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PREFACE

The aim of this book is to providé between one set of covers a
complete statement of what the radio transmitting installation at
Buskin Lake was designed to do and the reasons which determined the
various features of installation and design. This book contains an
analysis of the communications control and antenna switching systems,
illustrated with block diagrams and photographs; and also includes a
brief discussion of employment limitations, operation and maintenance
concepts, an inventory of installed equipment, and a reference to sig-

nificant documents and plans.
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U. S. NAVAL COMMUNICATION STATION
Navy No. 127 (Box 9)
c/o Postmaster
Seattle, Washington (copy)

NR8L/lsrb
A23

Serials 726
3 Oct 1955

From: Commanding Officer
Tos Assistant Industrial Manager, USN, Seattle

Subj: Electronics Acceptance Inspection, U. S. NavRadSta (T),
Buskin Lake

1. A joint inspection of subject activity was made this date by the
Commanding Qfficer, U. S. Naval Communication Station; Kodiak; the
@fficer-in-Charge, U. S. Naval Radio Station (T), Buskin Lake; the
Electronics Officer, Industrial Manager, USN, Seventeenth Naval District;
and the Electronics Qfficer, Assistant Industrial Manager, USN, Seattle.

2. The following Electronic Installation is hereby accepted:

(a) Transmitters installed:

Type Number
AN/FRT-4 1
AN/FRT-19 1
AN/FRT-18 16
AN/FRT-5 5
TDN-3 3
TDO 3
TAB-7 N
TDH N

(b) Antenna loading apparatus:

AN/FRT-k Antenna Tower Helix
TAB-7 Antenna Helix and Control

(c) CCL Equipment:
AN/TRC and Antennas
CF1B Carrier Terminals
AN/FCC-8 Telegraph Terminals
Model UG Telegraph Terminals
(d) Modified TAB-7 Transmitters for FSK operations.
Modified AR/FRT-10 for uscillator monitoring signal pick-up.

IX



BUSKIN LAKE (T) RS 3A 534

(e)
(£)
()
(h)

NR8L /L srb

A23
Transmitter control and monitoring bays and console.
Antenna TL switching and designation plates for HF Transmitters.
Power distribution panels for heater and monitor-keyer circuits.

Modification of four (L) TDN radio frejuency channels LF to MF
and HF.

Field changes 1, 2, and 3 on FCC-8 at NAVRADSTA(T), Buskin Lake
and NAVRADSTA(R), Cape Chiniak.

Modification antenna coupling units on TDO and TDH transmitters.

Modified AN/FRT-l helix locading per BUSHIPS instructions.

3, The following are uncompleted items to be accomplished by Assistant
Industrial Manager, USN, Seattle, prior to final acceptance:

(a)
(b)
(c)

(d)
(e)

(£)

Complete insulation (Y) insulators on AN/FRT-4 TL.
Install TDG to come.

Accomplish tuning or stubbing of the following antennas
pending frequency assignments:

Antenna Designator

DV-5

DP-12
DH-38
-9

DH-3L
DH-35
DH-30
DH-29
DV-23
V-2
DV-20
DV-19

Check on construction of antennas and transmission lines.

Make recommended field checks on certain types of antennas, and
stubb for proper VSWR.

Prepare station brochure as required by BUSHIPS.

X
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NR8L/Lsrb
A23

L. Unsatisfactory conditions:

(a) Beverage Antennas on 109.7 KCS used with AN/FRT-19 are not
satisfactory.

(b) 600 foot radiator on 53 KCS with AN/FRT-L limited to 15 KW
into Helixhouse due to corona.

(¢) Transmission line coupling transformers T-801 in TAB tuning
huts, secondaries burn up.

/s/ Robt. M. Petty

ROBT. M. PETTY

Copy to:
BUSHIPS(Code 925)
INDMAN 17

INDMAN 12
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SECTION 1
GENERAL
1-1. BACKGRQUND INFORMATION

The new U. S. Naval Radio Transmitting Station near Buskin Lake was
completed in April 1955, superseding an older facility built during World
War IT. Expanding operational requirements had overcrowded the older
building with radio transmitters and overloaded the existing antenna
facilities. AThe construction of a new and larger radio transmitter
building with increased equipment capacity and with a larger antemna
field was therefore included in & shore development program sponsored by
the Chief of Naval Qperations (OPNAV) and authorized in 19L8.

Construction of the new transmitter building with its associated
utilities and antenna field was undertaken during the calendar years
1952 and 1953 under Bureau of Yards and Docks contract NOy-266L6.

Plans were developed by the Assistant Industrial Manager, USN,
Seattle during 1953 for the installation of electronic equipment including
five transmitters relocated from the old building, six transmitters re-
habilitated under the SERAD program, and twenty-seven new production
transmitters. Installation work in the new building under the technical
supervision of the Assistant Industrial Manager, USN, Seattle was started
by Puget Sound Naval Shipyard in July 195L using funds authorized under
Kllotment 14648, Appropriation 17X1205 PWN. The progress chart denotes
the progress throughout the installation period.

Adjustment of antennas for their assigned operating frequencies

and performance tests of radio transmitters and associated control
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Fleet Air Wing CW, voice
Navy universal air/ground CW, voice
S8earch and Rescue CW, voice
Western Sea Frontier Manual CW
Seventeenth Naval District W, woice

VHF communication control
link

CW, RATT, voice
Transmitting facilities were not provided at the new transmitter
building, Buskin Lake, for communication cirsuite, UHF ship/shore RATT,
and Navy air traffic control tower, although econtrol circuits from the
control tower to the new transmitter building are available to make
use of Buskin lLake transmitters on an emergency basis.
1-% BQUIPMENT INVENTORY AT COMMISSIONING

At the commissioning of the new radic transmitting station, U. S.

