to anchors #6, 8, and 4, in a manner similar to the others. Guys
100" will attach to the top section at a point 18 inches below the top, where a ring,
for the purpose, will be found. Use a repair link for this connection. Secure the
link with a piece of wire.

Check all of the ““quick link connectors” and see that all bolts are tight. See that
the mast is straight.

Assemble the boom, using the three remaining sections, resting the assembly
on the mast. The top section has a special fitting, a triangular equalizer secured to the
boom-head by some ¥-inch aircraft cord. There are five shackles and rings along
one edge, marked 1, 2, 3, 4, and 5. This piece is secured to one side of the section:
this side goes down—next to the mast proper. Opposite the equalizer (around the
upper leg of the boom) is a loop to which the block and tackle is attached. Attach
the boom to the upper pivoted base and bolt it securely to it, using the connectors
provided.

Lay out the block and tackle, and run it out to its fullest extent—about 50 feet.
See that there are no turns in the tackle. Attach the block with the five lines to the
boom-head loop and lay the tackle along the mast towards anchor #1. Packed with
the block and tackle are two pieces of lighter line, each about 50 feet long. Secure one
end of each piece to the boom near its top (possibly to the rings which are about 18
inches from the top). The lines should be attached to the two down legs. Secure the
other ends of these lines to their respectivo anchors #5 and #7, near the greund.

Raise the boom by hand until it is about 4 or 5 feet above the mast, and support it
in that position, using a piece of 2 x 4 or other material. The special guys go to the
toggle plate. Guys “20” and “40” terminate in a thimble. Attach these guys to
rings #1 and #2, respectively, using repair links. At a distance of about 30 to 60 feet
from the ends of the other guys will be found a repair link connecting two sections of
guy together. Take off the end section and, using the repair link, attach the guys to
the toggle plate, keeping the end sections (which were detached) HANDY. Guy “60”
goes to ring #3, and so on.

Erect the boom, guiding it to its vertical position by means of the two light lines
which were attached to the boom head and to anchors #5 and #7, and as soon as possible
attach the fixed block of the tackle to anchor chain #1, somewhere close to the ground.
Take a strain on the tackle until all of the special guys are fairly tight. They should
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all take up at the same time, and with a continued pull on the tackle, the mast should
raise and keep STRAIGHT. If there are vertical “bends” in the mast, lengthen
the proper guy by inserting an extra repair link at the boom-head. This will mean
lowering the boom, or having someone climb up to the top to do this. If all goes well,
continue pulling on the tackle. This may be done by man power, if sufficient help is
available, but it is much more satisfactory to do it by means of a truck or other vehicle.
Have the vehicle face the base of the mast and stationed near anchor #1. Secure the
free end of the tackle to the front bumper. Have the driver back away from the mast
base, keeping directly in line with the mast; that is, backing towards and over anchor
#2. Back away slowly.” Keep the mast straight by adjusting, if necessary, the guys
secured to anchors #5, #6, #7, and #8.

When the mast has been raised to an angle somewhat greater than 60°, man power
can be substituted for the truck, as the effort to continue the erection will be very
small. At this point see that the guys going to anchor #3 and #4 are running free.
Continue the erection until the mast is within 5° or 10° of the vertical, and readjust
the guys at anchors #3 and #4 until they are about correct, but do not make the clips
tight. Then, make the mast vertical, or as nearly so as possible, and make the clips
on these guys tight, having the turnbuckle in about its middle adjustment.

Remove the top (“100”’) guy from the boom and, KEEPING IT TIGHT, attach
its stray line using the repair link. Wrap the link with some wire to prevent its coming
open. Quickly attach this guy to anchor #2 through a turnbuckle using & thimble
and two Crosby clips, and make the guy fairly tight. Do the same with guys “80”
and “60” and make them tight. Remove guys “40” and “20”, in turn, and attach
to anchor #1 in a similar manner to the others.

The boom may now be removed from its pivot, by taking out the two pins. Un-
hook the block and tackle after shortening it up moderately tight. Coil up the line
neatly, and tie it in several places to prevent tangling. Stow both the boom and
tackle in a safe place.

" The mast is now ready for final “plumbing,” that is, making it vertical. A plumb-
bob is desirable, but not essential. Any moderately heavy weight on a four or five foot
piece of string will serve. Stand near anchor #2. Hold the free end of the plumb-bob
string fairly high and at arm’s length. Sight along the string on the mast. Adjust
the various guys at anchors #5, #6, #7, and #8 until the mast is vertical and straight.
Stand and anchor #8, and adjust the guys at anchors #1, #2, #3, and #4 in a similar
manner. Do not make any of the guys too tight. Adjust each set so that each guy
in the set has about the same amount of slack (or whip). 1f correctly adjusted, the
topmost guys will have a slack of 3 to 5 inches, and a noticeable sag. The final adjust-
ments can be made by ‘“feel” as well as any other way. The lower guys are, of course
tighter than those above. If the guys are too tight, there is an unnecessary downward
pressure being applied to the mast and base. If they are too loose, the mast may weave
or twist in the wind. After all adjustments have been made, secure all turnbuckles
and repair links with wire to prevent them from unscrewing or coming loose.
of the ground plane wire will be useful at these points.

If it is ever necessary to lower the mast, a procedure reverse of the above is followed.
Care to keep the guys slack enough, but still keep the mast straight is the one precau-
tion. Use a vehicle if available, but take it slowly. If the mast is Jowered only tem-
porarily, observe settings of the guys, so that it will be easy to re-erect the mast.

Some
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5.405 Obstruction Marking of the EPI Antenna Tower

When the EPI ground station is to be located so close to an airport that the antenna
tower imposes an obstruction, all the Civil Aeronautics Administration marking
requirements must be observed. In the following paragraphs the obstruction marking
requirements are for the 100-foot EPI antenna tower.

5.406 Painting the Tower

When the tower is within 2 miles of a landing area, the tower must be painted.
Even though the tower may be outside the obstruction area, painting is recommended
to preserve the structure.

Paint the top 20 feet of the tower orange; the next 10 feet, white; the next 20 feet,
orange; and so on for the entire length of the tower. The bottom 10 feet of the tower
will be orange. Care should be taken not to paint surfaces where the 10-foot sections
of the tower join, as this will damage the electrical connection between these sections.
Paint the inside of the structure as well as the outside.

Several types of orange and white metal protective paints are available. Paints
used by the Civil Aeronautics Administration are:

Aviation surface orange paint (Federal Specification TT-P-59, Type B);

Aviation surface orange enamel (Federal Specification TT-E—489); and

White paint (Federal Specification TT-P—40, Type I or II),

5.407 Lighting the Tower

When the EPI tower is within 2 miles of the landing area of an airport, the tower
must be provided with lights. These lights must be kept burning at all times when
the sun is more than 6 degrees below the hori.on. There shall be a double-obstruction
light fitting with aviation-red prismatic or Fresnel globes at the top of the tower, each
globe to contain a 100-watt, type A-1, clear lamp.

To prevent the loss of radio-frequency power from the tower, radio frequency
chokes must be used to introduce the lighting power to the tower. Secure the lighting
cable to the inside of the tower, lashing to one leg at frequent points. Use 2-wire
rubber-covered cable such as SJO Simplex cable. Place the tower-lighting chokes
close to the base of the tower. There should be a tower-lighting choke in each wire of
the lighting cable. Use the same type of cable to run from the other end of each choke
back to the instrument shelter where it is connected to the power source for tower
lighting. The power source is usually 115 volts, 60 cycles. The chokes should be in a
watertight enclosure. J. W. Miller type 7870 tower-lighting chokes are satisfactory.

5.408 Antenna to Transmitter Connection

Later models to EPI no longer have a coupler at the base of the ground station
antenna. Because the antenna reactance is nearly zero for a considerable frequency
spread each side of the operating frequency, and because the resistive component of
the antenna is nearly equal to the characteristic impedance of the transmission line,
it is possible to direct-connect the coaxial transmission line to the tower with little
mismatch losses. Use about 120 feet of RG8/U cable to run from the tower to the
transmitter in the instrument shelter. At the antenna, connect the outer conductor
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of the coaxial cable to the ground connection on the bond of the radial ground system.
See Figure 14. _

Connect the inner conductor to the antenna close above the insulator. Seal the
end of the cable with & good tape or electrical sealing compound to prevent moisture
from creeping up the cable. Later models use a PL259 UHF coaxial plug and SO-239
receptacle at tower end of coaxial line. To the transmitter end of the cable attach a
UG-59 A/U coaxial connector.
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Figure 14.~Ground station tower foundation and ground system center:
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5.500 GROUND SYSTEM

The ground plane should be laid out next. The ground plane is required to make
a good “ground” for the system. When there is a suitable ground plane, the effect of
a half-wave antenna is obtained, the ground plane giving a mirror image of the radiator.
A solid sheet of metal, or of very good conductmg material would give a 1009, mirror
image. However, using 32 radials will give an efficiency within a few percent of the
ideal.

Drive a spike in the wooden mast foundation about an inch out from each corner
of the aluminum sub-base, leaving the spike protrude about 1% inches. Also drive in
one about midway between these corner spikes. (Eight (8) altogether.) Cut two
pieces of ground wire, one about 100 feet long and the other about 20 feet long. Secure
one end of each to a small marking stake. Make a small loop in the longer wire 100
feet from this stake; and one in the shorter wire 19.6 feet from the stake. Attach the
small loop in the 100-foot wire over one of the corner spikes previously driven. Walk
out the line of anchors #1-2 and drive in a 2 x 2 stake at the 100-foot distance leaving
about 4 or 5 inches projecting above the ground surface. Have one man hold the loop
of the 20-foot piece of wire on this stake. Walk away from the stake just driven toward,
say, anchor #8, keeping the 100-foot wire fairly tight and until the 20-foot wire is tight.
The marker stake then indicates the position of the second stake. Drive in another
2 x 2 stake at this point, and proceed as before until 8 stakes are driven in this quadrant.
Shift the inner loop of the 100-foot wire to the next corner spike, say, one in the general
direction of anchor #8; shift the measuring wire into the next quadrant, and continue
as in the first one. This procedure will divide the c1rcumference of the 100-foot radius
cirele into 32 approximately equal parts. '

Attach the end of the ground wire to the first corner spike used. Carry the reel
on a round stick (shovel handle, perhaps) toward the first stake driven. TPull the wire
moderately tight but let it lie on the ground. Take at least two turns around this
stake. Go to the second stake, take two turns around that one, then back to the corner
spike. Run the wire then to stakes 3 and 4, taking a couple of turns around each one,
then back to the mast base. Eight radials will go to each corner spike. Continue
this process until ail 32 radials are laid out. These radial wires should all rest on the
ground, so that they will become buried in a short time in the ground or grass. Make
two complete turns around the circumference of the circle, taking at least one turn
around each 2 x 2 stake, overlapping the turns already there. Then, take three or four
loops around the mast base, taking a turn or two around each spike. Solder all of the
junctions, both at the 2 x 2 stakes and at the spikes, so that the system is as nearly a
perfect conductor as possible. Do this before any corrosion has set in. Solder the
ground lead (a piece of heavy copper braid) from the connector on the base of the mast
to a nearby point on the ground plane: make this a good connection.

Lay out the power transmission line from the mast base to the instrument hut.
Make the connection to the fitting near the lightening gap. The fitting required is an
Amphenol (or equal) type 83-1SP/. The transmission line is a piece of RG-8/U
Coaxial cable about 100 to 125 feet long. The antenna system is now ready for use.

After the mast has been in position for several days, check all guys for correct
tension, and recheck the mast for verticality. Adjustments should be made from time
to time as may be necessary. If turnbuckles are adjusted, be sure to replace the seizings
which were removed.



EPI MANUAL 47

. If the mast has been lowered temporarily for any reason, check all of the quick
link connectors, and any other fastenings which may have vibrated loose.

5.600 INSTRUMENT, LIVING, AND POWER SHELTERS

The number and types of shelters needed at a ground station will depend on the
location and whether the ground-station personnel live at the station. When the
station is in a developed area, probably the only structure needed is the instrument
shelter. This is the case where commercial power and living quarters are available.

Some ground stations have been set up in developed areas where it was possible to
rent a house suitably located to house both the equipment and the operating personnel.
In populated areas, an effort is made to keep up the appearance of the station and to
keep it orderly at all times.

There are some advantages in having separate instrument and living shelters.
Since most of EPI operation is on a 24-hour basis, at least one of the ground-station crew
will be asleep at all times The normal sounds of communication and other functions
in the instrument room proves disturbing to those attempting to sleep. Also the pres-'
ence of the men off watch tends to disturb the man on duty. The advantage of having
a combined instrument and living shelter are simpler and less expensive construction,
and an easier heating problem. Figure 15 illustrates a combined shelter which is shown
because it contains the essential interior arrangement for both shelters.

Details for the construction of separate instrument, living, and power shelters
appear in Figures 16 and 17.

5.601 Bill of Materials for Combined Instrument-and-Living Shelter and Power
Shelter

EPI SHORE CAMP (with 3 rooms; 12" x 28’ shelter)
Timbers: :
4" x 6’ 3 pieces 28’ long, for main shelter foundation
2 pieces 8’ long, for power shelter foundation
8 pieces 4’ long, for power shelter foundation and outhouse
2 pieces 3’ long, for tower foundation
3 pieces 2’ long, for tower foundation
8 pieces 4’ long, for deadmen
"x4”9 pieces 16’ long, for antenna poles
40 pieces 14’ long, for rafters and plate
64 pieces 12’ long, for floor, plates, tables, bunks oil racks, coupler racks,
antenna base, tower foundation, ete.
66 pieces 8’ long, for studding and for power shelter floor
17 x 3'' 4 pieces 12’ long, for door and window jambs
1’ x 4’ 4 pieces 12’ long, for door and window jambs,
Plywood:
e’ 4’ x 7"—10 sheets
o'’ 4’ x 8’—28 sheets
3% 4’ x 6’—4)% sheets, for doors
Tarpaper:
To cover sides and roof—7 double rolls
302383—54——B
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Where more room is desired the length can be increased to 32 feet without altering the
basic design. The Galley may then be made 12 x 14* or a division of this extra length
nay be made between the Galley and 3unk room.

Figure 15.—EPI ground-station shelter.

To cover roof only—3 double rolls
Laths for over tarpaper—2 bundles
Roofing tar—1 gallon
Flyscreen for windows—1 roll 24’” wide
Windows:

4-glass, 8’ x 12”7, outside dimensions 22"’ x 28'’—35 ea.
Nails:

16d—12 pounds

8d—8 pounds

6d—25 pounds

4d—2 pounds

Roofing nails—2 pounds.
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House wiring supplies:

8 ceiling-light fixtures with switches and boxes

6 duplex convenience outlets with boxes

1 fuse box, residence-type, 3-wire, 2- or 4-circuit

1 double-pole entrance switch

125-ft, 2-conductor, No. 12 interior wire (Romex, Lumex, or BX)

(These supplies are also listed in Section XV)

Hardware:

7 sets door hinges, 6’ strap

5 sets window hinges, 2%’/ butt

5 sets door latches

1 collar to bring stove pipe through roof (store jack)

1 gross wood screws (hinges, wiring boxes, etc.), No. 8

15 sheets aluminum roofing, 2" x 12’

2 sheets aluminum roofing, 2’ x 14’

5.602 Location of Shelters

The instrument shelter should be just outside the 100-foot ground-wire system, as
illustrated in figure 13.. When the location permits, this building should be so situated
that the tower will be between it and the general direction of the working grounds.

Locate the power shelter 50 to 75 feet from the instrument shelter in a direction
away from the tower. In placing the living-quarters shelter, many factors are to be
considered. Among these are protection from the prevailing winds, accessibility for
supplies from the beach or road, and nearness of water supply. It is an advantage to
have this shelter sufficiently near the power shelter to get electric power.

5.603 Arrangement of Equipment in Instrument Shelter

The equipment should be placed on a table or stand. When one controller is used,
the table may be about 5 feet long and 30 inches wide, with a height of 31 inches. When
two control units are used, the table length should be about 8 feet. Arrange this table
along one wall of the shelter and, where space allows, leave sufficient room behind
this table so that the equipment may be serviced from the rear. The controllers
may be placed on the table, with a space between them for the distribution panel.

Locate the transmitter on the opposite side of the shelter with the controller and
transmitter facing each other, or in such a way that the controller scope may be viewed
while adjusting the transmitter. ILeave sufficient space between the transmitter and
controller for passage and for the operator. The table for a transmitter should be
about 30 inches long, 20 inches wide, and 28 inches high. When two transmitters
are used, the table should be 72 inches long. There should be a shelf under this table
with a clearance of about 14 inches for the modulators.

Location of the communication equipment will depend upon the remaining space in
the shelter. An area having the dimensions of 44 inches long by 20 inches deep should
be delegated for this equipment. Where possible, this equipment should be within easy
reach of the operator when he is at the controller-indicator. The clock should be clearly
visible from this position.

The power and fuse box may be mounted some place near to where the power
line enters the shelter.
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The voltage regulator may be placed on the floor of the power-shelter, and should
be so located that it will be accessible for service.

5.604 Power Unit Installation

When EPI is used in remote areas that do not have power lines near by, a power
plant must be furnished for the ground stations. The desired power is 5 kilowatts, but
in cases where power is needed for a few hours at a time as low as 2.5 kilowatts may be
used. The generator should be 115 volts, 60 cycles, driven by a gasoline or diesel engine.

A recommended power system is the military power unit PE-197. This is a
gasoline-driven, water-cooled, self-starting engine, powering a 120 volt, 60 cycle, 6.3
kva generator. When the system operation is continuous (10 days or more without
shutting down) two power units should alternately be used. Both these should be the
PE-197 or an equivalent size. In some cases where transportation is difficult, or when
operation is not continuous, the spare unit may be smaller, such as a PE-75. The
smaller unit is used only when service or repairs are being made to the larger unit.

An operating manual is necessary to the installation and maintenance of the power
unit. The recommendations should be strictly adhered to.

For two power units it is recommended that the floor space be no smaller than 8
by 8 feet, with head room of 7 to 8 feet. The floor should be half-decked, the power
units being mounted on the ground in the shelter, unless a concrete or heavy beamed
floor is constructed. If the ground is inclined to be soft, heavy timbers should be
embedded in the ground for the machine to rest on. In addition to the reduction of
vibration, mounting on the earth permits draining the crankcase oil directly into the
earth. Face the units so that cranking is easy, should eranking become necessary.
Allow enough room so that the units may be serviced from all sides.

Run the exhaust pipes out through the side of the shelter. They should have a
slight downward slope. Insulate the exhaust pipes where they pass through the walls
of the shelter to prevent burning. When possible face the outlets away from the fuel
supply, living shelters, and operating shelter to help reduce noise and danger of fire.

While each PE-197 unit has a 5-gallon fuel tank this is pot large enough for con-
tinuous operation. Each engine should be supplied with its own 55-gallon gas drum.
Mount these drums in hori-ontally on cradles outside the shelter. There should be a
ramp so the drum may be rolled up onto its cradle. The gas line from the engine to
the drum should have a short section of rubber-coupling hose near the engine to keep
vibrations from damaging the fittings. A special fitting is mounted on the engine to
allow for the external gas supply.

Mount a housed 30 to 60 amperes double-pole double-throw selector switch near
the power units to select power from either generator. Connect both generators to this
switch through a two-wire cable (number 8 wire), and the load to the center of the
switch. When a voltage regulator is used, the center of the DPDT switch is connected
to this unit. There should also be a light and power outlet in the power shelter con-
nected to this same point. The load line runs to the instrument and living shelters.
It is necessary that the line voltage be metered in the power shelter. If the power
units do not have a line meter, a 150-volt meter should be connected across the load line
to aid in adjusting the voltage output of the power units. Ground the power units to
reduce interference to EPI and communication equipment,
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5.605 Winterizing Ground-Station Shelters

Since EPI ground stations are of a semipermanent nature, precautions should be
taken to preserve the camp for the following year.

To do this, sufficient tarpaper and laths should be provided at the shore camp to
cover all doors, windows, and stove-pipe jacks. The buildings should be banked with
dirt up above the lower edge of the tarpaper to prevent snow from blowing under the
shelters during the winter storms,

As an added precaution, it is advisable to place 2’/ x 4’ timbers under the center
of all large, unsupported roof spans to help support the winter snow load. These
supports should be placed in both the operating and the living quarters.

5.700 GROUND-STATION PERSONNEL

The basic minimum staff of a ground station is one radio technician and two
EPI operators. In cases where the living needs of the men are tended to, as is done in
many parts of the United States, this minimum is all that is required to staff the station.
The technician stands an equal wateh with the operators.

When the EPI station is in a remote area where living quarters are on the station
site, it is necessary to increase the number of men to staff the station. There should
be the. addition of a cook to prepare meals for the camp and perform other duties
necessary to the comfort of the operating personnel. A mechanic should be supplied
for remote stations when the dependability of the source of power is doubtful or when
the power plant is complicated. '

It is cautioned about over-staffing remotely located stations. Living space is
seldom more than adequate, and additional personnel might make it uncomfortable for
all. Also, the larger the number of persons at a station, the greater will be the cooking
and supply problems.

Selection of ground-station personnel should be from among the very best members
of the crew. These men are to be given responsibility far in excess of their duties
aboard ship. '

In most cases, it is not practical to assign a cook from the steward department.
When a seaman is to act as cook, it is suggested he be given a short course in cooking
by working in the galley where he can be taught the rudiments of cooking. Each
camp should also be supplied with & simple cookbook.
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CHAPTER VI

GROUND-STATION COMMUNICATIONS

The communication equipment should be capable of transmitting phone or cw
signals for distances up to about 300 miles. A 100-watt transmitter will give very
reliable transmission over these distances. Frequencies of 4160 and 8320 kilocycles
are most often used for this communication. Types T'CS transmitters have been used
for EPI communication, but do not have sufficient power for the greater distances.
A Johnson Viking No. 2 transmitter, which is capable of delivering a 100-watt output
on phone and 115-watts cw, is satisfactory for communication. Hallicrafter Type
SX-71 receiver is adequate for reception. Communications equipment, while essential
to efficient operation, is not furnished as part of the EPI ground-station equipment.

Careful consideration should be given to the erection of communication antennas.
It is important that these antennas be kept as far from the EPI antenna as practicable.
A satisfactory transmitting antenna would be one about 100 feet long and running from
the control shelter in a direction away from the EPI antenna. The far support may
be a 30-foot pole; the near end can be a short pole secured to the control shelter. The
receiving antenna should be about 30 feet long, supported by a 20-foot pole at the far
end and to the same pole as the transmitting antenna at the shelter end. Keep this
antenna away from the power shelter so as to reduce ignition noise. It should also be
directed away from the EPT mast.
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CHAPTER VII

OPERATION AND ADJUSTMENT OF SHIP EQUIPMENT

7.100 INITIAL ADJUSTMENT

This procedure is for that equipment which needs complete readjustment. Some
of these adjustments will need repeating at times to keep the equipment in proper
working order. These will be considered under the item on routine checking.

7.200 INDICATOR

Perform the following:

a. Turn the power switch 5-107 on the face of the indicator to ON.
b. Turn the power switch S—603 on the face of the controller to ON.
¢. Set the controls on the indicator as follows:

SWEEP SPEED switch to FAST
FAST SWEEP to 2
INTENSITY, full clockwise
RECVR to TEST

OPERATE TEST on OPERATE

d. Adjust the HORZ. CENTER and the VERT. CENTER controls until the
vertical line is about one-third way up the cathode-ray tube, and equidistant
from each side of this tube. Adjust INTENSITY and FOCUS controls
until a sharp, clear trace is seen. 'The pattern seen on the scope should be
that seen in the lower part of Figure 18. If nine small pips do not appear
between the larger pips, adjust the screwdriver control A on the indicator.
Center this control in the proper range.

¢. Leaving other controls as in d set FAST SWEEP on 3, and press A and B
Zero Check switch. The scope pattern should appear as in Figure 18—
upper figure. If this is not the case, set adjustment B so that the large
pip is on the tenth smaller pip.

f. Set controls as follows:

RECVR to SLOW-TEST

SWEEP SPEED switch on SLOW

Trace separation, full clockwise

FAST SWEEP on No. 1

OPERATE TEST on TEST

The pattern should appear as in the lower figure of Figure 19. If this is not
so, adjust C so that every third smaller pip is as short as possible. These
pips can be seen more clearly on the left trace. There should be four groups
of pulses composed of two long pips between the short pips. If there are
not four such groups, make them by adjustment D.

55
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FAST SWEEP INDICATION OF TIMING
ZERQ CHECK INDICATION

FAST SWEEP ON |
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TEST-OPERATE ON 1‘1?—"5
OPERATE

RECVR GAIN
FULL CCW 100us PIP¥»

TRACE SEPARATION
FULL CCW

PRESS A OR B
ZERO CHECK SWITCH
TO MATCH PIPS

FAST SWEEP INDICATION OF TIMING

FAST SWEEP ON 2
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TRACE SEPARATION

CLOCKWISE

TEST-OPERATE ON Local signal___] ._ABB Ground
OPERATE sweeps station sweeps
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B8E ADJUSTED SLIGHTLY
TO MAKE CLEAR PATTERN

Figure 18.—Scope test and adjustment display showing appearance of 10- and 100-microsecond pips.
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FAST SWEEP INDICATION OF TIMING

FAST SWEEP ON 3
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COUNTERCLOCKWISE

TEST-OPERATE ON
OPERATE

PRESS A & B ZERO
CHECK SWITCHES
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TEST-OPERATE ON
OPERATE

TRAGE SEPARATION
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Local sweep
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Figure 19.—Scope test and adjustment display showing appearance of 1000-microsecond pips and slow

sweeps,
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After going through steps a to f, all the divider stages will be in proper adjustment.
The next step will be setting the proper delays.

g. With the same settings as in step {:

1. Set the range dials on the controller to read zero.

2. Adjust A PEDESTAIL POSITION on the indicator so that the top edge
of the upper pedestal on the right trace is just at the third 1000-micro-
second pip from the top, as shown in lower part of Figure 19.

3. Adjust the A PEDESTAI, LENGTH control until the sixth 1000-micro-
second pip just starts to slide down the lower edge of the top pedestal.
There should be three 1000-microsecond pips, as shown in Figure 19, on
top of this pedestal.

4. Adjust B PEDESTAIL POSITION on the indicator so that the top edge
of the second, or lower, pedestal is just to the eighth 1000-microsecond
pip, as shown in Figure 19.

5. Adjust the B PEDESTAL LENGTH control until the eleventh 1000-
microsecond pip just starts to slide off the lower edge of the second
pedestal. There should be three 1000-microsecond pips, as shown in
Figure 19 on top of this pedestal.

k. On the left trace of Figure 19, the position of the local sweep and transmitter
trigger should be adjusted to the second 1000-microsecond pip. The posi-
tion of this pip should be made correct by means of the serewdriver control
R on the right side of the indicator.

7.300 CONTROLLER

Most of the adjustments that can be made to the controller are made in the labora-
tory and will not need readjusting for long periods of time. Should such adjustment
become necessary, steps for making these adjustments arc described in Chapter XI.
The one adjustment that may need more frequent attention is the Sccond Eccles
Jordan circuit; evidence of trouble with this circuit and correcting adjustment are
described in paragraphs 11.105 and 11.106,

7.400 TRANSMITTER

7.401 How to Start and Stop the Mark III, Model 3, Transmitter

To start the equipment, first throw the main-line switch to ON and allow the line
voltage regulator to warm up a minute; then turn on the power switch S-101 on the
face of the transmitter. Allow about ten minutes for the 304TH tubes to warm up.
With the variac on the transmitter turned full counterclockwise, turn on the high-
voltage line switch S—-102. Bring up the variac until the plate voltmeter reads about
30, or the value at which the transmitter is normally operated. Check the frequency
as outlined under Ship Transmitter Tuning (paragraph 7.403). To stop the trans-
mitter, turn off S-102 and -101 in that order; also bring the variac to its full counter-
clockwise position,

7.402 Adjustment and Operation

Before starting the ship transmitter, ascertain that the transmitter antenna-
coupler has been tuned to somewhere near the proper value. This will be with the
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antenna tap in the region of 9 to 14 turns on L107. Coil taps for the transmitter

when set as described will be very close to the final setting. It will not be necessary

to make any adjustments to the grid coil L-102. It may be necessary to change the

plate taps on L~101 to get the correct frequency.
Plate taps (I.~101)—10 turns from center tap.
Grid coil (I~102)—Feedback tap and grid tap, 14 turns from center tap.
Impedance transformer (T-101)—Top tap 3% turns; bottom tap 2% turns.

Start the transmitter in accordance with paragraph 7.401, except bring the high-

voltage meter up to 10. This is to prevent arc overs due to mistuning.

7.403 Ship Transmitter Tuning

Put the transmitter on the correct frequency by using a wavemeter. The signals
from this transmitter are used to set the tuning of the ship receiver and the ground-
station receivers and transmitters. Tune the transmitter to 1850 kilocycles by means
of FREQUENCY TUNING on the front of the transmitter. If the frequency is out
of range of this control, move the plate coil taps until the transmitter is within the
range. If the FREQUENCY TUNING is still close to the extreme range, it may be
more nearly centered by moving a tap one or two turns on T-101.

Adjust the LOAD TUNING control for maximum antenna current reading; read-
just the frequency to 1850 kilocycles. Bring the plate voltage up to normal voltage
(about a meter reading of 30), and make final frequency adjustment.

Move the tap on the antenna-coupler coil one turn at a time. Cut off high volt-
age when making these changes. Correct loading and frequency for each tap change.
Select the tap that gives the maximum radio frequency current. The antenna current
will always be higher than the transmission line current; it may be more than twice

as high, depending on the ship antenna. The transmission line current should be
between 0.7 and 0.8 ampere.

7.500 RECEIVER TUNING

Before the receiver is tuned, the transmitter must be tuned to the correct fre-
quency by the method described in paragraph 7.403. The controller-indicator should
be warmed up at least 1 hour before tuning is started.

Set, controls as follows:

Center the BALANCE GAIN

Turn up RECVR GAIN and LOCAL SIGNAL GAIN until the ship signal
appears on the scope

SWEEP SPEED on FAST

FAST SWEEP on 1

The tuning controls are on top of the receiver and are the ANT, MIXER, and
OSC controls, in that order, from front to back. Tune the OSC control first for maxi-
mum signal amplitude, reducing the RECVR GAIN and LOCAL SIGNAL GAIN
to keep the signal from saturating. Next, tune the MIXER and ANT controls, in
that order, for maximum signal, reducing gain as necessary. Retune the OSC tuning
for maximum signal overshoot, or so that the signal rises to a peak, drops off slightly,
and flattens before the final drop-off.

At a time when both ground stations may be viewed along with the local signal
check the OSC tuning by noting if the ground-station signals rise and fall together
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with the local signal as the OSC is adjusted. I one or both of the ground-station
signals do not rise and fall with the local signal, the ground stations should be asked
to check and correct their frequency.

7.501 Receiver-Coupler Tuning

For Model ITI, Mark 2 System the receiver-coupler is in the transmitter. coupler
housing, while for the Mark 111, Model 3 the receiver-coupler is in the transmitter.
The receiver-coupler cable runs from the transmitter-coupler housing in the Model 2
system and from the transmitter to the receiver for the Model 3 system. .

Tune the receiver coupler by moving the tap on the coil until the ground-station
signal is maximum amplitude, making sure that the signal on the scope is below satura-
tion. Turn off the transmitter high voltage before changing this tap. While making
this adjustment note the antenna current. The antenna current will be somewhat
reduced in value when the receiver coupler has optimum tuning. Back up a tap or so
until the ship antenna current is a little reduced in value from that when the receiver
coupler is far off tune. It may be necessary to slightly retune the transmitter after
tuning the receiver coupler.

7.600 ROUTINE CHECKS OF EQUIPMENT

By keeping the instrument in its best adjusment, many delays and breaks of
sounding lines may be avoided By having the operator make the following checks
shortly after he comes on watch, the checks become systematic and will catch any
change in equipment promptly:

a. Delays—Check the A and B and pedestal position delays by the method out-

lined in paragraph 7.200 g and h. The correct pattern should appear as that
in the lower part of Figure 19.

b. Zero Check—Make the Zero Check by the method outlined in paragraph 7.700.
It is not necessary to return all range counters to zero as the Zero Check can
be made at the zero or any 1000-microsecond value. Turn the range dial
backward or forward, whichever is shorter, to some thousand microsecond
reading.

¢. Check the following on the transmitter: Transmission line, or antenna current,

and high-voltage meter reading. A radio technician should check frequency,
using the wavemeter, Correct the transmitter frequency if a change of plus
or minus 3 kilocycles has occurred.

7.700 ZERO CHECK

The purpose of a zero check is to check all the timing circuits. If any trouble
occurs in the range units pulse-selecting or mixing circuits, it will show upina
zero check. This check should be made once each watch.

When making a zero check, proceed as follows:

Run the 4 and B range dials until the counters read 0, 1000, 2000, 3000, 4000 or

5000 microseconds, whichever is the closest figure at the time of zero check. Adjust
the instrument controls as follows:

SWEEP SPEED on FAST
FAST SWEEP on 1
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GAIN FULL counterclockwise

TRACE SEPARATION full counterclockwise
OPERATE-TEST on TEST

RECVR on TEST

Push the A ZERO CHECK button and rotate the A range dial until the two
traces on the scope line-up to form a single trace, as illustrated in the upper part of -
Figure 18 The value read on the range dial should be one or two microseconds from
zero on the range dial Record the zero check value where it can be kept as a per-
manent record. The zero check value should remain the same within a few tenths of
a microsecond. If the zero check reading is more than one microsecond from normal
value notify the radio technician. Repeat the same procedure on the B side.

As an additional check on the adjusment of the range units, following the zero
check, rotate the range dials back about 50 microseconds. If the range units are in

proper adjusment a larger pip (the 1000-microsecond) should appear to the upper part
of the trace.
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CHAPTER VIII

OPERATION AND ADJUSTMENT OF GROUND-STATION

8.100 CONTROLS

EQUIPMENT

The controls on the controller-indicator are listed in tabular form to familiarize
operating personnel with the controls and their operation.

8.101 Controller-Indicator

The controller-indicator has been converted from a Loran DAS—4 indicator unit.

Controls

Intensity. .- ...

Horizontal center
Vertical center___ ________

Trace separation. .. ___

Receiver switch (3 posi-
tions).

Sweep-speed switch (2 po-
sitions).

Function

Sharpens the electron stream to a point where it con-
tacts the screen.

Varies the brightness of the pattern on the screen.

Adjusts the horizontal location of the pattern on the
screen,

Adjusts the vertical location of the pattern on the
screen,

Varies vertical separation of the two traces. This
control operates only when the receiver switch is on

ON 1.

In the ON 1 position, signal pulses from the receiver-
output are fed to the synchronizer and indicator
scope. The time markers are shown and variable
trace separation is provided. In the ON 2 position,
the received signals are still fed to the synchronizer
and indicator scope, but the time markers are re-’
moved and the two traces are superimposed. This
is the position for normal operation. At the OFF
position, the signal pulses are cut off from the syn-
chronizer and indicator scope. The time marﬁers
are shown and there is a fixed trace separation con-
trollable by adjustment M on the right side of the
instrument.

“When this switch is set at SLOW the entire recurrence

period is shown. This includes the time taken by
the retrace. At the FAST position, the pedestal
trace is expanded to the width of the screen,
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Controls Function
Fast-sweep switch (3 posi- This switch provides three different widths of the ped-
tions). estal trace, thus giving the choice of three sweep

speeds on the fast sweep.

Left-right switch . . _______ This switch may be thrown from its normal center
position to left or right to shift the position of the
ship signal pulses in the corresponding directions.

Fine frequency........___ Adjust the local 100-kilocycle timing crystal to pre-
cisely the same frequency as the ship’s master
crystal. This condition is indicated by zero cen-
tering of meter needles on the Sync meter.

Coarse frequency_ . _.__._ Adjust the 100-kilocycle oscillator to the center of the
“fine frequency’’ range.

Trigger switch__.______ Used to turn on or off the trigger pulse that operates
the transmitter.

Receiver gain_ ... . __ _.___ The amplitude of the received signal pulses on the
' scope screen is adjusted by this control.

Amplitude balance. ... Equalizes the amplitude of the local and ship signal
pulses. This control is varied in steps of one full

dial division and the fine adjustment made by the
LOCAL SIGNAL GAIN control.

Station delay______.___. . This is a front panel adjustment and moves the
pedestal on the lower trace by steps of 500 micro-
seconds over a largerange. Two other adjustments,
which are screwdriver adjustments, are located to
the left and slightly above and below this control.
These are R171 and R174 and work in conjunction
with the station delay. Once these controls are set
by the technician, they need not be touched again.
The setting of the station delay is dependent upon
the designation of the ground stations as 4 or B
stations.

AFC cathode bias S Con- This control is a left-side-panel screwdriver adjustment
trols. and controls the cathode bias voltage for the
correct point of operation.

Syncdelay.__.______.____ This delay is to match the ship and local signal pulses
by moving the ship pulse along the sweep with
respect to the local pulse. There are two screw-
driver adjustable coarse delays to the right just
above and below the Sync delay. They function
the same as the Sync delay, but are only used to
center this control. Once adjusted the coarse
controls no longer need adjusting.
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8.102 Electronic Attenuator

Controls Function

Tocal signal gain_._______ Gain controls the strength of the local signal.

8.103 Technician’s Alignment Check

Many of these checks need be made only before the unit is placed in operation at a
new station. After a 30-minute warm-up period, set the controls as follows;

o

>

(s

b

)

RECVR switch to ON 1
SWEEP SPEED on SLOW
FAST SWEEP on 3

Trace separation so that there is about an inch of separation between top and
bottom traces
RECVR GAIN all the way counterclockwme

Intensity and Focus Control.—Turn the intensity control clockwise and

adjust along with the focus control until a sharp and clear pattern of the
desired brilliancy is obtained.

. C Control—The marker pips extending downward are 500-microsecond

timing pips. Every fourth one should be shorter than the others. This
pattern is adjusted by control C on the front panel.

D Control.—There should be six groups of four short pips. This pattern is

adjusted by control D on the front panel.

. A Control.—Set the RECVR switch to OFF and the FAST SWEEP switch to 1,

There should be four small upward pips in between the larger downward pips.
These upward pips are 10-microsecond markers and the larger downward pips
are 50-microsecond markers. This pattern is adjusted by control A on the
front panel.

. B Control.—Set the FAST SWEEP switch to 3. On this pattern there should

be a series of small and large downward pips, the small pips being 50-micro-
second markers and the large pips being 500-microsecond markers. There
should be nine short 50-microsecond pips in between successive large 500-
microsecond pips. This pattern is adjusted by control B on the front panel.

Q Control.—With the sweep speed switch set to slow position, center the adjust-

ment of control Q (right side). When properly adjusted, there are two sep-
arate traces, the spacing being adjustable by the trace separation control
on the front panel.

. R Control.—Control R (right side) adjusts the time setting of the remote-signal .

sweep and pedestal on the upper trace in the slow-sweep position. For normal
operation, this adjustment——the left-hand edge of pedestal—is locked on the
second 500-microsecond pip on the upper trace.

. Station Delay Control.—The station delay is a front-pa.nel control and adjusts

the time setting of the local signal sweep and pedestal on the bottom trace.
For normal operation as an A ground station, the station delay control is
centered in its adjustment when locking the left-hand edge of pedestal on the
fourth pip on the bottom trace. For a B ground station, lock the pedestal
on the fourteenth pip.
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4. AFC Cathode Bias.—This is the S control, which is a screwdriver control
located on the left side of the indicator just in front of the electronic attenuator.
This control supplies the correct bias to the cathode of V-136, the value being
about 10 volts. Need for adjustment is evidenced when the ship signal does
not pull in at the same speed from either direction from the synchronizing
point, or if there is no evidence of synchronizing. When checking the balance
of left and right pull-in, make sure the Sync Meter is centered at the syn-
chronizing point. When it seems necessary to adjust the AFC bias, first turn
the S control full clockwise. Hold the ship signal, or a signal from a Test
Pulse Oscillator, at the sync point by means of manual adjustment of the
Fine Frequency control. This will be evidenced by the Sync Meter being
centered. Turn S control counterclockwise until there is synchronizing
action. Test for rate of pull-in by using the Left-Right switch, make sure
the Sync Meter is centered by use of the Fine Frequency control. Continue
to adjust S and test right and left pull-in until there is equal pull-in.

j. AFC Pull-in Speed.—The adjustable condenser (C-222) which controls the
rate of pull-in has been replaced by a fixed condenser. It is seldom necessary
to change the rate of pull-in, but should it become necessary, the size of C-222
may be changed by a small amount. The rate of pull-in can be checked by
putting the RCVER switch ON 1, with the other controls set at normal
surveying position. This provides 50-microsecond markers on which the
time check can be made. The correct pull-in speed should be 10 to 15 seconds
per 50 microseconds.

k. P Control.—Control adjustment is used to control the regulated B-plus power
supply and should be adjusted for 265 volts.

l. K Control.—This control adjusts the sweep length of the fast sweeps. It is
usually adjusted so that there is a sweep length of about 150 microseconds
on the fast-sweep No. 1 position.

m. J Control—This control adjusts the sweep length of the slow-sweep sawtooth
generator, thus controlling the length of slow sweep on the scope tube.

n. M Control.—This control gives a fixed trace separation when the receiver
switch is on position OFF. This is used mainly to check the alignment of
pips on the fast sweeps. The pips should always line up one above the other
on the top and bottom traces of the fast sweeps.

0. N Control—This is an anastigmatic control and is used with the controls on
the fastest sweep to make the pulses presented on the scope face focus sharply
over the entire length of sweep. This control is always adjusted in conjunetion
with the intensity and focus controls.

8.200 GROUND-STATION RECEIVER AND COUPLER TUNING

The adjustment of the ground-station receiver is outlined below:

a. Have the ship turn on its EPI equipment so that its signal may be used to
tune the ground-station receiver and transmitter,

b. Set the controller-indicator as follows:

SWEEP SPEED on SLOW
RECVR on ON 1
RECVR GAIN to about 6
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BALANCE GAIN centered
Electronic attenuator blanking switch OFF (under receiver).

. If the receiver is almost in tune, the ship-station pip should appear on the

scope. Tune the receiver by the screwdriver adjustments through the holes
on the top of the receiver. Make the pulse maximum amplitude by first
tuning the oscillator, the back control, and the second control; then, the front
control. Back the RECVR GAIN off for each adjustment so that the signal
does not saturate.

Synchronize the ground-station controller-indicator by the method outlined in
paragraph 3.201. The ship signal will now be on the fast sweep. Repeat
step ¢ above for final receiver tuning. When tuning the oscillator (back
control), tune for the maximum overshoot; that is, when the pulse rises to g
maximum, drops off a little, and flattens before the final drop-off. The
equipment should be on at least one hour before final adjustment.

. The receiver coupler in the Mark IIT, Model 3, is in the transmitter instead of the -

transmitter coupler, as in earlier models. Tuning this receiver coupler is the
same as tuning the ship coupler (paragraph 7.501). After tuning the coupler,
repeat step d for final adjustment. After the transmitter bas been tuned it
may be necessary to slightly detune the receiver coupler so that excessive
transmitter current will not be diverted from the antenna to the receiver
coupler.

MARK III, MODEL 3, TRANSMITTER TUNING

. Start the transmitter in accordance with paragraph 7.401. Set the voltage

indicator at 10 and make sure the electronic attenuator blanking switch is
ON. The Mark IIT, Model 3, ground-station transmitters do not use a trans-
mitter coupler at the base of the tower. All the power matching and frequency
control is now done at the transmitter.

Adjust the RECVR GAIN, BALANCE GAIN, and LOCAL SIGNAL GAIN
controls with the unsaturated ship signal. Adjust the transmitter FRE-
QUENCY TUNING for the maximum local signal, readjusting the receiver
gain control to keep the same size ship signal and to keep the local signal
from saturating. It is sometimes necessary to change the plate taps to get
the transmitter on frequency. Bring the plate voltage up to the value indicated
alongside the meter. (The meter reading for the proper plate voltage should
indicate about 30.) Adjust the T.OAD TUNING for maximum ANTENNA
CURRENT (transmission line current). This should read about 0.8 ampere.
Correct for frequency as this is done. Proper tuning will be indicated by
maximum overshoot and the local signal having the appearance of the shii)
signal. The transmitter is now adjusted and ready for use.
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CHAPTER IX

THEORY OF OPERATION OF SHIP EQUIPMENT

9.100 GENERAL DESCRIPTION

There are three principal functions of the ship-station instrument: (1) to transmit
radio-frequency pulses to the ground stations; (2) to receive similar pulses from the
ground stations; and (3) to present the two ground-station pulses and the ship pulse
on the screen of a cathode-ray tube in such a way that when the leading edges of g
ground station and ship pulse are aligned, the distance from the ship to each ground
station may be read from range dials.

To accomplish the above three functions, four pieces of equipment are required:
(1) the Controller; (2) the Receiver; (3) the Indicator; and (4) the Transmitter. Their
combined functions are briefly described.

Figures 20 and 21 will assist in analyzing the theory of operation. Figure 20 illus-
trates the sequence of events and functions, while Figure 21 will demonstrate how the
various circuits are connected and affected by each other.

The timing of the entire system is coatrolled by a precision 100-kilocycle crystal
oscillator located in the controller. Signals from this crystal oscillator pass into a chain
of step-charger divider circuits located in the indicator. The output of this chain
produces pulses which are used to start gating circuits needed to give the proper sweep
delays and to produce the transmitter trigger. Signals are taken from the first and
second circuits of the divider chain which, when filtered, produce the 10- and 1-kilocycle
sine wave signals used in the phase shifters which comprise part of the range units.
There are two range units, each controlled by a range knob. A range unit is made up
of three phase shifters geared together and supplied with 100-, 10-, and 1-kilocycle
sine-wave signals, which when combined after the phase shifters, will move the A and
B sweeps so as to present and measure the range to the respective ground stations. The
output of the range unit gives 1000 microsecond pulses, movable through a 1000
microsecond range. Attached to each range unit is a calibrated dial and counter which
reads the ground-station ranges in thousands, hundreds, tens, units and tenths of
microseconds.

The pulses from the phase shifters go to the indicator, where they are combined in
a mixer with a delayed gate which was started by the last stage of the chain of the
divider. A selected group of pulses from the mixer circuit starts the sweep circuit,
which will be used to display the ground-station pulses on the cathode-ray tube. The
time position of the sweeps is moved by the phase shifters until the sweep occurs
simultaneous with the ground station signal, and thus the ground-station signal will
appear on the scope. The trigger signal that starts the transmitter also starts a sweep
so that the transmitted signal is displayed on a stationary sweep—one not moved by
the phase shift. The movable ground-station sweep is then adjusted by the range dial
so that the ground station and ship pulses can be matched on & scope. The range dial
and counters give the range to this ground station,

69
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Figure 20.—8Ship time diagram.

A single antenna serves for both transmission and reception of signals. Both the
ship and ground-station signals enter the electronic attenuator, (but not at the same
time) which attenuates during the time the ship signal is being received and amplifies
during the period the ground-station signals are being received. This instrument helps
to equalize in intensity the ship and ground-station signals at the input of the receiver.
The gating signal that operates the clectronic attenuator at the proper times comes
from circuits in the indicator. The electronic attenuator’s amplifier is blanked by a
gating signal during the time the ship signal is transmitted so as to attenuate the local
signal. The amount of local signal entering the receiver is determined by a resistance-
type, local signal attenuator also located in the electronic attenuator.

The receiver amplifies the signals from a few microvolts at its input to over 100
volts at the output terminals. Seldom are the ground-station and ship signals equal,
s0 the receiver gain must be changed during the time each ground-station signal is
received. The circuits that produce this gain-switching are in the indicator and are
adjusted by the balance gain control. The receiver gain remains at a fixed level while
the ship signal is received. The video signal from the receiver passes into the con-
troller, where it goes through a blanking amplifier. The blanking amplifier has two
channels. The output of each goes to opposite horizontal plates of the cathode-ray
tube. Each channel is alternately blanked while the opposite channel is furnishing
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a signal to the cathode-ray tube. Thus the local signal appears alternately on esch
side of the vertical sweep of the cathode-ray tube. Similarly, the ground-station
signals are alternately blanked and unblanked in the video blanking circuit so that
the A ground station will always appear on the left side of the scope and the B ground
station on the right side. Since the sweep is vertical, the video pulses will be hori-
zontal. The ship signal will stand out from each side of the vertical trace and will
be symmetrical about this line. The ground-station signals on their respective sides
of the vertical line will differ slightly in appearance, but their wavefronts (top or
leading edges) will be essentially the same as the ship signal.

9.200 CONTROLLER

9.201 lOd-kilocycle Oscillator and Filter Networks

The oscillator is a most conventional type using a 100-kilocycle crystal in the
grid circuit, the plate circuit being tuned close to 100-kilocycles by T-601. The
pentode oscillator tube V-605 requires external feed back through C-605. Small
changes of frequency may be accomplished by C-601, which is parallel with the crystal.
Constant crystal temperature is maintained by an oven.

There are two paths for the 100-kilocycle sine wave from the oscillator circuit,
one through the amplifier V-602A to the step charger circuits in the indicator, and
the second to the filter-amplifier, V-603 and T-602. There is sufficient signal power
from the oscillator to directly operate the 10-microsecond phase shifters, but as is
common with many oscillators, the waveform is not pure. The filter-amplifier removes
the oscillator distortion. Quite pure sine waves are essential, as much of the linearality
of the range measuring system depends upon this signal being undistorted.

A 10- and a 1-kilocycle sine wave are also required for the 100- and 1,000-micro-
second phase shifters, respectively. Signals to produce these sine waves come in the
form of triangular waves from the first and second step charger circuits in the indi-
cator. These are the circuits which replace the sine-wave divider circuits in the
Model 2 system. The nearly triangular wave that arrives at pin 2 of V-604—A needs
amplifying and an impedance conversion to make it adaptable for the 10-kilocycle
filter L~602. Pulses spaced 100 microseconds apart were converted, in the indicator,
. to 100-microsecond triangular waves. The 100-microsecond triangular wave contains
a much stronger 10-kilocycle component than the narrow pulses spaced 100 micro-
seconds apart. Filter L-602 is a 10-kilocycle band-pass type filter with an impedance
of 10,000 ohms, through the pass band, and 40 db attenuation to the second harmonic
of 10-kilocycles. Oscilloscope observation of the signal leaving this filter appears as
a pure sine wave. Since isolation is essential between the A and B range units, a
conventional phase splitting tube V-602-B is used between the filter and the 4 and
B 100-microsecond phase shifters.

The amplifier and filter for the 1-kilocycle signals, are the same in principle as
the 10-kilocycle circuits. The triangular wave has a base of 1,000 microseconds,
which is supplied to the filter L-603. This filter has a pass band centered at 1 kilo-
cycle, all its other characteristics being the same as L~602. = Unlike the phase-splitting
amplifier following 1-602, it is necessary to use cathode followers after L-603. This
is because of the difference in impedance of the 100- and 1,000-microsecond phase
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shifters and their different voltage input requirements. The function of condensers
£-620 A and B will be described in 9.202,

9.202 ‘Range Units (Phase Shifters)

The overall principles of operation of the Model 3 range units are the same as
Model 2. However, the phase shifters in the two systems are completely different.
Like the Model 2, the three-phase shifters are geared so that there is a ten-to-one
speed reduction between the 10- and 10(-microsecond and 100- and 1,000-microsecond
phase shifters. The 10-microsecond range dial is direct connected to the 10-micro-
second phase shifter, while the range counter is driven from the same shaft through
a bevel gear. The 10-microsecond phase shifter is an Eclipse-Pioneer type AY-251-24,
while -the 100- and 1,000-microsecond phase shifters are type AY-221-27. Type
AY-251-24 is designed for high frequency phase resolution; it has a single-phase
stator where the 100-kilocycle signal is introduced, and a two-phase rotor with wind-
ings 90 degrees apart. The phase balancing network, composed of R—705, R~707 and
C-667, takes the two-phase voltages from the phase shifter and presents them in single-
phase form, the phase of which is controlled with respect to the input single-phase
voltage by the angular position of the phase shifter. It should be noted that the
reactance of C-667 equals the resistance of R~705 and R-707.

Type AY—221-27 phase resolvers are quite similar to AY-251-24 except that the
rotor has two coils at 90 degrees to each other as well as the two-phase rotor with the
90-degree windings. They are designed for lower frequency operation. The 1,000-
microsecond phase shifters are parallel-tuned by C-620A and C-620B so as to improve
the waveform of the signals entering and leaving this unit.

9.203 Phase-shifter Pulse-forming Circuits and Mixer

The output of each phase shifter is connected to a pulse-shaping circuit, the gen-
eral operation of which is to take the sine wave and convert it to pulse form before it
enters the mixer. Pulse-shaping tubes for the A side are V-609 A & B, V-611, and
'V-613; the mixer is V-615. Pulse-shaping. tubes for the B side are V-610A, V-612,
and V-614; the mixer is V-616. Because both A and B circuits are the same, only
the A circuits will be described; the corresponding F circuits will be evident from the
circuit diagram. During this discussion a clearer understanding of circuit operation
may be had by referring to the wave forms for these circuits. Tube V-609A is an
amplifier, which also serves to isolate the 100-kilocycle phase shifter from the load.
V-611 is in the pulse-shaping circuit for the 10-kilocycle signals. The first half of
the tube has no fixed bias. During the positive portion of the signal, the grid is pre-
vented from going positive by the 150K resistor in the grid circuit. The negative
portion of the wave drives the grid down beyond cut-off, producing a square, positive
wave in the plate circuit. The 500-mf condenser and 15K resistor differentiate this
square pulse to give a positive and negative pip.

The second half of V-611 is arranged as a diode clamper which clips the positive
pip and forms a grid bias for the mixer tube. V-609B is an amplifier working into
V-613, the pulse-shaping tube for the 1.0-kilocycle signals. The first half of V-613
is self-biased in the grid circuit so that only the positive peaks of the 1.0-kilocycle
signal cause the tube to conduct, thus producing negative pulses about 100 micro-
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seconds in length in the plate circuit. The second half of V-613 inverts this pulse
and flattens the peak. ‘

Tube V-615 is the A mixer tube that receives the three signals (100, 10, and 1.0
kilocycles) just described, and combines them. Tbe relative phase of these three sig-
nals, from the three phase shifters, has been adjusted so that they occur in coincidence
in such a way that one pulse occurs every 1000 microseconds (from the 1.0-kilocycle
signal) so that this will be the proper selected pulse of the 100-kilocycle signal. The
three phase-shifters associated with the cbannel are mechanically coupled at the propef
ratio to make the same 10-microsecond, 100-microsecond, and 1000-microsecond pxp
track for all settings of the phase shifter. Each of the grids of V-615 is biased so'
that the peak of all three signals must be coincident before the tube conducts.

Tubes V-617 and V-619 are amplifiers. (The corresponding tubes on the B side
are V-618 and V-620.)

9.204 Blanking Video Amplifiers and Second Eccles-Jordan Multivibrator

There are two main functions for the blanking video circuits: (1) to separate the
video signals from the receiver so that the A signal will appear to the left of the ver-
tical sweep line and the B sighal will appear to the right of this line; (2) to blank out
undesired signals while the desired one is being presented or commutating betwéen
the A and B signals and the ship signal. The A blanking video tubes are V-607,
V—621, and V-623A; while the B tubes are V-608, V-622, and V-623B. Describing
the A channel, V-623A is a cathode follower used to isolate the two blanking circuits
from each other. The second half of V-621 is biased just beyond cut-off, but will
pass the positive video pulses for normal (unblanked) operation.

The negative video signal in the plate circuit of this tube goes te the right hori-
zontal plate of a cathode-ray tube located in the indicator. Because this is a negative
signal, the presentation will be on the left side of the sweep line. Blanking signals.
are introduced into the grid circuit of the second half of V-621, pin 7. This blanking
signal is a strong negative pulse, of such a value that the largest video signal will not
bring the tube up to conduction. V-621, biased amplifier mixer, amplifies and inverts
the blanking signals which come from two sources in the indicator. Tbhe signal on
grid pin 2 of V-607 blanks every alternate ship signal and the blanking signal on the
grid pin 7 blanks at the time the B video signal is being received. V-621 clamps the
grid pin 7 of V-621 to prevent this element from going positive. See figure 20."

Tube V-606 is the Eccles-Jordan (E. J.) square-wave multi-vibrator, whose only
purpose is to furnish proper blanking to the blanking video circuits and thus com-
mutate the ship’s video to each side of the cathode-ray tube. A more detailed deserip-
tion of the function of the Eccles-Jordan circuit is given in paragraph 9.302. This
circuit is operated every 12,000 microseconds by a pulse from a signal that originates
in the first E. J. circuit V-115.

9.205 Controller Power Supply

Model 3 controller power supply is mounted in the back end of the controller com-
partment and is considered a part of this unit. Because Model 3 controller requires
less power than Model 2, it is possible to use a smaller and lighter transformer and
choke. The four 6B4 séries regulator tubes have been replaced by a single tube, V-625,



74 EPI MANUAL

a Type 6336 manufactured by Chatham Electronies which has been designed specifically
for regulating purposes. The negative rectifier circuit has been removed. Bias power
is now supplied from the indicator as described in paragraph 9.309. In addition,
regulator tube V-510 has been removed, the oscillator plate voltage being supplied
from the regulated 250-volt supply through a resistor-condenser network, C-606 and
R-603. The controller power supply now furnishes only the regulated plus 250 volts.

The 250-volt power supply is regulated electronically by tubes V-625, V-626 and
V-627. All the load current flows through the series regulator tube V-625, the load
being between cathode and ground. The parallel regulator tube, V-626, is connected
in parallel with the load in such a way that any change in load voltage will change the
grid voltage on this tube. Since the plate load resistor, R-720, of V-626 is connected
between cathode and grid of the series regulator tube V-625, then any change in the
. conduction of V-626 will change the bias and conduction of V-625. As an example,
suppose for some reason the load voltage should increase, then the voltage between
grid and cathode of V-626 would increase, and since this tube would then draw more
current there would be an increase in voltage drop across R-720. The increase in
voltage drop will mean a lowering of bias in the negative direction on the series tube
so that conduction of this tube is reduced, thus reducing the load voltage until the de-
sired 250 volts has been reached and the bias of the parallel tube returned to normal.
Tube V-627, a gas regulator tube, is used to maintain the proper cathode bias on
V-626 regardless of the voltage drawn by V-626.

9.300 INDICATOR

9.301 Squaring Amplifier and Step Charger Divider Circuits

The 100-kilocycle signal from the oscillator circuit in the controller is impressed
on the grid (pin 4) of the squaring amplifier, V-102. Since this is an overdriven tube,
rectangular waves appear in the plate circuit. 1-102 is used to give these waves sharper
rise time. The output of this circuit is fed to the input of the divider chain.

The purpose of the step charger divider circuits is to take the 10-microsecond sig-
nals f om the squaring amplifier and divide them, in time, so that at the output of the
fourth divider the pulses are spaced 12,000 microseconds. This time division establishes
the slow repetition frequency necessary for long-range measurements. Since a descrip-
tion of these circuits appears in paragraph 10.203 of the ground-station controller, it
will not be repeated here except in certain aspects where they differ.

As mentioned in paragraph 9.201, the controller uses two triangular waves which
are filtered into the 10- and 1-kilocycle sine waves used in the phase-shifter circuits.
These triangular waves are generated by the first and second step charger circuits.
The first and second step chargers are made to divide by ten so that the output of
the first step charger (V-104B) has pips 100 microseconds apart while the output of
the second step charger (V-106A) has pips 1000 microseconds apart. In the Model 3
indicators components have been added to the first and second step charger stages to
convert these pulses into triangular waves with bases of 100 and 1000 microseconds,
respectively. The added components in the first stage are C-107, C-109, and R-111;
for the second stage C-117, C-119, and R-116. Between periods of conduction,
V-104B is cut off, and during this time C-107 is charging up to a value approaching
B plus through R~111. When the step-charger tube conducts, which is for only a few
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microseconds, C-107 is discharged about 8 volts; greater discharge does not take place

as V-104B is conducting for only about 2 microseconds. = Condenser C~107 then starts

to recharge, towards B plus, through R-111. The time constant of R-111 and C-107

is 50 microseconds, which means that the triangular wave is in fact an exponential curve

two time-constants long (100 microseconds) which rises from its initial value to about

87 percent of the final possible value. Condenser C-109 couples the triangular wave |
over to the indicator. The 1000-microsecond triangle generator functions in the same

way as the one just described.

9.302 VFirst Eccles-Jordan Multivibrator—Square-wave Generator

The purpose of this circuit is to divide the operating period into two equal parts
so as to separate, in timing, the sequence of events that occur in each cycle. Signals
from the fourth divider circuit start this square-wave generator, V~115, through the
clipper circuit V-110B. This square-wave generator is called a bi-stable circuit since
one of its tubes will remain cut off and the other conducting until a signal is applied to
the grid circuits to reverse the state of these two tubes. This condition will remain
until switched back by another trigger. For a brief description of the operation of
this circuit, assume that V-115A is strongly conducting while V-115B is cut off. Tube
V-115A is strongly conducting because V-115B is cut off and the plate of this tube is
near to B-plus (265 volts); the potential divider formed by R-179 and R-188 holds the
grid of V-115A close to zero volts with respect to the cathode, while the potential
divider from plate V-115A holds the grid of V-115B to just below cut-off. When a
negative trigger is applied to the grids of these tubes, V-115B having its grid at cut-off
can do nothing more than go more negative, but V-115A grid will be carried down
through cut-off; thus, the potential dividers connected to the plates of each will hold
the grids in this new stable state. The cathodes are held at a fixed potential,

9.303 Delay Multivibrators

There are three delay multivibrators: one to delay the local- or ship-transmitted
signal (V-112) called C delay; one to delay the sweep signals for the A ground-station
sweeps (V-111); and one to delay the B ground-station sweeps (V-114). The trans-
mitter-delay multivibrator, C delay, is started from the positive-going edge of the square
wave from the plate of V-115A, while both the A and B delay multivibrators are started
from the positive-going edge of the signal from the plate of V-115B—or the two sets
of delays are started 12,000 microseconds apart. Since all three delay multi-
vibrators are similar in their operating principle, only the A delay multivibrator will be
described.

In the nonoperating state, the first half or V-111 is strongly conducting while the
second half is cut off. This is because the grid return of pin 1 goes to B-plus, while the
grid return of pin 4 of the second half goes to some lesser positive value. Because of
the lower grid voltage and the high cathode voltage, the second half of V-111 is cut
off. When the positive part of the square wave from the E. J. circuit, which is differ-
entiated by C-135 and R-131, arrives at the grid (pin 4), it drives this tube up into
conduction and the plate voltage drops to a low value. The other grid (pin 1) is
carried to a negative value through C-136, and the first half is cut off. C-136 discharges
through the plate circuit of the second half or R~133 in such a direction that it will
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finally bring the grid (pin 1) back to cut-off causing plate conduction. Itis the lagging
edge of the positive rectangular pulse on the plate (pin 2) that is used for the delay.

The amount of the delay is controlled by R+171, which controls the current through
the second tube during the on period and thus establishes the cathode voltage, which is
‘also the bias on the first tube and determines how soon the grid (pin 1) returns to cut-
off. In the same circuit with the square wave, used to start the multivibrator, are
1000-microsecond negative pulses. These pulses are intended to stop the multivibrator
at some definite 1000-microsecond interval after it has once been started (after 3000-
microseconds, or the third 1000-microsecond pulse for the A delay). The negative
1000-microsecond signal when applied to grid (pin 4) during the on time is amplified
by this tube and the positive pulse on the plate circuit is passed to grid (pin 1) through
(C-136. During this time, grid (pin 1) is cut off but coming up toward conduction by the
action already described. The 1000-microsecond pulses drive the grid up toward
conduction, but nothing changes until the first 1000-microsecond pulse that drives the
grid through cut-off voltage, at which time the tube is switched back to its normal rest
state and the delay of the multivibrator is over. The B delay is 8000 microseconds,
while the (' delay is 2000 microseconds. Note that all these delays are with respect
to the square wave signal that starts the multivibrator. See Figure 20.

9.304 Mixer and Pulse-Selector Circuits

Because the three mixers associated with cach of the three delay multivibrators
are the same in function, only the A sweep mixer (V-133) will be described. By refer-
ring to the indicator-circuit diagram, it will be noted that the plates of V-133 are con-
nected and supplied through a common plate load resistor. Also, both tubes are strongly
conducting during the no-signal time. The grid (pin 1) receives short 1000-micro-
second pulses from the A channel phase-shifter circuit in the controller. During these
pulses, this grid (pin 1) of V133 is cut off and positive pulses appear in the plate circuit.
The signal from the A delay multivibrator is a positive pulse, the length of which is the
intended delay (3000 microseconds for A delay). Since the grid (pin 4) of V-133 is
strongly conducting, the positive edge and the flat top of the pulse do not change the
state of this tube, but the negative edge carries this grid (pin 4) down through cut-off.
The time this tube remains cut off depends on the size of the signal and the time-
constant of the circuit composed of the 0.005 mf condenser and the 1.0-megohm resistor,
as well as the setting of the 100,000 ohms A pedestal-length control (R-174). When
grid (pin 4) is driven negative, the voltage on this grid starts to come back toward
cut-off and, while the grid is cut-off, the plate voltage rises up to a higher value and
remains so until the grid returns to the original value, thus forming a positive pedestal
in the plate circuit.

For normal operation, the pedestal is made 4000 microseconds long. Any 1000-
microsecond pulses that occur at the time of the pedestal will cut off the other half of
the tube so that these pulses (four in number) will stand on the pedestal. The position
of these pulses on the pedestal is controlled by the phase shifter and can be moved with
respect to the pedestal. It will be noted that the delay and mixer circuits are used to
select the desired group of 1000-microsecond pulses in the timing sequence. Four
sweep pulses are selected so that the instrument range may be made 4000 micro-
seconds. The B mixer, V-134, is the same in all details. The C mixer differs in that
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the pedestal is much shorter; two 10-microsecond pulses appear but the first pulse has
all the control.

The purpose of the pulse selector is to select the pulses that stand on the pedestal
and exclude the pedestal and all other pulses. all three pulse selectors are the same.
The first half of V=107 is the A pulse selector. Cathode bias used on this tube has a
value that exceeds cut-off by an amount a little in excess of the pedestal voltage. In
this way, only the pulses on the pedestal will drive the grid up through cut-off and
produce negative pulses in the plate circuit. Signals from the three pulse-selector
circuits operate the fast-sweep circuit, a description of which follows.

9.305 Pedestal Generator, Fast-sweep Generator, and Paraphase Amplifier

Tube V-119 is used as a multivibrator which operates the fast-sweep generator.
It produces an intensifying pulse for the cathode-ray tube and a pedestal which ap-
pears on the slow sweep and aids in the synchronizing process. This cireuit is known
as the pedestal gencrator. Because this is a conventional multivibrator, it will not
be discussed.

The positive pulse from plate pin 2 of V-119 through V-120B and the intensity
limiter V=135 intensifies the cathode-ray tube during the fast sweep. The negative
pulse from plate (pin 5) of V-119 is used to start the fast-sweep generator. Tubes
V-120A and V-121 form the fast-sweep generator. During the OFF period, V-120A
is conducting and the condenser, selected by S5-102B, is charged. When the multi-
vibrator operates during the ON period, V-120A is cut off and the condenser starts to
discharge through V-121. Since V-121 is a pentode, the current is uniform and a
linear discharge results, producing a linear sawtooth sweep voltage. S-102 also selects
circuits which change the time-constant of the multivibrator to control the length of
the sweep and at the same time change the size of the charging condenser in the sweep
circuit so that the sweep will be linear over most of its length. Control K, R-202,
controls the discharge current through V-121 and, in part, controls the sweep speed.

The negative sawtooth signal from the sweep generator goes to the paraphase
amplifier V-124, which is used to amplify and phase-split both slow and fast sweeps.
The paraphase amplifier has two outputs. The signals from each are the same in shape
but opposite in sign (increasing and decreasing sawtooth waves). This is produced
by having equal resistors in the plate and cathode of V-124. The output of this am-
plifier is applied to the vertical plates of the cathode-ray tube and sweeps from top
to bottom of this tube.

9.306 Slow-sweep Circuit

The pulse from the output of the last blocking grid divider circuit is used to start
the slow-sweep circuit. This means that a new sweep is started once every 12,000
microseconds and continues for that time with only the short retrace time between
new sweeps.

When the gas tube V~122 is triggered by the starting pulse, C-211 is discharged.
This condenser then starts to recharge through R-264. It is the recharging of this
condenser that produces the sawtooth wave which is amplified and inverted by V-123.
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9.307 Transmitter Trigger Generator

The output of the pulse-selector tube V-138B, in addition to starting the sweep
used to view the ship-transmitted signal, also starts the ecircuits which trigger the ship
transmitter. The negative pulse from the C pulse-selector tube V-138B, goes to the
inverter amplifier and cathode follower V-136. Since these circuits are conventional,
they need not be described. A gas tube (thyratron V-137), when triggered by the
signal on its grid, discharges the 0.005-mf condenser in the plate circuit through the
primary winding of T—-107. Because of the rapid discharge of the condenser, a very
fast-rising voltage is developed across the transformer primary. This is coupled to
the secondary winding with the proper potarity to give a positive pulse to the coaxial
line which starts the transmitter operation. During the OFF period, the 0.005-mf
condenser recharges through the 470 K plate resistor.

9.308 10-, 100-, and 1000-Microsecond Marker Circuits and Trace Separator

These circuits were deseribed in the scction on the ground-station controller-
indicator, paragraphs 10.214 10.215 and 10.216. Because the function is the same,
it will not be repeated here.

It should be noted that while the principles of operation of the ship and ground-
station marker circuits are the same, in the Model 3 ship indicator the marker signals
are 10-, 100-, and 1000-microseconds while the ground-station marker signals are 10-,
50-, and 500-microseconds.

9.309 Oscilloscope Circuits and Power Supply

These circuits are described in paragraphs 10.217 and 10.219 of the ground-station
controller-indicator (paragraph 10.200).

In order to eliminate the bias power supply in the Model 3 controller power supply,
bias voltage (—50 volts) is now taken from the negative high voltage supply used on
the cathode-ray tube. As no bias current is taken by the circuits furnished bias, a
high impedance potential divider, R-165, R—166, and R—167, is placed between negative
high voltage and ground. ‘

9.310 Blinking Circuit

By blinking the EPI equipment, the ship passes information to the EPI ground
stations. By means of blinking, the ground station can identify one ship signal from
another ship signal or from another ground station. However, the most important use
of blinking is to notify the ground station of the fix interval as described in the beginning
of Chapter II1.

Blinking is accomplished by shifting the delay of the ship-transmitted signal at a
rate of between two and eight seconds per blink. At a ground station, the blinking
viewed on the slow sweep will show the ship signal moving rapidly from the top pedestal.
a thousand microseconds and back on the pedestal again at the same rate between
the limits mentioned. On the fast sweep the ship signal will appear to blink at this rate.
Each ship in an area will have a different blink-rate by which the ground-station operator
can identify each ship.

The blinking circuit operates on the (’delay multivibrator V=112, which is described
in paragraph 9.303. A simple relaxation oscillator, composed of two neon bulbs
1101 and 1102 in series, a 1-mf condenser C-187, and a resistor of a value between 7 and
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20 megohms, generates a sawtooth signal. The blink-rate is established by the value
of this resistor selected. The negative-going part of the sawtooth is coupled to the
grid (pin 1) of V=112 through C-189, the diode 1N34, and R-285. The diode permits
only the negative signal to pass. This negative signal cuts off the left side of V-112:
the recovery time depends upon the size of this signal and the time constant of thé
circuits connected to the grid (pin 1). During the short time the blinking signal is on
the ship signal is swept out of synchronism at the ground stations and then back in again.
The time of blinking is so short that the synchronizer does not lose control,

9.311 Test-Operate Switching

Functions of TEST-OPERATE switch:

(1) For TEST-OPERATE switch to function the SWEEP SPEED switch must be
on SLOW.

(2) TEST-OPERATE switch in TEST or down position presents A & B Pedestal
and local signal pedestal to appear on the scope. OPERATE or up is normal
operating position.

(3) When RECVR switch is in TEST or down position the sweep pedestal timing is
displayed. Midposition is normal operating position.

(4) When RECVR switch is in SLOW-TEST, or up position, TEST-OPERATE
switch in OPERATE or up position and SLOW-FAST switch is on SLOW
position, A and B video signals will show to the right of slow sweep trace along
with the differentiated fast sweep pedestals. This gives a good slow sweep
video presentation when needed. There is no trace separation at these settings.

9.400 RECEIVER

This unit is a broadbanded double-detection (superheterodyne) type receiver. It
employs one radio-frequency stage, mixer, three intermediate-frequency amplifiers,
detectors, and a video amplifier. There is a conventional gain control and a special
commutated gain control. It contains its own power supply.

Signals from the electronic attenuator are transformer-coupled to the grid (pin 4)
of the radio-frequency tube V-301. The secondaries of the input transformer are tuned
to 1850 kilocycles by means of adjustable iron cores. The plate circuit is RC-coupled
to the mixer grid, which is tuned to the signal frequency by the parallel-tuned circuit.
Three sets of filters to reject any signal at the intermediate frequency of 1050 kilocycles,
are employed in this circuit. The gain of this stage is connected to the balance-gain
circuit, which changes the potential of the cathode of V=301 between the time when the
A and B ground-station signals are received.

The mixer stage is a combined oscillator and converter. The oscillator operates
at a frequency of 2900 kilocycles to convert the signal frequency of 1850 kilocycles to the
intermediate frequency of 1050 kilocyeles.

The three 1050-kilocycle intermediate-frequency amplifiers are stagger-tuned for
the purpose of broadbanding. Most of the broadbanding is accomplished by stagger-
tuning the primary and secondary of the IF transformers. Additional broadbanding
is obtained from loading the secondaries of these transformers with rather low-value
vesistors. A gain control, located in the indicator, is in the cathode of the mixer and IF
stages.

302388541
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A simple diode is used for the second detector V-306. There is a filter between the
detector and the input of the video stage to remove the IF signal from the envelope.
The second half of V-306 is used to prevent the grid of the video amplifier from going
positive. The video amplifier V-306 is made broadbanded by use of a low plate load
resistor. . The gain of the receiver is such that a 5-microvolt signal will produce about
200 volts out of the video amplifier. The over-all band width is about 85 kilocycles—6
db down from the center frequency.

9.401 Receiver Coupler

The Model 3 instruments have the receiver coupler in the transmitter. The
same transmission line that carries the transmitter signal to the antenna is used to
carry the received signal from the antenna back to the receiver coupler.

The coupler circuit is a parallel tuned tapped coil with link coupling to the re-
ceiver transmission line, and condenser coupled to the antenna transmission line.
Tuning this circuit is accomplished by selecting a tap on the coil. All circuits are
housed in a metal box. Impedance matching is no longer an important function of this
eircuit, but the slective properties of the circuit exclude unwanted signals and noise.

9.500 ELECTRONIC ATTENUATOR

The function of the electronic attenuator was described in the general description,
paragraph 9.100, but a brief review will be given here before taking up the more detailed
function of this component. This unit serves three principal functions, as follows:
(1) to amplify the weak ground-station signals; (2) to offer high attenuation to the
strong local ship-station signal; and (3) to permit the local signal to pass through
an adjustable resistance network so that the local signal may be made equal to the ship
signal at the input of the receiver. To produce these functions, it is necessary for
the amplifier portion of the unit to be normal during the reception of the ground-station
signal and to be turned off during the time the local signal is transmitted. This
latter process is called blanking.

During the description of this unit, refer to the circuit diagram Figure 58. Tubes
V-401 and V402 are the amplifier portion of the unit. In most respects, it is similar
to the conventional resistance-capacity coupled video amplifier. It is important that
this amplifier pass the 1850-kilocycle pulse without distortion, either phase oramplitude.
This has been accomplished by making the amplifier broadbanded. The gain of the
amplifier is 20 db at 1850 kilocycles and is 3 db down at 3000 kilocycles. Broadbanding
is made possible by reason of the low values of plate-load resistance of V—401 and V—-402.
Resistor R-17, which is between the input and ground, loads the antenna-coupling
unit and tends to increase the system band width. Except for this and the blanking
feature, the amplifier is conventional.

It can be noted from the diagram that the grid-return resistors R~5 and R-6 of
V-401 and V-402 are connected to a common point where the large negative blanking
voltage is introduced. Resistor R—4 and condenser C-13 form a decoupling network
to prevent degeneration between these two tubes due to a common impedance. Tube
V—-403 constitutes the blanking amplifier and clamper. The blanking signal is a square
wave which is generated by the Eccles-Jordan circuit in the indicator. The positive
half of this cycle does the blanking of the electronic attenuator; the transmitter operates
during this half cycle. The triode part of V-403 is biased so that nearly full-plate
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voltage appears at its plate. When its grid is driven positive by the positive part of
the square wave, the plate voltage drops to a low value and remains so for 12,000
microseconds, which is the duration of the Eccles-Jordan half cycle. This negative
pulse is coupled through C-3 to the video-amplifier grid-return resistors, which pull
the grids of these tubes well down below cut-off. These grids are held well below the
value of the transmitter signal so that the amplifier is inoperative. The clamper part
of V-403 prevents the blanking signal from driving the amplifier grid positive during
the unblanked portion of the cycle, so that the video-amplifiers will have a normal
grid bias during this period.

In a well-designed electronic attenuator the attenuation between the input and
output terminals should be high, the only signal at the output terminal being that
through the resistance network. To accomplish this, careful electrical and mechanical
design is required. Input and output terminals are isolated and shielded from each
other. Any closed circuits in the input and output are made small to reduce magnetic
coupling. A ground bar runs through the center of the unit to which all grounded
components are attached so that there will be a minimum of coupling because of the
impedance between ground points. The limit of the attenuation through the ampli-
fier network is set by the network formed by the grid-to-plate capacity and the plate-
load resistor. All attenuators used with the EPI system are tested and must have an
attenuation of at least 120 db between input and output terminals, with the resistance
attenuator disconnected.

The attenuator which bridges the amplifier controls the amount of the local trans-
mitter signal that reaches the input of the receiver. This attenuator, which is a part
of the electronic attenuator, is known as the LOCAL SIGNAL GAIN. The range of
this attenuator should be such that the local transmitter signal can be made almost
equal to the remote signal at the input to the receiver. This should make the ship and
ground-station signals equal for all distances separating the ship and ground stations.
The attenuation range of the local signal attenuator is from 40 db to over 100 db, but
the useful maximum attenuation is about 80 db. Where the signal differences are more
than 40 db and less than 80 db, the balance-gain circuit in the receiver can be made to
extend the range. The reason that the upper range of the attenuator cannot be used
is that the signal due to stray coupling begins to become as large, in amplitude, as that
through the local signal attenuator. Since the phase of the spurious signal may differ
from the attenuator signal pulse, distortion will take place.