Naval Radio Station (T) Buskin Lake, the following radio transmitters

had been installed, performance tested, aund placed in operation:

Frequency

Quantity Model Range Emissions
1 AN/FRT-L 50-150 ke CW, RATT
5 AN/FRT-5B 4-26 me CW, RATT, photo
16 AN/FRT-18 2-30 me CW, RATT, photo
1 AN/FRT-19 30-600 ke CW, RATT
I TAB-7(FC#1)  100-55C ke CW, RATT
L TOH-L, 218 mc CW, RATT, voice
2 TDN-3 2-20 me CW, RATT
1 TDN-} 2-20 me CW, RATT, voice
3 Tﬁo 2=18 me CW. voice
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Fleet Air Wing

RS 34 53b SECTION 1

Navy universal air/ground

Ssarch and Rescue

Western Sea Frontier

Seventeenth Naval District

VHF communication co
link

ntrol

CW, wvoice
CW, voice
CW, wvoice
Manual CW

CW, woice

CW, RAIT, voice

Transmitting facilities were not provided at the new transmitter

building, Buskin Lake, for communication circuits, UHF ship/shore RATT,

and Navy air traffic control tower, although control circuits from the

control tower to the new transmitter bullding are available to make

uee of Buskin lake transmitters on an emergency basis.

1-3 REQUIPMENT INVENTORY AT COMMISSIONING

At the commissioning of the new radis transmitting station, U. S.

Naval Radio Station (T) Buskin Lake, the following radio transmitters

had been installed, performance tested, and placed in operations

Quantity Model

1 AN/FRT-L

5 AN/FRT-5B
16 AN/FRT-18
AN/FRT=19
TAB-7(FC#1)
TDH-l

LV -~

TDN-3
TDN-L

]

™o

\w

Frequency

Range

50-150 ke
L-256 me
2=30 me
30=600 ke
100-550 ko
2=18 m¢
2-20 me
2=20 me

2=18 me

1-3

Emissions
CW, RATT
CW, RATT, photo
CW, RATT, photeo
OW, RATT

CW, RATT

2

RATT, voice

RATT

2

RATT, voice

2 2

voice
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One model TDQ transmitter, No. 23, scheduled to carry the high-
frequency portion of circuit P4l to Fort Richardson, was not available
from the Bureau of Ships SERAD program during the 1954-55 installation
period, but was subsequently delivered and installed in February 1956.

To standardize the keying input circuits of all transmitters to
accept a normal 90 volts positive keying signal, special "isolation
keyer" units designed and manufzctured under contract for the Assistant

Industrial Manager, USN, Scattle were installed in transmitters as follows:

Quantity Model Deseription Used with
1 RS 6E 1hL71 Isvlation keyer TAB-7 #9 (KY-43)
L RS 6E ik71 Isolation keyer TDH-4 transmitters
3 RS 6E 1471 Isolation keyer TDO transmitters
12 RS 6E 1471 Isclation keyer TDN-3 transmitters

Communication control links, using AN/TRC-1 radio equipment with
CF=1B (voice) and UG (telegraph) terminals, were installed to connect
the new transmitter building to existing links at the air traffic control
tower and U. S. Naval Radio Station (Receiving) at Buskin Beach. Equip-
ment for these links was relocated from the old transmitter building.
A communication control link was established to U. S. Naval Radio Station
(Receiving) at Cape Chiniak nsing new AN/TRC-1 radio equipment, CF-1B
voice terminals, and AN/FCC-8 telegraph terminals. Two teletype repeaters,
designed by the Assistant Industrial Manager and manufactured under
contract, were provided to operate between the AN/FCC-8 full duplex
terminals and half-duplex local or landline teletype loops.

The following electronié equipment was installed, performance

tested, and placed in operation in the communication control link room:

1o
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Quantity Model

1k
3
L

3
11

CY-597/G
T-14/TRC-1
R-19/TRC-1
CF-1B

UG

AN/FCC-8

TA-182/U

NT-49139L
J-242/6G

RS 23E 545

RS 3A 53L

Description

Electronic equipment rack
VHF(FM) radio transmitter
VHF(FM) radio receiver
Voice terminal

Telegraph terminal

8NB send, 8NB receive,
telegraph terminals

Signal converter
(voice frequency ringer)

AF jack strip
AF terminal strip

Teletype repeater (2w/Lw)

Installed on the transmitter building roof:

7

AS-20/TRC-1

VHF antenna

A Bureau of Ships designed control and monitoring system,

AN/FRQ-3, consisting of a transmitter control console, five bays of

transmitter monitoring equipment and related units of electronic

test equipment; was installed in the radio transmitter room. Twe

additional CY-597/G electronic equipment cabinets were installed

adjacent to the AN/FRQ-3 monitoring bays, to house frequency-shift

keyers, photo keyer adapters, and keyer patching. The following

‘units are included in this control/monitor/keying system:

Quantity Model

1

1

AN/FRQ-3

OA-498/FRQ-3

CY-597/G

DescriEtion

Transmitter control console
Transmitter monitoring equipment

Electronic equipment rack

1-5
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Quantity Model

3
2

= =

RCH
CU-168/FRR
CV-60/URR
LR

OBL-3A

LAJ

0BQ-L
T5-629/U
FSA

FSH
KY-LLC/FX

RS 6E 1471

RS 34 534

Description

Radio receiver

Antenna multicoupler
Frequency shift converter
Frequency meter
Oscilloscope

Audio oscillator

VT mdtimeter

Audio level meter
Frequency shift keyer, HF
Frequency shift keyer, MF
Photo keyer adapter

Isolation keyer (used with FSH)

Installed on the transmitter building roof:

2

NT-66053

Whip antenna (cut to 15 feet for

monitoring)

Stowage facilities for electronic maintenance parts and electron

tubes using Bureau of Ships designed standard units were provided as

follows:

(Refer toc Fig. 1-Z)