9.600 SHIP ANTENNA CHARACTERISTICS

Ideally, the ship antenna should be about a quarter-wave, be broadbanded, and
nearly free of large metal objects which disturb the antenna field pattern. Also, a
single antenna, which is used for both transmitting and receiving, is desirable, since
the phasing between two antennas can cause a directive effect, which, in turn, causes
the measured distance to change with ship’s heading.

In practice it is hard to realize anything approaching the ideal system on most
ships because of the multitudinous rigging and also because the long wave lengths used
by EPI require a vertical antenna more than 100 feet long.

The antenna is a T-type with the vertical part as nearly a quarter wave as the
ship structure will permit. In general, it will be supported between the foremast and
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the aftmast, and as free of stays and other antennas as possible. The flat-top hori-
zontal wire is used to give toploading, which helps to make the current distribution in
the vertical portion of the antenna more uniform and thus a more efficient radiator.
The lead-in insulators are of the high-voltage type. Because of the short antenna and
its high base impedance, the voltages become quite high near the base.

Figure 10 illustrates the antenna system used on a 220-foot vessel. This antenna
is a quarter wave at a frequency of about 2200 kilocycles, which is somewhat higher
than the operating frequency of 1850 kilocycles. Listed in the table below are the im-
pedance characteristics of antenna illustrated in Figure 10. It will be noted that the
resistive component is quite constant over a wide band of frequencies; its low value
means that the antenna current will be quite large. The reactive component is capaci-
tive and changes 30 ohms over a 100-kilocycle band, considering 1850 kilocycles as the
center frequency. This means that the @ of the antenna is increased and that this
reactance must be tuned out in the transmitter before satisfactory load characteristies
are presented to the transmitter.

9.601 Table of Ship Antenna Characteristics

Frequency Resistance Reactance
Ke ohms ohms
1750 12.0 —j170
1800 13.5 —j135
1850 15.0 —j116
1900 17.0 —j105
1950 19.0 —j98

9.700 TRANSMITTER AND TRANSMITTER COUPLER

9.701 General Description of Mark III, Model 3, Transmitter

The Model 3 transmitter is very little different from the Model 2. The outstand-
ing change is the inclusion of the modulator and the receiver coupler mounted in the
transmitter case. The modulator has been redesigned and mounted in the transmitter
case and does not resemble the Model 2 modulator. The receiver coupler has a minor
change.

The transmitter is a push-pull oscillator, cathode modulated. It pulses at 41%
pulses per second, at a frequency of 1850 kilocycles. The pulse length is about 60
microseconds. The modulator contains a pulse-shaping multivibrator, which is
started from a sharp positive pulse from the indicator and gives a positive rectangular
output signal about 60 microseconds long. The modulator tube passes this signal
along to the key-tube in the transmitter cathode circuit.

9.702 The Transmitter

The transmitter, which is a push-pull oscillator, is conventional in most respects.
It differs mostly in the way it is modulated. Because of the high cathode resistor and
accompanying high bias, the oscillator will not operate during periods of no signal.
Between signals, the key tube is biased beyond cut-off, but when the large positive
signal arrives from the modulator, the key tube conducts strongly. This is the same
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as reducing the bias on the oscillator cathode, and the transmitter starts to oscillate,
continuing as long as the key tube is conducting. The condenser connected between
the plate coil center tap and the cathodes of the oscillator is charged from the power
supply during the time the oscillator is not in operation. This condenser furnishes most
of the energy for the oscillator during the operating time. The discharge path is through
the oscillator tubes; very little current returns through the oscillator cathode ground
path and power supply.

During the time the oscillator is operating, the 4-mf condenser in the cathode circuit
of the oscillator is discharging through the key tube. However, the time constant of
this circuit is long as compared with the length of the signal pulso thus the charge
across the condenser is not greatly reduced. At the beginning of the pulse, the key
tube draws current through 1.-105, thus causing a voltage drop aecross 1.-105 and
reducing the bias on the oscillator to operating value. At the end of the pulse, when the
key tube is again cut off, the current suddenly stops flowing through I.-105 and, for
this reason, a large positive voltage is developed across this coil. As it is the same as
a large bias on the oscillator circuit, this causes a positive quenching of the oscillator.
The 20K resistor across L-105 damps out the oscillations that develop across this in-
ductance. The condensers across the plate coil of the oscillator serve to tune this
circuit and act as an impedance divider to aid in matching the low impedance antenna
circuit to the higher impedance of the transmittar tubes. Additional impedance
transformation is made possible by transformer T-101.

It should be noted that in the Model 3 transmitter a 2-microfarad condenser C~1186,
is now in parallel with the cathode resistor R-111. This condenser is charged by the
cathode current of the oscillator tubes and is used as screen voltage on the key tube
V-103. 'This resistor-capacitor network assures a very constant screen potential, and
this also climinates the need for a large medium-voltage power supply as used in the
Model 2 modulator. Filament power for the key tube, which was furnished by the
modulator is now furnished by T-104.

The much simpler Model 3 modulator contains only three tubes. The pulse
" forming multivibrator, V-107, is the bi-stable type. The left half of V-107 is
normally conducting until the sharp positive trigger signal is applied to its cathode.
Then the first half of V-107 is cut off and the familiar multivibrator action takes
place. The pulse length (normally about 60 microseconds) 1s adjustable by means
of the 25K potentiometer in the grid circuit of the first half of V-107. A positive
rectangular pulse on the plate (pin 2) of V-107 is applied to the cathode follower
tube, V-108. This same shape pulse appears at the cathode of the cathode follower
and is passed on to the grid of the key tube, which causes it to conduct for
about 60 microseconds. It should be noted that the power supply is inverted, that is;
there is a negative voltage with respect to ground. Negative voltage is furnished to
the cathode circuits of V=107 and V-108, while the plate circuits return to ground.
The purpose of such an arrangement is to furnish negative bias to the key-tube V-103
and to eliminate the need of extra power supply.
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' CHAPTER X

THEORY OF OPERATION OF GROUND-STATION
EQUIPMENT

10.100 GENERAL DESCRIPTION

There are two principal functions of the ground-station instrument: (1) to receive
a radio-frequency pulse from a ship station; and (2) to transmit the signal back to the
ship at a definite time delay after receptlon of the ship signal.

To accomplish the two defined functions requires three pieces of equipment:
(1) the controller-indicator; (2) the receiver; and (3) the trunsmltter and antenna.
Their combined functions are briefly described.

The timing of the ground-station system is controlled by a 100-kilocycle crystal
oscillator located in the controller-indicator. Signals from this crystal oscillator pass
into a chain of step-charger divider circuits. The output of this chain produces pulses
which are used to start gating circuits needed to give the proper delays and to produce
the transmitter trigger, sweep triggers, and synchronizer trigger.

Pulses from the step-charger divider chain, which key the A delay multivibrator,
are 180 degrees out of phase from the pulses keying the B delay multivibrator and are
12,000 microseconds apart in time. A complete time eycle in the ground station is
24,000 microseconds, which represents a repetition rate of 41.66 cycles per second.

Pulses from the A delay multivibrator are mixed with the 50-microsecond pulses
coming from the output of the first divider circuit. These mixed pulses go to a pulse-
selector circuit, which selects one pulse of the 50-microsecond group every 24,000
microseconds. This pulse is precise in its timing and is used (1) to key the circuit of
the fast-sweep for the cathode-ray tube, on which will be presented the video signals
from the ship station and is called the remoté-signal sweep; and (2) to start the chain
of events in the synchronizer, which produces a movable time delay that allows the
operator to match the leading edges of the remote-SJgnal pulse to the local-signal pulse
on the cathode-ray tube.

From the synchronizer also comes a de error voltage that actuates an automatic
frequency-control tube which keeps the 100-kilocycle basic-timing crystal in exact
synchronism with the ship-station crystal.

The pulses from B delay multivibrator go to mixing and pulse-selecting circuits in
the same manner as the A delay multivibrator. Pulses from B pulse selector are used
to key two channels: (1) the fast-sweep circuits of the cathode-ray tube, on which will
be presented the video signals from the ground station’s own transmitter; and (2) the
transmitter trigger circuit, whose output keys the pulse-shaping circuits in the trans-
mitter modulator.

85
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The video signals on the ground-station scope will stand vertical, the sweep being
horizontal. Since the ground station, or local signal, is much stronger than the ship
signal, it is necessary that it be highly attenuated in the electronic attenuator before
going on to the receiver. The ship-station signal will differ slightly in appearance, but
the leading (left-hand) edges will be essentially the same as the ground-station signal.

10.200 CONTROLLER-INDICATOR

A complete block diagram, Figure 23 shows the clectrical location of the controller-
indicator, receiver, and electronic attenuator of the various circuits and how they are
interconnected. Note that the tubes used in the different circuits are also indiéated
within the blocks. The time relation between the different circuits is shown in Figure
22.

Refer to schematic diagram, Figure 59, for ease in understanding the operation of
various circuits.

10.201 100-kilocycle Oscillator (V-101) and Automatic Frequency Control (V-136A)

An accurately ground V-cut quartz crystal, Y-101, oscillating at 100,000 cycles
per second is used to control the frequency. A pentode tube, connected a,s a triode
is in a tuned-plate circuit. While this circuit will operate without the crystal as 9’,
tuned-grid, tuned-plate, oscillator, the @ of the grid circuit is low; thus, the frequency
control is assumed by the crystal when it is inserted into the circuit. ’ :

Plate current is supplied to tube V-101 through R-102. The condenser C-110C
acts as the decoupling between the B-plus supply and the plate oscillator circuit.

If the primary of the transformer T-101 is wrongly tuned so that the resonant
frequency of the plate circuit is close to 100 kilocycles, the oscillator circuit will oscillate’
close to the standard frequency even though the crystal is in the circuit. ’

The fine-frequency control C-104 will shift the 100 kilocycles-per-second oscilla-
tions over a very small range. L~101 is a slug-tuned inductance and will vary/ the
frequency over a large range in comparison with the precise standard crystal in th(;
ship unit. The ease in holding this frequency precisely in synchronism with the ship-
station crystal is greatly aided by the use of an automatic synchronizer. p
~ The automatic frequency control tube (V-136A) is located near the 100-kilocycl
oscillator and is operated from the synchronizer error signal. A negative in-sync vglg; z
of about 4.5 volts is fed into the grid of V-136A from the synchronizer, with the cutho(gi )
bias set correctly by a left side panel-control AFC cathode bias (1’1—282) A sma]?
amount of current will flow in the tube, producing a certain resistance in seri.es with the
capacitor C-222. This series combination is connected in parallel with the cr stcl
resonant circuit. If the negative grid bias from the synchronizer becomes more ne &)L’t- a
in value, the plate current of V-136A becomes less, the plate resistance becomesg;n ive
thus shifting the phase angle by reason of the impedance formed by 0_222‘and o m ;gx
plate resistance. This action changes, in effect, the basic frequency by & slight amount
The AFC error voltage will always be in such a direction as to correct the oscillat
frequency to that of the ship station. The way this error voltage is produced or
described in the section on the synchronizer. P ced is
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10.202 Squaring Amplifier (V-102)

A 100-kilocycle sine wave is fed from V-101 to the grid of the high-gain pentode
V-102. Because of the wide range of grid-voltage swing (approximately 125 volts), the
operating point of the amplifier tube shifts abruptly between saturation and cut-off at -
each half-cycle of the oscillator, thus producing a square wave in the plate circuit. The
inductance I~102 helps to steepen the wavefront of the output wave.

10.203 Step Charger Divider Circuits
DIVIDER NO. 1

This divider is essentially a combined blocking oscillator and voltage-storage
tripping circuit. Tube V-104A is held cut-off by bias developed by the cathode-to-
ground potential taken off potentiometer R-109. This potentiometer is part of a volt-
age divider circuit made up of resistors R-108 and R-110 and the cathode bypass
capacitor C-114A. The grid-to-cathode dc bias voltage is the difference between the
voltage across the capacitor C-112 in the grid circuit and the voltage across C-114A
connected between the cathode and ground. When there is no charge on C-112, the
grid bias is set by the cathode potential and the plate current in the tube will be cut off.

Negative and positive pulses pass through C-111 from the squaring amplifier.
The negative pulses are grounded through the diode V-103, but the positive pulses are
passed by diode V-103 and stored in C-112. As the positive pulses cannot discharge
through the diode, the potential of C-112 and the grid of V-104A are raised one step
for each positive pulse. The amount of this voltage is dependent on the values of C-111
and C-112 and the value of input voltage. Counting from a time when there was no
charge on the capacitor C-112, the fifth pulse will decrease the grid bias to a point
where plate current begins to flow in the triode section of V-104A.

This rise in plate current induces a voltage across the grid winding of transformer
T-102. The transformer windings are very closely coupled and are connected in such a
way that a rise in plate current drives the grid more positive, producing a further rise in
plate current; thus, the tube is satura.ted in a very short time. This action is accom-
panied by a surge of grid current which discharges storage capacitor C~112. At this
point, the plate current ceases to increase and the voltage across the grid winding of
T-102 drops sharply. As the grid voltage drops, the plate current falls off.

The voltage induced across the grid winding of the coupling transformer is reversed
from the former condition of rising plate current, and the grid bias is carried sharply
negative past cut-off. The negative charge placed on C-112 is quickly reduced to zero
by the conductivity of diode V-103 and the counting cycle begins again.

(C-111 is .discharged between each charging of C-112 through the pins 3 and 4
portion of V103, so there will be no net charge left on C-111 between cycles.

When plate current starts flowing in tube V-104A, a large signal is induced at the
plate by reason of the plate winding of T-102. This is a condition similar to ringing
and R—-107 produces slightly less than eritical damping, resulting in only one cycle.

The output pulses from triode V-104A drive divider No. 2 circuit and also provide
the 50-microsecond markers seen on the oscilloscope screen. They also go into mixer
circuits, a description of which is given in another section.
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The varying of the setting of potentiometer R-109 (screwdriver adjustment A)
adjusts the bias on triode section V~104A and thus fixes the critical point at which the
voltage on the storage capacitor C—112 overcomes the bias fixed by the potentiometer;
this allows plate current to flow. In this way, the division of the divider is controlled
and is set at a division of 5.

DIVIDER NO. 2

The operation is essentially the same as for divider No. 1. Potentiometer R—113
(screwdriver adjustment B) is adjusted until a division of 10 to 1 is seen on the oscil-
loscope. The output from V-106A is fed to divider No. 3 through C-123 and also goes
to a 500-microsecond amplifier V-113A for 4 and B delay locking. It also feeds V-104
marker nrixer amplifier for monitoring this circuit on the oscilloscope and indicates the
proper delay settings.

DIVIDER NO. 3

The operation is essentially the same as for divider No. 1. This output feeds
divider No. 4 through C-128. The division is controlled by R-119 (screwdriver adjust-
ment C), and is set at a division of 4 to 1. This is adjusted by making every fourth
500-microsecond pulse as short as possible as viewed on the oscilloscope test pattern.

DIVIDER NO. 4

This circuit is essentially the same as that of the other dividers. Division count is
controlled by adjustment of R~122 (screwdriver adjustment D) and is set at a division
of 6 to 1. This is adjusted by making a total of six short 500-microsecond pulses as
viewed on the oscilloscope test pattern. The pulses from this circuit feed a clipper tube
V-110B that controls the operation of a square-wave generator. Pulses also go to a
slow-sweep generator V-122, which produces sweep voltages on the oscilloscope for
viewing the entire time sequence.

10.204 Slow-sweep Generator and Amplifier (V-122 and V-123)

V-122 is a conventional gas triode (thyratron) sweep generator. The grid is
driven positive by pulses from divider No. 4 and the tube rapidly discharges C-211.
This condenser slowly charges in a sawtooth manner through R-264. Amplifier V-123
is a conventional biased amplifier, used to amplify a positive sawtooth voltage.

10.205 Eccles-Jordan Square-wave Generator (V-110B, V-115A, and V-115B)

Only negative pulses are passéd by V-110B, which is connected as a diode. The
Eccles-Jordan multivibrator (V-115A and V-115B) uses direct coupling between the
grids and plates of the two triodes V-115 and V-115B. Circuit equilibrium exists at
two points, which may be either tube section conducting heavily while the other is
near cut-off. Either a positive or a negative pulse applied to the grids of the tubes may
be used to switch conduction from one tube section to the other. Due to the absence of
capacity to ground from either plate éircuit, the output from either plate is a square
wave.

The output of the square-wave generator is applied to triode sections V-118A and
V-118B, which are applied to the vertical plates of the oscilloscope to appear on the
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screen as two horizontal traces one above the other. Both triode sections of V-118
are used for amplitude balance control.

The output of the square-wave generator also trips the A and B delay circuits.
These circuits require sharp tripping pulses and, to obtain this result, the square wave
is differentiated.

10.206 Amplitude Balance Circuit (V-118)

This circuit is used to provide different amounts of receiver gain during A and B
traces so that the two signals from a remote station (A) and from the ground station’s
own transmitter (B) can be made the same size on the screen for correct leading edge
match. A square-wave signal is fed from pin 3 of V-118 t.hrough pin 5 of J-103 to the
electronic attenuator for local-signal blanking.

10.207 A and B Delay Circuits (V-111 and V-114)

These circuits are essentially the same in operation except for their delay time
adjustment. The A delay is adjusted for a 1000-microsecond delay. The B delay is
set at a 2000-microsecond delay for an A ground station and at a 7000-microsecond
delay for a B ground station.

These circuits are monostable multivibrators and are turned on by a positive dif-
ferentiated pulse from the square-wave generator. The two halves of the square-wave
generator are 180 degrees out of phase with respect to each other. Since the A and B
delay multivibrators are turned on by opposite sides of the square-wave generator,
they too are started balf the square-wave cycle apart, or 12,000 microseconds apart.

Negative pulses 500 microseconds apart are fed into the same grid circuits. These
pulses turn off the multivibrator, which was started by the square-wave generator, at a
precise time and always precisely at a 500-microsecond interval. The desired 500
microseconds are selected by bias control R—129 (screw-driver adjustment R) in the case
of A delay; and R-172 (screw-driver adjustment STATION DEILAY on front panel)
in the case of B delay. The A delay is sometimes called the remote-signal delay and
the B delay, the local-signal delay.

10.208 A Delay Mixer (V-133) and A Pulse Selector (V-107, 1st Section)

In its steady state, the double triode V-133 has both sections conducting current
heavily through a common plate-load resistor. On the grid (pin 1) of the first section,
50-microsecond negative pulses are impressed. These pulses drive the grid down
through cut-off for the duration of the pulse and, therefore, produce similar positive
pulses on its plate. Since the second half of the tube is strongly conducting, the plate
voltage does not rise to a very high value. On the second triode grid, a negative dif-
ferentiated pulse from the A delay multivibrator appears and cuts off the plate current.
This makes a positive pedestal appear on the plate and should be about 75 microseconds
in duration. The length of this pulse is established by the 0.001 mf. condenser and the
200-K resistor connected to the grid curcuit (pin 4), and the amplitude of the signal as
applied to this circuit.

When both halves of the triode are cut off, 50-microsecond pulses occur in the plate
circuit at the same time that the pedestal is generated, and the 50-microsecond pip
appears in the plate circuit on top of the pedestal. The pulses go to a pulse-selector
grid (V-107, 1st section) which is biased in the cathode to a value slightly exceeding
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the sum of the tube cut-off and the pedestal amplitude. Therefore, the only pulse that
exceeds this value is the 50-microsecond pulse on top of the A delay pedestal, and the
tube starts to conduct, producing a negative pulse in its plate circuit. As long as the
50-microsecond pulse remains on the pedestal, all timing in circuits controlled by this
pulse will have the high precision of this pulse. Changes in divider chains or delay
circuits will not alter timing. This pulse is used to key a fast-sweep sawtooth voltage
on which will be seen the ship or remote-station signal.

10.209 B Delay Mixer (V-134) and B Pulse Selector (V-107, 2d Section)

These circuits work precisely the same as the A delay mixer and pulse selector.
Their output is used to key a fast-sweep circuit on which is viewed the local transmitted
video signal. This output is also used to key the radio-frequency transmitter through
the circuits of V-136B and V-117.

10.210 Transmitter Trigger Generator (V-136B and V-117)

Negative pulses from pulse selector V=107 plate (pin 5) are amplified by V-136B.
These positive pulses actuate the.grid of V-117 (thyratron) to overcome the fixed
negative bias voltage making the tube draw plate current. This tube draws a very
heavy plate current and gets most of its current from the 0.005 mf. coupling con-
denser connecting to terminal 1 of the transformer T-107. This makes a heavy
current flow in the primary winding of the trigger transformer. The secondary is
phased so a positive pulse is supplied to the transmitter modulator where pulse-form-
ing circuits key the transmitted radio-frequency pulse.

10.211 Pedestal Generator and Fast-sweep Circuits (V-119, V-120, and V-121)

The pedestal generator is a monostable multivibrator and is started by pulses from
the pulse selectors. It produces a square-topped wave for each A and B pulse. These
pulses are impressed upon the vertical deflecting plates of the cathode-ray tube and are
seen as two pedestals, one on each slow trace. Three values of pedestal length may
be had by setting the fast-sweep switch,

The output of the pedestal generator gates the fast-sweep generator. This circuit
generates a sawtooth voltage wave whose amplitude varies almost linearly with the
length of the pedestal. The output of the fast-sweep generator is applied to the hori-
zontal deflecting plates of the oscilloscope through the paraphase amplifier, to sweep
only during the time controlled by the setting of the pedestal generator.

10.212 Paraphase Amplifier (V-124)

The paraphase amplifier is a phase-splitting device that converts the sawtooth
waves from either the fast- or slow-sweep circuits into symmetrical push-pull sawtooth
waves, which are then applied to the horizontal plates of the oscilloscope. The use of
a push-pull phase-splitting amplifier of this sort obviates the use of high voltage supply-
ing the plate voltage of an amplifier.

10.213 Left-Right Circuit

The left-right switch is used to shift the received pulses to the desired porition
on the traces. This switch has three positions, with spring return to the center neutral
positiong
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The left-right circuit has two portions. When the sweep-speed switch is at the
fast position, only that portion of the circuit which is connected to the standard fre-
quency generator through switch S~105A is used. On the slow sweep, an additional
connection is made between the A delay circuit and divider No. 1 through switches
S-105B and S-101F. 1In this manner, a small frequency change is provided on the fast
sweeps and a greater frequency change is provided on the slow sweeps so that the
pulses may be moved at a convenient speed during either slow or fast sweeps.

10.214 10-microsecond Marker Circuit (V-116A and V-116B)

The purpose of this circuit is to place markers at intervals of every 10 microseconds
on the oscilloscope traces. The markers are clearly seen on the two faster sweeps only,
since the time base is compressed on the slower sweeps.

10.215 Marker Mixer and Trace-shift Mixer Circuits (V-104B and V-113B)

The purpose of the marker mixer (V-104B) is to mix the pulses from dividers
Nos. 2 and 3 at intervals of 50 and 500 microseconds, and to supply them to a vertical
deflection plate of the oscilloscope.

Triode section V+113B is a cathode follower which passes a square wave from the
square-wave generator supplied by pin 3 of V-118.

These pulses are combined in the cathode circuits and are fed to a vertical deflec-
tion plate of the oscilloscope.

10.216 500-microsecond Amplifier (V-113A)

The 500-microsecond amplifier circuit is used to amplify pulses from divider No. 2,
clipping the positive portion of the wave form and using the negative portion of the
wave form to lock the 4 and B delay multivibrators.

10.217 Oscilloscope (V-125)

The 5-inch cathode-ray oscilloscope tube (V-125) is a type 5CP1, with a green
fluorescent screen of medium intensity. The cathode grid and anodes Nos. 1 and 2
constitute the electron gun. 'This gun section controls a beam of electrons, which, after
passing between the vertical and horizontal deflection plates and the accelerator ring,
strike the screen.

The pattern viewed on the oscilloscope screen is the result of the movement of the
electron beam. The intensity and focusing of the electron stream are dependent on
the voltages impressed upon the grid (pin 3), upon the anodes Nos. 1 and 2 (pins 5
and 9), and upon the average voltage on the deflecting plates. All the voltages are in
reference to the cathode (pin 2). The vertical position of the electron beam on the
screen depends on the voltage between the vertical deflecting plates (pins 10 and 11).
The horizontal position of the beam is dependent upon the voltage between the hori-
zontal deflecting plates (pins 7 and 8).

10.218 Intensity-limiting Diode (V-135)

When the fast sweeps are used, this circuit supplies a blanking pulse to the grid
of the oscilloscope so that the beam is cut off except when the forward sweep is actually
taking place. Because of the relatively long inter-pedestal period between horizontal
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sweeps, an intensely brilliant spot would appear at the left-hand end of each trace
upon the screen unless the intensity of the beam is diminished during the retrace and
the stationary periods between horizontal sweeps.

10.219 Power Supply

One transformer supplies all the ac voltages necessary for operation of the con-
troller-indicator. The voltage (rms) and current ratings of the several windings
follow:

1100—at 5 milliamperes for the high-voltage rectifiers

750—at 100 milliamperes (center-tapped) for the low-voltage rectifiers

2.5—at 2 amperes for tube V-126 filament

2.5—at 2 amperes for tube V-127 filament

5.0—at 3 amperes for tube V—128 filament

2.5—at 5 amperes for the voltage regulator tubes V-129 and V-130

6.3—at 0.8 ampere for the oscilloscope tube (V-125) and the intensity limiter
(V-135) heaters

6.3—at 6 amperes for half the controller-indicator tube heaters

6.3—at 6 amperes to the other half of controller-indicator tube heaters.

The high-voltage rectifiers operate from the 1100-volt winding of the power trans-
former. Positive half-cycles from the windings are rectified by tube V-126 and filtered
by resistor R-217 and capacitor C-175. The protective-bleeder resistors R-218A, B,
C, and D discharge capacitor C-175 when the indicator is turned off. The positive
high voltage is applied only to the intensifier anode of the oscilloscope. Since the
current is low, the dc voltage is about 1500 volts—nearly equal to the peak voltage of
the ac input to the rectifier.

Negative half-waves from the same 1100-volt winding used for supplying the
positive half-waves are rectified by tube V-127 and filtered by resistors R-219 and
R—-220 and by capacitors C-176 and C-177. Mark III, Model 3, ground-station in-
struments have the synchronizer built into the controller-indicator. The bias power
supply was formerly in the synchronizer; now this bias is obtained by a potential
divider from the power supply that furnished the negative voltage for the cathode-ray
tube. This potential divider is composed of R—240 through R—284 and C-157 through
C-159.

A two-stage filter is used because of the greater current drain in this circuit. This
is the main high-voltage supply for the oscilloscope. Resistors R-233, R-234, and
R-235 are used as a voltage divider and as bleeder resistors. The dc output voltage
is about 1280 volts.

The low-voltage plate supply winding of T-106 furnishes an ac voltage to ground
of about 480 volts (at normal load) at the filament of V-128. The circuit is filtered
through the choke coil L~103 and capacitors C-178 and C-179. Bleeder resistor or
R-221 is connected between the supply and ground.

A stabilized and regulated B-plus voltage is applied to the various circuits in the
controller-indicator, except to the plates of :tubes V-122 and V-124, where an unregu-
lated and somewhat higher B-plus voltage is supplied. The two triodes V-129 and
V-130 (connected in parallel) are in series with the regulated B-plus load. This is
taken off the center tap of resistor R—280. Tube V-131acts as the grid voltage control for
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the triodes V-129 and V~130, which are in effect a variable resistor in series with the
B-plus load. The combined plate-to-cathode drop in these tubes is about 140 volts
at normal current flow so that a voltage of 265 volts is available on the regulated
B-plus. This is the voltage across resistor R-230 and the potentiometer R~231. The
arm of the potentiometer is set so that about 105 volts appear on the grid (pin 4) of
tube V-131. The screen and cathode voltages of V-131 are established by the voltage
divider made up of resistors R-229 and R~227 and the glow discharge regulator tube
V-132.

The voltage across the terminals of the tube V~132 will maintain a constant drop
of about 105 volts provided the current through the tube is between 5 and 30 milliam-
peres. Since about 10 milliamperes are provided, the tube is within its operating
limits. The plate (pin 8) of tube V-131 is connected to the grids of tubes V-129 and
V~130 through the balancing resistors R-225 and R-226. The unregulated B-plué
voltage is also connected to the plate of tube V-131 through the decoupling and plate
resistors R-222, R-224, R-223, and the condenser C-180A. The setting of potentiom-
eter R-231 (screwdriver adjustment P) controls the bias upon the grid (pin 4) of the
tube V-131 and is so set that 265 volts are obtained on the regulated B-plus on an ac.
supply of 105 to 130 volts. :

10.300 SYNCHRONIZER (In the Controller-Indicator)

In the Mark IIT, Model 3 instruments the synchronizer has been made a part of
the controller-indicator. While the function is much the same the circuits have been
considerably simplified.

The purpose of the synchronizer is to keep the ground-station crystal oscillator
at the same frequency as the ship oscillator. To accomplish this, a pulse gate controlled
from the ground-station crystal is mixed with the leading edge of the wavefront of the
ship-station pulse (at the output of the receiver). The resulting combined pulse at the
output of a mixer is rectified and the resulting dc voltage stored in a condenser. This
voltage is the control-error voltage of the automatic-frequency-control (AFC) circuit
which corrects the crystal-oscillator” frequency. Should a frequency or phase change
occur between the ship and ground-station crystals, the gate moves with respect to the
ship pulse, so that the mixing takes place on a different portion of thewavefront.
This produces a change in the output of the mixer, which means a different value of
error voltage. The direction of this voltage change is such as to make the AFC correct
the ground-station oscillator frequency. Since the error voltage can be either plus or
minus with respect to the normal, or no-error voltage, the AFC can correct for a plus
or minus change in relative frequency of the two oscillators. ,

Delay multivibrator V-112 is a monostable circuit which is started from the nega-
tive end of the A delay multivibrator, which is the circuit that starts the sweep for the
distant or ship signal. The purpose of this delay is to place a ten-microsecond gate on
the leading edge of the ship video signal, such that the video and gate signal operate
a mixer to produce a voltage which will operate the AFC tube. The gate must be
delayed because of the delay time the signal requires to go through the receiver. This
multivibrator operates the same as the A and B multivibrators 10.207. The output
of the multivibrator (pin 5) is a positive pulse about 75 microsecondslong. The nega-
tive end of this pulse is differentiated by C-223 and R~287. Inverted-amplifier V-137
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then has a positive pulse at its plate about 10 microseconds long, delayed about 75
microseconds.

Mixer tube V-138 is biased minus 30 volts in both control and screen grids. For
plate current to flow through this tube, positive signals must be applied to both control
and screen grids. In this case the positive ten-microsecond gate is supplied to the con-
trol grid while the video signal is applied to the screen grid. . Mixing takes place on the
leading edge of the video pulse to produce a negative pulse in the plate circuit of this
mixer. Condenser C-227 is charged by this negative pulse through a diode (second
half of V-137). This negative voltage is then applied to the grid of the AFC tube
V-136A. This same voltage appears at grid 1 of the differential amplifier V-139.
Should the video pulse change its time position with respect to the gating pulse, there
will be a change in mixer output which will change the value of the potential on C-227.
The differential amplifier will then be unbalanced and will so indicate on the Sync Meter.
Also the change in C-227 voltage will cause the AFC tube to operate and the 100-kilo-
cycle oscillator to alter frequency in the direction to correct for the change in the posi-
tion of the video signal with respeet to the mixer gate. The delay of the synchronizer
delay multivibrator may be varied by the Synchronizer Delay Control. By use of this
control the leading edge of the ship video signal may be made to match the leading
edge of the ground-station video signal. When the ground station is in synchronism,
the Synchronizer meter will be centered if the ground-station 100-kilocycle oscillator
has the same frequency as the ship oscillator. If there is a frequency difference
it may be corrected by the Fine Frequency control by which the Sync Meter may be
centered and the frequency corrected.

10.400 RECEIVER

The ground-station receiver is the same as the ship receiver in all but one detail.
For the theory of operation of this unit, refer to paragraph 9.400. Because of the
large difference in ground-station signal strength at the ship, it was found that a larger
range of gain could be had by introducing the balance-gain signal of the radio-frequency
tube (V-301). Since the local signal is less at the ground station, the original design
of balance gain on the last IF stage (V-305) is used.

10.500 ELECTRONIC ATTENUATOR

Since the ground- and ship-station electronic attenuators are the same in all details,
they will not be described here. See paragraph 9.500 for theory of operation of this unit.

10.600 TRANSMITTER AND RECEIVER ANTENNA COUPLER

There is considerable difference between the ship and the ground-station method
of coupling the antenna to the transmitter and the receiver. Because the ground-station
antenna has low reactance and a resistance of 24 ohms (see paragraph 10.701), and
because reactance and resistance change very slowly with frequency over a considerable
range of frequency, it is possible to couple the RG-8/U 50-ohm coaxial cable directly
to the antenna without serious mismatch. No additional changes are necessary at
the transmitter.

In Model 3 instruments the receiver coupler is just the same from the circuit
consideration, but this coupler is now located in the upper right rear of the transmitter.
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Connection is made to the transmission line which supplies the transmitter signal to
the antenna. A second coaxial fitting takes the receiver signal from the coupler.
The coupler circuit is parallel-tuned and capacity-coupled to the antenna transmission
line. The receiver connection is from a three-turn link at the ground end of the coil.’
The important property of the coupler is the selectivity in the input of the electronic
attenuator, which aids in excluding unwanted noise and signals.

10.700 ANTENNA AND GROUND SYSTEM

The ground-station antenna is a vertical quarter-wave (100 feet) radiating tower.
It is base-insulated and braced by four sets of insulated guys (four guys per set).
This tower antenna is elevated or lowered by means of a 30-foot ginpole, the tower
base being first attached to a hinged portion before being elevated or lowered. The
antenna is erected at the center of a radial ground system that extends 100 feet from
the tower. Since the current distribution in the ground is greatest near the base of the
antenna, the radial type ground system is well suited to reduce the ground-system
Josses.

In any pulse system where the accuracy depends in part on the steepness of the
pulse wavefront, special attention must be paid to reduce the storage factor in all reactive
elements. In other words, the @ of circuits must be kept small; this is in an effort to
produce the desired band width which is necessary to fast-rising pulse fronts. The
same is true of the antenna system, since it is a reactive system. The Q of the antenna
system can be reduced by using an antenna of large diameter. The triangular aluminum
tower—10 inches on each face of the triangle and of uniform cross section for its entire
length—gives quite suitable band-width characteristics. Since the antenna is almost a
quarter-wave long, there is little reactance at the base of the antenna (where the
transmitter connects). From the table listed below, it can be seen that antenna resist-
ance of 24 ohms is nearly constant for a band width of 100 kilocycles, the operating
frequency being 1850 kilocycles. The reactive variation can also be seen to be small.

The ground system and station layout can be seen by referring to Figure 13.
The principal reason for the ground system is to reduce the radiating-system losses
caused by the large currents flowing in the earth near the base of the antenna. Another
purpose of this system is to keep the radiation at a low angle, which is desirable as
the EPI system uses only the ground wave. Sky-wave radiation would be wasted
energy in this system. By using a radial system, the resistance is less near the antenna
base where the current density is greatest. While there is current flowing in the earth
a considerable distance from the base of the antenna, there is little gained in making
radial lengths over one-half wave. Since the currents in the vicinity of the antenna
penetrate to a considerable depth, the station site should be selected in a place where
the earth has good conductivity. In the design of the ground system for the EPI,
attempts were made to keep the construction as simple as possible. To double the
number of radials of the present system would result in only a ten percent improvement
in field strength. Doubling the lengths of the radials would result in even less improve-
ment in field strength.
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10.701 Ground-Station Antenna Impedance Characteristics

Antenna—100-foot triangular tower. Measured at base with a G. R. 916-A Radio
Frequency bridge; transmission line disconnected. :

Frequency Resistance Reactance
Ke ohms ohms
1750 20 —j229
1820 25 —j150
1850 24 —jl22
1900 24 —j108
2000 28 —ij75
2100 33 +i8

Because of the low base impedance, the voltage at the base of the antenna is
quite low even at 10 kilowatts radiated. This means that small insulators may be

used at the base of the tower.
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CHAPTER XI

TROUBLE-SHOOTING AND PREOPERATIONAL
MAINTENANCE OF SHIP EQUIPMENT

11.100 TROUBLE-SHOOTING.

It is not the purpose of this section to give a complete outline of trouble-shooting.
It is intended only to suggest how to correct trouble which can be detected on the
EPI scope. Many of the difficulties will entail nothing more than the adjustment of
the instrument. Many difficulties will be apparent by the appearance of the scope
and will not be discussed, as the experienced technician will consider these before
referring to the Manual.

Some probable faults and the methods of correcting them follow:

a. Blinking signal not operating properly:

1. Check to see that the local signal is on the second pip; if not, correct by
. means of R control.
2. Make slight adjustment of A or B stepcharger controls.

b. Ground-station signals disappear or jump in time for certain settings of the
range dial: (It is most common to have this occur for one ground station.)
1. Phase shifters may be out of alignment check, as in 11.104.

Ground-station signals on the scope but no local signals:
1. Second Eccles-Jordan may need adjustment (see paragraph 11.107.)
. One of the local signals may be advanced on the scope more than the others:
1. See paragraph 11.105.
e. No fast sweeps: '
1. Adjust first Eccles-Jordan (see paragraph 11.108.) There will be no
pedestals; they should appear on the slow sweep.
Both ground-station signals jump from the fast sweep, or neither ground sta-
tion comes into sync:
1. See paragraph 7.200.
One of the ground-station signals begins losing shape, starting at the peak of
the signal:
1. The distance to the ground station is exceeding the range of the instru-
ment. Inform the ground-station to insert more or less delay as required.

&

&

™

@

11.101 Instruments needed for Servicing

For trouble-shooting the ship equipment, the following instruments are needed:

Tektronix 315D, or 514D oscilloscope or equivalent, or one with synchroscope
features.

RCA Voltohmyst VT'VM, or equivalent, with input impedance of 10 megohms or
more.

20,000 ohms-per-volt Volt-Ohm-Milliammeter, such as a Triplett Model 630 or

Simpson Model 260.
99
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11.102 Alignment of Phase Shifters.

The phase-shifter alignment is a laboratory adjustment and should not require
realignment. Evidence of misalignment between the 1000- and 100-microsecond
phase shifters will be by a jump of plus or minus 100 microseconds from the expected
range. Suspicion of misalignment should be checked by means of the zero check
method, see paragraph 7.700. This will also check misalignment between the 100 and
10-microsecond phase shifters. .

The zero-check method is not always infallible as sometimes misalignment occurs
over certain ranges and not others. A more comprehensive check would be to set the
controls as indicated on the lower view of Figure 19. Rotate each range dial through
1000 microseconds and note if the 1000-microsecond sweep pips on the A and B pedestal
jump or move irregularly. They should move steadily across the pedestal with the
rotation of the dials. Adjustment is made only on the 100- and 1000-microsecond phase
shifters. The following paragraph describes how to properly align the phase shifters
using an oscilloscope.

When aligning the A phase shifters, connect the oscilloscope probe (to Y amplifier)
to pin 1 of transformer T-605 located on the left-hand panel in the controller. Attach
the external sync of the scope to pin 1 of transformer T—606 located on the right panel
in the controller. Adjust the scope for a negative sync signal and for a sweep length
of a little over 1000 microseconds. Run the A range dial and watch the ﬁegative A
sweep pulse advance across the sweep. If the 1000- and 100-microsecond phase shifters
are out of alignment, then spurious pips will start to appear 100 microseconds before
or after the principal pip. To correct for this loosen the four screws on the front of
the clamping plate on the 1000-microsecond phase shifter (the left unit). Hold the
range dial and rotate the 1000-microsecond phase shifter a few degrees by hand until
the spurious signal disappears. Rotate the range dial through a full 1000 microseconds
to make sure that the spurious signals do not again appear. Make a Zero Check 7.700
to make certain the phase shifters have not been set off by 100 microseconds. Be
particular to make the check in the last paragraph of this section. Remember to
tighten the clamp screws.

It is possible that the 100-microsecond phase shifters are not aligned. To check
this, put the scope on a sweep speed of about 100 microseconds. Rotate the A and
B range dials at the same time, in"opposite directions so as to keep the sweep pip
about in the middle of the sweep. Rotate these dials to cover a range of at least
100 microseconds, and while doing this watch for spurious signals 10 microseconds
before or after the principal pip.

Loosen the clamp plate on the 100-microsecond phase shifter (center unit), hold
the range dial,-and rotate the 100-microsecond phase shifter by hand until the spl’u‘ious
signal disappears. As before, check through another 100-microsecond range. Make
the final Zero Check.

To check the B range unit, interchange the sync connection and the ¥ probe con-
nection and repeat as in the preceding two paragraphs.

11.103 A and B Blanking Video Bias Adjustment

These adjustments are infrequent. The adjustments should be made when there
is a noticeable difference in the starting points of the local signals on each side of the
vertical sweep.
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Should there be a difference in the starting of the local signals, correct as follows:
Open the controller and pull the shelf about half way out. Control R-699 will be
seen on the upper part of the left panel. Turn this control until the center line begins
to separate. Turn the control counterclockwise until the sweeps reunite, then turn a
small amount beyond this point. Next go through the same procedure in the adjust-
ment of R-700 which is located on the upper part of the right panel. Make the final
adjustment so that both the A and B signals leave the sweep at the same point.

11.104 Divider-chain Failure

Other than tubes, the most common failure in these circuits is in the insulation
breakdown of transformers T-102, T-103, T-104, and T-105. If these transformers
develop a very small leakage on the grid windings to ground, or to the plate windings,
the voltage on the charging condensers C-112, C-118, C-125, or C-129 will be changed,
giving erratic operation of a step-charger divider.

When checking the resistance of the grid windings to ground, be sure to pull out
the 6H6 and 6SN7 tubes associated with the transformer being checked.

11.105 First Eccles-Jordan Failure

If the first Eccles-Jordan multivibrator fails to operate, the fast sweeps will dis-
appear entirely. This circuit is adjusted by screw-driver adjustment @ (R-184) on
the right side of the indicator, Set the SWEEP SPEED switch to SLOW and turn
the trace separation control clockwise. When operating properly, two separate traces
will be seen on the indicator scope.

11.106 Indication for Second Eccles-Jordan Multivibrator Adjustment

The second E. J. circuit, (V-606), is used only for alternately presenting the local-
signal pulse on first the A and then the B side of the indicator scope.

Improper operation or adjustment of the second Eccles-Jordan circuit is usually
evidenced by the absence of the local signals, while the ground-station signals appear
normal. The center sweep line usually appears blurred and slightly separated when
the E. J. circuit is not correct.

To correct this, open the controller and pull out half way. The second E. J.
control is R—-644, located on the upper portion of the center panel. Adjust this control
until the local signal reappears; adjust to the center of the range.

11.200 PREOPERATIONAL MAINTENANCE

Before the start of each field season, take the following steps to assure that the
ship instrument is in good operating condition and will give the minimum of trouble
during the season:

a. Test the tubes (see paragraph 11.201).

b. Check the power supply and filament voltage.

¢. Clean the instrument thoroughly.

d. Check the C pulse-selector bias (see paragraph 11.202).

e. Check the A and B pulse-selector bias (see paragraph 11.203).

In making tests, use should be made of the zero-check (see paragraph 11.101) and
the pulse test generator tests. (See paragraph 12.300.)
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11.201 Tube Tests

When an instrument has had considerable use during a field season, it is well to
check all the tubes before putting the instrument back in service the following season.
Before starting tube tests, check the B+ and adjust to correct value if necessary. A
good tube checker should be on hand for these tests. Remove one tube at a time
from the instrument, check it, and replace with a new tube if it shows signs of being
subnormal. Check all new tubes before putting them in the instrument. When a
tube is replaced, make certain that the new tube is functioning as it should. In doing
this, consider the circuit in which the tube operates and what presentation you should
have on the scope for normal operation of this circuit. It should be kept in mind
that a new tube may require readjustment of controls associated with the circuit in
which it operates.

Most of the gas-type tubes, such as 884, 2050, and VR-105, cannot be tested with
most tube checkers, so they should be replaced without checking.

The test pulse oscillator may be used while making these tests since it is a rapid
method of making certain the equipment is working properly.

11.202 Checking the C Pulse-selector Bias on Pin 6 of V-138B in Indicator

A Tektronix 514D, 315D, or equivalent scope is needed. Connect the test-scope
Y probe to pin 6 of V-138B. Connect negative sync to pin 1 of T605 in controller. Use
100-microsecond-driven sweep. Turn the A range dial until the negative pip coming
from plate of V-138B will be on the sweep. If the bias is too low on the cathode of this
tube, the pedestal coming from V-117 will begin to show. The resistor values in the
cathode-to-ground, or cathode-to-B+ should be changed until the pedestal just dis-
appears.

11.203 Checking the A and B Pulse-selector Bias on Pins 3 and 6 of V-107 in Indicator

Connect test-scope 1" probe first to pin 2, then to pin 5 of V-107. Sync scope to
pin 2 or 5 of V-115. Use continuous sweep on test scope. Set both A and B phase
shifters to zero. Be sure the timing delays are set up properly in the indicator.

On pin 2 of V-107 should be seen only four 1000-microsecond A sweep pips. On
pin 5 of V-107 should be seen only four 1000-microsecond B sweep pips. If the cathode
bias on V-107 is not properly adjusted, the pedestals coming from A or B sweep mixers
will show on its'plate, pins 2 or 5. This bias should be adjusted so that the pedestals
from the mixer circuits just disappear.

11.204 WWYV Check

At the beginning of a season or when an instrument is first put in operation, it is
desirable to check the frequency of the ship’s master 100-kilocycle crystal oscillator
against a primary standard such as WWV.  This can easily be done by lightly coupling
alead to pin 8 of V-102 in the indicator, using a 5-mmf condenser or merely a twisted
pair of insulated wires to obtain the proper coupling. This lead then connects to the
antenna post of a communications receiver, along with its regular antenna. Harmonics
of 100 kilocycles will be heard up to 15 megacycles.

When checking the crystal at, say, 10 megacylces and a 5-cycle beat is heard, the
crystal is off frequency by 0.05 times the basic frequency of 100 kilocycles, or one part
in two million.



EPI MANUAL 103

11.300 RECEIVER ALIGNMENT

Nore: This procedure applies equally to ship- and ground-station receiver align-
ment.

The receiver circuits are carefully aligned at the laboratory. Normally, the
intermediate frequency circuits will require no adjustment. On account of the band-
width of the I. F. circuit, alignment is difficult and should not be attempted without
good reason. Only the radio frequency circuits may require a very slight touching up
on actual signals from the EPI transmitters, when. the equipment is installed or checked.

As a check on receiver performance, before the start of each field season, the over-
all sensitivity and bandwidth should be measured.

The receiver unit should be removed from its dust cover, placed on a table near
the indicator and the interconnecting cable reconnected. Allow the receiver to warm
up for about fifteen minutes before proceeding with alignment. ‘

11.301 TEST EQUIPMENT

A signal generator with a calibrated output attenuator is required. Navy model
LM, General Radio and Federal type 605, or General Radio 1001-A is suitable. Mod-
ulation is not used on the signal generator when a RCA Voltohmyst or equivalent
VTVM is used for indication.

A dummy antenna resistor will generally be required to make the signal generator
output impedance to 50 ohms. Many signal generators have an output impedance
of about 10 ohms, and if this is the case, a carbon resistor of 40 ochms should be inserted
between the generator and the antenna jack of the receiver.

In addition, small fixed capacitors with values of 500-mmf., 0.01-mf., and 0.05-mf.
will be required.

In using the voltmeter, it is advisable to use the 10-volt scale. Noise voltages
should be added to all output readings. This is done in order that accurate readings
may be obtained when sensitivity measurements are being made. The usual method
is as follows: Move the BALANCE GAIN control to its central position. Connect the
VTVM to the electrical junction of R-318 and C-328. This point in the circuit is
called the detector load. After the signal generator is connected to the various circuits,
the attenuator control is advanced until five volts output is read on the meter. Then
the signal generator attenuator is set at zero output. The remaining reading on the
output meter is the noise-level voltage. Then the attenuator input is increased to
five volts plus this noise-level voltage for the output voltage readings.

11.302 CHECKING THE OVERALL SENSITIVITY

Connect a VI'VM across the detector load. Connect the signal generator through
the dummy antenna resistor to the antenna jack. The signal generator frequency
should be set to 1850 kilocyeles. A 5-microvolt signal from the generator should result
in an output of five volts at the meter. This is the frequency assigned at the present
time. If other frequencies come into use at a later date, the new frequencies should
be used when making receiver alignment.

11.303 CHECKING THE OVERALL BANDWIDTH

Connect a VI'VM across the detector load. Connect the signal generator to the
antenna jack and adjust its output to produce five volts, plus the noise voltage at the
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output meter. The signal generator frequency is set at 1850 kilocycles. Then increase
the signal generator voltage two times and note the generator frequency above and
below the channel frequency which gives the same output (5 volts) at the meter. The
difference between the two frequencies gives the bandwidth at two times the input
(6 db). The correct bandwidth is about 85 kilocycles.

11.304 CHECKING THE OVERALL I. F. SENSITIVITY AND BANDWIDTH

Connect & VTVM across the detector load. Connect the signal generator to the
grid (pin 8) of V-302 through a 0.01-mf condenser. Short out the oscillator voltage
during the I. F. alignment to prevent interference from the oscillator by connecting
a 0.05-mf. condenser between the grid (pin 5) of V-302 and ground. The generator
frequency is set at 1050 kilocycles, unmodulated. Increase the generator output
until five volts, plus noise level is obtained at the output meter. Then the attenuator
reading will give the I. F. sensititviy. The minimum sensitivity should be about 400
microvolts. . :

Increase the generator output to two times the sensitivity reading as indicated
above. Adjust the generator frequency both above and below the I. F. frequency
(1050 kilocyeles) until the indicated output is 5 volts on the meter. Note the two fre-
quencies corresponding to a 5-volt output. Then subtracting the lower frequency
from the higher will give the bandwidth at twice the input. The correct bandwidth
should be about 120 kilocycles.

CAUTION.—Do not disturb the I. F. alignment unless it is certain that there is
trouble in these circuits and they are out of adjustment. First check the overall
bandwidth and sensitivity of the receiver or the overall 1. F. bandwidth and sensi-
tivity by the method given above. Because of the wide bandwidth, I. F. adjustment
is difficult. o

11.305 ADJUSTMENT OF FOURTH I. F. STAGE

The oscillator should be shorted out as previously mentioned. Connect the signal
generator through a 0.01-mf. condenser to the grid (pin 4) of V-305. The gro%nd
or common lead from the signal generator is connected as usual to the receiver chassis
Connect a 500-mmf. condenser between the plate (pin 3) of V-306 and ground Set'
the signal generator frequency at 1060 kilocycles. Note that this frequency. S
kilocycles above the 1. F. frequency of 1050 kilocylces.

Turn on the signal generator and adjust its outpu i indicati
is obtained on the VTVM. J put so that a suitable indication

Turn the bottom (primary) screw of T-304 until maximum output is indicated
on the output meter. Decrease the signal generator output and disconnect the 500-mmf
condenser temporarily connected to the plate of V-306. )

Turn the top (secondary) screw of T-304 until a comparatively level peak is
obtained in the output when the signal generator is varied between 1010 anpd 1090
kilocycles.

Always decrease the output of the signal generator between adjustments in order
to avoid damaging the output meter.

11.306 ADJUSTMENT OF THIRD I. F. STAGE

Connect a 500-mmf. condenser between the grid (pin 4) of V-305 and ground
Set the signal generator to 1060 kilocycles as before, and connect it to the grid (pin 4).
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of V-304 through a 0.01-mf. condenser. Turn the bottom (primary) screw of T-303
until maximum output is shown on the output meter.

Disconnect the 500-mmf. condenser from the grid of V-305. Turn the top (second-
ary) screw of T-303 until two peaks of equal amplitude are obtained in the output,
one at about 1015 kilocycles and the other at about 1085 kilocycles. If the amplitude
of the two peaks differ, readjust the top screw on T-303 until the two peaks have
equal amplitude.

11.307 Adjustment of Second 1. F. Stage

Connect a 500-mmf condenser between the grid (pin 4) of V-304 and ground.
Set the generator frequency at 1050 kilocycles (the actual I. F. frequency). Connect
the signal generator through a 0.01-mf condenser to the grid (pin 4) of V-303.

Turn the bottom (primary) screw on T-302 until maximum output is obtained.
Remove the 500-mmf condenser from the grid of V-304.

Turn the top (secondary) screw of T-302 until double peaks are produced in the
output, one at about 1020 kilocycles and the other at about 1080 kilocycles.. The
two peaks should be of equal amplitude.

11.308 Adjustment of First I. F. Stage

Connect a 500-mmf condenser between the grid (pin 4) of V-303 and ground.
Connect the signal generator through & 0.01-mf condenser to the grid (pin 8) of V-302.
The signal generator should be tuned to 1050 kilocycles.

Turn the bottom (primary) screw of T-301 until maximum output is indicated.
Remove the 500-mmf condenser from the grid of V-303. Turn the top screw of T-301
until two peaks of equal amplitude are obtained in the output. These peaks should
occur at about 1025 and 1075 kilocycles.

11.309 Adjustment of Wave Traps

Detune the oscillator by connecting a 0.05-mf condenser between the grid (pin 5)
of V-302 and ground. Temporarily detune the wave-trap inductances L-306 and
1.-315 by turning the screws on these coils a few turns. Connect the signal generator
(set at the I. F. frequency—1050 kilocycles) through a dummy antenna resistor to the
antenna jack. Turn the screw on coil L-305 until minimum output is obtained. As
minimum indication is reached, the output of the signal generator should be increased.
Readjust the screw on coil L-305 for minimum output with higher generator voltage.

Then connect the signal generator through a 0.01-mf condenser to the grid (pin 4)
of V-301. Turn screw on L-315 until a minimum response to the 1050-kilocycles signal
is obtained. Short-circuit the parallel trap 1.-305 by a wire across its terminals. Con-
nect the signal generator, still set at 1050 kilocycles, to the antenna jack through a
dummy antenna resistor. Turn the screw on L-306, part of a series trap, until mini-
mum response is obtained on the output indicator. Then remove the short-circuit on
1.-305. Retune all the traps (1.-305, 1.-306, and 1~315) for minimum response at the
output.

11.310 Alignment of Oscillator, Mixer, and Antenna Circuits

For a description of the alignment of these circuits, refer to paragraph 7.500.
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11.311 Gain Test of Video Amplifier

A 1-volt (peak to peak), 60-cycle signal may be fed into the grid of V-307. An
AC output meter connected between the output side of C-334 and ground should show
at least 15 volts rms.



CHAPTER XII

TROUBLE-SHOOTING AND PREOPERATIONAL
MAINTENANCE OF GROUND-STATION EQUIPMENT

12.100 TROUBLE-SHOOTING

Indications of trouble and proposed corrections:
a. Unable to match leading edges of ship pulse with ground-station pulse, using
either coarse or fine delay controls on synchronizer:
1. Make checks as outlined in paragraph 12.101.
b. On fast sweep, marker pips on upper sweep do not line up vertically with cor-
responding pips on lower sweep:
1. Make checks as outlined in paragraph 12.102.
. Ship pulse not pulling into sync from either right or left:
1. Make adjustment on AFC bias control as outlined in paragraph 8.103j.
d. Complaint by ship that ground station is 500 microseconds off in range:

1. Check R control as outlined in paragraph 8.103g, and STATION DELAY

control as outlined in paragraph 8.103h.
. Local signal normal but no remote signals:

1. Electronic-attenuator amplifier not functioning. This can be checked
quickly by switching the electronic-attenuator unblanking switch. If the
local signal does not saturate or change greatly in amplitude, the elec-
tronic-attenuator amplifier is not functioning.

Erratic operation of the electronic-attenuator amplifier can cause erratic appear-
ance of the local-transmitted-signal pulse shape, especially in the lagging
edge of pulse:

1. Have another station look at your signal pulse to determine if transmitted
signal 1s actually erratic.

. When synchronizing ship signal, the signal jumps in time when the sweep speed
switch is turned from slow to fast:

1. All step-charger adjustments should be centered in their range. Special
care should be taken in centering Eccles-Jordan control @.

h. No fast sweep:
1. Eccles-Jordan may need adjusting (control @ on right side of indicator).
i. Ship signal cannot be stopped on fast sweep with fine frequency control:
1. This is normal during warm-up period. Adjust COARSE FREQUENCY
control through front of controller-indicator cabinet.

=]

@

el

”

12.101 CHECKING SYNCHRONIZER DELAY MULTIVIBRATOR

To make a check of the Sync Delay Multivibrator the video amplifier in the
receiver is used to amplify and present the voltage pulse on the face of the indicator
107
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oscilloscope. Note that a negative voltage fed into the grid pin 4 of V-307 in the
receiver is inverted and will be displayed on the scope face as a positive upward pulse.

STEP 1

Set the controller-indicator controls as follows:
SWEEP SPEED control at FAST
FASTSWEEP at 1

GAIN at 0

RECVR switchat ON 1

TRACE SEPARATION at counterclockwise.

STEP 2

Connect a test lead from pin 1 of V-137 on synchronizer chassis in indicator.
Connect other end of test lead to pin 4 of V=307 in receiver. A positive pulse about
30 microseconds wide at the base and about 27 inches high should be seen on the scope
The pulse should move about 20 microseconds by adjusting the SNYC DELAY control:
The lagging edge of the pulse should be about on the first 50-microsecond downward
pip with the SYNC DELAY control centered.

Potentiometer screwdriver adjustments R-137 and R-139 just to the upper
right and lower right of the SYNC DELAY control R-138 may be adjusted to get the
correct vernier action of the SNYC DELAY control.

12.102 CHECKING V-133 AND V-134 MIXERS AND V-107 PULSE-SELECTOR
WAVE FORMS ON THE CONTROLLER-INDICATOR

Tgst 1. Check for Proper Pedestal Width on the Output of Mixer V-133:
. STEP 1

Set the controller-indicator controls as follows:
SWEEP SPEED at SLOW
FAST SWEEP at 1
RECVR switch at ON 1
GAIN at 0
Use trace separation
STEP 2

Back up R control until pedestal on top trace locks on first 500-us pip.
STEP 3

From pins 2 and 5 on V-133, connect a 0.01-mf condenser and run g I
: . ead f t
other terminal of the condenser to pins 8 of V-307 in receiver. rom the

STEP 4

Connect to pin 1 of V-119 a 150-mmf condenser, and from opposit .
i e t
condenser run a lead to pin 3 of V-118. ’ pp erminal on

STEP 5

Set the controller-indicator control as follows:
SWEEP SPEED at FAST
FAST SWEEP at 2
RECVR switch at ON 1
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GAIN at 0
Use trace separation
A pedestal of about 75-us in width should appear on the top trace. One pip of a

group recurring at & rate of 50-us should stand on top of the pedestal. If the pedestal
is too wide a second pip, or more, will appear on the top. The width of this pedestal
is controlled by the 0.001-mf and 200,000 ohms resistor on pin 4 of V-133. If more
than one pip appears on the pedestal, it is best to first try other 5692-type tubes to
correct this before changing the RC circuit.

Test 2. Check for Proper Pedestal Width on Qutput of Mixer Tube, V-134:
STEP 1

Set the controller-indicator controls the same as in \Step 1 of test 1 (V-133).
STEP 2

Back up STATION DELAY adjustment until pedestal on bottom trace is locked
on the first 500-us pip.
STEP 3

Same as Step 3, Test 1, except connections to pins 2 and 5 of V-134.
STEP 4

Same as Step 4, Test 1, with the exception that the 0.01-mf condenser goes to pin
6 of V-118 instead of to pin 3.

STEP 5

Set controller-indicator controls the same as in Step 5, Test 1. A pedestal of
about 75-us in width should appear on the bottom trace. One pip of a group recurring
at a rate of 50-us should stand on top of the pedestal. If the pedestal is too wide, a
second pip, or more, will appear on top. The width of this pedestal is controlled by
the 0.001-mf and 250-K resistor values on the grid (pin 4) of V-134.

Test 3. Check for Proper Bias on V-107 Cathode for Selection of Pulses from V-133
and V-134:

STEP 1
Same as Step 1, Test 1, in V-133 mixer tests.

STEP 2
Same as Step 2, Test 1.

STEP 3

Make up test probe consisting of a 5 micromicrofarad capacitor in series with
inner lead of a three-foot length of coax cable. Connect open end of probe to receiver
video input, as described in Step 4, paragraph 12.101, of synchronizer tests. Connect
probe end to pin 2 of V-107.

STEP 4

Set the controller-indicator controls the same as in Step 5 (V-133 mixer tests).
On the upper trace a positive pip should be viewed. (Keep in mind that the receiver
video amplifier inverts these signals.) A test can be made for proper bias setting by
connecting a 100-K, or so, pot from cathodes to ground on V-107 and adjusting pot
so that there is less bias. With a smaller value of bias, the leading (left-hand) edge of
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the V-133 output pedestal will start appearing and will key the fast sweep on the upper
trace in normal operation, thus giving an error. On the other hand, the bias could be
too great in normal operation and the proper pip would not be strong enough to key
‘the fast sweep. The cathode bias should be adjusted so that the pedestal edge does

not appear on the plate of V-107.
STEP 5

Same as Step 1, Test 2, in V-134 mixer tests.
STEP 6

Same as Step 2, Test 2, in V~134 mixer tests.
STEP 7

Same as Step 3 in this group except that probe end should be connected to pin 5

of V-107 instead of to pin 2.
STEP 8

Same as Step 4 in this group except that the positive pip will appear on the bottom
trace. Make same observations as in Step 4.

12.200 PREOPERATIONAL MAINTENANCE

Before the start of the field season, take the following steps to assure that the
ground-station equipment will give satisfactory operation during the season:

a. Test the tubes (see paragraph 11.201)

. Check the power supply and filament voltages

¢. Clean the equipment thoroughly

d. Use the test pulse oscillator for tests (see paragraph 12.300)

12.300 MAINTENANCE, TESTING, AND ADJUSTING WITH THE TEST PULSE
OSCILLATOR

By use of the test pulse oscillator it is possible to make bench tests which closelv
simulate field conditions. Nearly all tests can be made except those to the transmitter
and antenna systems, and to the local-signal part of the electronic attenuator.

1t is recommended that the test-pulse-oscillator tests be made before the start of
a field season as a final operation check after all routine checks and adjustments have
been completed.” This method of testing may also be used after a major field repair job

A test-pulse-oscillator can be constructed in accordance with Figure 63. -

12.301 Circuit Connection

A closed coaxial (RG-8/U) circuit is needed to connect the RF pulse output from
the test oscillators to EPT electronic-attenuator-receiver antenna inputs. A ship unit
and one ground-station unit are usually tested at one time. However, it is possible to
test two ground-station units against each other, using one unit to su’pply the trigger
for a test pulse oscillator instead of the ship unit. A coaxial trigger cable is run from
a ground-station trigger output to a second test oscillator. The R. F. pulse output
from both test oscillators are paralleled by means of a T coaxial connector (Amphenol
83-1T) and run to the paralleled electronic-attenuator-receiver antenna inputs of ship
and ground-station units. This simulates a field setup, using only one ground station
with the absence of atmospheric noise. Since a ground station can be made either an
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A or B station, it is not necessary to set up two ground stations. The electronic-
attenuator blanking switch must be turned to OFF so that the weak R. F. signals from

the test-pulse oscillators will be amplified during the local-signal transmitting time
of each instrument.

12.302 Ship-station Tests

The following are some tests that can be made using the test-pulse oscillator.
Be sure all equipment has been warmed at least 30 minutes.
a. Tuning of EPI receiver:
See paragraph 12.303a.
b. Basic timing check:

Assuming the ground-station timing has been set up properly, a quick
check of the ship’s basic timing can be made by matching the ship signal on
the ground-station scope set to slow sweeps. If it is steady, the dividers are
set up properly.

Since there is zero distance between ship and ground station, the ship
range counters will read near zero when the ground station is properly
synchronized. This is a check of the ship-unit phase shifters.

12.303 Ground-station Tests

a. Tuning of EPI receiver:

With the test oscillator tuned to the correct center frequency of EPI
assigned frequency, the receiver antenna and mixer adjustment can be peaked
for maximum amplitude of received pulse. The receiver local-oscillator
adjustment can be made for maximum rise time of received pulse.

b. Basic timing check:

With the ship’s basic timing set up properly, a quick check can be made
of the ground-station’s basic timing. If the crystal oscillator is off frequency
or any of the step-chargers out of adjustment, the ship’s transmitted signal
will run erratically across the scope traces on slow sweeps.

e. Synchronizer AFC pull-in time:
For this adjustment, refer to paragraphs 8.103i and 8.103j.
d. Synchronizer delay control operation:

Move the sync delay control full counterclockwise. Synchronize and
close-match the ship and ground-station leading edges of signals, using the
coarse delay screwdriver adjustment for matching. On the A or B ship range
counter, depending on how the ground station is set up, match the signals and
read the ship-unit range counter. Move the sync delay control full clockwise.
Rematch the signals on the ship unit and read the range counters. The differ-
ence in ship range-counter readings is the amount of delay change caused by
the ground-station sync delay control and should be about 30 microseconds
for the entire range.

e. Time check on stability of instrument:

A check can be made on the stability of a ground-station instrument over
a period of several hours by having an operator close-sync the signals at a
ground station and another operator match the signals on the ship unit. Since

302383-—34——3
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the range between the ship and ground-station unit does not change, this gives
a good plot of synchronizer delay stability and 100-kilocycle oscillator
stability. ‘

f. Check of video blanking circuits:

A check of the video blanking circuits can be made by using the ground
station in sync with the ship station. TFirst, set the ground station for an
A station: the top pedestal on No. 2 pip and bottom pedestal-on No. 4 pip.
Then, close-sync the ground station equipment to the ship signal and measure
the distance on the ship unit. Change the ground-station STATION DE-
LAY until the bottom pedestal is on the 6th, then the 8th, and then the 10th
pip. There should be no difference in the ranges read on the ship-unit
counters for any of these settings.

7 The same procedure can be used with the ground-station set as for a B
station. Measurements are made with the .ground-station STATION
DELAY pedestal set on the 14th, 16th, 18th, and 20th pips.



CHAPTER XIII

TABLES OF SHIP AND GROUND STATION SOCKET
VOLTAGES

13.100 SHIP CONTROLLER AND POWER SUPPLY

All de measurements made with respect to ground. Regulated B plus set at 250

volts.
, . Voltage with
Symbol Type Function Pin No. | Element “%gglf;;;::‘ zo,o% to;';m/v
V-601 6AG5 | 100-kc oscillator_________________. 1 G —34 —23
2&7 K — —
6 SG 65 67
5 P 67 - 83
V-602 12AU7 | Cathode-follower & Phase Splitter.__ 1 P 250 250
.2 G 0 0
3 K 14 14
6 P 250 250
7 G 155 160
8 K 160 167
V-603 6AG5 | 100-ke amplifier. _________.___.__.. 1 G 0 0
5 P 250 250
6 SG 150 155
7 K 1.6 1.6
V-604 12AU7 | Triangle amplifier__ ____ .. _._ .. ___ 1 P 88 90
’ 2 G 1.5 0. 88
3 K — —
6 P 79 80
7 G 1.1 0. 60
8 K — —_
V-605 12AU7 | Cathode-follower.._ .. ____.______ .. 1 P 250 250
2 G 42 15
3 K 69 72
6 P 250 250
7 G 47 16. 5
8 K 75 77
V-606 12AU7 | 2nd Eccles-Jordon________________ 1 P 150 150
2 G 27 24
3 K 39 38
6 P 150 150
7 G 27 15
8 K 39 38

113
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: Voltage with
. Ve th
Symbhol Type Function Pin No. Element ‘9:;?0';",:)1;& 20,070"06 &hrm/u
IXOT o e 1 P 150 155
V—:07 12AU7 | Mixer_____. .. 5 G 1 e
: 3 K —_— —_
V08 6 P 150 155
7 G —43 —39
8 K — —
V-609 12AU7 | 10us & 1000us Amplifier.___. .. ___ é g 253 238
&
3 K 16 16
voto 6 P 105 105
7 G —. 85 —. 25
8 K — _
- 12AU7 | 100us pulse shaper____ . . ... 1 P 98 100
v 211 P 2 G —0.2 —0.5
3 K — -
V-612 . 5 T o
7 G —34 —32
8 K _ —
V-613 12AU7 | 1000us pulse shaper . . ... .. _. 1 P 12. 5 12
& 2, G —16 —16
3 K _ —
V-614 : 5 ” -
7 G .7 1.3
8 K — —_
V-615 6BE6 | Mixer.... ... .- R ; g —9 —6.6
V—-afzilﬁ 5 P | 250 250
6|2 &4G —2.0 —1.8
7 3G —34 —32
— 6AG5 | Amplifier. ... .. . 1 G 0 0
v 2 o - 2 K 1.1 1.2
5 P 15 17
Vo618 6 SG 110 110
— 6AG5 | Amplifier ... ... 1t G —.4 .92
v «219 2 K 7.0 7.2
5 P 250 250
V=620 6 SG 250 250
-6 12AU7 | Amp. &clamper_ .. ... __ 1 P —52 52
v 221 2 G —52 —52
3 K — —_
Voo 6 P 250 250
7 G —50 —47
8 K 20 20
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, ; Voltage with
Symbol Type Function Pin No. Element ‘I 90%”,:,:;;:? 80,03&! t:l:m/n
V-623 12AU7 | Cathode-follower_ ________________ 1 P 250 250
2 G 0.2 0
3 K 15 15
6 P 250 250
7 G 0.2 0
8 K 15 15
V-624 5U4G | Rectifier_______________ . _________ 2 H 425 420
4 P 500 ac 500 ac
6 P 500 ac 500 ac -
8 H 425 420
V-625 6336 | Voltageregulator__________._____._ 1 .G 185 185
2 P 410 400
3 K 250 250
4 G 185 195
5 P 410 400
6 K 250 250
V-626 68J7 | Regulator amplifier______ . _.___ 3 SupG 105 105
4 G 103 103
5 K 105 105
6 SG 130 125
-8 P 195 200
V-627 VR-105 | Regulator reference_____ ... ______. 2 K 0 0
5 P 105 105

13.200 SHIP INDICATOR

With B plus set at 265 volts (by means of P control), RCA Voltohmyst used
except where indicated by asterisk, which indicates the measurement was made with
a 20,000 ohm-per-volt meter.

Voltage to

Symbol Type Function Pin No. Element ground

V-102 6AC7 | Squaring amplifier_ ______ . _______________ —9.2
90

185

[e BN T

V-103 6H6 Divider diode. _ _ . _ . __________ .. _______.. 4 &5 K

+d

25
18

V-104 6SN7 Marker mixer and divider 0
255
45
25
260

59

RTQRvUe | HNe | vEQ

DO N e
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Symbol Type Function Pin No. Element Vz_lz%edto
- 6H6 Divider diode_ _ - - oo 4&5| K&P 4.
V-105 i : & .
-106 SN7 Divider. - . oo 1 G 36
v ° 2 P 255
3 K 75

4 G 12

5 P 255

6 K 45

V-107 5692 Pulse selector. - . o 1 G —14
2 P 260

3&6 K 33

4 G —11

5 P 260

V-108 6H6 Divider diode _ _ .. .. .. ____ 4&5 K&P L
8 K 12

V-109 | 6H6 Divider diode. ... _____. 4&5| K&P 0.
8 K 14

vV-110 6SN7 Divider and clipper. .. .. ___________ PR 1 G 18
2 P 265

3 K 54

4&5 G&P —0.

6 K 0.

V-111 6SN7 A delay multivibrator__ ... __.________.. 1 G 65
2 P 140

3&6 K 68

4 G 29

5 P 270

vV-112 6SN7 C delay multivibrator_ . __________________ 1 G 25
2 P 285

3&6 K 72

4 G 70

5 P 140

vV-113 6SN7 Trace shift mixer and marker amplifier_____ 1 G 87
2 P 265

3 K 155

5 P 240

6 K 14

V-114 o 6SN7 B delay multivibrator___ . ___________.__.___ 1 G 52
2 P 160

3&6 K 64

4 G 26

5 P 250
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Symbol Type Function Pin No.‘ Element ‘;%:%dto
V-115 6SN7 1st E. J. multivibrator_ _ _________________ 1 G 20
2 P 150
3&6 K 28
4 G 21
5 P 150
V-116 6SL7 10-microsecond marker amplifier__.________ 1 G —35
2 P 98
4 G 0
‘5 P 265
6 K 74
V-117 5692 Mixer. - . e 1 G —19
2&5 P 17
4 G 3
V-118 6SL7 Amplitude balanee________._____________. 1 G —88
2&5 P 265
3 K 15
4 G —84
6 K 15
V-119 6SN7 Pedestal generator_ _ _____________________ 1 G 24
2 P 105
3&6 K 26
4 G —16
5 P 210
V-120 6SN7 Fast-sweep generator and cathode follower._ . 1 G 220
2&5 P 265
3 K 250
4 G —16
6 K 23
V-121] 68J7 Fast-sweep generator------___-_-_; _______ 3&5| SP&K 4.3
6 SG 90
8 P 250
V-122 884 Slow-sweep generator..___ e 3 P 50
5 G 1]
8 K 14
V-123 68J7 Slow-sweep amplifier_ . ___________________ 4 G 0
5 K 12
6 SG 220
8 P 130
V-124 6SL7 Paraphase amplifier . ____ .. ______________ 1&4 G 58
2&5 P 240
3&6 K 67
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Symbol Type Function Flement V:flzzgte dto
‘V-125 5CP1 Oscilloseope tube - _ . _______ . 1,2,14 | H&K | *—1200
3 G *—1230
5 Al * 855
7 HDP *120
8 HDP *115
9 A2 *140
10 VDP *135
11 VDP *120
V-126 2X2 Positive high voltage rectifier._________..__ 1 H *1500
4 H *1500
Cap P *1050 ac
V-127 2X2 Negative high voltage reetifier _______ _____ Cap P *_ 1300
V-128 5T4 Reetifier._ ____ .. ... e 2 H 420
: 4 P 380 ac
6 P 380 ac
V-129 2A3 Voltage regulator_ .. ____ . _____ 1 H 265
and 2 P 360
V-130 3 G 265
4 H 270
V-131 6SJ7 Voltage-control pentode_ _ ________________ 4 G 102
3&5| SP&K 105
6 SG 130
8 P 260
V-132 VR~105] Glow discharge voltage regulator ... __ 5| Anode 105
V-133 5692 Asweepmixer. . ____ . _______.._.__._.____ 1 G 0.7
2&5 P 25
4 G —9.1
V-134 5692 Bsweepmixer_____ . _.___ . _______..._ 1 G 0.8
2&5 P 28
4 G -9, 8
V-135 6SL7 Intensity limiter__ ... ____.___ ... .. _ ___ 1,2, 4,5 GP *1300
3&6 K *1250
V-136 6SN7 Amplifier and cathode follower_.__. . _____ 1 G 0.6
2 P 79
4 G 0
5 P 265
6 K 15
V-137 2050 Trigger generator. . ___________________.__ 3 P 190
5 G —49
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:S‘vmbol

Type

Function

Pin No.

Element

Voltage to
ground

V-138

5692

Cathode follower and pulse selector________

SO R W~

135
265
140
—0.3
265
68

V-139

6SN7

Amplifier. . _________ ...

BN e

HOWOQIRYQRYO

-9
86
-9
82

13.300 SHIP AND GROUND STATION RECEIVERS

Gain control set at minimum. Measurements taken with 20,000 ohm-per-volt

meter.
Symbol Type Function Pin No. Element V;%’:ﬂfj"
V-301 6SK7 R. F. amplifier (ground station) .. ____._____ 5 K 39. 5
6 SG 275
8 P 290
V-301 6SK7 R. F. amplifier (ship station)_.___.____.______ 5 K 19.5
’ 6. SG 275
8 P 290
V-302 6SA7 Converter_ _____ ____ .- __ 3 P 325
4 SG 135
5 G 38
6 K 37
V-303 8SK7 First I. F. amplifier. . _______._________.__. 5 K 38
' 6 SG 235
8 P 320
V-304 6SK7 Second I. F. amplifier. .. _________________ 5 K 39
6 SG 237
8 P 320
V-305 | 6SK7 | Third I. F. amplifier. .. ____________ 5 K 39.5
6 SG 230
8 P 302
V-306 6H6 Second detector__ _ . __ . __________. 5 K 19. 5
V-307 6ACT Video amplifier. . ______ . _________________ 5 K 0.9
6 SG 172
8 P 117
V-308 6SN7 Amplitude balance cathode follower________ 2&5 P 320
3&6 K 19. 5
V-309 5Y3 Reectifier___ __ . . ... 2&8 H 360
4&6 P 300 ac

302383-—354——10
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13.400 SHIP AND GROUND-STATION ELECTRONIC ATTENUATOR

EPI MANUAL

Measured with RCA Voltohmyst. These voltages may vary as much as 20 percent,

depending on whether this unit is used in a ship or ground station.

Symbol Type Function Pin No. Element Vaorlmdto
401 | 6ACT | Amplifier. . oo 4 G —30
V-40 mp : ¢ ;
6 SG 200
8 P 235
V-402 | 6AC7 | Amplifiers o 4 G _98
5 K 1
6 SG 200
8 P 240
V-403 6SL7 Amplifier and clamper.__ .. _____________ 1 G 0
2 P 200
3 K 4
4&5] G&P —30

13.500  GROUND STATION CONTROLLER-INDICATOR

With B plus set at 265 volts (by means of P control. RCA Voltohmyst used except
where indicated by asterisk, which indicates the measurement was made with a 20,000
ohm-per-volt meter.