Quantity Model

b
2

2l
50
1

RE 6F 2249
RE 6F 2249
RE 6F 2249

RE 6F 2249

Description

Type ®A% stowage unit
Type "B® stowage unit
Type WC" stowage unit

Type "D" stowage unit

G54-F-2325 (h) Chaindex filing cabinet

1-6
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The following auxiliary electronic units were installed to provide a

complete transmitting facility:

Quantity Model Description
1 KY-43/URT Frequency shift keyer (TAB-7 #9)
51 RM 24F 255 Antenna transmission on line switch
L RS 10B 999 _RF meter panel (for TDO's)
L NT-50153 Antenna coupling unit (for TDO's)
1 RS 10B 979 Relay panel (in console C-5)
1 TF-11/FRT-19 Antenna coupling transformer

1-7
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SECTION 2
DESIGN
2-1. SITE SELECTION AND DEVELOQFMENT

A site in the vicinity of Buskin Lake was approved by the Chief
of Naval Qperations for construction of the new transmitting station
(OPNAV INSTRUCTION 0201.1 of 10 April 1951). Design architects under
the Bureau of Yards and Docks contract NOy 23786, placed the trans-
mitter building near the center of the area most useful for antenna
construction between Bear Creek and the Buskin River. Figures 2-1 and
2-1A show the building location in relation to the principal roads,
streams and hills in the area.

In addition to the transmitter building, other facilities planned
under contract NOy 23786 and constructed by contract NOy 26646, include
the emergency power building, the 600-foot wvertical radiatorkand helix
house, four 300-foot steel towers supporting MF antennas, four MF antenna
tuning huts, 63 antennas of wood pole construction, and two Beverage wave
antennas. Antennas were so located that their construction could be
completed without disturbing the operation of existing antennas in use
at the old transmitter building, and followed the design criteria
specified by Bureau of Ships letter serial 925-259 of 2 August 1951
and subsequent amendments thereto. The 70 antennas were arranged as
shown‘in Figure 2-1A. Space near the old transmitter building was
reserved for the future construction of San Francisco rhombics and an
area east of the new transmitter building along Bear Creek was similarly

reserved for future construction of Honolulu rhombic antennas.
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The construction height for antenna towers at the new station was
originally limited to 300 feet by restrictions expressed in Bureau of
Aeronautics letter AER-SE-L1 serial 99400 of 15 December 1950 to Bureau
of Ships. QPNAV INSTRUCTION 0201.1 of 10 April 1951 requested the Bureau
of Aeronautics to grant a clearance for 600-foot tower construction at
Buskin Lake for erection of the low-frequency vertical radiator. The
600-foot vertical radiator, as constructed; is therefore a compromise
from the 800-foot tower height recommended for 50 to 150 kilocycle
operation of the AN/FRT-4 50-kilowatt transmitter. Excessive voltage
at the tower base and on the antenna tuning components within the helix
house may be expected at frequencies below 85 kc., because of the high
reactance of the short antenna tower. (Refer to antenna tower data,
Appendix I)

Bureau of Ships design criteria requires a minimum separation of
1000 feet between radie transmitting antennas and overhead power lines.
Power connections for the new transmitter building were therefore made
by underground cable entering the area from the south along Buskin Lake
road. An existing 2400 volt aerial power line to the Lake Buskin pump
house was removed and the service placed underground .

Two 26-pair underground cables were installed in the duct connect-
ing the new transmitter building with existing cable facilities termi-
nating at the old transmitter building No. 37.

2-2. TYPES OF ANTENNAS AND INDOOR SWITCHING SYSTEM

The selection of transmitting antenna types to meet the operational

requirements of UPNAV INSTRUCTION 0201.1 from design criteria prepared

by the Bureau of Ships resulted in antennas as follows:

2-2



BUSKIN LAKE (T) RS 3A S34 SECTION 2

Service Circuits Antenna Type Quantity
LF Point-to-Point P2, F1¢ Beverage 2
LF General coverage Future Ble, B22 Vertical tower 1
MF Point-to-point Pel, Pl Vertical flat top 2
MF General coverage L2, 15 Vertical flat top 2
HF Point-to-peint F2, F19% Khombie L
HF Point-to-area A1, 45, PLO Doublet array 12
HF General coverags A2, Bl2.3, B2z, Doublet; 2-wire L1

¢S, P30, E10, El1,
El2, E15.1, Q1

=

General coverage Standby wide-band doublet ___éﬂ
70

By far the largest number of antennas are simple 2-wire folded stub-

tuned doublets for ommi-directicnal use at a single frequency. For the

higher frequencies (above five megacycles) these doublets are supported

vertically on one wood pole. At lower frequencies, where pole heights

for vertically suppurted deoublets become impractical, tilted or hori-

zontal doublets with two supporting poles are specified.

Twelve doublet anterma arrays, for single-frequency operation, wers
specified for circuits A1, &Y, and PLO to provide long range communication
to general areas of the earth’s surface. Each of these arrays consists
cf a stubtuned Z-wire vertical folded doublet with a second doublet placed
one-quarter wave length away in the "back® direction and tuned to aci as
a parasitic reflector. A signal gain of about 3 decibels, over a sector
90 degrees wide, may be obtained by properly tuning the parasitic
reflector.

Each doublet and doublet array is designed for operation at a

2=3
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single assigned frequency. The radiation efficiency of one of these
single-frequency antennas will fall off very rapidly when excited at a
frequency different than that for whieh it is tuned. Use of any of the
53 doublets or doublet arrays a4t other than its assigned Irequency is

therefore not rscommended. Rastubbingrand possibly reconstruction will

be required whenever cperaticnal frequencies are changed.

To provide for any emergency requirement for transmitting at
other than the assigned frequencies, six wide<band doublet antennas
were specified. Each of these antennas consists of a tilted two-wire
folded doublet with a termination resistor (15 kw stainless steel
termination line) inserted to give broad frequency acceptance. These
are compromise anternas whose efficiency and standing-wave-ratio varies
with frequency, but which should have considerable practical use as
interim antennas during casualty to a doublet or doublet array or when
a tuned antemna for the required frequency is not available.