Symbol | Type Function Pin No. Element Va"'lf,% d“’
V-101 6S8J7 Standard frequency generator_ _ . __________ 4 G —39
6&8| SG&P 195
V-102 6AC7 Squaring amplifier_ . ________________ ____ 4 G —17
6 SG 80
8 P 170
V-103 6H6 Dividerdiode_ _ - - .. __________ 4&5 K & P 29
8 K 37
V-104 6SN7 Marker mixer and divider_________________ 1 G 0
2 P 265
3 K 16
4 G 29
5 P 255
6 K 64

V-105 6H6 Dividerdiode_ - _____ . . __________. 4&5 K & P 6 2
8 K 24
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Symbol Type Function Pin No. Element ‘;"ruo:%t“
V-106 6SN7 | Divider_ ... ... 1 G 24
2 P 255
3 K 54
4 G 16
5 P 260
6 K 48
V-107 5692 Pulse seleetor_ . _ - ... _____ .. __.___._ 1 G —-0.2
2 P 255
3&6 K 49
4 G —0.2
5 P 255
V-108 6H6 Dividerdiode_ - ________ ... ____________ 4&5 K&P 1.2
8 K 16
V-109 6H6 Divider diode_ . .. ... ____________._._. 4&5 K&P 2.2
8 K 13
V-110 6SN7 Divider and clipper- - .. ... .. ... ... 1 G 13
2 P 255
3 K 43
4&5| G&P —0. 4
6 K 0
V-111 6SN7 A delay multivibrator. . __________________ 1 G 63
2 P 125
3&6 K 65
4 G 32
5 P 250
V-112 6SN7 Syne delay multivibrator_ ________________ 1 G 5
2 P 265
3&6 K 40
4 G 40
5 P 100
V-113 6SN7 Trace shift mixer and marker amplifier_ . ____ 1 G 61
2 P 265
3 K 120
5 P 225
6 K 13
V-114 6SN7 B delay multivibrator_ . ________________._._ 1 G 63
2 P 135
3&6 K 65
4 G 23
5 P 255
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Symbol Type Function Pin No. Element ‘;"r’% to
l e i
- SN7: S e~-wave generator_ _ _ . __ . _.____ e ] G 24
V-115 6SN GuAar : ¢ 2
3&6 K 32
4 G 25
5 P 150
- " | Marker amplifier .. _____.______. ... . 1 G -1
V-116 6SL7 r ! G 2
4 G 0
5 P 265
6 K 20
- 050 Trigger shaper___ ... ____. 3 P 175
V-117 2 'y s r 78
- 6SL7 | Amplitude balance_. ... ... . 1 G 140
V~-118 2 ¢ 140
3 K 140
4 G 140
6 K 140
-119 6SN7 | Pedestal generator____._________ ... __._ 1 G 12
i 2 P 100
3&6 K .25
4 G —15
5 P 200
-120 B6SN7 Fast-sweep generator__. ... ____ . ____ 1 G 200
v 2&5 P 265
3 K 220
4 G —15
6 |- K 20
V-121 6SN7 | Fast-sweep generator_..__. e 3&5| SP& K 45
6 SG 88
8 P 220
v-122 | 884 Slow-sweep generator_____..___..__.______ 3 p 52
5 G 0.3
8 K 13
V-123 68J7 Slow-sweep amplifier ... ________.__ 4 G 0
5 K 1
6 SG 205
8 P 110
V-124 6SL7 Paraphase amplifier. .. ___ 1&4 G 52
2&5 P 300
3&6 K 62
! I
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Symbol Type Function Pin No. Element ‘;orlflz”,,fdm
V-125 5CP1 Oscilloscope tube. - _ . __ . __._____.___. . 1, 14, 2 H&K *— 1200
3 G *—1230
5 Al *-— 855
7 HDP *120
8 HDP *115
9 A2 *140
10 VDP *135
11 VDP *120
V-126 2X2 HVrectifier.__________________ _______.__ 1 H *1425
V-127 2X2 HV rectifier_... .. _.______ . __.... Cap P *—1260
V-128 5T4 LV rectifiero ... ______________________.__ 2 H 455
4 P 400 ac
6 P 400 ac
V-129 2A3 Voltage regulator. __________________.._.._ 1 H 265
and 2 P 410
V-130 3 G 240
V-131 6SJ7 Voltage regulator pentode___._._____________ 3&5| SP& K 105
4 G 102
6 SG 130
8 b 225
V-132 VR-105| Glow discharge voltage regulator. ___._____. 5 Anode 105
V-133 5692 Amixero . ____ ... 1 G —2.6
2&5 P 6.3
4 G 3.1
V-134 5692 Bmixer. ________ . _ o __.... 1 G —2.6
. 2&5 P 6.8
4 G 3.2
V-135 6SL7 Intensity limiter.________________________ 1, 2, 4, G&P | —*1220
&5
3&6 K — %1220
V-136 6SN7 AFC (out of gyne) and trigger amplifier_ . __ 1 G —0.7
: 2 P 265
3 K 12
4 G 0. 4
5 P 98
V-137 6SN7 Inv. amplifier and charging diode__________ v G —0.3
2 P 70
4 &5 G&P M
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Symbol Type Function Pin No. Element ‘:zorlfz%fd to

- Mixer . - e 4 G —30
V-138 6SJ7 : S —%
8 P 265

- 6SN7 Differential amplifier_ - .. _______.____ 1 G 0
V- '139 ! G o

3&6 K 4.5
4 G —4
5 P 150

1 Not measurable.

13.600 TRANSMITTER

All de measurements made with respect to ground; measured with a 20,000 ohm-
per-volt meter. Measured with trigger OFF.

Symbol Type Function Pin No. Element ‘;‘:_‘g‘;gf d‘°
V-~106 5R4 Rectifier. - - oo 4 p 1300 ac
6 P 1300 ac

V-107 6SN7 Multivibrator_ - __ . __ . _______ 1 G —365

‘ 2 P —300

3 K —365

4 G —400
5 P —0.8

6 K —380

:V—-IOS .6SN7 Cathode follower _ . o ___. 1&47 G 200
2&5 P .

3&6 K — 380
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WAVEFORMS OF SHIP AND GROUND-STATION
EQUIPMENT

14.100 SHIP EQUIPMENT
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14.101 Ship Controller

EPI MANUAL

SHIP CONTROLLER

T605-T606 1 KC output

Terminal 1

+2.5
0
-2.5
T601 100 KC output T602 100 KC output
Terminal 5§ ) Terminal §
| ) +20
—f-————F——4- 0
-70

V601 6AGS
Pin 5 Plate
100 KC sine wave

12 AUT
Pin 1 Plate
100 KC sine wave

V602

V602

12AU7
Pin 6 Plate
10 KC sine wave
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SHIP CONTROLLER

127

V603 6ACS
Pin 1 Grid
100 KC sine wave

V603 6AGS
Pin 5 Plate
100 KC sine wave

+82
——\ = +52
+22-
. V602 12AU7
V602 12AU7 Pin 8 Cathode
Pin 7 Grid 10 KC sine wave
+440
— 4240
+40

NANA

V604 12AU7
Pin 1 Plate

+128

+82
+58

V604 12AU7
Pin 2 Grid
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V604 12AU7
Pin 6 Plate

EPI MANUAL

SHIP CONTROLLER

+150

V604 12AU7
Pin 7 Grid

V605 12AU7
Pins 2 & 7 Grids
1 KC sine wave

- +68

+47

V695 12AU7
Pins 3 & 8 Cathodes
1 KC sine wave

V606 12AU7
Pins 1 or 6 Plates

+38

- +27

+16

V§06 12AU7
Pins 2 & 7 Grids
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SHIP CONTROLLER

+220

—{— +180

+60

V607-V608 12AU7

Pin 6 Plate

V607-V608 12AU7

Pin 7 Grid

+221

-[— +210

+199

V609-V610 12AU7
Pin ] Plate

V609-V610 12AU7
Pin 2 Grid
100 KC sine wave

V609-V610 12AU7
Pin 6 Plate

V609-V610
Pin 7 Grid

12AU7
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SHIP CONTROLLER

+131

+98

+71

V611-V612 12AU7

V611-V612 12AU7

V611-V612 12AU7
Pins 6 & 7 Grid & Plate

V613-V614 12AUT

Pin 1 Plate

Pin 1 Plate Pin 2 Grid
—_ -— - 49
—-— +1.5

/ ‘-"+65

4 —+ - — 41— +30

. - - - +95

V613-V614 12AUT
Pin 6 Plate

V615-V616 6BE6
Pin 1 Grid No.

---21

1
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SHIP CONTROLLER

++23.5
—J-_—.--I———l———— —— +240 . "-1-6
- - "6.6
——- +238
Enlarged
V615-V616 6BE6 | V615-V616 6BE6
Pin 5 Platz Pin 6 Grids No. 2 & 4
—— =T ———-- 0
I A R
—— =2.2
V§15—V616. 6BE6 , V617-V618 6AGS
Pin 7 Grid No. 3 Pin 1 Grid 5
- ——— 432
_____ +14 TI»—T 1———]— — +240
—— 4160
V617-V618 6AGS ‘
: V619-V620 6AGS
Pin 5 Plate Pin 5 Plate
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14.102 Ship Indicator

EPI MANUAL

SHIP INDICATOR

Pin 8 Cathode

Pin 3 Cathode

V102 6AC7 V=102 6AC7
Pin 4 Grid ~Pin 8 Plate
___ t61
_ ——+
R T
V103 ©6H6 V104 6SN7

V104 6SN7
Pin 5 Plate

———+345

~— +260

— T #715

V105 6Hé
Pin 8 plate
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SHIP INDICATOR

——— +325

= —+255

— —— #15

V106 6SN7
Pin 2 Plate

133

— —— +385

—— +255

— —— +60

V106 6SN7
Pin 5 Plate

On Pin 4, Pips No. 8, 9,
10, & 11 appear on pedestal

On Pin 5 first four pips
are short and last four are long

¥ss +30
+20 ”H”H”””HH_;;;; +265
-20 ||l |+225
+50
V107 5692 V107 5692
Pins 1 & 4 Grids Pins 2 & § Plates'
- — 435 ——+40
+32 - ——
— — +25
— — 4 +22
— - — 1 —#15 |—f—— — 4 1455
, — — —— 1 +]2
— -— +10
" -— +2
—— 0 ——-15
V108 6Hé V109 6H6

Pin 8 (athode

Pin 8 Cathode
2
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SHIP INDICATOR

Viil, V112 & V114 6SN7
Pin 5 (V111 & V114) Plates
Pin 2 (V112) Plate

——— +450
\ \——~ +80
—— +265 ——  +35
— = +50 — — — —— 45
V111, V112 & Vild 6SN7
V110 6SN7 Pin 4 (V111 & V114) Grids
Pin 2 Plate Pin 1 (VI12) Grid
= 490
— +265 +65
—— +180
o — — 4100
_——— 65

V111, V112 & V114 6SN7
Pin 1 (V111 & V114) Grids
Pin 4 (V112) Grid

Viil, Vil2 & V114 65N7
Pin 2 (V111 & V114) Plates
Pin 5 ‘(V112) Plate

3

— — — =~ +90

N~ 460

——— +40

V111, V112 & V114 6SN7
Pins 3 & 6 Cathodes
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SHIP INDICATOR

O

+180 A
+250
' |t l
- +155 ‘ [ +240
+135 +230
+220
V113 6SN7 V113 6SN7
Pin 3 Cathode Pin 5 Plate
+250 +86
- +150 - +74
+71
+80
V115 6SN7 V116 6SN7
Pin 2 Plate Pin 6 Cathode

V117 5692
Pin 1 Grid

V117 5692
Pins 2 & 5 Plates
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EPI MANUAL

SHIP INDICATOR

V117 5692 V118 6SL7
Pin 4 Grid Pins 1 & 4 Grids
+115
+95
B R ik -|-- +15
-5
viig 6SL7 V119 6SN7
Pins 3 & 6 .Cathodes Pin 5 Plate

+270

V120 6SN7
pin 3 Cathode

+250

+140

V120 6SN7
Pin ¢ Cathode

+150

+20

5
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MANUAL

SHIP INDICATOR

V122 884
.Pin 3 Plate

V123 6 SJ7
Pin 8 Plate

+280 +117
“““ - 1240 ===\c--r— 167
+190 +27
V124 6SL7 V124 6SL7
Pins 2 & 5 Plates Pins 3 & 6 Cathodes
Indicator - slow sweep Indicator - slow sweep

0.

-40

V133-V134 5692
Pin 1 Grid

8

-130

V133-V134 5692
Pin 4 Grid

137
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EPI MANUAL

SHIP INDICATOR

+265
T80 55 il +130
+120 :
+45 t25 null o
+5
V133-V134 5692 V136 6SN7
Pins 2 & 5 Plates Pin 2 Plate
+245
+55
+45
i wflll
V136 SN7 V137 2050
Pin 6 Cathode Pin 3 Plate
+270
+50
Vi3g 5692
Pin 5 Plate
5 .
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14.200 SHIP AND GROUND-STATION ELECTRONIC ATTENUATOR
+245

139

/8

-------- +200
+165
V401 6AC? V401 6AC7
Pin 4 Grid Pin 6 Screen Grid
+250
[ L 1245
"""""""" -= 4235 s emm=tmmm === 1240
’ +235 “"“““r
1220
V401 6AC7 V402 6ACT
Pin 8 Plate Pin 8 Plate
+240
+3
l:\\ +2
----- -‘:J-- 0 = +200
-1.5
-2.5 +175

V403 6SL7
Pin 1 Grid

V403 6AC7
Pin 2 Plate
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14.300 GROUND-STATION CONTROLLER-INDICATOR (with Synchronizer)
[
+240
---p= +195
+160
V101 6837 V102 6ACY
Pin 8§ Plate Pin 4 Grid
+275
160
- 1200 N - +30
+55 ~-20
Vi02 6ACT V103 ¢6Hé
Pin 8 Plate Pin 8 Cathode
+330
k+45 +25
| O U . \ N ..
15 "~ - +270
+120
Vio4 65N7 V104 6SN
. 7
Pin 3 Cathode Pin 5 Plate
17
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GROUND STATION CONTROLLER- INDICATOR

141

+355
+55 LV\
135 N A +280
+140
V105 ©6He V106 6SN7
Pin 8 Plate Pin 2 Plate
1390 +60
435
L i 4 L —tn f 1 i
p +280 +——f \ F—+-0.2
+130
V106 6SN7 V107 5692
Pin 5 Plate Pins 1 & 4 Grids
+40 - +45
1255
1 [ A +245 b--= $17
+210
+105
-30
V107 5692 V108 6Hé
Pins 2 & 5 Plates Pin 8 Cathode
8
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GROUND STATION CONTROLLER- INDICATOR
+455
+30
+17 +275
+125
-30
V109 6Hé V110 6SN7
Pin 8 Cathode Pin 2 Plate
l l +75
, . +27 ' +270 -
+180
-45 +140
Vi111-V114 6SN7 V111-V114 6SN7 .
Pin 4 Grid ) Pin 5 Plate
+90
+65
-65
V111-V114 6SN7 V111-V114 6SN7
Pin 1 Grid Pin 2 Plate
, _
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GROUND STATION CONTROLLER-INDICATOR

+35
k+90 L
+68 —_——- ———+5
“'SOuS "l
+40 !
V111-V114 6SN7 V 112 6SN7
Pins 3 & 6 Cathodes Pin 1 Grid

V 112 6SN7 V 112 6SN7
Pin 2 Plate Pin 3 & 6 Cathodes
+180

——/i——- —_— -—\ﬁ,—--——+1oo ------------ - +155

+135

+130

V 112 6SN7 \V
] 113 6SN7
Pin 5§ Platg Pin 3 Cathode

802888 —54~—-11
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EPI MANUAL

GROUND STATION CONTROLLER-INDICATOR

«

+250
+250
+245
| +240 +150
l | +80
+230 +220
V113 6SN7 V}IS 6SN7
Pin 5 Plate ‘Pln 2 Plate
186
' +220
- +74
+71
V117 ‘2050
Viie 6SL7 .
Pin 6 Cathode Pin 3 Plate
+235
1260
—+150 """"""""" -_+210
¥85 +60
V119 6SN7
SL7
;!18 6C hod Pin 5 Plate
in 3 athode
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GROUND STATION CONTROLLER-INDICATOR

+270

e i e i dideadond

- +140

V120 6SN7
Pin 3 Cathode

+250

+150 |

V120 6SN7
Pin 6 Cathode

145

V122 884
Pin 3 Plate

V123 6SJ7
Pin 8 Plate

V124 6SL7
Pins 2 & 5 Plates

------ - 467

+27

V124 6SL7
Pins 3 & 6 Cathodes
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EPI MANUAL

GROUND STATION CONTROLLER-INDICATOR

-2.

=72

V133-V134 5692
Pin 1 Grids

6

--- 43,1

=75

- V133-V134 5692

Pin 4 "Grids

0
L _____ — -10

r ——————— +103
+43

V136 6N7 V136 6SN7
Pin 4 Grid Pin 5 Plate
‘—‘l “—IOuS
J—lj———loo
»_____V—_"ms — ———— 10
_____ 30
V137 6SN7 V137 6SN7
Pin 1 Grid Pin 2 Plate
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14.400 SHIP AND GROUND-STATION TRANSMITTER (Modulator)
\‘— 60 uS ——-1 _____ 295
— 1 - ~365 r\ ————— ~— 365
V201 6SN7 V201 6SN7
Pin 1 Grid Pin 3 Cathode
——— 295
_J _____ ](—f-—..‘;oo _Y_____.;7—0.8
——— 300
V201 6SN7 V201 6SN7
Pin 4 Grid Pin 5§ Plate
______ 225 - — — — — =240
—[ ————— —— -400 _.[_..___L_.—-—-380
V202 6SN7 V202 6SN7
Pins 1&4 Grids Pins 3&6 Cathodes
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CHAPTER XV

LIST OF EQUIPMENT AND MATERIALS NEEDED FOR
SHIP AND GROUND STATIONS—SUPPLIED BY THE
USER '

15.100 SHIP-STATION MATERIAL

200 feet of coaxial cable, type RG-10/U

300 feet of antenna wire, bronze, stranded, No. 10

200 feet of power cable, armored, 2-wire, No. 8, copper

4 antenna insulators, 12-inch

2 boxes of spare parts

1 lead-in insulator, bowl type, about 4-inch

The EPI and other items required for the ship station are found in paragraph 1.600.

15.200 SHIP-STATION TEST INSTRUMENTS

1 Vacuum tube voltmeter, such as RCA Voltohmyst, Jr. or Sr.

1 Test set, volt-ohm-milliammeter, Simpson 260 or Triplett 630
1 Oscilloscope, Tektronix 315D or 514D, or equal

1 Test pulse generator.

15.300 SHIP-STATION TOOLS

On most ships there are sufficient tools in the radio department to service the EPL.
If this is not so, the tools listed in 15.600 will give the minimum needed.

15.400 GROUND-STATION INSTRUMENTS AND MATERIAL

1 Communication receiver (Hallicrafter SX-71) with manual

1 Communication transmitter (Johnson Viking 2) with manual

1 Clock, wind type, with second hand (like sounding clock)

1 Clock, alarm

"1 Fuse box, 60-ampere, with four 15-ampere branch circuits

1 Switch box DPDT, 30 to 60 amperes, for selecting generators

1 Voltmeter, 0-150-volt, ac, mounted, for use in power shelter

2 Generators, PE-197 (115 volts 60 cycles 5 kilowatts) or equivalent, gasoline
driven, with spare parts, manual, tools, funnel, flexible coupling for gasoline
lines, and fittings

50 feet of ¥ inch copper tubing for generators and stoves

8 Receptacles, duplex, with box and fittings

8 Light outlets, with box and fittings

1 box of 100-watt light bulbs

1 box of 60-watt light bulbs

1 box of 35-ampere cartridge fuses

149
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1 box of 15-ampere plug fuses

1 Electric lantern

3 Flashlights and batteries

100 feet ;)f power cable, 2-wire, number 8 stranded, copper, Simplex Tyrex, or
equa/

1 Test set, volt-ohm-milliammeter, Triplett 630 or Simpson 260, with high voltage
probe (optional). g

150 feet of Romex cable for power and light wiring

250 feet of portable 110-volt cable, type SJO, for tower lighting

300 feet iron wire, number 10 to 12

250 feet coaxial cable, type RG-8/U

4,000 feet ground wire, copper, number 12 to 16, solid or stranded

100 feet hook-up wire

200 feet antenna wire, copper, number 12, stranded, for communication

2 Bowl insulators, 1- or 2-inch, for communication antenna lead-ins

4 Antenna insulators, 4-inch, for communication antennas

2 Poles 25- to 30-foot, to support the receiver and transmitter communication
antennas :

2 Pulleys, for communication antennas

100 feet of small line for hoisting communication antennas

100 feet of % inch boat chain for deadmen

4 1- by 30-inch Iron pins, for tower base

24 solder lugs, 50-ampere size

2 Tower lighting chokes, J. W. Miller Co. type 7870, 1.1 mh, 5-am 56 oh
resistance ’ ! pere, .00 ohm

3 Fire extinguishers

1 lot of assorted sandpaper

1 14-inch Stillson wrench

1 Hacksaw

2 rolls of friction tape

2 rolls of rubber tape

5 pounds of solid solder, with paste, for soldering the ground system

1 pound of rosin-core solder

32 Stakes, iron or wood, 24 inches long, to hold the ends of ground system wire

15.500 GROUND-STATION TOOLS

1 box of tools to service the electronic equipment here listed :
1 pair diagonal cutting pliers )
1 pair long-nose needle-point. pliers

1 pair gas pliers, thin-nose combination

1 pair electrician pliers

6 assorted screwdrivers

1 Tuning stick

1 set Spintite wrenches

1 250-watt Weller soldering gun or 100-watt soldering iron

1 Phillips screwdriver

1 set Allen wrenches, %,, %,
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1 Hone for generator commutator
1 box of tools for camp use:
1 Shovel
1 Claw hammer
1 Sledge hammer
1 Cross-cut saw
1 Pinch bar
1 Ax
1 set Crescent wrenches, 6 to 12 inches
1 Blow torch
1 bag assorted nails
1 box assorted screws
1 lot of tools needed during construction of camp but not needed at camp:
1 Post-hole digger
1 Mattock
1 assorted set of end, box, and Crescent wrenches for assembling the EPI
antenna tower ‘

15.600 FUEL FOR GROUND STATION

Normal practice is to have a 55-gallon drum of gasoline supplying each engine.

10 drums 80-octane gasoline, sufficient for a month of continuous operation

20 gallons lubricating oil, SAE No. 30

1 drum white gas (Blazo) for cookstoves, lanterns, and blowtorch (when not used
for cooking, this may be reduced) -

5 drums stove oil for heating and cooking for a 1-month period

802383-—54-~—— 12
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CHAPTER XVI

SPARE PARTS—SHIP AND GROUND STATION

It is seldom practical to keep each ground station completely supplied with spare
parts. To furnish complete spare-parts protection would entail an expense many times
the amount that would furnish ninety percent protection. The list of ground-station
spares, listed in paragraph 16.200, should cover most expected emergencies.

However, the ship should carry a spare-parts kit for the ground station, which will
include those parts which were not in the ground-station spares. One of these kits
should suffice for two or three ground stations, as most of these parts are duplicated
in the ship-station spares. The ground-station spares kept on the ship will be known
as ship-ground-station spares and are listed in 16.300.

A careful record should be kept of spares; a note should be made when parts are
removed. After removing, these parts should be replaced as soon as practical. Unless
there is good storage space at hand, it is better to keep spare parts in their boxes;
however, the boxes should be kept near the equipment. Fuses should be kept handy
to the instrument where they are used.

16.100 SHIP-STATION SPARE PARTS AND TUBES

Only that information essential to identify the parts is given here. When further
information is needed, such as for ordering parts, this additional data should be taken
from parts in the instrument.

Ship spares can be stowed in three containers. The division of stowage should be
made in accordance with the following lists:

16.101 Spare Components-Ship Station

Parts in this list are special in electrical and physical characteristics and replace-
ment should be by the same or equal make. One each of the following:

In spare
Where used Description Diagram No. Mifr. and No. pg;}t{s
Transmitter_._____ High voltage trans- | T-103 L-1440—1Industrial #3
former. Equip. Corp., or GE
86 G 34.
Transmitter___ . _ Filament transformer. .| T—-102 GE Cat. 7470614 K- #2
58 98744 HE.
Transmitter. . __._ Filament transformer, | T-104 UTC Type S-65__.____ #3
115 v to 6.3 v, 3a.
Transmitter. . ____ Plate transformer______ T-105 PSR 105 Chicago-__._.. #3
Receiver. . _____._ Plate & filament trans- | T-305 Freed 10929 .. _ .. ____ #2
former.
Indicator. .. ___.. Plate, filament, cathode | T—-106 Freed 11851. ___._____ #2

ray tube transformer.



154

EPI MANUAL

‘Where used Description Diagram No. Mifr. and No. D:):xr)tasm
box
Indicator. ... ___ Filter choke_ . - .__-- 1-103 UTC 8-28______._____ #2
Controller. ... ___ Plate transformer__.__ . T-614 PSR 200 Chicago._.___ #2
Controller________ Filament transformer__| T-612 F-610 Chicago.________ #3
Controller_______. Filter choke. _ . _____ 1-604 RC 8200 Chicago____ .. #3
Controller_____.___ Coupling transformer._! T-603, T-604 Freed 12524 _ _________ #1
Indicator and | Trigger and Coupling | T-605, T-606, T- | Philco 352-7224-2..___ #2
Controller. transformers. 107.
Controller__...__. 100-kc¢ signal trans- | T-601, T-602 Western Elec., 666A or #2
former. D 99917.
Transmitter. ... 0.25 microfarad, 5000 v.| C-103, C-104 GE 23F415___________ #3
Transmitter___ ... 2 microfarad, 1,000 | C-113, C-117 Capacitrons Inc., #2
dewv. 10EC200.
Modulator_ . __ 8 microfarad, 600 dewv | C-118 GE 23F353___________ #3
Transmitter_ . _.__ 2 microfarad 7,500 dewv_| C-1 11, C-112 GE 23F429___________ #3
Controller______._ 100-ke crystal.__..____ Y-601 RCA TMV-129-G____ #1
Controller. ______. 100-ke phase shifter. .| T-607, T-608 Eclipse-Pioneer AY- #1
2518-24B.
Controller___._._._ 10- and 1-k¢ phase | T-609, T-610, T~ | Eclipse-Pioneer AY- #1
shifters. 611, T-612. 2218-27B.
Controller__._____ 10-ke band-pass filter_ .| L-602 UTC BMI 10000 _____ #1
Controller_ . ______ 1-ke band-pass filter_ __| L-603 UTC BMI 1000.______ #1
Indicator and Con- | Step charge trans- | T-102 through T- | Navy No. CFX-301277 #1
troller. former. 105, T-603, &
T-604. '
Transmitter- .- - 100 micromicrofarad | C-101 Dolinko & Williams_ _ _ #1
vacuum cond., 20000
v.

Transmitter. . _-- 0.003 mf, 12,500-v mica._| C-110 Type 1996 Aerovox___. #3
Transmitter_ . .- - - 0.0015mf,12,500-vmica_| C-105, C-106, C—~ | Type 1996 Aerovox. .. . #3
107.

Indicator and | 5K potentiometer, #4 | R~184, R-644 Mallory U-14.________ #1

Controller. taper.
Indicator and | 10K potentiometer, #4 | R-109, R-129, R- | Mallory U-20________ #1
Controller. taper. 171, R-202, R~ i
699, R-700.
Attenuator_ ... 15K potentiometer, #1 | R-15 Mallory UM 121______ #1
taper.
Transmitter_ . __ .- 25K potentiometer, #4 | R-113, R-119, R~ | Mallory U-29________ #1
taper. 122, R-131. B
Controller and In- | 50K potentiometer, #4 | R-510, R~231 Mallory U-35________ #1
dicator. taper. . o
Indicator.__. - _.- 100K potentiometer #4 | R-139, R~174, R~ | Mallory U-41______ #1
taper. 193, R-262, R~
282.
Indicator. ... - 500K potentiometer #4 { R—242 Mallory U~50_______._ #1
taper. B
Indicator.__. . _-- 500K  potentiometer | R-270 Clarostat T-90__._ #1
center-tapped. | 0T
Indicator________- 1 meg potentiometer | R-243, R-244 Clarostat 37W-HV, or #1

insulated shaft for
high voltage.

N&Vy type
632075,

CMC
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In spare

Where used Description Diagram No. Mftr. and No. pggs
Indicator_..___.__ 1 meg potentiometer | R—-236A & B, R~ | Clarostat D-37W-HV, #1
insulated shaft. 239A & B. or Navy type CMC
632074.
Transmitter. .. ___ 40-mh 3 pi sections_._.| L-105 USC&GS__. ... .. _. #1
Receiver and In- | 20-20-20 mf, 450-450— | C-169A & B, C- | Sangamo TST-901 or #1
dicator. 25 volts. 180A & B, C- Aerovox AEP 44J4A.
824A & B.
Indicator... .. __ .25 microfarad capac- | C-175, C-176 and | G. E. Pyranol cat. #3
itor 2000 volts H. V. C-177. 23F4153.
filter. .
Transmitter_ . ____ 4 microfarad capacitor | C-108__._.______. G. E. Pyranol cat. #3
2000 volts 304TH 23F383.
cathode.

PACKED IN SPARE PARTS BOX #1

Parts listed here need not be the same make as used in equipment providing they
meet the electrical and mechanical requirements.

2—4mf 600-volt condensers

2—1mf 600-volt bathtub condensers

2—0.26mf 600-volt bathtub condensers

1—3x0.1mf 600-volt bathtub condenser

1—3x0.25mf 600-volt bathtub condenser

2—0.1mf 600-volt bathtub condensers

1—0.5mf 600-volt bathtub condenser

1—4mf 2000-volt condenser

1-—60K 40-watt resistor

1—25K 10-watt resistor

1—10K 20-watt resistor

1—10K 10-watt resistor

1—2K 10-watt resistor

1—5-ohm 100-watt resistor

1—1K 20-watt

1—5K 20-watt

1—20K 20-watt

16.102 Spare Tubes-Ship Station
PACKED IN SPARE PARTS BOX #1

2—2A3 2—6SA7 - 1—884 3—6AGS5
2—2X2 2—6SJ7 1—2050 6—12AU7
2—5U4G 2—6SK7 2—5692 2—6336
2—5Y3 2—6SL7 2—304TH 2—NES51 neon
1—5CP1 5—6SN7 2—3B24 bulbs
2—6AC7 1—5R4 2—3E29

2—6H6 1—VR105 2—6BE6
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16.103 Box of Assorted Resistors—Ship Station
PACKED IN SPARE PARTS BOX #1
OHM where no designation; K is times one thousand; and M is times a million

ONE-HALF 2—150K 1—5.6K 2—IM .
WATT 1—220K 1—6.8K 1—3.3M
1—100 1-—390K 3—10K 1—5M
2180 1—820K 1—15K 1—8.2M
2—220 2——1% 1—22K ’
—_— 1—2 1—39K
}——;?201{ 2—3.3M 1—47K TWO WATT
147K 2—5M 1—51K 1—1K
1—6.8K 2—10M 1—56K S
0K 1—20M 1—68K 410K
1—15K 1—75K 18K
29K ONE WATT 1—82K B
133K 1—22 2—100K i
1—39K 1—63 2—220K 1—63K
1—47K 2—1K 1—330K 89K
1—51K 1—1.5K 1—470K 1—100K
2——100K 1—2.7K 1—680K 1—5M

16.104 Box of Assorted Condensers—Ship Station
MICA OR DISK CONDENSERS: 500 Volts or Over
PACKED IN SPARE PARTS BOX # 1

1-5mmf 1-240mmf 6-0.01mf
2-10mmf 1-330mmf 1 ’

-0.0
4-24mmf 2-500mmf Imf 1000 volts
4-50mmf 1-800mmf PAPER CON
1-75mmf 2-0.001mf 00 DENSERS
1-100mmf{ 1-0.0015mf = 0'02mf 600 volt
1-150mmf 2-0.002mf -05mf 600 volt
1-200mmf 2-0.005mf

16.200 GROUND-STATION SPARE PARTS AND TUBES

16.201 List of Spare Parts—Ground Station

Parts listed need not be the same make as used i ; s
meet the electrical and mechanical requirements, » the equipment p roviding they
1—box 5 amp Littlefuse AGC or 3AG
1—25K 10 watt resistor .
1—10K 20 watt resistor
1—2K 10 watt resistor
1—5-ohm 100 watt resistor
1—4mf 2000 volt condenser
2—4mf 600 volt condenser
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1—1mf 600 volt condenser)
2—.25mf 2000 volt condenser

2—0.1mf 600 volt bathtub condenser
1—100mf 2500 volt mica condenser
1—2.5mh rf choke

Parts in this list are special in electrical and physical characteristics and replacement

should be by the same make or equal.

One each of the following:

Where used Description Diagram No. Mfr, and No.
Indicator_____.____ 5K potentiometer #4 taper_____ R-184, R-282___| Mallory U-14.
Indicator___._____ 10K potentiometer #4 taper.. ___ R-109, R-202___} Mallory U-20.

Indicator. .. ____. 10K potentiometer_ ________.___ R-138, R-172___| Navy Number CDJ
632076.
Indicator-_.__..__. 25K potentiometer #4 taper_.__.] R-113, R-119, | Mallory U-129.
R-122.
Indicator___.______ 50K potentiometer #4 taper_.___ R-231_________ Mallary U-35.
Indicator___.___._ 100K potentiometer #4 taper.__.| R-129_________ Mallory U-41.
Indicator_____.___ 500K potentiometer #4 taper.._.| R-270_.______. Mallory U-50.
Indicator__._ ___._ 1 meg potentiometer insulated | R~243, R-244_ __j Clarostat 37TW-HV Navy
shaft for high voltage. type CMC 632075,
Indicator ... ___._ 1 meg potentiometer insulated | R—236, A & B, Clarostat D-37TW-HV
shaft. R-239, A & B. Navy type CMC
632074.
Attenuator________ 15K potentiometer #1 taper..___ R-15_ . _______ Mallory UM-121.
Indicator._ . __.__ Step-charger transformer.___. .. T-101, T-102, | Freed 12524,
T-103,T-104,
T-105.
Indicator and Re- | Filter condenser electrolytic 20— | C~169 A & B, | Sangamo TST-901 or Aer-
ceiver. 20-20 mf, 450-450-25 volts. C-324 A & B, ovox AEP 44J 4A,
C-190 A & B.
Transmitter. ______ 0.003 mf 12500.volts. . ... ._____ C-110..________ Aerovox type 1996.
Transmitter.____._| 0.0015 mf 12500 volts________._ C-105, C-106, | Aerovox 1996,
C-107.
Indicator_..___._. 100-kec erystal ... _____________ Y-101.________ RCA VC-5-KS.
16.202 Spare Tubes— Ground-Station
2—2A3 1—5CP1 2—5692 2—6SL7
2—2X2 1—5R4 2—6H6 5—6SN7
2—3B24 2—5U4G 2—68A7 1—VR105
2—3E29 5—5Y3 2—68J7 1—884
2—304TH 2—6AC7 . 3—68K7 1—2050
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16.203 Box of Assorted Resistors— Ground-Station -

Ohms where no designation; K is times one thousand; and M is times one million:

ONE-HALF WATT ONE-HALF WATT ONE WATT ONE WATT
1—50 1—22K 1—500 2 1M

1—100 2—100K 1—1K

1—150 1—220K 1—5K TWO WATT
1—330 1—500K 1—10K 1—2.2K

1—680 2—1M 225K 9 5K

1—1.5K 1—2.2M 2— 50K 210K

1—3.3K 1—80K 295

2—10K ONE WATT 5 100K y ook

2—15K 1—100 1—500K 2—100K

16.204 Box of Assorted Condensers— Ground-Station

All condensers rated at 600 volts unless otherwise indicated

MICA CONDENSERS MICA CONDENSERS MICA CONDENSERS

1—>5-mmf 1—240-mmf 2—0.01-mmf
2—10-mmf 1—330-mmf 1—0.01-mmf 1000 volts
1—30-mmf 1-—510-mmf

2—50-mmf 1—800-mmf PAPER CONDENSER
2—75-mmf 1—0.001-mmf _

1—100-mmf 1—0.002-mmf —0.01-mf 600 volts
1—150-mmf 1—0.005-mmf

16.300 GROUND-STATION SPARES CARRIED ON SHIP
One each of the following:

Where used Description Diagram No. Mifgr. and No.
Transmitter._.. - Filament transformer for 3E29_.| T-104 UTC type §-65
Transmitter.. - .. Plate transformer (Modulator)_.| T-105 Chicago type P.SR 108
Receiver.____ .- Plate transformer___.__________ T-305 Frood tpe 12633 .
Indicator. .- -- .Plate transformer__. _________._ T-106 Freed type 11851.
Indicator_ . .- _-- Filter choke. . .. ___..________ 1-103 UTC typs 80259 .
Indicator- - ----- Trigger transformer-_________.. T-107 Phileo 352_7224_-2
Transmitter._ ... 2-mf 7500 dewv.______________ C-111, C-112 GE 397429
Transmitter. .. .- 40-mh choke 3 pi sections._____ 1-105 USC&GS. .
Transmitter. ... - 2 microfarad, 1000 dewv filter | C-113, C-117 Capacitron 10EC200

condenser. ‘ 2
Transmitter...- - -- Filter condenser 8 microfarad, | C-118 GE 23F353
600 dewv, -
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PARTS LIST

17.100 SHIP CONTROLLER AND POWER SUPPLY

Symbol Function Description
Cce0o1.____. . Crystal tuning_ ... ________________. 1 to 35-mmf, variable, Johanson Mfg. Corp.,
. Boonton, N. J., type 803.

C602. . |- __ do_ . 27-mmf, tubular, zero drift, Centralab type
TCZ.

C603. . _|_..__ do. . 0.001-mf, mica, 500V,

C604.______ Thermostat bypass_ _ ... _.._._.____ 0.0025-mf, mica, 500V,

C605-.__ .. V601 feedback - _ ... ______._._.____ 10-mmf, mica, 500V.

C606A___.__ V601 screen bypass. . __ ... ___._____ ]

C606B._____ V602A cathode bypass ... ... {0-5-maf, dual bathtub, 600V.

C607__.__ . T601 primary tuning.__._.______ —-___| 151-mmf, total, 100-mmf and 5i-mmf in
parallel, tubular, zero drift, Centralab
TCZ.

C608. .. ____ V602A plate coupling_ _ .. .__ .. _______ 0.01-mf, disc, 600V.

C609_._____ V603 grid coupling_ . ____________.___ 0.01-mf, disc, 600V,

C610_______ V603 cathode bypass.__.__..__._______ 0.01-mf, disc, 600V,

Ccé11.__. __ V603 screen bypass. __ _ ... _.._...__ 0.01-mf, dise, 600V,

Cé12_____._ T602 primary tuning_________________ 561-mmf, total, 510-mmf and §1-mmf in
parallel, tubular, zero drift, Centralab
TCZ.

C613_______ V602B grid coupling_________________ 0.01-mf, dise, 600V,

Cél4_______ V603B cathode coupling.._____________ 0.01-mf, disc, 600V.

Cél5. . __ V602B plate coupling________________ 0.01-mf, disc, 600V,

C616-_____. V605A grid coupling_ . ___.__ .. _____ 0.01-mf, dise, 600V,

Ce17__._____ V6058 grid coupling. . _____________ 0.01-mf, disc, 600V,

C618_.____. V605A cathode output___.___________ 0.01-mf, disce, 600V,

C6e19_______ V605B cathode output_________._____ 0.01-mf, disc, 600V.

C620A._____ T611 primary tuning_______.__.______ :

C620B_____. T612 primary tuning _________________ }O.l-mf, dual, ,bat’ht‘ub) 600V.

Cce21.._.._. V607 plate output.. . _ . ____________ 1-mf, bathtub, 600V.

C622_.____. V608 plate output_ . _________________ 1-mf, bathtub, 600V.

C623....___ V607 grid coupling_ _ . _______________ 0.01-mf, disc, 600V,

C624.__.____ V608A grid coupling_ - __.___________. 0.01-mf, disc, 600V,

C625_.___.. V606A grid timing___________________ 24-mmf, mica, 500V.

C626_.. . __. V606B grid timing___._______________ 24-minf, mica, 500V.

C627_. ... V6078 grid coupling_. _______________ 0.1-mf, bathtub, 600V.

C628_______ V6088 grid coupling__ . _____._____._. 0.1-mf, bathtub, 600V.

C629______. V606A grid coupling_._______________ 24-mmf, mica, 500V,

C630_-._.___ V606B grid coupling_________________ 24-mmf, mica, 500V.

ce3l_______ V606 cathode bypass__.____________.___ 4-mf, can, 600V,

C633_.____. V617 plate output___________________ 0.022-mf, mica, 500V.

C634....._. V618 plate output_ ... _______________ 0.002-mf, mica, 500V.

C635_...._. V617 screen bypass_ . ________________ 0.01-mf, dise, 600V.