Sixty-eight of the seventy antennas, including MF and LF verticals
are fed with two-wire transmission lines of 600 ohms nominal characteristic
impedance. The exceptions are the two Bevgrage antennas which are fed
with three-wire transmission lines of 350 ohms nominal characteristic
impedance.

In arranging the antennas in the field; the point-to-point rhombics
and phased arrays were given favered locations to provide a minimum of
terrain interference from hills znd mountains in the direction of trans-
mission. Single frequency omni-directional doublets were arranged in
groups by circuit use, as assigned by OPNAV INSTRUCTION 0201.1.

A switching system within the transmitter building was desipgned +n

2-l



.

BUSKIN LAKE (T) ES 34 534

SECTION

allow operating personnsel to selsct the anbenns required for use with

each transmitter and to allow iotsy

during repair or routine mslintunanoee o antenuas o egquipments.

[
ke
ty

Electronics drawing R3 &6E 13170 shows by

2-3. BUILLING, EQUIPMENT ARRANGEMENT AND CABLING

=3

nivters or of antennas

rzm tha switching provided.

he tranemiiter vallding is buili of reinforced concrete without

windows znd with a main fransmitter room 220 feot long by 50 feet wide.

An office wing 35 fest uy

85 feet in size houses the communication control

link equipment, maln power switchboards, electronizs shop and storage,

o

as well as ofii

o
&

«

;..

spaces (Flgs. 2-2 and 2-3). Transmitters are arranged

in four rows in the main room with an operator's control console and

frequency monitoring bays centrally located. Basement space carries

overhead cable travs Lensatn

soqpipment rows on the main floor.

Access to cabling {2 by mesns of three inch pipe sleeves through the

main #loor silab spaced on 2L inch centers above the cable trays.

]

}

go1e)

v

i, F
r‘
ﬂ‘x
jo
b
]
=y

basement space is

parts and electron tubes.

2

the stowage of elzctronic maintenance

The walls of The main transmitisr room are plerced with antenna

entrance ports at 4 height of 15 feet above the {loor.

Bowl insulators

are arranged in pairs for the salrance of two-wire balanced transmission

lines. Swiiches to intercomnect the traznsmitters and transmission lines

are bulkhead mounted at an average convenient height of eight feet above

the floor (Refer to Figs. 3-%1 and 3-23). Switching is accomplished by the

use of hardwood insulate

locations along the main transwitber room wall.

switeh pules, stored in hangers at convenient

Power for the transmiiting squipmect is tramsmitted over lead
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covered electric cables 1aid in the lower level of the tasement cable
trays. Control wiring consists of RG-108/U twin-econductor shielded cable
for balanced eircuibs and RG-59/U woaxial cablss for unbalanced eircuits,
all laid in the upper level of the cable trays. Cables are identified by
markers attsched at 2uach end and 2t the center of 2ach cable run. Figure

2=l of this instroction book provides s schemai. o dlagram of the general
cabling plan. Complete cabling deteils wmay te obtained from the
electronde iastallation drawings, particularly sheets 25 through 30,
RS 6E 1455 through BS 68 1470,
2-L,. CONTROL AND MONITORING SYSTEMS

The majority of control cireuits entering the transmitter building

carry teletype or mamnally keyed signals and voice or radio=photo modu-

lations for the zontrel of tramswithsars., Ceortrel eircuits reach the

f]
e
)
(o
fe
a
o
|
O \

transmitter building by land v by VHF radio link from the

communicaticn center, radic recsiving

tation, radic phote facility
and the Cape Chinizk directvion finder station. 411 inzeming control
channels terminate in the CCL room for patching at bays L-3 (Fig. 3=10)
and L-9 (Fig. 3-11) before reaching the operator's control conscle in
the main tramsmitier room, whers they appear al the “CHAN OQUT® Jacks,
Local keying lines: and voice input lines to the travsmitters also
terminate in the control console at jJacks labelsd WOMTR INW®,
Selection of & transmitter to be controlled by a particular
chamnel is made at the operator!s control consols by ratching from
WCHAN CUT™ to W{MIR IN® jacks in the control line Jack field or by

depressing 2 push key switeh below the

and oppoesite the desired transmitter latel, in the assceiated push

1A
§
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key panel. (4 comeriion made by patch cerd takes precedence and dise
connects any circuits made by push k2v to the same chammel or transmitter

carried by toe patch cord.) The vush key switeh ovbosite several trans-
3 T 7 !

")

mitters may be uepressed vwider the same cpanmel for simelisuneous keying

of the repeired number of tramsmititers, o patco may be used via

installation

2yl 21, for channel and

e

5 originslly set up.

These assignments may be waried by patehing or orosz-comnecting in the

CCL room %o sult oper

Incoming keying signals by lacaline caols ars maily received as

DC pulsss with spproximatsly 120 volts of ®hatiazy® ied at the

e ~ M

Suen Tines grs Rroan as Myot® lipeg.,  Qther

keying linss esnter

hout battery,

and ths keyving voltage must be suprplied at the

mitter building.

For this purpcss, a resctifier

wided in the CCL roomg

bay L3, to convert i y lines to wet lines at the control cone-

o]
el
E\
=]
H
[
7%
<}
'”ﬁ

HOHAN OUTH dacks carTy

u

L T e T ET R vIY o}
approximataly YU voits

sitive souve ground, for

trapsmitter Keylag. & oeon lsmp, type NE-T wtzilad as a chamnel

indicator cach conseole WCHAN OUTH cipeuit 1o indlceste which

channals are active and being kuved,

Incoming keying =lignals by VHE link ariivs at the wmitter

Y]

syminals of each VHEF

-8

telegraph termi-

ed in the COL room (Fig. 211} aomvert thess tones te DC
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-

vefore delivery to the control console “OHAN CUTM jacks.

keying voltagse

o

wks 33 therefore identical whether

The keying signal at fns ACHAN OUTH ¢

received wvia welt lins, duy iing, or VAF link, and may be interchangeably

connected to any

var T VHF radio

Radic-mrnoto modilations are normally received

T g varying

IC voltage by the KY-LLUC/FX keyer adaptors instal lsd in bay M-13,

e

Trhe DG cutput veltage from the KY-LLC,/FX keyers appears at jacks in

the operstor's contyrol cousole Ior patening to the red transmitters.

EE

Reference is made to drawing RS OE 1482, shest 27
153 S

o
RN
By

the set of
glectrondn installation drawings,

over the VHF

Veice modulation 1: link or over

18]
i
M
T

g
]
ﬁv
[}

ing to TR0, TDH,

Monitering facilities, Mods) OA-4BY,/FRQ-3 {Fig. 3-8) as designsd

by the Bursgau of Ships, are provided for sampling the radic-frequency

Aﬁ-b

sutpat of individual transmitters to neacurs (1) tne transmitted fre-
P’y

s

e
el

g} the Sre ad and marg {,,:J

tan for redic teletype

kKeying anc (3] the degree of modulation of wolire wraosmitters. Radio

receivers with fraguency shift comwerters are installed in the monitor-

ing bays for gural monitoring of manually K d o welce medulated trans-

ye

Ltoving RATT trans-

slectronis

2.8

[AN
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2=5, COMMUNICATION CONTROL LINKS

In plamming the communication control links to rconmmect the new

s

transmitrer building wilh existing Naval Communicazicen Station facilities,

the Buresu of ted the continued use of AN/TRC-I VHF (FM) radio

N

equipment, as prosently instslled, suprlemsnisd by saditional AN/TRC-1,

CP-1EB and AN/FOC-A

Tating Irequenci for the

{3
]
41]
o
e
Oy
V7]
-
tje}
o
o
[N
[

the frequency band from 76.1 o 98

[
i
!

i3
s
g
1.
Ly
e
i
ot

=
S

£

&

?‘“

5z Federal Communications Commission recommendation reguesting

oo b e Moy qrs S wq e
that the LaVy Vaiala its usse

oy

in Alaske of frejgusnclies be

megac:

Tene I S B £ N T R s
vullding provide tne fsliowing chsamnels:

2

Link

o

Desi| fenatio 011 Teleg. Hadiophoto

T b ATATTOT boamis £ 77T
G Lo NAVESTA tower &G

0

H from NAVSTA tower 6(ua) L{CF=1) G 0

1 fron NAVSTA tower Y 5 * L(AN/TRC-1)
310G ) CLOECL 4 0
Ut} PLER1) G o
Bx(PCC-BY  z{p-1} 5

8]

[
[§]
;’3
fbe
-
44
i,..,—‘

equipment . W othe Cape

dgivided, during the installation

provide four channels vetwesn Chinisk and

between Chinizy ang Holr

chonnels from he AN/FCC-D terminals now instslled in

29
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tha transmitter building will be relocated to the new reseiver building
at Holiday Beach.

A1l model AN/FOC-8 recsiver telegraph chanmels for the Cape Chiniak
link wers modified in accordancs with Assistsnt Tnduetwisl Mansger

Seattle arowing RS L34 1225C to provide i positive cusrnt voltage for

from A3s3stant Irdustrial
wers provided for the com-

1 2f the MN/FCC-5 terminal

equipnent inte a nalfeduplex teletype IO leop,
vperation and maintenance of the RS 23E S45 repeater will be found in
Seetion four of this instruction book.

=, POAER DISTRIBUTION AND EMERGENCY FOWER

Design of the smergency power vlant and power

ior e new bransmitier building was providsd vy ins srerdtestesnginesy

soter, following Bureau cf Yards and Docks design sriterie, under
contrast NOy-23786,

@lecironds component

tie Aasistent Industrial Marager, USN, Ssatile.

WER ond "GW were included in thoe

-y
P

trivate 120 wolt AC power to master

AN/FRT-SB and AN/FRT-16 transmitters providing a

point for ine thermostatically contrelled ovens

burred 201 when the main power bresker to & transmitier Ls

ee]. ELECTRONIC GROUND SYSTRIS

As 2 part of fhe transmitter building construction, ander contrast
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NO7=26046, 4 buried radial ground wire system was provided through wideh
racld transmitters and elsctrenic sguioments are grownded, Details of

o - o

ied oy Bureaw of Yards ana Docks drawiog

Foo 504i2G.  Ths ratial copper SWG . SO0 oot lonmz, and

total of 18L wires sround e perimeter

Ty ey

comnect at frequent

zappet czules through the building wall to a pgrid

duets ars bonded slectriecally to

Ezeh of the four 300-foot

[
(6

grounded by means of twe muenber o twio bower

legs and braged to a miaimum of

i3

[

ANFRTC
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for the end poles of the two Beverage wave antennas. (Reference:
BUDOCKS drawings 504230, 504232, 521233 and 504236)

The electronics installation drawings prepared by the Assistant
Industrial Manager, USN; Seattic speszify a #6 AWG armored copper wire
connecting each radio transmitter and equipment frame to the copper
ground bus in the basement. This ground is for protection of personnel
te prevent the metal frame of any transmitter or equipment from acci-
dentally earrying a dangerously high potential above ground. Radio
frequency grounds, when required, are carried by other means, for
example the aﬂ?enna return, unbalanced, for the AN/FRT-19 antenna trans-
former is carried by three inch copper strip to the main electronic
ground bus of the radial ground system.