159
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C636._.____ V618 screen bypass. .- .- _ ..o 0.01-mf, disc, 600V,
Ce37_ .. .__. T603 primary bypass_ ... - 0.004-mf, mica, 500V,
C638_ ... T604 primary bypass_ . - - -~ 0.004-mf, mica, 500V.
C639. .. _- V615 screen bypass_ .- oo aoo-- 500-mmf, mica, 500V,
C640___.____ V616 screen bypass_ - _ .. .-~ Do.
C641____.___ V615 grid coupling__ .- - ---- 0.01-mf, dise, 600V, ~
C642____.___ V616 grid coupling____ .-~ Do.
C643A_____. V609B cathode bypass_ ... .- __.__
C643B______ V611A plate bypass. __ .- .- ...
C643C.___ .- V613A plate bypass___ ... ... - .
C644A ______ V610B cathode bypass___.__._________ 0.25-mf, triple, bathtub, 600V.
C644B_.____ V612A plate bypass_ ... ____.__ S
C644C_. .. V614A plate bypass___ ... .. __._._
C645__ - V619 cathode bypass_ ... ____._._ 0.01-mf, disc, 600V,
C646_ . . - V620 cathode bypass____.____________ Do.
C647 .- V619 screen bypass. . _____________ Do.
C648___.___- V620 screen bypass________________.__ Do.
C649___.__.- V611A, V611B coupling- . _._._ Do.
C650. .. _.-- V612A, V612B coupling ... _____ Do.
C651. .- V611A plate differentiating____________ 0.005-mf, disc, 600V,
C652._ - V612A plate differentiating ... ... Do.
C653. .- V613B plate load bypass_____..._______ 0.01-mf, dise, 600V,
C654_ o - V614B plate load bypass_ ... _______ Do.
C655_ - V613B plate output_ ... _____ 0.05-mf, tubular, paper, 600V,
C656___ .- V614B plate output. ... ______. Do.
C657 - V613B grid coupling - _._______ 0.01-mf, dise, 600V,
C658_ .- V614B grid coupling._ .. _._.______ Do.
C659. .- V613A grid coupling - .. _.__.__ Do.
C660___ .- V614A grid coupling - ... ___ Do.
Ce61_._. . _| V621B plate output___ - .. 1-mf, bathtub, 600V,
C662. .- V622B plate output_ ... _____ Do.
C663._.o—--- V621B grid coupling. ... ... 0.002-mf, mica, 500V.
C664_ ... -- V622B grid coupling. - .._..___. Do. .
C665._ . .- V621B cathode bypass. ... .._ 0.005-mf, disc, 600V.
C666___ - V622B cathode bypass. - __.____ Do.
C667. o aee- T607 phase shift. .. ___ 51-mmf, tub :
Cees T608 whase shift - Do, ular, zero drift, Centralab TCZ.
0669 .-~ T609 phase shift _____ ... _._______ 100-mmf, tubul :
G670 T610 phase shift - .. Do, ular, zero drift, Centralab TCZ,
C671.. .- T611 phase shift. ... ... .. 51('}-;3“11\1“’ tubular, negative drift, Centralab
C672 - ‘T612 phase shift.____ ... ____._. Do.
C673_ . n-- Filter, power supply ... 4-mf, can, 600V,
C674._ - V626 cathode bypass. ... -___.._.. 0.5-mf, bathtub, 600V,
C675._ .- V626 plate filber.__ ... Do.
CB76_ .- Filter, Bplus___ .. ..o 4-mf, can, 600V.
K601 __ - --- Circuit breaker, Reeeiver_._________._ 2-Ampere breaker, type PSM, Spencer
Thermostat Co., Attleboro Mas,,s
K602 .- --- Circuit breaker, Controller....._.__... 5-Ampere breaker, type PSM, Spencer
o Thermostat Co., Attleboro Ma:ss
L601___._--- V601 grid inductance_. ... 30 millihenry R. F. Choke, ’type CH-1218

Bud Radio, Inc., Cleveland, Ohio.
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1602 __.___ 10 KC band pass filter________.__._____ UTC type BMI-10,000, United Transformer
Co., New York 13, N. Y.

L603_ ... 1KCband passfilter_.__.____________ UTC type BMI-1,000, United Transformer
Co., New York 13, N, Y.

L604.__ . Filter choke, Bplus.._.._ .. ________ 8 Henries, 200 ma., 85 ohms DC resistance,
2,500V insulation, type RS-8200, Chicago
Transformer Co., Chicago 18, Ill.

M601._____.. Ac line voltmeter.__._______ __.______ 150V ac rectifier type voltmeter, model
301, Weston Electrical Instrument Corp.,
Newark 5, N. J,

Re01... _..__ V601 grid return__________.___._______ 240,000 ohms, % watt.

R602..______ Heating element inside crystal holder. ..} 940 ohms, part of RCA crystal unit, model
TMV-129-G.

R603._.._ ... V601 plate dropping. . .. ... _____._ 100,000 ohms, 1 watt.

R604.. . ___ V602A cathode bias. ... .. .._.__.___ 1,500 ohms, 1 watt.

R605_ ... V603 grid return._._.__.____________ 100,000 ohms, % watt.

R606. ... ___ V603 screen dropping. ... _____.__. 47,000 ohms, 1 watt.

R6O7T. ... V603 cathode bias. .. ______________ 180 ohms, 1 watt.

R608. ... .. V604A plate load________________.___ 27,000 ohms, 2 watts.

R609. _.._.__ V604A grid return__ _ . _____._..____ 1 meg, % watt,

R610.___.____ V602B plate load.___________._____._ 10,000 ohms, 1 watt.

Re11________ V6028 grid bias._ .. _______.___._.. 820,000 ohms, % watt,

R612. ... ... V602B grid bias_._____________ ... ___ 220,000 ohms, ¥ watt,

R613_____ .. V602B cathode load. ... ... _________ 10,000 ohms, 1 watt,.

R614.____.__ V604B plate load. ... __________._____ 27,000 ohms, 2 watts,

R615.__ .. V604B grid return_____ __.________..._ 1 meg, % watt,

R616_._.____ V623A grid isolation- _____.__________ 330 ohms, % watt,.

R6Y7_______. V6238 grid isolation. . _____._____._..__ Do.

R618__. .. __ V623A gridreturn___________.____ _._ 20 megs, % watt.

R619___. ... V605A cathode load. ... ... _.__.__ 1,000 ohms, 1 watt.

R620___._.__ V605B cathode load. .- ___.__.___._.._ Do.

R621_______ V605A cathode bias_.___ .. .______.__ 10, 000 ohms, 1 watt.

R622_.___.. V605B cathode bias. ... ______.__.__._ 10, 000 ohms, 1 watt.

R623______. V605A grid return_. . _ . . __...._ 1 meg, % watt.

R624____.__ V6058 grid return__ . _______..______ 1 meg, % watt,

R625.__.___ V607 plateload_ . ________ .. _________ 47,000 ohms, 1 watt.

R626_..____ V608 plate load . - __ . __ . _ ... _.__.__ 47,000 ohms, 1 watt.

R627_._____ V606A plate load_____ . __._____. +--.| 39,000 ohms, 1 watt.

R628_______ V606B plate load.__ .. ____ . ________. 39,000 ohms, 1 watt.

R629_._. ... V607A grid limiting__________________ 100,000 ohms, % watt.

R630_ ... ___ V608A grid limiting______ e 100,000 ohms, % watt.

R631.____ _.| V606A grid timing__._______._ .. ______ 390,000 ohms, ¥ watt.

R632__.____ V606B grid timing__ . _ . ___.___._._.._._ 390,000 ohms, % watt.

R633..._.__ V607A gridreturn_____ . _ ... _.__.__ 1 meg, % watt,

R634_____.._ V608A grid return. ... ____ . _______._ 1 meg, % watt.

R635_.____. V606A grid limiting_____ . __________ 100,000 ohms, % watt.

R636___.__. V606B grid limiting______ ... ___..__.__ 100,000 ohms, ¥ watt.

R637_______ V606A grid return_____._____.___.___ 100,000 ohms, %% watt.

R638__.____ V606B grid return_____ ... _________ 100,000 ohms, % watt.

R639__.____ V606 cathode bias to B plus_ _.___.__.__ 100,000 ohms, 2 watts.

R640_____ _l VeO7B grid return.._ . __ . _ .. _ . _ .. ... 20 meg, ¥ watt.

R641_____._ V608B grid return 20 megs, % watt.
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Symbal Function Description
R642_.____. V602A plate load.__ .. .- _.__ 5,100 ohms, 1 watt.
R643_______ V606 cathode bias__ . ____ .. ... 2,700 ohms, 1 watt,
R644 .. __.. V606 cathode bias &d] ———————————————— 51000 ohms potentiometer 3 Watt, linear

taper.
R645_ . _____ V623A cathodeload _ - __ . __ .. __. 10,000 ohms, 1 watt.
R646_______ V623B cathode load _ _ . _ ... ... _____ 10,000 ohms, 1 waitt.
R647. ______ V617 plate load - - .- __ 82,000 ohms, 1 watt.
R648._ .. ___. Vél8 plateload_ .. ... __ 82,000 ohms, 1 watt,
R649. . .__ V617 screen dropping._ - - - - - - .- _. 47,000 ohms, 1 watt.
R650_ . .. __ V618 screen dropping.. .- - ... _ 47,000 ohms, 1 watt,
R651.__-__. V617 cathode bias_____._ _ . _._. . 180 ohms, 1 watt.
R652. _ .. V618 cathode bias_________ _ ___._._ 180 ohms, 1 watt.
R653.__ . .- V617 grid damping_ . _ ... __ S 3,900 ohms, ¥ watt,.
R6G54 .- V618 grid damping_ ___ ... ____ 3,900 ohms, % watt.
R655_ oo V615 screen return_ _ _ .. ___________ 27,000 ohws, 1 watt.
R656__ .- -- V616 screenreturn. . _ .. ... .. __ 27,000 ohms, 1 watt,
R657 .- --- V615 grid return. - - .. ___.______. -1 3.3 megs, % watt.
R658_ -~ V616 grid return.. . - __ ... ___ R .-| 3.3 megs, % watt,.
R659_ .- -- V609B plateload .. ___ .. ... . .. 15,000 ohms, 1 watt.
R660_ .- . V610B plateload .. .- _ . ______ 15,000 ohms, 1 watt.
R661. .- V609B cathode bias_ ... _________.___ 22,000 ohms, 1 watt.
R662_ .. _-- V610B cathode bias_.. - ... .. ___ 22,000 ohms, 1 watt.
R663_ .- --- vél9 grid return. . ... _____._____ 150,000 ohms, ¥ watt.
R664. .. -- V620 grid return_ - . __________ 150,000 ohms, % waitt,.
R665___ .- V619 cathode bias_.__ ... _.___.___ 5,600 ohms, 1 watt.
R666__ - -_- V620 cathode bias_____ . _______ 5,600 ohms, 1 watt
R667___ - V615 control grid return______________ 1 meg, ¥% watt,
R668. .- V616 control grid return.__ ... _.___ 1 meg, % watt,
R669. - - ———_ V611 pulse differentiating. - .. ____.___ 15,000 ohms, ¥% watt,.
R670_ .- V612 pulse differentiating . ________ 15,000 ohms, Y% watt,
R671_ oo VéllA plateload___ ... __________ 27,000 ohms, 1 watt.
R672. .- - V612A plateload__. . _______._.__ 27,000 ohms, 1 watt,
R673. - —-- V611A grid limiting_ _ . _ ... _____ 150,000 ohms, % watt.
R674_ .-~ V612A grid limiting____._____________ 150,000 ohms, % watt.
R675. - oo~ V613B plate voltage divider__._______| 56,000 ohms, 2 watts.
R676. .- V614B plate voltage divider__________ 56,000 ohms, 2 watts.
R677_ - ee- V613B plate voltage divider_ _._______ 56,000 ohms, 2 watts.
R678_ . ---- V614B plate voltage divider- . ._______ 56,000 ohms, 2 watts.
RE79_ - Vvei3Boplateload_ ... ___ .. _____._ 22,000 ohms, 1 watt,.
R680. - V614B plateload . ... ______._. 22,000 ohms, 1 watt.
R681 ... - V613B gridreturn___. ... ___._._____ 82,000 ohms, Y% watt.
R682 - V614B grid return_._ . ... _._______ 82,000 ohms, ¥ watt,
R683_ .- V613A plate decoupling._ . ___________ 100,000 ohms, 1 watt,
R684. - V614A plate decoupling_ .. ________ 100,000 ohms, 1 watt.
R685. oo V613A plateload. . __ 150,000 chms, 1 watt,.
- R686- - V614A plateload. ... ____________ 150,000 ohms, 1 watt.
R687. oee- V613A plate voltage divider__________ 6,800 ohms, % watt.
R688 _ - --- V614A plate voltage divider__ ________ 6,800 ohms, % watt.
R689_ - V613A grid return__ .. __________ 1 meg, % watt.
R690. . —--- V614A gridreturn__ . _._._____ 1 meg, ¥ watt,.
R691. .- V609B plateload . ... _____ 12,000 ohms, 2 watts,
R692. - V610B plate load__..__. e 12,000 ohms, 2 watts.
R693_ .-~ V609B grid return_ .. ___.__. 1 meg, % waitt,.
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Function

Description

V610B grid return
V621B plate load
V622B plate load
Voltage divider for R699
Voltage divider for R700
V621B blanking video adj

V622B blanking video adj
V621B grid isolation
V6228 grid isolation
V621B grid return
V622B grid return
Phase shift resistor

Bleeder across C673
V625A grid equalizer
V626B grid equalizer

V626 grid return

V626 grid bias

V626 grid bias

V626 grid bias adj

Zero check switch

1 meg, % watt.

22,000 ohms, 1 watt.

22,000 ohms, 1 watt.

82,000 ohms, 2 watts.

82,000 ohms, 2 watts.

10,000 ohms potentiometer, 2 watts, Type
U-20, P. R. Mallory & Co., Inc., Indian-
apolis, Ind.

Do.

100,000 ohms, ¥ watt.

100,000 ohms, % watt.

100,000 ohms, !5 watt.

100,000 ohms, }% watt.

20,000 ohms, 19, tolerance, Type X1
Nobleloy, Continental Carbon, Ine.,
Cleveland, Ohio.

Do. .

12,000 ohms, 19 tolerance, Type X1
Nobleloy, Continental Carbon, Inc,
Cleveland, Ohio.

Do.

150,000 ohms, 19, tolerance, Type X1 Noble-
loy, Continental Carbon, Ine., Cleveland,
Ohio.

Do.

10,000 ohms, 1% tolerance, Type X1 Noble-
loy, Continental Carbon, Inc., Cleveland,
Ohio.

Do.

300,000 ohms, 1%, tolerance, Type X1 Noble-
loy, Continental Carbon, Inc., Cleveland,
Ohio.

Do.

10,000 ohms, 1%, tolerance, Type X1 Noble-
loy, Continental Carbon, Inc., Cleveland,
Ohio.

Do.

1 meg, 1 watt.

100 ohms, 1 watt.

100 ohms, 1 watt.

100,000 ohms, 1 watt.

22,000 ohms, 2 watt.

4,700 ohms, 1 watt.

470,000 ohms, 1 watt.

4,700 ohms, 1 watt.

50,000 ohms potentiometer, 4 watts, linear
taper.

33,000 ohms, 1 watt.

Push button, normally OFF, No. 1340, Gen-
eral Cement Mfg. Co., Rockford, Iil.

Do.

ON-OFF-ON, No. 1283, Insuline Corp. of

America, Long Island City, N. Y.
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T601. .. __ 100 KC transformer. . ... ___ ... No. 666A, Western Electric Co., Inc., New
: York 7, N. Y.

T602_ ___ . __|_._._. A0 e e o Do.

T603_ ______ V615, V617 coupling ... o No. 12524, Freed Transformer Co., Inc.,
Brooklyn 27, N. Y.

T604 . .____ V616, V618 coupling. - .. ... Do.

T605. .. . 1 KCoutput. ..o No. 352-7224-2, Philco Corp., Philadelphia
34, Pa.

T606_ |- Ao e Do.

T607. . .._. 10-uS. phase shifter, “A” side___.__._._. No. AY-2518-24B, Eclipse-Pioneer Co.,
Teterboro, N. J.

T608 . . _..__ 10-uS. phase shifter, “B” side..______. Do.

T609. . _ ... 100-uS. phase shifter, “A” side__.____. No. AY-2218-27B, Eclipse-Pioneer Co.,

) Teterboro, N. J.

T610. .. _ .. 100-uS. phase shifter, “B”’ side________ Do.

T611______. 1000-uS, phase shifter, “A’ side_._.._. Do.

T612. ... . 1000-uS, phase shifter, “B” side_._____ Do.

T613. . . Filament transformer. __._. . ... No. F-610, Chicago Transformer Co., Chi-
cago, 11l

T614. ... Power transformer___._.._.__.______._ No. PSR-200, Chicago Transformer Co.
Chicago, 1L ’

Y601.....-- 100 KC crystal ... No. TMV-129-G, Radio Corp. of America,

Camden, N, J, .

17.200 SHIP INDICATOR

Symbol Function Description
C105. . .- "V138B cathode bypass___.____.__ _._._ 0.02-mf, paper, 600V,
C106__ ... 8-104A marker coupling_______.__._.__ 5-mmf, mica, 500V,
Cl07._..__.. 100 microsecond triangle generator.__ _| 0.01-mf, mica, 500V, -
C108._ . ____. V102 grid coupling__-— ... 0.01-mf, mica, 500V,
C109. . ... _| 100 microsecond triangle generator____| 0.001-mf, mica 500V.
C110A______ V102 screen bypass_ . __ ... _.___.___

C110B____._ V116B cathode bypass. . ... ____..___ }025-mf’ dll&l’ ba‘tht“b, 600V,
53 5 § D V102, V103 coupling_- - . _.__.___ 4-50-mmf, variable, air.
Cl12_ . ... V103 storage - - -~ - .. 620-mmf, mica, 500V,
C113..__.__| V104, V105 coupling_ - - ... ... 240-mmf, mica, 500V,

14A_ .- V104, cathode bypass________________
811413 ______ V106 cathode bypass _________________ }025-mf’ dual! bathtUb, 600V,
C115. . - V104A, V104B coupling .. .. ___ 10-mmf, mica, 500V,
Cl16_ ...~ V104A, V104B coupling_ = .- ... 5-mmf, mica, 500V,
Ci17. oo - 1000 microsecond triangle generator.._} 0.02-mf, mica, 500V,
Cl18_ .. ..._ V105 storage ... ____._______ 750-mmf, mica, 500V,
C119_ ... 1000 microsecond triangle generator.._| 0.01-mf, mica, 500V.
C120. .. .. V117 pin 1 coupling- - ... ___._._ 50-mmf, micg 500V,
C121 .. ... V106A plate bypass. ... __________ 200-mmf, mica, 500V,
C122. ... V106A, V104A coupling. _____________ 24-mmf, mica, 500V.
C123_..___. V106A, V108 coupling ... __._.______ 75-mmf, mica, 500V,
C124...____ V106A, V113B coupling_._ ... __ 10-mmf, mica, 500V.
C125. . .- V108 storage. .- oo 1500-mmf, mica, 500V.
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Symbol Function Description
Cl127A______ A ode bypass____.._._...__.
oo T V107 oathode byt == J0.25-mt, dusi, 600V bathivd.
Ci128_.._.__ V106B, V109 coupling_ _ - - .. ___._____ 240-minf, mica, 500V.
Ci129.__.___ V109 storage- - - - .. ______ 0.01-mf, mica, 600V.
C130_______ V110A cathode bypass_.__.__________ 0.25-mf, bathtub, 600V.
C131_______ V110A, V122 coupling_ - . ____..___ 0.01-mf, mica, 500V.
Cl32___.__. V111 plate bypass. ... _.._.__..____. 51-mmf, mica, 500V.
C133. .. _._ V111 grid filter bypass_ ... __________ 0.25-mf, bathtub, 600V.
C134._. .. ___ V1il, V113B coupling._ _ _ ... _____._ 240-mmf, mica, 500V.
C135_______ V111B grid coupling. - - . __.._____ 240-mmf, mica, 500V.
C136. ______ V111A pedestal timing___________..___ 0.0062-mf, mica, 300V.
C137._____. V111A, V133 coupling_ - - . ... __.__ ]0.005-mf, mica, 500V.
C138A______ V112A grid filter bypass_..___________ '
C138B . V114B pedestal position_ . .___________ }0.25-mf, dual, bathtub, 600V.
C139.______ V114, V134 coupling-. ... _________ 0.005-mf, mica, 500V,
C140. ... __ V115A, V112 coupling. - - ... ____ 200-mmf, mica, 500V.
Cuar_______ V112A plate bypass..____ .. ___.____. 100-mmf, mica, 500V.
Cia2_______ V112A, V112B coupling. - ... _______ 0.0062-mf, mica, 600V.
Ci43_______ V112, V117 coupling.___.___ .- _._. 100-mmf, mica 500V.
Claa_______ V116 grid coupling_ .. ... ____._.___ 51-mmf, mica, 500V.
Cl45___.__. V116A, V116B coupling_ . ____________ 51-mmf, mica, 500V.
Ci46.._ . _. V116B cathode coupling.___ ... ___ 51-mmf, mica, 500V.
Cl47_______ V104A cathode bypass__ . ___._._____. 0.02-mf, mica, 500V.
C148______. V133A grid coupling_ .- ______..___ 0.002-mf, mica, 500V.
Ci49______. V133, V107 coupling. . __ . _._.___-____ 0.1-mf, tubular, 600V.
C150. ______ V107 output_ .o 51-mmf, mica, 500V.
Ci151.___._. V107 output- - . 51-mmf, mieca, 500V.
C152__ . ___ V134, V107 coupling___ . _____________ 0.1-mf, tubular, 600V.
C153._.____ V134A grid coupling ... __.________. -1 0.002-mf, mica, 500V.
Ci54______. V117, V138B coupling. - ... ... 0.001-mf, mica, 500V.
Cl56_._____ V138B, V136 coupling. .- . ... __. 120-mmf, mica, 500V.
C156.__.___ V138B, V119 coupling_ .- _ . ... ___ 51-mmf, mica, 500V.
Ci157_______ V136, V137 couplinig__ .. ... .. __ 0.01-mf, paper, 600V.
C158._.___. V1364, V136B coupling. ... .._._. 0.001-mf, mica, 500V.
Ci159_ . ____ V137 grid coupling. . .. ______..._.__ 10-mmf, mica, 500V.
Ci160_______ Vi37output. ... 0.005-mf, mica, 500V.
Ci61_______ V113B, V114 coupling_ _ . __ ... ... 24.mmf, mica, 500V.
C162__.____ V114A, V114B coupling. ... ___ 0.03-mf, mica, 500V.
C163_______ V113B, plate to V112 pin 1 coupling.._| 100-mf, mica 500V.
C164_______ V115B, V114 coupling- - - ... ___._ " 150-mmf, mica, 500V.
C165.______ V110B, V115A coupling. .. ... 24-mmf, mica, 500V.
C166..____. V115A, V115B coupling ... .. __._ 24-mmf, mica, 500V.
C167_.._.._ V115A, V115B coupling_ . ___________ 24-mmf, mica, 500V.
Ci68._____. V110B, V115B eoupling. - ... .- ... 24-mmf, mica, 500V.
C169A_ . V115 cathode bypass. ... 20/20/20-mf, 450/450/25V, electrolytic, octal
Ci169B__.___ V123 sereen bypass. __ ... ___..____. base
C169C._..___ V123 cathode bypass.____.______.____ ’
C170__.__.. V110A, V110B eoupling_ .. .. ... 100-mmf, mica, 500V.
C1rm_______ V113A, V125 coupling. . - ... 1-mf, bathtub, 600V.
C172._ .. ___ V113B, V112A coupling_ . ____...__... 200-mmf, mica, 500V.
C173.. .. V113A grid coupling_ ... __._____. 0.5-mf, bathtub, 600V.
C174_______ V119 grid coupling- - - - ... _____ 0.0015-mf, mica, 500V.
C175. .. ____ Filter, high voltage_ .. __.__._ .- ___._ 0.25-mf, oil, 2000V.
C176_______| Filter, high voltage _.__.__..___.___. 0.25-mf, oil, 2000V.
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C\77_. . TFilter, high voltage . .- —-—-cuo-m- 0.25-mof, oil, 2000V.
C178_____.. V128 input filter. . - . oo 4-mf, oil, can, 600V,
C179...__.- Tilter, unregulated voltage .-~ 4-mf, oil, can, 600V,

C180A_ ___.. V129, V130 filter .-~

Ci180B..._.- Filter, regulated voltage - -------- }20{)20/ 20-mf, 450/450/25V, electrolytic, octal -

C180C.__ .. V122 cathode bypass_ .- —cno-o- ase.

Ci81._..__.- V125 cathode bypass_ - - - ——-~v-- 0.5-mf, oil, 1500V.

Ci82..___.. Regulated voltage bypass .- --.- 1-mf, bathtub, 600V.

C183 . __..- In series with C200. _ - .- 200-mmf, mica 500V.

Ci84.._ .- V131 screen bypass. . - - cenimnnn 0.5-mf, bathtub, 600V.

C185. . _...- V131 coupling.—.---- e mmm—eeeen 10.5-mf, bathtub, 600V,

C186A.__..- V125 hor. plates. .- oo oo

C186B._. .- V125 hor. plates .- - ccoocoo -~ {0-1-mf, dual, bathtub, 600V.

C187_ ...~ Neon bulb storage__ - -~ 1-mf, bathtub, 600V,

CI88A . ... V125 vert. plates. - - - -

C188B._ .- V125 vert. plates. - .- ——o—-_- ) }O-l'mf: dusl, bathtub, 600V.

C189.._ ._.- Neon bulb coupling_ .. - - .- 1-mf, bathtub, 600V,

C190_ . .-~ V135 cathode bias- ... --.- _| 0.5-mf, oil, 1500V.

C191..__._- V121 screen bypass_ . ..o 1-mf, bathtub, 600V,

C192_.__._- V121 sweep forming_ - ... - 51-mf, mica, 500V.

C193_. .- V137 grid filter__. .. . _-___| 0.01-mf, mica, 500V.

Cl194. .. _._- V121 sweep forming_ ... .- _} 0.0013-mf, mica, 500V,

C195_ .- --- V121 sweep forming._ - ..o . .- 0.0051-mf, mica, 500V,

C196- .- .-- V119 plate bypass- - -« .o 1-mf, bathtub, 600V,

C197_ . _._- V119B, V119A coupling_ .- 1-mf, bathtub, 600V,

C198_ - _.- V119 timing. - -| 0.0024-mf, mica, 500V.

C199_ - __..- V119 timing. .- oo oo 500-mmf, mica, 500V,

C200_ - .- VI19 timing. oo - oo 100-mmf, mica, 500V,

C201_ .- V119B grid filter - ..o~ 0.5-mf, bathtub, 600V,

C202. .-~ V120B, V125 coupling. - - - ... 0.01-mf, mica, 1200V,

C203. ...~ V124, V125 coupling. - .. - 0.5-mf, bathtub, 600V,

C204. - - V124, V125 coupling. .- 0.5-mf, bathtub, 600V.

C205. - .- V124 plate filter__ . ___ ... _. 4-mf, oil, ¢an, 600V,

C206_ - V121, V124 coupling_. ..~ 0.5-mf, bathtub, 600 V. .

C207. - - V123, V124 coupling - ... 0.1-mf, bathtub, 600V.

C208_ - _-.-- V117 grid pin 4 coupling. . ... -| 100 mmf, mica, 500V.

C210_ - .- -- V122, V123 coupling.- .- - 0.5-mf, bathtub, 600V,

C211 .- V122 sweep forming. . .- 0.1-mf, bathtub, 600V,

C214 - - V125 hor. plate coupling. . .- .-_--| 0.25-mf, bathtub, 600V.

C215. - ----- V139A output coupling. ... ... 0.1-mf, paper 600V.

C216 - ...-- V139B output coupling. ... 0.1-mf, paper 600V.

C217 oo V122 plate filter....._ O 0.5-mf, bathtub, 600V.

C218_ . .- V120B, V125 coupling .- . - ... .-._-] See C202.

L102. . .- V102 plate peaking. .-~ Essex Specialty Co. part No. 35.358B

L103 . - - B plus filter choke. ... ... United Trans. Co. No. §-28. )

R104. .. _- Vio2plateload . - . ... 22,000 ohms, 1 watt.

RIO5. . .- V102 screen dropping. . ... 56,000 ohms, 1 watt.

RI06_ .- - V102 grid leak - _ .- ___- 100,000 ohms, ¥ watt.

R107_ .. .- T102 secondary damper_______.._.__. 33,000 ohms, 14 watt.

R108_ .- —--- V104B cathode bias_ ... _____ 68,000 ohms, 2 watts.

R109. . .- V104B cathode bias adj. (A)_ . ______ 10,000 ohms potentiometer, 1 watt, linear
taper. ’

RI1IO. .- _- ' V104B cathode bias_____ S 6,800 ohms, 1 watt.

R e - 100 microsecond triangle generator___.{ 5,100 ohms, 1 watt.
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R112__.____ V106A cathode bias__________________ 82,000 ohms, 1 watt.

R113_.._.._ V106A cathode bias adj. (B)._.__..____ 25,000 ohms potentiometer, % watt, linear
taper.

R114. . ._.._ V106A cathode bias________._.______.__ 22,000 ohms, 1 watt.

Ril5_.___._ V104A grid limiter____________.___.___ 100,000 ohms, ¥ watt.

R116___.___ 1,000 microsecond triangle generator.__| 12,000 ohms, 1 watt.

RI17___..__ T104 secondary damper_ . _____.______ 33,000 ohms, Y% watt.

R118.______ V106B cathode bias___.__.__.__._ ____. 56,000 ohms, 1 watt.

R119_______ V106B cathode bias adj. (C)._.__.____ 25,000 ohms, potentiometer, 2 watts, linear
taper.

R120_______ V106B cathode bias__________________ 22,000 ohms, 1 watt.

R121_______ V110A cathode bias_._.__. __________ 220,000 ohms, 1 watt.

Ri122_______ V110A cathode bias. ____ ... __._____ 25,000 ohms potentiometer, 2 watts, linear
taper.

R123__.____ V110A cathode bias____. . ____.__. 47,000 ohms, 2 watts.

Ri124_ .. ___ VIi33Agridreturn.__________________ 1 meg, }% watt.

RI125___.___. V133A grid return._________ I 50,000 ohms, ! watt.

R126_______ Vi33 plateload_ . _________. B 50,000 ohms, 2 watts.

RI127 . . __ V133B grid return_____ .. __________.. 1 meg, % watt.

R128__.____ IN34 drain_ . ____ s 680 k, 14 watt.

R129___.._.__ V112A grid bias.__________________.. 10,000 ohms potentiometer, 2 watts, linear
taper.

R130.___._. V111 pin 4 grid bias_ _ _______________ 100,000 ohms, 2 watts.

R131. .. ___ V111B grid filter_ . ___ . _____ _______ 180,000 ohms, ¥ watt.

R132._____. ViilBoplateload. . ___________._____ 22,000 ohms, 2 watts.

R133__...._ VI111A grid timing__________________. 3.9 megs, 1 watt.

R134.______ V111A plate load .. _____________.__. 22,000 ohms, 1 watt.

RI35__.____ V111B grid pulse limiter. . _ _________. 39,000 ohms, ¥ watt.

R136_______ V111A cathode bias__________________ 10,000 ohms, 1 watt.

RIB7.___ ... V114B B pedestal position..._ . _____._ 10,000 ohms potentiometer, 2 watt, linear
taper.

R138_______ Blinker cireuit charging_ ___._____._._ 7 to 20 megs, %% watt.

R139_ . __.__ V134B B pedestal length_ .. __._______ 200,000 ohms potentiometer, 2 watt, linear
taper.

R140_._____ Vii2pin 1 grid bias_ ____________.____ 100,000 ohms, 1 watt,

Ri41_______ V112A grid differentiator. . __________ 180,000 ohms, % watt.

R142___.___ V112A plateload.___________________ 22,000 ohms, 2 watts.

RI43____... V112B grid timer.___________________ 3.9 megs, ¥ watt.

Rild44._ ... __ V112B plate load.________________.__ 22,000 ohms, 2 watts.

R145__.___. V112A cathode bias_____________._____ 10,000 ohms, 1 watt.

R146._...__. V107 pin 4 grid return_ . __._________ 5 megs, % watt.

RI147._.____ V116A plate load. .. ____ . ____.__. __ 270,000 ohms, 1 watt.

R148_______ V116A gridleak___.__ . . _ _______ 1 meg, ¥ watt.

R149______. V116B gridleak________ __ ___________ 1 meg, % watt.

R150.._.._. V116B cathode bias_ .. ___ .. __________ 5,600 ohms, 1% watt.

R151 ... .. V116B cathode bias________________ __ 270,000 ohms, % watt.

R152 ______ V104A cathode bias.______.__________ 1,500 ohms, 1 watt.

R153___.___. V104A grid leak..._ .. _____________. 1 meg, % watt.

R154. _____. V112 pin 1 grid differentiator_ . __.____ 39,000 ohms, ¥4 watt,

R1556___.___ V107 pin 1 grid return. _ __ ___________ 5 megs, % watt.

R156. .. __. V107 cathode bias__.___ . __ . ___.___ 15,000 ohms, 1 watt.

RIS7_______ V107 cathode bias__ __.__._____._____ 100,000 ohms, 2 watts.

R158. . . . Vil3Bplateload. . _._____ . ____.____ 100,000 ohms, 1 watt.

R159__.__._ V113B cathode bias____. 220,000 ohms, 1 watt.



168 EPI MANUAL
Symbol Fumnction Description
R160._____._ V113B cathode bias____. ... _-. 10,000 ohms, 1 watt.
R161___._.. V1l4A plateload___ .. .-~ 22,000 ohms, 1 watt.
R162. .. __. V114A grid timing__ ... 2.2 megs, Y% watt.
R163___..__. ViidBplateload .. .. - . ..-- 22,000 ohms, 1 watt.
R164_______ V114 cathode bias___._______ . _.__.._. 10,000 ohms, 1 watt.
R165_______ 50 volts bias network________ ... 2 megs, 1 watt.
R166_______ 50 volts bias network . __ . __ .- .- 2 megs, 1 watt.
R167_______ 50 volts bias network _ . __________.._. 150,000 ohms, 1 watt.
R168_ .. __._ V134A grid return___ ... 1 meg, % watt.
RI69_______ V134A grid return_ .- ... 50,000 ohms, 1% watt.
RI70._.____ Vil4pin4 bias_ .- 20,000 ohms, 1 watt.
R171_______ “A” pedEStal POSition ———————————————— 10,000 Oth, potentiometer’ 2 watt linear
taper.
RI172_ .. ___ Villpin4bias. . .. 10,000 ohms, 1 watt.
R173. . _-_ Vil4Bgrid return_ ... ... 100,000 ohms, % watt.
R174____.._ “AY pedeStal length ————————————————— 100,000 ohms potentiometer’ 2 watt linear
) taper.
RI175_. . _ .- Vild pin4bias_ ... __.____ 150,000 ohms, 1 watt.
RI7T6__ .- V114B grid limiter____.______ .. 39,000 ohms, 14 watt.
RI177. . - V115A grid limiter. ... ___________ 100,000 ohms, % watt.
R178__ .- VilsA plateload . ... ______._ 39,000 ohms, 1% waitt.
R179 .. ... V1i5A grid bias___ ... _______ 390,000 ohms, ¥ watt.
RI180. .. _-- Vi15A grid bias_____ . _____ 390,000 ohms, 1% watt.
RISl ___ ... VilsBplateload______ . . ________ 39,000 ohms, 1% watt.
RIS2 ... V115B grid limiter_____ ... _______ 100,000 ohms, ¥ watt.
R183_ ... ... V115 cathode bias______.__ PR 2,700 ohms, 1% watt.
R184 . ... V115 cathode bias__ ... ... 5,000 ohms rotentiometer 2 watts, linear
taper.
RISS. .- V115B grid leak _________ ... _.__._. 100,000 ohms, ¥ watt.
R186______- V115 cathode bias___ . . ____._.__. 100,000 ohms, 1 watt.
RIST_ .. -- V115A gridleak _________ ... . _. 100,000 ohms, 1% watt.
RISS. .. Vii0B plateload. .. . . ... .__. 100,000 ohms, 4 watt.
RI1S9 .. _. V110B cathode load . _ _ ... . __.__ 100,000 ohms, % watt.
RI190_ __ . .- V113A cathode bias_________ . . ___ 100,000 ohms, ¥ watt.
;30 ) V113A cathode bias____. . .. _____ .. 4,700 ohms, ¥ waitt,.
R192.. ... ViidAgridleak . . ... . ... ____. 1 meg, ¥ watt.
R193_ ... - Trace separation control__..._.__.____ 200,000 ohms potentiometer, 2 watts, linear
taper.
R194. . . . V1ii2pin 1 bias_. ... . - . 10,000 ohms, 1 waitt.
R195. . _-- V1i8A gridleak ____ . __ .. _._.__. 10 megs, ¥ watt,.
R196_ ...~ V118A cathode load___. . . _..___ 24,000 ohms, 1 watt.
R197 ... V118B cathode load. .. ... . ... . 24,000 ohms, 1 watt,
R198. .. _-- V1i8Bgridleak __ . ___ . .. ... 10 megs, ¥ watt,
R199. ... ... V121 screen bleeder .. ___._________ 100,000 ohms, ¥ watt.
R200. . ..._ V121 sereen bleeder________ . _.___ 180,000 ohms, ¥ watt.
R201 .. ____. V121 cathode bias_ ... ... __ 4,700 ohms, % watt.
R202. ... .- V121 cathode bias. ... ... ... __ 10,000 ohms pOtentiometer’ 2 watts, linear
taper.
R203_ .. _. . V120B cathode load - - - ... ________ 100,000 ohms, ¥ watt.
R204_ . ____ V120B cathode load . _ . __ ... ... . 30,000 ohms, ¥ watt.
R205_ .. V120B timiter, grid___ . . ... 100,000 ohms, 14 watt.
R206. .- V119 plate filter_.__ ... ___ 2,200 ohms, % watt,
R207_ ... .- V119A grid leak . __.___. e 100,000 ohms, % watt.
R208. . __.