2-8. LIST OF APPLICABLE PLANS AND SPECIFICATIONS

a. Bureau of Yards and Docks construction drawings:

Drawing No. Subject
Y&D 50L4161-504165 (sheets 1-5) Title sheet and site plans

Y&D 504166-50L190 (sheets 6-30) Transmitter building

Y&D 504191-504197 (sheets 31-37) Emergency power building
1&D 504198-50L201 (sheets 38-L1) Helix house

Y&D 504202-50L420k (sheets L2-LL)  Antennas

Y&D 504205-50L206 (sheets 45-L46)  Transmission-line details
D 504207-504218 (sheets L7-58) Antenna towers

Y&D 50L4219-504236 (sheets 59-76)  Antenna details

2<12
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b. Electronics installation drawings:

ASTINIMAN, Seattle drawing No.

RS 6E 1L41 - RS 6E 1442

RS 6E 1443 - RS 6E 1446
RS 6E 1447 - RS 6E 1LL9
RS 6E 1450 - RS 6E 1455
RS 6E 1456 -~ RS 6E 1459
RS 6E 1460 - RS 6E 1L6L
RS 6E 1465 - RS 6E 1470
RS 6E 1471

RS 6E 1472

RS 6E 1473 - RS 6E 1475
RS 6E 1476 - RS 6E 1478

¢. Antennas and antenna switching:

RS 66E 1317C, sheet 1

RS 66E 1317C, sheet 2

Subject
Title sheet and material list

Equipment arrangements

AN/FRT-l arrangement and wiring
Transmitter wiring diagrams
Antenna T/L switching

Control & monitoring equipment
Cabling plans

Isolation keyer

AN/FRT-18 wiring

CCL installation

Cable running lists

Antenna plot plan, as built

Antenna switching chart

d. Electronic components built or modified by the Assistant

Industrial Manager; USN, Seattle:

RS 6E 1471
RS 23E SkL5
RS 10B 979

RS 10B 999

RS L3A 1226

2-13

Isolation keyer
2W/LW teletype repeater

Keying relay panel (for TDN-=U
PTT)

RF meter panel (for TDO)
AN/FCC-8 tone telegraph

receivers, modification for
keying voltage output
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e. Specifications for Bureau of Yards and Docks construction:
NAVDQOCKS specification No. 28687

f. Specifications for grounding of 300-foot antenna towers and
TAB-7 antenna returns:

ASTINDMAN, Seattle sketch 2256B-Ll

ASTINDMAN, Seattle drawing RS 66D 1293

g. Instructions for special electronic units built by the

Assistant Industrjal Manager, USN; Seattle:

2-wire/L-wire teletype repeater for use with AN/FCC-3
carrier telegraph terminals, of 1 December 195L.
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SECTION 3
EQUIPMENT INSTALLATION AND OPERATION

3-1. TRANSMITTER INSTALLATION

The transmitters were located and installed in the‘transmitter
building in accordance with Figs. 3=1, 3-1A, 3-2, 3-2A and the
installation specifications. A copy of the "Specification for the
Installation of Electronics Equipment in theANew Transmitter Building"
is included in the appendix. The transmitters, being of various physical
sizes and ranging in power outputs from 50,000 watts to 500 watts with a
frequency coverage of 30 kilocycles to 30 megacycles, are provided with a
system of antenna switching arranged to facilitate operational require-
ments for antennas and to provide for a spare transmitter on all primary
c¢ircuits. In order to provide for frequency shift keying operation and
for frequency monitoring and adjustments, many of the transmitters were
modified in a manner described in paragraph 3-2 of this section. Each
transmitter has been provided with keying and monitoring circuits which
terminate in the centrally located CONTROL CONSOLE %?%{MDNITOR bays.
Interunit wiring is installed in wiring troughs susp;nded from the
ceiling of the basement below the transmitter room floor (Fig. 3.3).
Bonded copper strap buses connect unit chassis directly to the main
station ground bus and the buried ground system surrounding the trans-
mitter building.

The keying control and frequency monitoring of each transmitter
is accomplished through keying and monitoring circuits from the control
console and monitor group bays. In order to minimize the number of

keying and monitoring lines between each transmitter and the control

3-1
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congole, a circuit selzctor switch has been provided in the base com-
partment of each transmitter unit ewcept the Model AN/FRT-19, the
Model TDO and the Model TDN equipments. Through the CIRCUIT SELECTOR
switch, the keying control line may be switched inte aithar the CW or
the FSK-PHUTO input to the transmitter. Also a sample of the radio
frequency output voltage may be selected from the osciliator output
or the final output stage of the transmitter for frequency measurements.
Power is supplied to the transmitters through two main breaker power
cuabicles containing individual branch circuit breakers for each trans-
mitter. OSeparate circuits from auxiliary power panels supply power
for oven temperature control on all units equipped with oven heaters.

A standard keying voltage of 135 volts positive is supplied
through the keying lines for keying all transmitters. Some of the
oldsr type transmitters such as the Model TDN, require a keyer adapter
udt knewn as an ISOLATION KEYER to transform the standard keying
voltage to the proper woltage for keying these transmitters. (Refer
to Section I, paragraph 1-3 and installation drawing RS 6E 14507)

A simple type RF detector wunit is mounted on the top of each trans-
mitter to sample and rectify the radio frequency output to operate the
moniter glow lamps in the control console. In this way, moniltoring the
operation of each transmitter may be done at the control console unit,
3=2. TRANSMITTER MODIFICATIONS

Model TAB-7 transmitters were installed in positions, Nos. 8, 9,
30 and 33 of the floor plan drawings (Figs. 3-lA and 3-2A4) and were
medified for frequency shift keying. The frequency shift keying of the

Model TAB-7 transmitters in positions, Nos. 8, 30 and 33 is obtained
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from the output of a Model FSH frequency shift keyer in monitor bays
12 and 13. The keyer output is cabled into a selector switch in the
right hand bottom compartment of the transmitters for selection of

FSK or CW keying. With the selector switch in the CW position; the
transmitter functions in a normal way through excitation from its

own master oscillator. In the FSK position, the output of a Model FSH
excites the grid of the master oscillator tube V-101 through grid con-
denser C-106. A .03 microfarad capacitor was added between capacitor
C-106 and the switch §-108 and capacitor C-102 circuit to remove plate
voltage from the keyer selector circuit. (Refer to Model TAB-7 trans-
mitter schematic diagram, Fig. 3-4) The push button switch S-504 in
the land line control unit was replaced with a single pole single
throw toggle switch to bridge the contacts of the land line relay
K-501-B when switch S-505 is in the relay keying position to lock key
the transmitter during FSK excitation by the FSH keyer unit. The TAB-7
in position nine was additionally equipped with a type KYth/HRI
frequency shift keyer mounted within the transmitter.

Sampling the radioc frequency output from the master oscillator
unit on the Model AN/FRT-18 transmitters for frequency measuring
purposes was accomplished through a voltage divider network installed
in the MASTER OSCILLIATCR output. As indicated in Fig. 35 and instal-
lation drawing RS éE 1h72J, the divider network consists of a 3300 ohm
* in series with a 10 ohm resistor connected to ground from jack plug
J-803. The sample voltage is obtained across the 10 olm resistor.

A SELECTQR SWITCH provides a means of selecting the oscillator output

or the transmitter output for frequency measuring purposes. From

3-3
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the SELECTOR SWITCH the chosen signal is transmitted to the Model LR
frequency meter in the MONITOR group.
3-3. MONITQR AND KEYER BAYS
The monitor and keyer bays designated as type 0A-U489/FRQ-3, moni-
tor group equipment, consists of seven cabinets or bays numbered as
bay M-7 through M-13. The monitor group contains apparatus for moni-
toring, testing and operating the station transmitters. Included are
monitoring receivers, frequency measuring and comparison standards,
RF and AF switch selector panels and jack plug fields, receiver antenna
couplers for monitor receivers, line level meters and frequency shift
keyers for FSK operation of some types of transmitters. A descriptive
outline of the monitor group is shown in Fig. 3-6 and installation
drawing RS 6E 1462. The monitor bay assembly is located near the center
of the equipment area. The monitor bays contain the following specific
equipments:
Bay M=7 contains:
1 Type OBL-3a oscilloscope
1 Model TE 200K audio osecillator
1 Audio jack field group
1 RF jack field group, monitor
Bay M-8 contains:

3 - R e V=TTt s o U PPN J e e
WL WO PEESLVET Speakers

2

1 Antenna coupler CU-168/FRR

1 Monitor receiver, Type RCH

1 Teletype converter unit, CV-60/URR

Bay M-9 contains:
1 Audio selector switch, SA-135/G
1 Jack panel, J-265/G (RF)

1 Frequency meter, Model LR
1 Switch panel, RF, Type SA-138/G

3=h
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Bay M=10 containss

1 Speaker assembly, LS-139/C

1 Antenna coupler, Type CU-158/FRR

1 Monitor receiver, Type RCH

1 Teletype converter, Type CV-60/URR

1 Model 0BQ- test set

Bay M-11 contains:

1 Mcdel OBL-3a oscilloscope

1 Type TE 200K audioc cscillator

1 Audio panel jack field group

1 RF antenna jack field group

Bay M-12 contains:

1 Model FSH frequency shifi keyer MLF

1 Patch panel, RF, FS keyer outputs

2 Mcdel FSA frequency shift keyers HF

¢ Isolation keyers for FS keyers

Bay M=13 contains:

1 Model FSH freguency shift keyer MLF

2 Model FSA frequency shift keyers HF

L Facsimile keyers

The use and purpose of monitoring facilities are for checking
the operation of equipment in the following ways:

By means of the monitoring receivers, local transmitters mnay
be monitored and recsption c¢f standard frequency broadcasts from the
Bureau of Standards, Station WWV and WWVH may be obtained for checking
frequency standards such as the Model LR frequency meter.

For measuring and checking frequency shift of transmitters
operating FSK; the following procedure is generally used. The trans-
mitter output frequency is adjusted for zero beat with the desired
frequency output of the Model LR frequency standard, and fed into the

horizontal plates of the Model OBL-3a oscilloscope where it is compared

with the output freguency of a type TE 200 k audio oscillatoer connected

3-5
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to the vertical plates of the Model OBL-3a oscilloscope. When the trans-
mitter frequency is snifted to "Mark® or WSpace®, the amount of fre-
quency shift may be measured directly by the calibrated dial of the
audio oscillator.

For measuring voltages, resistance values or continuity of
keying and control circuiﬁsg the Model OBQ-k test set may be used as a
general purpose testing device. Both ac tone and de control and keying
veltages may be measured merely by plugging the input of the test set
into the line or itrunk that is to be measured. Voltages across a line
however, should be measured with the load comnected to the line.

Various switches and jack panels are provided for monitoring
the keying and radio frequency ocutput circuits of transmitters and for
¢ross patching circuits for emergency or operational requirements.
Antenna coupler units, type CU-168/FRR are provided for multiple
operation of monitoring receivers on z single antenna.

The Model CV-60/URR teletype converters are provided in moni-
tor bays M-8 and M-10 to monitor FSK transmissions from local trans-
mitters through local monitor receivers. (See photograph, Fig. 3 -8)
3-l. CONTRCL CONSOLE

The Model AN/FRQ-3 control console is a type 04-L90/FRQ-3 control
monitor consisting of six panel bays mounted in a desk type conscle
cabinet. The physical arrangement is shown on transmitter installation
drawing, RS 6E 1460, and Fig. 3-7. The panel bays are designated as
bay C-1 through C-6. They mount jack fields and test equipment for

monitoring and controlling the operation of radio transmitters.
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The panel bays contain the following equipments:

Bay C-1 econtains jack field and plugs for transmitter control
lines including CCL output and monitor jacks and lamps,
land line output and monitor jacks and lamps, and
transmitter keyer inputs and monitoring lamps.