Vii9A gridleak .. __ - ... ~.1 39,000 ohms, % watt.
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R210. ... _._. V119A grid limiter_. .. _ . _____________ 56,000 ohms, % watt.
R211.__.____ V119 cathode bias_ . .. ___._______ 2,200 ohms, % watt.
R212___._._ ViigB plateload . ... ______.______ 39,000 ohms, ¥ watt.
R213_______ V119B timing___._ . _____._________ 39,000 ohms, ¥ watt,
R214____ ... V119 cathode bias_________._____.___ 2,700 ohms, %% watt.
R215.___._. V119 cathode bias__ . _____________.__ 39,000 ohms, % watt.
R217_______ High voltage filter.._ . ____._________. 56,000 ohms, % watt.
R218A_____. High voltage bleeder___.__ . __________ 5.6 megs, % watt.
R218B_._._. High voltage bleeder_________________ 5.6 megs, % watt.
R218C______ High voltage bleeder___ . ___.____._.__ 5.6 megs, % watt.
R218D______ High voltage bleeder_._______________ 5.6 megs, % watt.
R219_ .. _. High voltage filter__ _________ ________ 27,000 ohms, % watt.
R220.__.____ High voltage filter_______________.____ 100,000 ohms, 14 watt.
R221._.____ Bplusbleeder. . __________ . ____.__. 820,000 ohms, ¥ watt.
R222.______ V131 plate filter__ .. _________________ 100,000 ohms, Y% watt.
R223._____. Vidlplateload_ .. __ _ .. ___ ________ 2.2 megs, ¥ watt.
R224. _____ V131 plate decoupling___._._ .. . _.___ 1.2 megs, % watt.
R225_ _.____ V129 grid equalizer._______________.. 100 ohms, % watt.
R226____.__ V130 grid equalizer_. __ _________.__._ 100 ohms, % watt.
R227_____._ V131 screen grid bleeder__ - _ __ .. __.__ 5,000 ohms, 20 watts,
R228_ ... _. V131 grid filter._______________..__.._ 560,000 ohms, )% watt.
R229__._____ V131 screen bleeder____________.__.__. 20,000 ohms, 20 watts.
R230_.__.__ Vi3l grid bias. . __ . ___________..___ 56,000 ohms, 1% watt.
R231..._.__ Vi3l gridbias. ... ____________.__._ 50,000 ohms potentoimeter, 2 watts, linear
taper.
R232.____._ High voltage bleeder_____._____._ ___. 820,000 ohms, % watt,
R233____.__ High voltage bleeder__ . __.__ ____.__._ 560,000 ohms, % watt.
R234_______ High voltage bleeder_________________ 390,000 ohms, % watt.
R235______ _i High voltage bleeder____ . _____ ___.___ 100,000 ohms, % watt,
g;ggg"":‘ }V125 vert. center control_.__ ________ 1 meg, potentiometer, 2 watts, linear taper. °
R238_..... « Y125 hor, deflection_________ _______ 56,000 ohms, % watt.
ggggg"":' }V125 hor. center control__.___ . __._.__ 1 meg, potentiometer, 2 watts, linear taper.
R241_._ .. __ V125 hor. deflection_ _ _ . _________.._. 560,000 ohms, % watt.
R242_______ Vi2bfoeusadj. ... _________ 500,000 ohms potentiometer, 2 watts, linear
taper.
R243__ . ___. V125 focus control .. _ . _____________ 1 meg, potentiometer, 2 watts, linear taper.
R244_______ V125 intensity control. . ________.____ 1 meg, potnetiometer, 2 watts, linear taper.
R245_..____ Vi2s5vert. load_ ____ . ___ ____ ________ 1 meg, % watt.
R246____.__. Vi25 vert. load . _ . .. ___ . __.___.__.__ 1 meg, % watt.
R247____.__ V125 hor. load____ . __ . ______._.. 1 meg, 1 watt.
R248__ . ___. Vi25 hor. load_ _ . __ ___ . ______.____ 1 meg, % watt.
R249__.__.. V125 grid bias_ . ... __ . __._.__ 8.2 megs, % watt.
R250__.___._ V124 cathode load _______ .. __._____.__ 100,000 ohms, ¥ watt.
R251. _____ Vi24 plateload . - ... ____________ 100,000 ohms, % watt.
R252 ______ V124 plate filter__ ... ________________ 68,000 ohms, 1% watt.
R253. .. __ Vi24grid bias_ - _ . ___ . .. __ 1 meg, % watt.
R254_ . _____ V124 grid bias_ - oo 150,000 ohms, % waitt.
R255_.__.._ V124 grid bias. . _ .. _____ SR 820,000 ohms, % watt.
R256__..___ Vi24 grid bias. . ... ... _.____ 470,000 ohms, % watt.
R257___.___ V123 screen bleeder. .____ . _._________ 100,000 ohms, % watt.
R258__.__._ V123 screen bleeder______ ... _______ 22,000 ohms, ¥ watt.
R259___ .. __ V123 cathode bias. .. ___ . ____._..__ 3,300 ohms, % watt,
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R260. ... __ V123 cathode bias_ - .. .- o2 1,500 ohms, 4 watt.

R261 ... .. Vi23d plateload . - - o oon-- 180,000 ohms, ¥ watt.

R262. ... V123 slow sweep adj-- - - - -~ .----~- 200,000 ohms potentiometer, 2 watt, linear
taper.

R263._____. V122, V123 dropping- - . - --- o= 390,000 ohms, 1% watt.

R264______. (211 charging._ - - - oo 1 meg, 1% watt.

R265.----_- Vi22 gridleak. - _ oo 100,000 ochms, % watt.

R266. .- V122 grid limiter__ - .- . __ 47,000 ohms, % watt.

R267. .- V122 cathode bias__ .- __-—-__._____| 4,700 ohms, 2 watts.

R268 . _.__. V122 cathode bias__ . ____ .. ... 68,000 ohms, 2 watts.

R269.-_.____. V122 plate limiter. - _ ... 330 ohms, ¥ watt.

R270.___ .. Amplitude Balance control. - . __.___._ 500,000 ohms potentiometer, Clarostat T-90
tapped at 250,000 ohms. '

R271_ ... Gain eontrol. .. ..o 2,000 obms potentiometer, 2 watts, linear
taper.

R272. ____._ Vi34 plateload ... o 51,000 ohms, 2 watts,

R273 .- -- V138A grid return.. - .- _.-... 150,000 ohms, ¥ watt.

R274 ... V138A cathode bias. .. ... ... 500,000 ohms, 1 watt.

R275_ - V107 pin 2 plate load . _ .. .. 50,000 ohms, 1 watt,

R276. .- V107 pin 5 plateload . ____ . ._..___ 50,000 ohms, 1 watt,

R277 - e - V138B cathode bias___________ . _-___ 15,000 ohms, 1 watt.

R278. .o - V122 plate fitter_. . . _ ..o . __ 100,000 ohms, % watt.

R279 ____-- V113A grid circuit ... 100,000 ohms, 14 watt.

R280. - .-- V129, V130 center tap_ . _ - .-~ 10 ohms, 10 watts.

R281. ... V110A cathode bias. .. . . . .. 47,000 ohms, 1 watt,

R282 .- --- V110A cathode bias_ ... 100,000 ohms potentiometer, 2 watt, linear
taper.

R283 ... _- V122, V123 dropping_ - . .- oo 220,000 ohms, ¥ watt.

R284. . ___- Vi3sB gridleak. ... ... 1 meg, % watt.

R285. ... .- | V112 grid pin 1 coupling__ ... _. 470K 14 watt.

R286._ .- V136A grid return_ - - ... 1 meg, % watt.

R287. . - -- V136A plateload. ... 51,000 ohms, 1 watt.

R288. .- -- V137 grid filter e 470,000 ohms, % wat. *

R289 .. .- V137 plate limiter. ... . .-_._ 500 ohms, 1 watt.

R290. .- -- V136B cathode bias_ ... ... - 51,000 ohms, 2 watts,

R201. .- VigéB grid return_. . ____ 1 meg., ¥% watt.

R292 ... - V137 grid return_ - .. -_.. 100,000 ohms, ¥ watt.

R293. .- V137 plate load - - - - .o -o 1 meg., 1 watt.

R294. .- V138B plate load. .-~ -. [P 51,000 ohms, 1 watt,.

R295. . __- V117A grid return__ - ... 1 meg., % watt.

R296. .- Vil7 plateload_ _ -~ - . 51,000 ohms, 2 watts.

R297. . - -- V117A grid return. ..o 51,000 ohms, % watt,

R298. .- .- Vi117B grid return. - - oo 470,000 ohms, % watt,

R299. . - ——o- V138B cathode bias._.__ .- .. 75,000 ohms, 1 watt.

S101A. .-

S101B. .- [2 ‘

8101C_ .- -- wafers, 2 positions, 6 circuit

101D .. Sweep speed. - -oo oo | No. 2517, uits, Centralab

S101E. .. -

S101F_ . .- .

Zigg% T Fast sweep selector- ... ... {1 g:‘:e;’b 02?5' positions, 2 circuits, Centralab

8103 ---- “Pedestal selector. - - - —oooooooooo DPDT toggle 3A, 125V,
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S104A Switch, lever, 2 circuits, 3 positions, bakelite
S104B. . }Receiver on-off . ____ . __________.._. insulation. ~ Mounting holes extruded.
""" ) Centralab #N7485X.
S107__._____ A Cpowerswitch_ __________________ DPST 10-ampere, 125V.
S108A_ . ____ . 1 wafer, 3 positions, 4 circuits, Mallory No.
S108B_ ... }T"gger """""""""""""""""" { 32437
Ti102. .. __.. Ist divider. . ... .. Freed No. 11793.
T103. ... __ 2d divider_ ______ _____ L __ Freed No. 11793.
T104_______ 3d divider_ . _ .. . __ .. ___ Freed No. 11793.
Ti105. - _..._ 4th divider_ . __ .. ______ . _._____.__ Freed No. 11793.
TI06___._.. Power Transformer_ .. ______ . ___.___ Freed No. 11851,
T107_ - _._. Trigger output Philco T352-7224-2,

17.300 SHIP-STATION RECEIVER

Symbol Function Description
C301._.___. L305 padder___ .. ____ . . __ .. ..__._ 30-mmf, mica, 500V,
C302_ ... L1306 tuning. .- ... ___ . ______ 15-mmf, mica, 500V,
C304A______ V305 cathode bypass_________.________
- | ooy Cathods bypase ——— 10.1-mf, dual, bathtub, 600V
C305-___.__. Secondary tuning, antenna coils_..____ 24-mmf, mica, 500V.
C306.....__ V301, V302 coupling_. ... ____..______ 250-mmf, mica, 500V,
C308._____.. L35 tuning__ ... 15-mmf, mica, 500V.
C309._._.__ V302 grid tuning.__ . _________________ 24-mmf, mica, 500V,
C310_ ... __ V302 osec. grid coupling._ . _______._____ 50-mmf, mica, 500V,
C311A______ V302 screen bypass_ ... _.____..._
0311B ______ V302 plate ﬁlter _____________________ }O-I‘mf) dua'17 ba‘t’htub) GOOV-
C312.______ T301 primary tuning.__.___._..__.___. 75-mmf, mica, 500V,
C313.__..__ T301 secondard tuning_ . _____________ 75-mmf, mica, 500V,
C315. __..__ T302 primary tuning______.__.__.____ 75-mmf, mica, 500V,
C316__.__._ T302 secondary tuning_______._______ 75-mmf, mica, 500V.
C317A._____ V307 screen bypass. . _ .. ____.___.__.
C317B______ V305 plate filter. . _________ . ________
C317C..__._ V307 screen bypass. ... ___._______. .
C318A-~_:__ V303-V304 sereen bypass _____________ O.I-mf, trlple’ bathtUb) 600V~
C318B.____. Bplusfilter_________________________
C318C.___.. V307 screen bypass_ _ ________________
C319._..___ T303 primary tuning___________.______ 75-mmf, mica, 500V,
C320._.____ T303 secondary tuning. ___ . _________ 75-mmf, mica, 500V.
C322._.._._. T304 primary tuning_._______________ 75-mmf, mica, 500V,
C323______. T304 secondary tuning. ___..________. 75-mmf, mica, 500V,
C324A______ V303 cathode bypass._.____________.__._
C324B_..___ Cathode bias bus bypass_____._______ ‘O.l-mmf, triple, bathtub, 600V.
C324C._._._ V304 cathode bypass..._...__....__._
C325. ... V305 screen bypass_ . . __ ... _______ 0.002-mf, mica, 500V.
C326..__.__| V301 cathode bypass._.._.___...___._. 500-mmf, mica, 500V.
C327..._._. V306 load bypass_ . _____ . ____._._._. 150-mmf, mica, 500V,
C328.__.._. Filter network. _ - - . ____________.____ 75-mmf, mica, 500V,
C330.____.__ Filter network. _ _ _ __________..______ 0.01-mf, mica, 500V.
C333-_...__ V307 screen bypass_ ... __._______ 0.5-mf, bathtub, 600V.
C334_. ____. V307 output

1-mf, bathtub, 600V,
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C335.___._. V308 grid coupling_. - - ... ____.._. 0.5-mf, bathtub, 600V.

C336. Oscillator tuning. . - . - - - - - . 250-mmf, zero temp. ceramic tubular.

C337.._ ... Oscillator tuning . ___._ e _0.001-mf, mica, 500V.

C339A+B.__| Bplusfilter ... .. . . 20{)20/20, 450/450/25V, electrolytic, octal.

ase.

C340. V307 decoupler. . .._. __...._.. ... -| 20/20/20, 450/450/25V, electrolytic, octal
base.

L301A______

L301B______

L302A_ _ __

L302B.___ . Antenna transformer . __.____ Coil assembly, consisting of 4 antenna trans-

L303A_.__ .. formers. Essex Specialty Co. part No.

L303B_.___. 300.280.

L304A___ _.

i‘gggB‘ ! wave trap, parallel _ . Single winding, 560 microhenries. Essex

- Specialty Co. type A201.

1306 .| Wave trap, series_....._....__ . ___._| 1125 microhenries inductance made by
Essex Specialty Co. part No. 300.447.

L307._. .. .

L308. . .. \ncillator inductance .. __ Coil assembly, consisting of 4 coils. Essex

L309. . ... Specialty Co. part No. 300.381.

igig " vsor plate inductanee . .__.__.._.__| Single’ winding, 65 mH. HEssex Specialty
Co. Type A202,

L315._ . .. | Wave trap, series____ . __________ _ 1125 microhenries inductance. Essex Spe-
cialty Co. part No. 300.447.

L316.__ .. .-

L317 .. .- -- V302 input inductance. . . .... - -| Coil assembly consisting of 4 coils. Fssex

1318 _ .. __. Specialty Co. part No. 300.279.

Iﬁ%:?dlf_:___ V302 cathode loading. ... . .. .| 3,300 ohms, % watt, with 235 T of No. 36
SSE wire in single pie winding,

R302._ _| V301 screen dropping. . . _ . . ... 47,000 ohms, 1 watt.

R303.__ .. _| V30lplateload.______. . _ _ . . __| 18,000 ohms, 2 watts.

R304._ .. .| V301 damping input_._ ... _. ______| 39,000 ohms, ¥% watt.

R307._.._..| V302 grid leak_ _._____ S ~—--.-| 22,000 ohms, ¥ watt.

R308_ _.._. . T301 primary filter.___._._ ... __| 3,300 ohms, ¥ watt.

R309.._ .| T301 secondary damper._._ . _._._ --| 15,000 ohms, % watt.

R310. ... .- V302 screen resistor_____.__. ... ___| 18,000 ohms, 3 watts.

R311.._..._.| V303 cathode bias_______ . ___ __ .. --| 680 ohms, ¥ watt.

R312.____..| T302 secondary damper_.._.. . ... _. 15,000 ohms, % watt.

R313.....-.-| V303, V304 screen resistor- . .._______ 56,000 ohms, 1 watt,.

R314.__._..| V304 cathode bias__._..._______ .. ____ 680 ohms, ¥ waitt,.

R315. ... .| T303 secondary damper._.______.. __ 15,000 ohms, % watt.

R316.. ... .| V305 screen resistor___._..___._._____} 47,000 ohms, 1 watt.

R317. . _| T304 primary decoupler___.__________ 3,300 ohms, 1 watt.

R318. .. .._| Filternetwork __________.____.__ _ _ 10,000 ohms, % watt,

R319_ . . .| V306 detector load. _____ ... _.___ -1 27,000 ohms, % watt.

R322 _| V307 grid resistor__ ____._.___ .. - .- -| 200,000 ohms, 34 watt.

R323 .| V307 grid current limiter_. .. _._._____| 330 ohms, ¥ watt.

.R324 ___| V307 cathode bias_.._______.________ 56 ohms, ¥ waitt,
R325 .. ..-V307plateload. ... ..._........ _ _| 15,000 ohms, 5 watts.
R326. V307 screen resistor_ . __ __ - _________ 47,000 ohms, 1 watt,
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V308 cathode bias
V308 grid leak
Oscillator dar_nping
V307 plate filter

Channel selector

1. F. transformer
1. F. transformer
1. F. transformer
I. F. transformer
Power transformer

2,200 ohms, 2 watts.
470,000 ohms, % watt.
1,000 ohms, 15 watts.
15,000 ohms, ¥ watt.
4,700 ohms, 2 watts.

Switch assembly, rotary, 4 circuits and 4

Grounding sectors, 4 positions,
part No. 45.244.
replacement.

Centralab
Use wafer GG for

Essex Specialty Co. No. 35.354.
Same as T301.

Same as T301.

Same as T301.

Freed No. 10929,

17.400 ELECTRONIC ATTENUATOR

Description

V403A grid coupling___ ..
B plus bypass____._____.
V403A, V403B coupling. ..
V403B grid bypass
V402 cathode bypass .
V401 cathode bypass. ... . . . __ . _.
V401 screen bypass_. . .
V401 grid coupling__ . __ .
V401, V402 coupling. .
V402 plate output o
V402 plate filter.___ . _______ . ._____
Filament bypass.______ . _ . ___
V402 grid filter . ______
V402 screen bypass__
V403A grid leak __. __.
V403A plate load. ._ .
V403B grid leak [,
V403B grid isolation__ ... ... ___ _.
V401 grid leak
V402 grid isolation
V401 cathode bypass__ ... _ . __ .
V401 plate load_ _______.___
V401 screen dropping e
V402 cathode bypass__._. __ ...
V402 plate load

1-mf, bathtub, 600V,
0.1-mf, bathtub, 600V,
1-mf, bathtub, 600V,
0.002-mf, mica, 500V,
0.01-mf, mica, 500V,
0.01-mf, mica, 500V,
100-mmf, mica, 500V.

, . 100-mmf, mica, 500V.
e 100-mmf, mica, 500V,
we-...| 0.01-mf, mica, 500V.

0.01-mf, mica, 500V,
0.01-mf, mica, 500V.
100-mmf, mica, 500V,
0.001-mf, mica, 500V.
51,000 ohms, % watt.
100,000 ohms, 1 watt.
1 meg. 14 watt.
100,000 ohms, ¥4 watt.
100,000 ohms, ¥ watt.
100,000 ohms, % watt.
240 ohms, 1 watt.
5,100 ohms, 1 watt.
51,000 ohms, 1 watt.
240 ohms, 1 watt.

500 ohins, 1 watt.
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RI12. . ______ V402 screen dropping_ . __ ... _. 51,000 ohms, 1 watt.
R13. _______ Signal input divider_.___ ... ______ 200 ohms, 1 watt.
Ri4_______. Signal input divider. ... _____ 1,000 ohms, 1 watt.
RI5_ ... Local Signal Gain__.__ .- ____.__ 15,000 ohms potentiometer, Mallory UM-121
or U-21 No. 1 taper.
Ri16.__ ... Attenuator output limiter- . __..______ 20,000 ohms, 1 watt,
RI7._______ Signal input divider________..________ 150 ohms, 1 watt.
RIS ___ . .. V403A cathode bias__.__ . ___._____ 100,000 ohms, 1 watt.
R19. _______ V403A cathode bias______ . ___________ 1,500 ohms, 1 waitt,.

Unblanking switeh_______.__.________

SPST toggle, 3A, 250V,

17.500 GROUND-STATION CONTROLLER INDICATOR

Symbol Function Descripiion
Cio1___.__._. V101 grid cireuwit__ .. ____. . _____ 510-mmf, mica, 500V,
C102_____.. 100-KC oseillator_ _ _____. ... ___ 10-mmf, mica, 500V.

C103_ ... V101 grid padder. ... 5-mmf, mica, 500V,

C104.___. . Fine frequency control . __________ 2-plate, variable, air.

C105. .- Viotgrid. ... 20-mmf, 500V. Centralab N750.

C106._ ... V101 feedback __ .. _.__.__._._____ 10-mmf, mica, 500V.

Cl107_ .. _.-- V116A grid coupling_.__ _______._____ 240-mmf, mica, 500V.

C109._____. V101, V102 coupling_-___ ... _____ 51-mmf, mica, 500V.

C110A______| V102 screen bypass.__ . ... .____ - )

C110B_._. .- V116B cathode bypass_______._._____ ]0.25-m£ triple, bathtub, 600V.

C110C._____ V101 plate filter_____________________

Ciil_ . ... V102, V103 coupling__ ___ .. __________ 50-mmf, variable, air.

Cl112._ ... V103 storage.___ ... ... ... 620-minf, mica, 500V,

C113. . ____. V104A, V105 coupling_ . ... _____ 24-mmf, mica, 500V,

Cl14A. .. .. V104A cathode bypass_ .. ____________

C114B._.__.| V106A cathode bypass_____......____ ]0.25-mf, triple, bathtub, 600V.

C114C_____. V106B cathode bypass_ ... __________

Cl15__ .. V104A, V104B coupling .. ... _._. 10-mmf, mica, 500V.

Cl116__.._.-| V104A, V104B coupling. _..____.____. 5-mmf, mica, 500V,

Cl18_ . ... V105 storage. .. - _____ 750-mmf, mica, 500V,

C119____.__{ V105 cathode bypass_.___..__.._____. 0.024-mf, mica, 500V.

C122. ... V106A, V104B coupling. ... _______ 24-mmf, mica, 500V,

C123_ . _.-_ V106A, V108 coupling_ __ ... _________ 75-mmf, mica, 500V,

Ci24_ ___.-- V106A, V113A coupling____..________ 10-mmf, mica, 500V,

C125_ .- V108 StOTage .- - e 0.0015-mf, mica, 2,500V,

C126. ... _- V117 grid coupling. - .. ____ S 250-mmf, 500V,

C127._ .- V117 grid coupling - _ . .. ______ .001-mf, 500V,

C128 . ...-- V106B, V109 coupling_. .. ..________. 240-mmf, mica, 500V.

C129. . -- V109 StOTage. - e oooe oo 0.01-mf, mica, 500V.
130A___.._| V110 cathode bypass.___.___.________.__

81303 ______ V111A grid filter- ... _____________ }°~25'mf: dual, bathtub, 600V.

C131_ .- V110A, V122 coupling__._.._._..____| 0.01-mnf, mica, 500V,

Cl132_ - o= V111A plate bypass.... .. _._._.___ 51-mmf, mica, 500V,

C133_ ... V117 grid filter .. ... ____..____ .01-mf, paper, 600V,

C134_ .- V113A, V111A coupling. ... _____ 240-mmf, mica, 500V,

Cl35_ .- V1114, V115B coupling..._ ... --' 240-mmf, mica, 500V.
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C136_ ... _. V11l timing ______________________._ 0.0062-mf, mica, 500V.
C137. .. __ V111A plate to V133 pin 4 coupling . . .| .001-mf, mica, 500V.
CI138A__.__ | V112A grid bypass_ ___.____ . . ..

C138B.._... V1i4B grid bypass__ . ______________ 0.25-mf, triple, bathtub, 600V.
C138C._.___| V107 cathode bypass.___ . . __

C139____ ___ Vil7 plateoutput. ... _.____ . ____ 0.005-mf, mica, 500V.
Cl140_______ V111B plate to V112 pin 1 coupling. . .| 100-mmf, mica, 500V.
Ci41____ . Vil2pin2bypass_._..___.___.__ . _. 100-mmf, mica, 500V.

Cl42. _____. V112 pin 2 coupling . _ _ _____________. 750-mmf, mica, 500V,
Cl43.______ V107B plate output... .. .. __ 51-mmf, mica, 500V.
Cl44_______ V116A grid coupling. ... . ... . 51-mmf, mica, 500V.

Cl4b_ . __ V1164, V116B coupling. . . .. ____ 51-mmf, mica, 500V,

Cl46_ _____. V107 pin 2 coupling_ _ _ ______________ 50-mmf, ceramic, 600V.
C147____.__| V104B cathode bypass_.__.___.______ 0.02-mf, mica, 600V,

Ci48_ .. ___ V1168, V125 coupling.. .. _ . __ .. _____ 51-mmf, mica, 500V.
C152__._.__.| V133, V107A coupling_ _ _.__ .. DU 0.001-mf, mica, 500V.
Cl153.._..__| Vi07B plateoutput____.__ .| 51-mmf, mica, 500V.

C154. ___._.| V134B, VI07B coupling_________ . __ 0.001-mf, mica, 500V.

Cl1556_ . V114A, V134B coupling_ ... . . . 0.001-mf, mica, 500V.
C156._ .. __ V104A, V134A coupling_____ . . 200-mmf, mica, 500 V.
C157_ .. . —50 V bias filter_.___________________| 0.01-mf, paper 600V.

C158_ . —30 Vbiasfilter_______________ .. ___ 0.01-mf, paper 600V.

C159. . —4 Vbiasfilter___________._.__.__.__| 0.0l-mf, paper 600V.
Cl61.._ V113A, V114B coupling. .. .. .. .. _ 24-mmf, miea, 500V,
Cle2.______. V114 grid timing_ ___________ _______ 0.03-mf, mica, 600V,
Cl64_._____ V115A. V114B coupling__. .. ___ 150-mmf, mica, 500V.
Cl165.__ . ___ V110B, V115A coupling . .. . _ 24-mmf, mica, 500V.
C166__.___. V115A, V115B coupling. - __ e 24-mmf, mica, 500V.

C167. ... ___| V115A, V115B coupling____ .. _.______| 24-mmf, mica, 500V.

Cl68._ .. _.. V110B, V115B coupling__.__ .. _____| 24-mmf, mica, 500V.

Cl69A_ . V115 cathode bypass______ ___..._.___ , . "
C169B_ _ .| V123 screen bypass . _ . ____ 20;)282/650, 400/400/50V, electrolytic, octal
C169C_. ._.__| V123 cathode bypass__ ... ....._.... o

C170______ | V110A, V110B coupling. ... __ 100-mmf, mica, 500V,
C171... .. V113B, V125 couphng_ﬁ_,_,,,-, ... .| 1-mf, bathtub, 600V.
C173_... _.| V113B grid coupling... __ _.._.._. __| 0.5-mf, bathtub, 600V.
C174._.____| V119A grid coupling_. .. ..._...___| 0.0015, mica, 2500V.

C175_. _ ____| Filter, high voltage .. _ . | 0.25-mf, paper, 2000V.
C176_._____| Filter, high voltage.. ... __. 0.25-mf, paper, 2000V.
C177.... .| Filter, high voltage__.._._.__________| 0.25-mf, paper, 2000V.
C178. .. .| Input filter, V128____ . _____._.__| 4-mf, can, 600V.

C179. ... _| Output filter, V128 __ _ ____________| 4-mf, can, 600V.

CI8A_ ._ | V13l filter_  _...._ . ... . = = e o
e B S v }20{)2;1/(30, 400/400/50V, clectrolytic, octal
C180C._. ...| V122 cathode bypass_________. .. . . _. o

C181.. ... V125 cathode bypass__.________....__| 0.5-mf, paper, 1,600V.
C182. - Regulated voltage bypass.._._..._.__._ 1-mf, bathtub, 600V,

C184 __..| V131l screen bypass__ .. ______. 0.5-mf, bathtub, 600V.
C185.____..| V131 grid coupling___________________ 0.5-mf, bathtub, 600V.
CI186A._ ...| Vert. center control bypass__._._____._ ,
C186B.__.._| Vert. center control bypass. ___.______ }O'I_mf’ dual, bathtub, 600V.
CI88A. . ___. Hor. center control bypass._________._ _
C188B..____ Hor. center control bypass._ . ... _. .- }O.I-mf, dual, bathtub, 600V.
C190.__.___ V135 cathode bypass__._ ... ... . __..._ 0.5-mf, paper, 1,500V,

JU2383-—

54-—--13
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ClotA______ V121 screen bypass_ - - oo .-~

Ci191B____ . V119 plate filter____ . - ooooooo_- o }l'mf7 dual, bathtub, 600V.

C192_._____| V121 sweep forming_ . __ .-~ ——---—- 51-mmf, mica, 500V,

C194_______ V121 sweep forming.__.._- U 0.0013-mf, mica, 500V.

Ci95___.__. V121 sweep forming._ . .-~ 0.0051-mf, mica, 600V.

C197_.. . _. 1 V119B, V119A coupling_ . - .- 1-mf, bathtub, 600V,

Cl98_______ V119 timing . . o e 0.0024-mf, mica, 1,200V,

C199_. .. __. V119 timing . - - oo 750-mmf, mica, 500V,

C200_ ... _ .. V119 timing_ . - - 200-mmf, mica, 2,500V.

C201._.___. V119A grid filter_ .- - 0.5-mf, bathtub, 600V.

C202. ___ ... V120B, V135 oo 0.01-mf, mica, 1,200V,

C203__.____ V124, V125 coupling_ - - - oo~ 0.5-mf, bathtub, 600V.

C204. _____. V124, V125 coupling_ -~~~ 0.5-mf, bathtub, 600V.

C205_ ... V124 plate filter ..o - 1-mf, bathtub, 600V.

C206_____.. V121, V124 coupling_. - -~ 0.5-mf, bathtub, 600V.

C207. . ___ V123, V124 coupling. - -~ 0.1-mf, bathtub, 600V.

C210__...._| V122, V123 coupling_- .- - 0.5-mf, bathtub, 600V.

C211_______ V122 sweep forming. .- .- -~ 0.1-mf, bathtub, 600V.

C213____ ... T101 primary tuning. ... .. 0.0015-mf, mica, 500V.

C214___.__. V125 vert. coupling. . . ___..__ 0.25-mf, bathtub, 600V.

C215. . ____ V111B, V103 coupling_ .. ... _._.__ 0.01-mf, mica, 500V,

C216. .. .. V111A, V103 coupling. .. .. .. 0.01-mf, mica, 500V,

C217_ . ... V122 plate filter_. ... ... 0.5-mf, bathtub, 500V,

C218___ ... V120B, V135 coupling________ ... .. 0.01-mf, mica, 500V,

Cc221.. . V113B, V104B coupling.. ... ____.____ 0.0015-mf, mica, 500V.

C222_ .. _-- Vid6 output. .- 20-mmf, mica, 500V,

C223. .. __- V112, pin 5 to V137 pin 1 coupling. ___| 100-mmf, mica, 600V.

C224 .. .- V137, pin 2 to pin 5 coupling. . _______ 0.01, paper, 600V.

225 .. _. V138, pin 8 to V137B pin 6 coupling. . . .| 0.05, paper, 600V.

C226._ .. _-- V138, pin 6 video input coupling_ _____ 75-mmf, mica, 500V.

C227._ ... V137B, diode charging_ . ... __.___. 0.01-mf, mica, 500V.

) 75 1)) DA V101 grid coil, coarse frequency ... __. Single winding, with adj. iron c(;re, 30 to 45
millihenries. Miller 1061.

L102__._ ... V102 plate peaking_ ... _..__._ Single winding, 10.5 millihenries. Essex

\ Specialty Co. type A250.

L103. - -- Filter choke. ... ... ... 20 Henries at 100 ma. DC. United Trans.
Co. type 80259.

RI101__ . .- V101 grid leak _ . ______ ... __. 1 meg. 145 watt.

R102. - --- V101 plate filter . .. _______. 10,000 ohms, 1 watt.

R103. - —-- Vil7 plateload . .. . ___.____.____ 470,000 ohms, 1 watt.

R104._ .- Vio2 plateload_ ... . . __.__. 22,000 ohms, 1 watt.

R105. - _-- V102 screen dropping- - oo 56,000 ohms, 1 watt,

R106. . -- V102 grid leak . oo 100,000 ohms, % watt.

RI07. - - T102 secondary damper__ . ___._____ 33,000 ohms, % watt.

R108. .. __| V104A cathode bias_____ .. __.._____ 68,000 ohms, 2 watts.

RI109. . ... V104A cathode bias_ .. .. ... ___. 10,000 ohms potentiometer 1 watt, linear
taper.

RI110. .. -- V104A cathode bias_____ ... __.. 6,800 ohms, 1 waitt.

RI11_ ... .- V105 cathode cireuit . ... _.._____ 6.8 megs, % watt.

R112. . ... V106A cathode bias_._.__ .. __._______ 82,000 ohms, 1 watt.

R113..._ .- V106A cathode bias_______.___.._.___ 25,000 ohms potentiometer 2 watt, linear

: taper. ’
RI14.... .- "'V106A cathode bias______.____________ 22,000 ohms, 1 watt,
R115 ... _..| V106A plate limiter_ . __________.__.___ 100,000 ohms, ¥ watt.
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R116._.____ V136 cathode bias__ .____________._.. 500 ohms, % watt.

RI17_.._ ... T104 secondary damper_ .- ... _._.___ 33,000 ohms, ! watt.

R118__.___. V106B cathode bias_ ... _____.__.___ 82,000 ohms, 1 watt.

R119_______ V106B cathode bias_____________._.____ 25,000 ohms potentiometer 2 watt, linear
taper.

R120___..__ V106B cathode bias_______.___..______ 22,000 ohms, 1 watt.

Ri21______. V110A cathode bias___...__.._._.____. 220,000 ohms, 1 watt.

Ri122_______ V110A cathode bias__ . ____._____._.___ 25,000 ohms potentiometer, 2 watt, linear
taper.

Ri123___.._. V110A cathode bias____._______..__._ 39,000 ohms, 1 watt.

Ri24_______ V117 limiter. .. ____ . _.__. 100,000 ohms, % watt.

R125_ _____. V133A grid bias___.___._____._._._____ 56,000 ohms, ¥ watt.

R126_.__.__ Vid3 plateload. . ... _________.____. 51,000 ohms, 2 watts.

RI127. _____. Vi33B grid bias__ __ ___ . ________._.__ 180,000 ohms, % watt.

Ri128______. V117 plate limiter_.___._______.____.__ 470 ohms, 1 watt.

Ri29_______ V11lA grid bias. .. _______________.__ 100,000 ohms potentiometer, 2 watt, linear
taper.

RI130_______ VillAgrid bias_.____________._._.___ 270,000 ohms, ¥ watt.

RI31._. .. V111A grid filter. ____ .. ___.___._____ 180,000 ohms, % watt.

RI132.______ VillA plateload. . _ . ____ . _____.__._ 22,000 ohms, 2 watts.

RI133___.___. V111B timing_.__ . ____.____ . __.____ 3.9 meg, ¥ watt.

RI134_._.___ ViliBoplateload. . _.__.________.____ 22,000 ohms, 2 watts.

R135.____._ V111A grid limiter_._________________ 39,000 obms, ¥ watt.

R136_______ V111B cathode bias_._______._________ 10,000 ohms, 2 watts. .

R137__._.___ V112 pin 1 grid bias LO adjust______._ 10,000 ohms, potentiometer 2 watt, linear
taper.

RI38. . ___ V112 pin 1 grid bias sync delay_______|{ 10,000 ohms, potentiometer 2 watt, linear
taper.

R139___.__. V112 pin 1 grid bias HI adjust____.._. 200,000 ohms, potentiometer 2 watt, linear
taper.

R140_ ... ___ V112 pin 1 grid bias divider. . ... _____ 270,000 ohms, 1 watt,

Ri41_______ V112 grid differentiator. _ ____________ 100,000 ohms, % watt.

R142. . __ Vil2A plateload__._.___ . .. _ ____ 22,000 ohms, 2 watts.

R143____.__ V112B delay timer_ . _ . ____ . ______.___ 1 meg, 1 watt.

Ri44. .. V1i2Bplateload______ ___. . __ . _. 22,000 ohms, 2 watts.

Rid45___ _ _ V112 cathode bias. . ______ __________ 4,700 ohms, 14 watt.

R146. . ___ V133 pin 1l gridbias_ . .___._ .. ____ __ 1 meg, 1% watt.

R147._____ .| V1l6Aplateload___________ . ______ 270,000 ohms, % watt.

R148.______ V116A grid leak _____________________ 1 meg., }% watt.

R149_._ ___ ViiéBgridleak. .. _______ _________ 1 meg., ¥ watt.

R150._.._._| V116B cathode bias__.____.__________ 5,600 ohms, 14 watt.

R151___ ____ V116B cathode bias. _____._.. __ ... ___ 270,000 ohms, ¥ watt,

R152___ _ __ V104B cathode bias__________________ 1,500 ohms, 14 watt.

R153__.___. V104B grid leak . __ . ___._.__ . ___._ 100,000 ohms, % watt.

R154.. .. V134 pin 1 limiter_ . _______ . _______ 56,000 ohms, ¥ watt.

R155.._._._ V107 pinbload____ .. _______. ___.___ 51,000 ohms, 1 watt.

R156_______ V107 cathode bias_. _____.___._______ 24,000 ohms, 1 watt.

R157_._._ .. V107 cathode bias. .. _____._._._._._ 75,000 ohms, 2 watts.

RI58__.____ V113A plate load____.___.___________. 100,000 ohms, % watt.

R159. . _.. V113A cathode bias____._.___________ 220,000 ohms, % watt.

R160_._.___ V113A cathode load . . ______________ 10,000 ohms, 1 watt.

R161..____._ V1l4A plateload._. _______._._._.___ 22,000 ohms, 2 watts.

R162.__._.. V114A grid timer 2.2 meg, Y% watt.
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RI193_ .. .-
RI194. -

R195_ . . .-~
R196_. ...
RI97_. .-
R198_ ... -~
R199.. ..
R200- - .

| V110B cathode load__ .

Description

V114B plate load
V114 cathode bias
V107A grid leak
V136A cathode bias____.___ . - -
V107A plate load
V134 pin L bias. . ... ... -
V107B grid leak. ... ... - .
" V114B grid bias ... oo
V114B grid bias .. ]

V114B grid bias .. .-

V114B grid limiter. .. .. __ [
V114B grid bias_. .- ...

V114B grid bias
V114B grid limiter.____ .. .. .. -
V115A pulse limiter. . __ . _
V115A plate load
V1i5A grid bias____
V115B grid bias. . - el
V1i5B plateload.._.. ... .. .. .
V110B pulse limiter_____ .. _____
V115 cathode bias__ . __.._ .~
V115 cathode bias_. ... __

vVilsBgridleak .. ... -
V115 ecathode bias.__.
V115A grid leak___.__.
V110B plate load

V113B cathode bias_____ _ I
V113B cathode bias___ ... . . ..
Vii3Begridleak_ . ______.. ...
Trace separation control ...

Trace separation adjustment._..__ ...

V118A pulse limiter___ . )
V118A cathodeload_ . .. . .. ...
V118B cathode load_ . . ..

V118B pulse limiter___.
V121 sereen bleeder. . _
V121 screen bleeder. ... _ . _.
V121 cathode bias__ .
V121 cathode bias__.

V120B cathode load_ ___ .. _._ e
V120B cathode load_ . . .. .
V120B grid limiter_____ . .....___
V119A plate filter
V119B grid leak
V1198 plate load

22,000 ohms, 2 watts,

10,000 ohms, 2 watts.

1 meg, % watt.

100,000 ohms, 1 watt,

50,000 ohms, 1 watt.

1 meg, Y% watt,

1 meg, }% watt,

6,800 ohms, 14 watt.

10,000 ohms potentiometer 2 watt, linear
taper.

10,000 ohms potentiometer 2 watt, linear
taper.

100,000 ohms, ¥ waitt.

50,000 ohms, potentiometer, 2 watt, linear
taper.

120,000 ohms, 1 watt.

39,000 ohms, 4 watt.

100,000 ohms, ¥% watt.

39,000 ohms, % watt.

390,000 ohms, % watt.

390,000 ohms, 1% watt.

39,000 ohms, 1% watt.

100,000 ohms, % watt,.

2,700 ohms, 4 watt.

5,000 ohms potentiometer, 2 watts. linear
taper. ‘

100,000 ohms,

100,000 ohms,

100,000 ohms, % watt,.

100,000 ohms, ¥% waitt.

100,000 ohms, % watt,.

100,000 ohms, 1% watt.

4,700 ohms, 4 watt.

1 meg, }4 watt.

200,000 ohms potentiometer, 2 watt, linear
taper. , /
SO;gg)(ir.ohms potentiometer, 2 watt, linear
150,000 ohms, % watt.
470,000 ohms, % watt.
470,000 ohms, 1% watt.
150,000 ohms, 15 watt.
100,000 ohms, ¥ watt.
180,000 ohms, ¥ watt.

4,700 ohms, % watt,.

10%(;(1))(()3rf)hms potentiometer, 2 watts, linear
100,000 ohmns, % waitt.

30,000 ohms, Y% waitt.

100,000 ohms, % watt,

2,200 ohms, 2 watts.

100,000 ohms, ¥ watt.

/2
39,000 ohms, 2 watts,

% watt,
1 watt.
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R209_ .. __. V118A pulse limiter to electronic attenuator.
R210.....__| V119B grid limiter__________________.
R211.. .. V119 cathode bias___. _____ . . __
R212.. .. _. Vi19A plate load ... .. ____ .. __ el
R213_..__ | VI119A grid return___________________
R214____ ___ V119 cathode bias. . ______ . ___._ . __
R215_..__.__ V119 cathode bias__________ . . __
R216_______ V134 pin 4 bias differentiator . _ ___.
R217_._____ High voltage filter-_ _.___ . __ . ________
R218A_____. High voltage bleeder.__________ B
R218B______| High voltage bleeder. . . .. I
R218C______ High voltage bleeder_____ . _.____ ____.
R218D_____| High voltage bleeder__ ______________
R219_ . . High voltage filter. .. . ____ . __
R220.._.__. High voltage filter_ . ____ .. ____ ___
R221_ Boplusbleeder. _______ _ ___._______
R222___. __ | Vi3lplatefilter__________________.___
R223_______ Vi3l plateload . ______ ______ _._._._
R224 . . __ V131 plate filter________ . _____.__.__
R225_ . ___ V129 grid equalizer___ . ____________
R226 _| V130 grid equalizer___ _____ . _____.._.
R227_. .. V131 screen bleeder_____ . ______ . __
R228._ __. 0 V131 grid filter_____________ . __ .. ___
R229.___ _. V131 sereen dropping. . .. ... ...
R230___._. Vidlgrid bias. . ___ . ________._._____
R231_.___ I Vi3l grid bias_ . __________ . ___._.__
R232._.._ . High voltage bleeder. .. _ . __________.
R233_......| High voltage dropping. . __ . .. ... .. _
R234_. __ .. High voltage dropping_ .. ___._ _____
R235. _. High voltage dropping_ _.________.____
{gzgﬁ:_i:': }Vert. center control for V125__________
R237 ... .. Vidépindbias._ .. ___ . .. ___
R238__..___| V125 sweep voltage_ . . ____________.._
ggiggu"a }V125 hor. center control._____ IS
R240_ ... ___ Biasnetwork._ .. .. ____ .. _____._._.
R241____ . V125 sweep adjustment. . ___ el
R242_. ... _.] V125 fine focus control . ___________. .
R243 ... ___ V125 focus control_____ e
R244_______ V125 intensity control - _ _ ______._.___
R245_ . . __ V125 vertical load__ .. _____________
R246____ .. V125 vertical load___________________
R247_. ... V125 horizontal load. . ____ . ____ __
R248 . _._ .. V125 horizontal load.__ .. ___________
R249.______ Vi2bgrid bias_ . . ________ . ______
R250____ ... V124 cathode load . _______ . ______
R251._.____ V124 plate load ... ____ . _______..___
R252. . .. _. V124 plate filter._________. e
R253.___ ... V124 grid bias. .. ____ .. ____.____
R254___._._ V124 grid bias_ . _ . __ .. ____._
R255 . ____ Vi24 grid filter_____ ________._________

100,000 ohms, 14 watt.

Description

56,000 ohms, 1% watt.
2,200 ohms, ¥% watt.
39,000 ohms, 2 watts.
390,000 ohms, % watt.
2,700 ohms, Y% watt.
39,000 ohms, 2 watts.
180,000 ohms, % watt.
56,000 ohms, % watt.
5.6 meg, % watt.

5.6 meg, % watt.

5.6 meg, % watt.

5.6 meg, J4 watt.
27,000 ohms, 5 watt.
100,000 ohms, ¥% watt.
820,000 ohms, % watt.
100,000 ohms, ¥4 watt.
2.2 megs, ¥ watt.

1.2 megs, % watt.

100 ohms, ¥ watt.
100 ohms, ¥ watt.
5,000 ohms, 20 watts.
560,000 ohms, % watt.

20,000 ohms, 20 watts.

56,000 ohms, % watt.

50,000 ohms potentiometer, 2 watts, linear

taper.

820,000 ohms, 4 watt. -

560,000 ohms, % watt.
330,000 ohms, % watt.
100,000 ohms, ¥ waitt.

{1 meg potentiometer, 2 watts, linear taper,

insulated shaft.
1 meg., ¥ watt.
560,000 ohms, % watt.

{1 meg potentiometer, 2 watts, linear taper,

insulated shaft.
2 meg, 1 watt.
560,000 ohms, 1% watt.

500,000 ohms potentiometers, 2 watts, linear

taper.

1 meg, potentiometer, 2 watts, linear taper.
1 meg, potentiometer, 2 watts, linear taper.

1 meg, ¥ watt.

1 meg, ¥ watt.

1 meg, % watt.

1 meg, % watt.

8.2 megs, % watt.
100,000 ohms, % watt.
100,000 ohms, % watt.
68,000 ohms, % watt.
1 meg, 1% watt.
250,000 ohms, % watt.

820,000 ohms, ¥ watt.
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R256__..__.._ Vi24 grid bias. - - .. ____ .. _______.__ 470,000 ohms, Y% watt.
R257._ ... V123 screen bleeder_____ __ . _________ 100,000 ohms, % watt.
R258 . _.._ V123 screen dropping . - ... ____._ 22,000 ohms, % watt.
R259. ______ V123 cathode bias_ _.__.___.____._._.._ 3,300 ohms, % watt.
R260_______ V123 cathode bias__ . _________.__._____ 1,500 ohms, ¥ watt.
R261___._._ V123 plate load _ . __ _________________ 180,000 ohms, ¥ watt.
R262_______ V123 slowsweep_ . .. _.____._.__._ 200,000 ohms potentiometer, 2 watts, linear
o taper.
R263._.____ V123 grid limiting_________.__________ 390,000 ohms, ¥ watt.
R264. . _____ C211 charging resistor. _ .. _____._._.___ 1 meg, 1 watt.
R265_______ Vi22 gridleak_ _ . _ . ___.__.__._.__ 100,000 ohms, 1% watt.
R266______. V122 grid limiter_ . _ ... _______._____ 47,000 ohms, ¥% watt.
R267_____.__ V122 cathode bias__ . _ .. _______.____._ 3,300 ohms, 2 watts.
R268_______ V122 cathode bias_ .. _________________ 68,000 ohms, 2 watts.
R269_______ V122 plate limiter______ ____________ 330 ohms, % watt.
R270_______ Amplitude balance control____._______ 500,000 ohms potentiometer, linear taper,
) ' 15 watt.
R271___.___ Gain eontrol. ... _________ ... _____ 2,000 ohms potentiometer, 2 watts, 4 taper.
R272__.____ "V111B pulse limiter, left-right circuit_.| 390,000 ohms, }¢ watt.
R273______. V111A pulse limiter, left-right circuit-_, 680,000 ohms, % watt.
R274_______ Bias network . - . ____ . ____.____.___. 2 megs, 1 watt.
R275_______ Biasnetwork.. - - . ___________._____ 68,000 ohms, % watt.
R276_______ Left-right eircuit decoupling. ... _____ 220,000 ohms, 1% watt.
R277__.___. Bias network . . . _ . _________._____ 82,000 ohms, % watt.
R278 . _ ... V122 plate filter.__ . _______ . ___.__..__ 100,000 ohms, % watt.
R279.__._._ V113B grid cireuit.__________________ 100,000 ohms, % watt.
R280_._.___ V129, V13Q center tap. . ... _. 10 ohms, center tapped, 31 watts.
R281______. Vi34 plate load . _ __ . __ . _...___ 47,000 ohms, % watt,
R282._____. V136A cathode bias___._____._________ 5,000 ohms, potentiometer, 2 watts, linear
taper.
R283_._____ V123 grid limiting_ . __ . ______________ 220,000 ohms, % watt.
R284 ___.._ Bias network . _ _ ___________________. 12,000 ohms, % watt.
R285. . ___ V104B cathode bias__________________ 22,000 ohms, !4 watt.
R286.___._. V136 pin 5, load___ ... _.__ ... ____.___ 47,000 ohms, 2 watts.
R287 . ___ V137 pin 1, grid differentiator_ ________ 10,000 ohms, % watt.
R288_______ Vi137pin 2, load____.__________.___ .. 100,000 ohms, 2 watts.
R289._.____ V138 pindbias_ . ________ ___________ 470,000 ohms, % watt.
R290.______ V138 pin6bias_ .. __ __ . _____ _______ 470,000 ohms, % watt.
R291_ . ___. V138 pin 8load_ ___ _____.______._..__. 51,000 ohms, % watt.
R292______. V137 pin 6 cathode load__ .. _ . __._____ 100,000 ohms, % watt.
R203_______ V139 pin 1 diode charging_._.._._____ 10 megs, 1% watt.
R294_______ V139 pins 3 & 6 cathode bias_________| 1000 ohms, 1 watt.
R295.___ . __ V139 pin 2load. ________________.___ 47,000 ohms, 1 watt.
R296..____. Vid9pinbsload - . __ . ___ 47,000 ohms, 1 waitt.
R297.._.____ Vi39pins2 & 5shunt. .. __________ 68 ohms, 1 watt.
R298. ______ V117 grid resistor_ __ . ___..____..__. 470K, ¥ watt.
S101A.___..
S101B._____
S101C._.___ g d 2 wafers, 2 positions, 6 circuits, Centralab
S101D______ WEEP SPeeQ- - No. 2517.
SI01E. __.._
SI01F. . ____
g}gg‘g::: }Fast sweep selector. ... 1 gff";goi_ positions, 2 circuits, Centralab
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S104A. ____ )
S104B__.__. . 2 wafers, 3 positions, 4 circuits, Centralab
siodC. Receiveron-off______________________ No. 2515. ! ’
S104D______
S106A_.____ l . . 1 wafer, 3 posltions, 2 circuits special switch
Left-right switch________ ’ y pecial swite
S105B._____ fLOTTIEAL SWICR - - - oo oo made by Oak Mfg. Co. No, 28286-1H.
S107________ A Cpowerswiteh___________________ DPST 10-amperes, 125V,
S108_____._. Trigger switeh_ _____________________ S. P. 8. T. toggle.
TI01____.__ Violoutput. . .. . _._______________ 100-KC oscillator transformer made
Essex Specialty Co. No. A-249.
TI02_ ____._ Istdivider__..______________________ Blocking grid transformer, Freed No. 12524.
T103.___.__ 2d divider___ . ___ . ______________ Freed No. 12524.
T104_______ 3ddivider_ .. ... ______________._.____ Freed No. 12524.
T105. . . __ athdivider. ... _._.________ _________ Freed No. 12524.
TI06_ ____.__ Power transformer__. _______________ Freed No. 11851,

17.600 GROUND STATION RECEIVER

Symbol 1 Function Description
C301. ______ L305padder. . __.____.__ __________ 30-mmf, mica, 500V,
C302.__ ... L306 tuning_ .. _____________._____ 15-mmf, mica, 500V,
C304A______ V301 cathode bypass__._________._____

C304B_ . V301 screen bypass. ... ___ }O‘I-mf, dual, bathtub, 600 V.,
C305_ ... ._._ Secondary tuning, antenna coils___ ____ 24-mmf, mica, 500V.
C306___.___ V301, V302 coupling_________________ 240-mmf, mica, 500V,
C308_._.... L315 tuning. . ___ . _______________.__ 15-mmf, mica, 500V,
C309_______ V302 grid tuning._ ... ____ . __.______ 24-mmf, mica, 500V.
C310_._ ... V302 grid coupling. _ . ______.__ I 51-mmf, mica, 500V,
C311A__ . V302 screen bypass._ ___________._____ .
C311B.. V302 plate filter__ . _________ }O.I-mf, dual, bathtub, 600V,
C312._____. T301 primary tuning_._. . __ .. ______._. 75-mmf, mica, 500V,
C313___.._. T301 secondary tuning.. .. _._._.__.___ 75-mmf, mica, 500V,
C315_____._ T302 primary tuning____________ __.--| 75-mmf, mica, 500V,

C316_. _.___| T302 secondary tuning.______.___.____ 75-mmf, mieca, 500V,
C319_____.. T303 primary tuning___.__ ... . ._____ 75-mmf, mica, 500V,
C320.__ .. T303 secondary tuning_. .. ... ... _____ 75-mmf, mica, 500V,
C322_____._ T304 primary tuning_______._________| 75-mmf, mica, 500V,
C323_.____. T304 secondary tuning___.______._.____ 75-mmf, mica, 500V.
C324A______ B plus filter to Electronic Attenuator_ - }20/20/20, 450/450/25V, electrolytic,
C324B___ . _. V308 plate filter.__________._____..__ base.

C325_______ V305 screen bypass_ .. __ . __._._._.__ 0.002-mf, mica, 500V,
C326______. V305 cathode bypass__ . ________.__. 510-mmf, mica, 500V,
C327___. . V306 load bypass______ .. ._._..__._ . 1 250-mmf, mica, 500V,

C328_ ______ Filter network . - __.____ ... ____..__ 75-mmf, mica, 500V,
C330_______ V307 grid coupling. .. ____.____.._.__. | 0.0l-mf, mica, 500V,
C331_______ V310 cathode output.__._ . _______ _{ 1-mf, bathtub, 600V,
C333___._._ V307 screen bypass_ - _. ... ... - 1-mf, bathtub, 600V,
C334_______ V307 output. oo _I 1-mf, bathtub, 600V.

C335_ __.___ V308 grid coupling_ . _ . __._.____.__. 0.5-mf, bathtub, 600V,
C336_______ Ose. tuning._ .. ... ____ e 240-mmf, mica, 500V,
C337..__.__. Osc. tuning_ . .. ... __ .. [ 0.001-mf, mica, 500V,

octal
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Symbol Function Description

C339A._____ Boplusfilter. . - ... ... ... .. 20/20/50, at 450/450/50V, electrolytic, octal

C339B_..___ B plus ﬁlter,________-4_____”“_;____} base.

C340A______ V303, V304 screen bypass_ _ _.___.___

C340B_.___. V304 cathode bypass_____________.._. }O.l-mf, triple, bathtub, 600V.

C340C______| V303 cathode bypass.__.___.__._.__ _-._.

C341A__.___ Cathode bias bus bypass_ . _._____._ ..

C341B______ Boplusbypess ... ... ... .. }O.I-mf, triple, bathtub, 600V.

C341C___._. V305 plate fitter._.__________________

L301A_.__._

L301B..____

L302A__.._. , Coil assembly, consisting of 4 antenna trans-

L302B._____ 4 :

L303A. Antenna transformer__.._ . _________ _ { form2ers. Essex Specialty Co. part No.

1303B. . 300.280.

1.304A_.____

L304B_.____

L305. .. . Wave trap, parallel . _._____ . ... Single winding, 560 microhenries, KEssex

Specialty Co. type A201.
1306 _ .. __ ! Wave trap, series____.____.__. ... | 1125 microhenries, made by Essex Specialty
Co., part No. 300.447.

1307, ... ...

L308. .. ..} . . Coil assembly, consisting of 4 coils. Essex

L309. ... i Oscillator inductance.—...-.--.. { Specialty Co. part No. 300.281.

L3110 ... |

1314 ___. i V307 loed series inductance._ . 55 millihenries.

L315. . .. i’ Series weve trap......_. Seme as L306.

1316 .. __.|

L3317 . | . . Coil assembly, consisting of 4 coils. Essex

L318. ! V302 input inductance. ... { Specialty Co. part No. 300.279.

L319 . __

RL301_____ E V302 cathode loading . _ .. - _| 3,300 ohms, ¥% watt with 235 T of No. 36
i ] SSE wire in single pie winding.

R302.____. .| V301 screen dropping__.___..... - 47,000 ohms, 1 watt.

R303.._.... V301 plate load________ . ..._.___| 18,000 ohms, 2 watts.

R304 ... . | V301 damping input. . ___. _.___ 39,000 ohms, % watt.

R305....___. V301 cathode bias._. .. __. _| 390 ohms, % watt.

R307._ ... V302 gridleak____.________._. _ ___..| 22,000 ohms, ! watt.

R308 .. _._ \ T301 filter primary____.__...._. . ___._| 3,300 ohms, ¥ watt.

R309_. ___ | T301 secondary damper._ ... _. .| 15,000 ohms, ¥ watt.

R310.. .. } V302 screen resistor_ ___ . _ ... .. __ 9,100 ohms, 2 watts.

R311_... .. ‘ V303 cathode bias_ . _.__ . ____ _._| 680 ohms, 4 watt.

R312__.___.! T302 secondary damper___ __ - __} 15,000 ohms, % watt.

R313. .. .. ‘ V303, V304 screen resistor. . 56,000 ohms, 1 watt.

R314.___._.| V304 cathode bias_._..__ ... ... _._ 680 ohms, % watt.

R315.___.__ 1 T303 secondary damper___ .. .. __| 15,000 ohms, % watt.

R316_.__. . .1 V305 screen resistor_____. cevre-u-.-| 47,000 ohms, 1 watt.

R317. -__} T304 primary decoupler. .. . . ____i 3,300 ohms, 1 watt.

R318.._. _‘ Filter network_ _ _________ . _{ 10,000 ohms, 15 watt.

R319.._____ | V306 detector load - _ . ___ . o .- .._| 27,000 ohms, % watt.

R323._ _.__| V307 grid current limiter_ . _| 330 ohms, % watt.

R324..__.__ V307 cathode bias_ . ___ ... . ___ ___ 56 ohms, % watt.

R325_______ V307 plate filter.__. .. . ___ .. 5,100 ohms, 2 watts.

R326__.____. | V307 screen resistor._______ 47,000 ohms, 1 watt.

R327_ . __.. | V308 cathode bias. . . _ . _._ 2,200 ohims, 2 watts.
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R328. ____._ V308 gridleak. . _______.________.._._ 2.2 meg, Y% watt.
R329._____. Bplusfilter_________________________ 1, 000 ohms, 15 watts.
R330._..__. V302 sereen resistor_ __ __ ___ . ____.__ 9,100 ohms, 2 watts.
R331.__.___ Oscillator damping__ ___._________.__ 15, 000 ohms, % watt
R332____.__ V307 plateload _ . ______ . __.____ _.___ 5,100 ohms, 2 watts.
R333_.____. V307 plateload - _._..________._______ 5,100 ohms, 2 watts.
R334_______ V307 gridleak. . ... _ __ .. _______. 2.2 meg, % watt.
R335....__. V307 plateload . - ____.___.___________ 5,100 ohms, 2 watts.
R336_______ V308 plate filter__. .. .. _________ 5,100 ohms, 2 watts.
S301A.____.
S301B..____
S301C._ ... _. /Switch assembly, rotary, 4 circuits and 4
S301D__._ .. Channel selector grounding sectors, 4 positions. Centralab
S301E.______{[{ % T e e part No. 45.244. Use wafer GG for
S301F__. ___ replacement.
S301G.____.
S301H.___ __
T301.___ __ I.F. transformer. _.__._____._________ Essex Specialty Co. No. A251.
T302_______ I. F. transformer_ ___._______________ Same as T301.
T303.._._._. I.F. transformer___._.___.____.__.____ Same as T301.
T304. .. _.__ I. F. transformer. __ ___________._____ Same as T301.
T305.._..._| Power transformer_._.____ . _______._.__ Freed No. 12580:

17.700 TRANSMITTER

Sy mbol Function Description
Clo1______. V105 feedback . . - _ .. ________.___. 100-mmf{, vacuum, 20,000V.
C102._._.__ V104 feedback . ______________ ______ Same as C101.
Cl103_.__.___ H.V.bypass____._______ . __._.._._._ 0.75-mf, oil, 5,000V.
Clo4.______ H.V.bypass ... .. .. ___.__ Same as C103.
C105___.__. Plate tuning_ - .. ______________..___ 0.0015-mf, mica, 12,500V.
Cl106. . ... _ Plate tuning.. . _ ... .. ___.__._.___ Same as C105.
C107_._._.__.._ Plate tuning_ . . ___ . _.____.__ Same as C105.

C108_ . __. V104, V105 cathode bypass. . _.._.__. 4-mf, oil, 2,000V.

Cl10. ... __. Antenna tuning . . __ _____________.. _| 0.003-mf, mica, 12,500V,
Ciir. ... H.V.filter. ... __________._._..._. 2-mf, oil, 7,500V,

Ccli2. . _____ H.V.filter_ . _._ . ____ . _.___ Same as C111.
C113___.___| V103 screen bypass. ___.._________.__. 0.01-mf, mica, 1,200V.
Cli4. .. __ Antenna coupling to receiver coupler___ 100-mmf, mica, 2,500 wvdec.
Clis_ . ___ T106 receiver coupler tuning_ .. _______ 100-mmf, mica, 2,500 wvdec.
Cl16_._.___| V103 screen filter________________. .- 2-mf, oil, 1,000V.
Criz______. Modulator power supply filter_____.__ .| 2-mf, oil, 1,000V.
Cl18___.___ Modulator power supply filter_._.__.___ 8-mf, oil, 600V.
Cl19_______ B minus bypass_______________._._._ 1-mf, oil, 600V,

C120.._ ... Trigger input coupling___.___. .. ___.__ 0.1-mf, oil, 600V.

Cl21___ ... V107 multi timing.__________________| 350-mmf, mica, 500V,
Ci122_.____ .| V107 multi coupling.._.. ... ______ _. -1 0.1-mf, paper, 600V.
C123___.___ V107 pin 5 bypass_ ... ___.___.. ... 300-mmf, mica, 500V.
Ci24_______ V107 pin 4 multi coupling. .. ... __ .| 10-mmf, mica, 500V.
C125_.___ .. Minus 115V bypass__. .. ... ___._ 1-mf, oil, 600V.
Cl26____.__ V108 cathode output coupling__.__ ‘ 0.2-mnf, paper, 600V.

302383—54——14
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Symhol l\ Function
C127. .. ___ Ship antenna coupler tuning_ ___.____._
1101..______ Indicator, pilot, green_________ . __ ——
1102._..____ Indicator, pilot, red._____ S,
Kioi_ . _____ Circuit breaker, main_______ .. ___.___
Kio2_..___. Circuit breaker, high voltage. ____._. .
Liol____.__ V104, V105 plate coil . _______________
L102_..__.. V104, V105 grid eoil . __ . ________..___
T103..._...| V104 suppressor.__._..__ .. _________
L104.._____ V105 suppressor. . ... _ .. ________..__
L105_ .. ___. V104, V105 cathode inductance . _____
L106.__. ___ Antenna loading__________________ .
R101_..____ V104, V105 grid return______ . ______
R102____ __ L103 damping._ _ __ . . ___________.__
RI103_.____._ V105 grid suppressor____ . ____._.___..
R104.______ V104 grid suppressor.______. e
R105_ . _____ L1104 damping_ _ . _______ ... __.
R106.___ . V103 grid suppressor___. __.____.___ .
R107.____.. V103 plate suppressor___._________.__
R108.__ .. __ L105 damping ... . . _..._.___ I
R109.._.__. V104, V105 cathode bias_ .. . _______
R110_____._ Sameas R109.________ . ____________.
RI111_. . __ Sameas R109_____ .. _______________
R112 .. . _ Static drain for T101_ . ____ . _.. . ___
RI113__.__.. T102 voltage dropping_ __ ... _____._
R114_______ Ciil bleeder..____..____ __._ . _______
R115. . ____ Cli2 bleeder. . _____ ... _______._
R116_____ _ .| High voltage dropping_ _ _.__.____._..___
R117_.___._ H. V. current limiter_____. . _______ .
R118_.___. .| C103, C104 staticdrain_ ___.. __._. ____.
R119. _ ___| V103 Screen parasitic suppressor____._
R120.______ V103 Plate parasitic suppressor.___._ ..
Ri21 _ . __. V103 Plate parasitic suppressor_ ... ___
R122. . ____ V103 Grid parasitic suppressor__._____
R123.___ . _. V103 Cathode parasitic suppressor__.._
R124_ . ___ V103 Screen parasitic suppressor_ _ . _.
R125. . ___. V103 plate antising_ . . ________. . ..
R126. .. _.___ Receiver coupler damping.. - __._. ._
R127_ . _._ Modulator power supply filter_________
R128. . _. Modulator power supply filter___.___._
R129. ___._ Modulator power supply filter. .. __
R130..___._ V107 pin 1, bias___._._____ . _______
R131._______ Pulse length control V107. . ____ _ .
R132_._ .. __| V107 pin 1 bias__._.__________
R133_. ____ V107 pin 1, limiter_ . __________
RI134._ _____ V107 pin 2, load___________ __ _
R135_ . ____ V107 pin 3, input load. . _.

Description

0.002-mf, mica, 6,000V, C-D 217-6.

Drake, #75, 110V,

Drake, #75, 110V.

71 ampere, Type PSM, Spencer Thermostat
Co., Attleboro, Mass.

3 ampere, Type PSM.
Co., Attleboro, Mass.

Johnson Hi-Q coil No. 239-622.

Johnson Hi-Q coil No. 239-620.

20 turns of No. 26 DCC close wound {}-inch
diameter.

Same as 1103,

3 pies, universal wound, of No. 26 DCC,
making a total of 40 microhenries induct-
ance.

Barker & Williamson variable inductor, 12
microhenries, 500 watts.

50 ohms, 1 watt.

63 ohms, 1 watt.

63 ohms, 1 watt.

63 ohms, 1 watt.

63 ohms, 1 watt.

63 ohms, 1 watt.

63 ohms, 1 watt,

20,000 ohms, 2 watts.

60,000 ohms, 40 watts.

Same as R109.

Same as R109.

5 meg, 2 watts.

5 ohms, 100 watts.

7-1 meg, 1 watt.

7-1 meg, 1 watt.

200 meg, 29, mfg. by Resistance Product
Co., Harrisburg, Pa.

10,000 ohms, 10 watts.

5 meg, 1 watt.

62 ohms, 1 watt.

22 ohms, 1 watt.

22 ohms, 1 watt,

20 ohms, 1 watt.

30 ohms, 1 watt.

20 ohms, 1 watt.

1000 ohms, 2 watt.

5 each 1000 ohms, 2 watt in series, total
5,000 ohms,

1000 ohms, 2 watts.

10,000 ohms, 10 watts.

2000 ohms, 10 watts.

27,000 ohms, % watt.

25,000 ohms, potentiometer, 2 watts.

75,000 ohms, 1 watt.

100,000 ohms, % watt.

25,000 ohms, 10 watts.

100 ohms, ¥ watt.

Spencer Thermostat

(modified)
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R136_______ V107 pin 5, load...__ ... _______
R137_______ V107 pin 4, limiter_ . . __________.___
R138 _.____ V107 pin 4, biasreturn______.________
R139_._____ V108 cathodeload__._________ _______
RI40_ ______ V103 bias circuit_ _ . _____ ___________
R141._____. V103 bias circuit. - _______ Y el
R142__ . ____ Vi03 biasreturn. .. __ . ___________
S-101___ .. A-Cpowerswitch_._________________
5-102_____.. High voltage on-off_ _________________
Ti101_____._ Antenna coupling transformer______.___
Ti02_____ .. Filament transformer_ _ . . __._______.
TI03____ ... High voltage transformer.____ e
T104_ ... - V103 filament transformer.. . ________

27,000 ohms, ¥ watt.

100,000 ohms, % watt.

220,000 ohms, ¥ watt.

15,000 ohms, 3% watt.

150,000 ohms, 1 watt.

56,000 ohms, 1 watt.

22,000 ohms, ¥4 watt.

DPDT, toggle, 10 amps at 125V,

SPST, toggle, 3 amps at 250V,

Constructed from E. F. Johnson Co, HI-0Q
inductors.

G. E. Cat. No. 7470614, Dwg M~7479614,
or Coast Guard No. 303438.

G. E. Cat. No. 86-G-34.
6.3V, 3 amps.
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CHAPTER XVIII

MISCELLANEOUS DATA

18.100 JACKS, PLUGS, AND CABLES
18.101 Ship Station Interconnections

Jack No. "Location Co%rltzt!‘]ting %2{9 Goes to plug No. Ther]rvtg Jack Located in—
J-103_ . __ Indicator__ . __.__.___ P-103__._ 2| P-201.. .. ____ J~201____} Transmitter.
J-202_____ Transmitter__ . _ ____ P-202____ 4 | 115V ae. - ____ | ________
J-204_____|..___ do____. . ___.__ P-204____ 9 | Antenna coupler.|._________

J-302_.___ Receiver. . ___ ... ___ P-302__ .. 6| P-402._________ J-402____| Electronic At-
} . . tenuator.
J-401_____ Electronic Attenua- | P-401____ 7TV P-203. . __ . J-203____| Transmitter.
. tor.
J-601_____ Controller. .. ____ P-601____ 1| P-101____._____ J-101__.__| Indicator.
J-602_____|_____ do.. . _.__.__.__ P-602.. . _ 11 |'P-102_.._______ J-102._ .. Do.
J-603____ | ____ do ... __.__ P-603___. 3| P-303.__._.___. J-303_ ... | Receiver.
J-604_____|_ ____ do . .. ______ P-604____ 10 | 115V ae. .o _ | . _._..
J-605_____i . __. do . ______ P-605.___ 5| P-403._.__.___. J-403____| Electronic At-
tenuator.
J-606_____|_____ do... . __ P-606____ 8| P-104. . . ___.__ J~104.___| Indicator.
18.102 Ship Station Plugs and Jacks
Jack No. Army-Navy No. Plug No. Army-Navy No.
J-101______ 3102-18-88 . . ... P-101______ 3106-18-8P.
J-102_ . ____ 3102-168______ ... P-102.____. 3106-168-18.
J-103___ ... SO-239. .. P-103____ P1.-259,
J-104_ _____ AC Connector Twist lock GE-3164_| P-104______ AC Connector Twist lock GE-3159.
J-201___ .. SO0-239. .. P-201_..._. PL-259.
J-203______ SO0-239. L P-203 P1-259.
J-204______ UG-61A/U__ . P-204._____ UG-59A.
J-302._____ 80-239. ... P-302.. . PL-259.
J-303.___ . 3102-18-9P_ ... P-303._____ 3106-18--98.
J-401______ S0-239_ ... P-401____ .. PL-259.
J-402______ SO-239.. . . P-402..___. PL-259.
J-408__ . ___ 3102-148-6P_______ .. .. _____ P-403__ . . 3108-148-68.
J-601._____ 3102-18-8P_______ ... . ___ P-601_.__ . 3108-18-88.
J-602._____ 3102-168-18____ . _____________ P-602_____. 3108-16S-1P.
J-603._____ 3102-18-98__ .. ____ .. P-603__.___ 3108-18-9P.
J-604_____ . 3102-20-23P_________ ... P-604.____ 3108-20-238.
J-605._____ 3102-148-68__ . .. .. __ P-605._._.. 3108-145-6P.
J-606______ 3102-148-28. . __.____.____. P-606__._._.] 3108-148-2P.
J-202_____. Amphenol 61-M10______________ P-202____. Amphenol 61-F11,

187
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Cable No. Wire No. Description Length

1A B F G.._ ceveoo.--{ AN 18 shielded__._____.______ 66 inches.
C,D,EH_ ___ __ AN 18 unshielded_ - _ .. ____ Do.
21 Coaxial__._ . ... _. . RG-8/U. .. .. To suit.

3| A,B,D G __ AN 18 unshielded . - _ . _______ 66 inches.
C,F___.__ ... _. AN 18 shielded. ... ... . _ Do.

4 A, B.__._ - _..] Tyrex 12, 2-cond_.._..______| 84 inches.

5| B, E,F____ - ---{ AN 18 unshielded_._..__..__| 66 inches.
D.__.____. _..1 AN 18 shielded__ .. .. - Do.

6 | Coaxial . _. B RG8/U.__ ... .. 24 inches.
A N do__..__... ) do._ ... . To suit.

81 ABCD.____ . . Tyrex 14, 2-cond_ ... .. 66 inches.
9 | Coaxial ... . _ . RG-10/U__ .. _-_| To suit.

10 AJB.____.___ _..-_! Tyrex 14, 2-cond__. __ _.1 84 inches.

11| A,B,C, E F._. 1 AN 18 shielded.___ . | 66 inches.
DG __ ... AN 18 unshielded__. . . _ Do.

18.104 Ground Statlon Interconnectlons

Jack No. | Location ? Cm;)%?]tiny ; (/Igg? f Goes to plug No. | Then 'OJaCk } Located in—
_,,i« e ,\_A.,\:,,. S f — S O [‘_\’, ——
J-101___. | Controller-Indicator l P-101.__. 1 % 115V ac. .. __ J& o
J-102_. ... foeian do.___._ .. .. P-102 .. 2 P-201.__ .. _| i J-201..__] Transmitter.
J-108.. ... _.do._..... ... . P-103.___ 3| P-301.__ J- 301_,,,I Receiver.
J-202. | Transmitter_ . __ % P-202._._ 4| 115Vac . ( .
J-204. .. do.._..... [ P-204_.._ 5 | Antenna tower. .. ____ -H:
J—303__,,,; Receiver____ .. | P-303._.. 8| P-403.__. ___ | J-403. __ | Electronic At-
| ; “ ! | tenuator.
J-401_.__ Electromc Attenua- J P-401._._ 7, P-203.._ | J-203. .| Transmitter.
tor. | ! A i
J-402.. .. do._.. P02 6 P-302. . .| .1—302_,__) Receiver.
i | | | |
18.105 Ground Station Plugs and Jacks
Jack No. Army-Nary No. : «i Plug No. ] 1rm1/ Nary No.
| { [
J-101- ... GE-3164___ _ o P0t | GE-3159.
J-102. ... . o so-239.... . 1 P-102. . _ | PL-259.
J-103. .  Jones P-308-AB____ | Po103._. _ .| Jones P-308-CCT.
J-201.___ | 80-289_______ .. e P-201_ .. PL-259.
J-202.. | Amphenol 61-M10._ . . | P-202.__.__ .| Amphenol 61-F11.
J-203.._ . 1 80-239. .. ... . S P-203. . | PL-259.
J-204_ ... UG-61A/U.__. . .. ... | P~204»,A4..,A,;;,,A.V] UG-59A.
J-301___. ... _ .| Jones P-308-CCT.... ... ~ | P-30L...... .. | Jones P-308-AB.
J-302_ . | 80-280_ ... ... P-302_. . PI-259
J-303. .. _| 3102-168-18__._ .. P-303._______.__| 3106-16S-1P.
J-401_ ... 80-239. ... P40l 4 PL-259.
J-402. ... . . 80-239._ ... ... .. ... o P-402. . | PL-259.
J-403. ... . .. 3102-148-6P_ . . . . P-403.._... | 3108-148-6S.
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Cable No. ‘ Nire No. Description
1] A B | 14 tyrex 2-cond. .
2 | Coaxial__. . RG-8/U_... __
{1, 2,5 &7 AN 18 shielded.
3 3,4, &8_. AN 18 unshielded .
4| A B._. 14 tyrex, 2-cond. .

5 | Coaxial. __
6 | Coaxial. .
7 | Coaxial_

R157

R130
R191

ci172

R190
R1GIRE AR
R198

RI9S
R1BI
R178
[MEH)
Ci16l

Cl34

RIG!
RI63
RI34
RI142
R132
R134
R!86
RI64
R267
R268

R136

8| A B, ¢, D E &F

RG-8/U ..

RG-8/U. .
RG-8/U._._..
AN 18 unshielded

R220 | GEEED® OTIIIO | R219
235 OO @ @ "
R234 R233
r228 R232
R223 R226
RI56
qugs  Rad R225
RIg8  R222 R238
C16s R221
R230 R252
cres R108
R182
R110
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Figure 32,—Ground-station Indicator and Receiver tube layout,
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AS A COLOR CODE FOR CAPACITORS

Always Block, First Significont Second Significont
This identities Digit Digit
A.S.A.Codein [ /

Units Not Other -
wise Identdied,
Uniess Copacity
Hos Three
Significont Digits

Copacitonce \ Decimal

Quolity Choracteristic  Tolsrance Multiplier
Significont  Decimol . Chorac-

. Color figuee multiphier Toleronce teristic
Block 0 \ 20 percent (M) A
Brown ) 10 [}
Red 2 100 2 pescent|G) c
Orange 3 1,000 D
Yellow 4 |3
Green S F
Blue 3 [<3
Violet 7
Gray 8
White 9
Gold —_ 0.} S percentll)
Silver - 01 10 percent(K)

See JAN C-5 for definition and explanotion of
Quointy Characteristics.

RMA COLOR CODE FOR RESISTORS  (OHMS)

A ) [+
COLOR 1o DIGIT  2nd DIGIT  MULTIPLIER
SILVER 0.0
GoLo . 0.1
sLacx ° 1.0
sROWN 1 1 10
RED 2 2 100
ORANGE 3 3 1,000
YELLOW 4 4 10,000
GREEN s s 100,000
BLUE 6 s 1,000,000
PURRLE 7 7 10,000,000
GRAY s s 100,000,000
WHITE 9 L4

D — TOLERANCE CODE.
GOLD == 5% SILVER = 10% NO COLOR = 20%
D A C A 8

OLD COLOR ARRANGEMENT
ABCO

B800Y COLOR
NEW COLOR ARRANGEMENT

BODY COLOR INEW COLOR ARRANGEMENT ONLY) INDI.
CATES TYPE OF RESISTOR. AS FOLLOWS —
BLACK — COMPOSITION, NON-INSULATED
TAN. OLIVE OR WHITE — COMPOSITION, INSULATED
DARK BROWN — WIRE-WOUND. INSULATED

Figure 33.—Color code, and tube base diagrams,

A
BASE 148
TUBE TYPE BASE
2A3 FY:)
2x2 /819 4AB
ScPt 148
£74,5U4G,5Y3 ST
6ACT, 65K7,65J7 N
6HE 7
6SA7
6SL7 ,6SN7, 6336 88D
VRIOS - 30 4w
a84d sg
1207
68£6 70H
6AGS 780
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PHOTOGRAPHS OF INSTRUMENTS

J605 J602 V624 V627 V626 V625
J606 L604
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J603
J601
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1613
T602

(A) PANEL

CENTER PANEL
R699 R700

Figure 34.—Ship Controller (top view).
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Figure 34a.—Ship Controller (overall top view).
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Figure 34b.—S8hip Controller (top view) showing terminal board layout.
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Ship Controller, A and B panels (component side).
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Figure 37.—Ship Controller, A and B panels (tube side).



V605 R643 V608
V623 | C630 Veo3

(A) PANEL

R644

(B) PANEL

Ce606 7602

V606 V601

V607

T601

Figure 38.—Ship Controller center panel (component side).
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Figure 39.—Ship Controller, center panel (tube side)
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Figure 40.—Ship Controller Power Supply (bottom view).
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Figure 41.—Ship Indicator (top view).
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Figure 42,

Ship Indicator (bottom view).
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Figure 43.—Ship Indicator (right side).
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Figure 44.—Ship Indicator (left side).
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Figure 45.—Ship Indicator (back view).
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Figure 46.—Ship Receiver (top and bottom views).
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Figure 47.—Electronic Attenuator, ship or ground station (tube side).
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Figure 48.—Electronic Attenuator, ship or ground station (component side).
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Figure 50.—Ground-station Controller-Indicator (bottom view).
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Figure 53.—Groundestation Controller-Indicator (back view).
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Figure 54.—Ground-station Receiver (bottom and top views).
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i ALL CAPACITORS IN MICROFARADS UNLESS OTHERWISE SHOWN
2.+ % APPROXIMATE VALUES 'SEL’ECT!UNS TO BE MADE FOR EACH
INDIVIDUAL INSTRUMENT - &
F16URE H6.~—Ship Indicator circuit diagram.
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’ F1eure §9.—Ground-station Controller-Indicator circuit diagram.
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