Bay C-2 contains push key selector line switches that parallel
the jack connections in the jack field of bay C-1.

The incoming control lines are connected to the
vertical rows and the transmitter keyer inputs to the
horizontal rows of the push key switches.

Bay C-3 contains an audio level test meter Model TS 629/U with
bridging and terminating circuits and one audio
oscillator Model 200 ABR, range 20 to 200 cycles.

Bay C-L contains a cathode ray oscilloscope Model OBL-3a and
one Model RCH radio receiver for monitoring.

Bay C-5 contains push key selector line switches that parallel
the jack field in bay C-6. The incoming control lines
are connected to the vertical rows and the transmitter
keyer inputs to the horizontal rows of push key switches.

Bay C=6 contains a jack field with plugs and retractable cords
and monitoring jacks and lamps for monitoring control
line inputs; also transmitter keying line inputs similar
to bay C-1.

A hand telephone set operated on the station dial system is
mounted on sn auxiliary panel between bays C-1 and C-2. A monitoring
loudspeaker with volume control is mounted in each of two auxiliary
panels between bays C-2 and C-3 and between bays C-lj and C-5.

A local battery magneto ringer hand telephone set is mounted
on auxiliary panel between bays C-5 and C-6 for communication over
the CCL radic link to U.S. Naval Radio Station (R) Cape Chiniak and
the Direction Finder Station, Cape Chiniak.

The control console is located at the center of the equip-

ment area in front of the monitor bay unit and is the terminus for all

incoming trunk lines from the carrier control link equipment and the

3-7
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control cables terminating in the transmitter building. From it, control
lines radiate to each transmitter and toc the monitoring bays for the
purpose of cross-patching and testing (see photograph Fig. 3-8).

3-5. CARRIER CONTROL LINK AND TERMINAL EQUIPMENT

Use of the Model AN/TRC very high frequency radio transmitters
and receivers in the Navy system standardizes all communication link
equipment between the Naval facilities, the Signal Corps, Alaska
Communication System and the Civil Aeronautics Administration on
Woody Island. A review of Fig. 3=9 indicates the various paths of the
CCL circuits in the vicinity of the Kodiak areaz. At the Buskin Lake
transmitter station, three transmitters and four receivers are installed
to handle station remote control and operational circuits. Two trans-
mitters and receivers handle circuits to the receiver site at Buskin
Beach and to the terminal facilities at the control tower location.

Ore transmitter and receiver handles the circuit to the Cape Chiniak
receiving station. A fourth receiver is employed for facsimile and
photo reception originating from the Weather Central. Medium gain
reflector-director doublet antennas mounted on the roof of the trans-
mitter building are cornected to the AN/TRC equipment through 50 ohm
coaxial line of low loss characteristics. Operating frequencies lie
within the 76 to 95 megacycle spectrum.

The CCL terminal equipment (see plates Figs. 3-10 and 3=11), com~
prises three type CF-(1B) four channel telegraph carrier equipments,
eleven Model UG telegraph terminal equipments, eight channels of Model
AN/FCC-8 telegraph terminal equipment together with two 2=wire/b=wi:e

type RS 23E SL5 teletype repeaters, test boards and local and trunk
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circuit jacks for incoming and outgoing circuits. The Model UG telegraph
terminal equipment is used on all telegraph circuits except those between
Cape Chiniak receiver station for which the Model AN/FCC-8 is used. Full
control of circuits for routing and cross-patching can be maintained
through the patch panels and monitoring boards. Signals from both in-
coming radio circuits and land lines may be selected, cross-patched or
routed to the transmitter control console for keying any one or several
transmitters simultaneously. In the equipment arrangement, the incoming
circuits from telephone lines and radio carrier units terminate in
bay No. 3 patch and test panel. From there they are trunked over to
bay No. 9 and thence to the control console. Descriptive literature
and operating instructions for the type RS 23E 545 2-wire/Li-wire tele-
type repeater are included in Section L-5.
3-6. POWER DISTRIBUTION SYSTEM

Three-phase power is supplied to the transmitter building sub-
station through a 13.6 kilovolt underground cable from the Kodiak Naval
Base power system by way of the standby engine-generator plant. The
substation, located adjacent to the front of the transmitter building,
transforms the power to 230 volts three-phase for the transmitter
building load. Within the building, power is distributed to the various
transmitters and building loads through two Westinghouse power cubicles
rated at 240 volts, 2000 amperes each and containing one main breaker and
@ suitably rated branch breaker for each of the transmitter loads. The
transmitter building lighting load is obtained from a 208/120 volt
four-wire three-phase transformer bank connected through circuit breaker

No. 22 on the east power cubicle. For arrangement of the load on the
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cubicles refer to Assistant Industrial Manager, USN, Seattle drawing
RS 6E 1465 and 1466; and for branch circuit breaker designations and
locations refer to Figs. 3-12A and 3-13A and to photographs, Figs 3-12
and 3~13. The numbered transmitters are arranged on the branch circuit

breakers as follows:

East Power Cubicle, Fig, 3=-124 West Power Cubicle, Fig. 3-13A
CB Number Trans. Number CB Number Trans. Number

1 15 1 2

2 16 2 S

3 25 3 0
L 3L L 0

5 20 5 0]
6 19 6 1L

7 38 7 I

8 23 8 3

9 17 9 6
10 29 10 0
11 35 11 0
12 21 12 8
13 26 13 13
1L 0 1L 11
15 36 15 0
16 18 16 7
17 31 17 0
18 30 18 0
19 22 19 9
20 27 20 0
21 0 21 12
22 Building load 22 1
23 37 23 0
2l 2l 2k 10
25 32 25 0
26 33 26 0
27 28 27 0
28 0 28 0
29 0 29 0
30 0 30 0

With all of the present number of transmitters installed, there
remains 15 vacant circuit breakers on the West power cubicle and five
vacant circuit breakers on the East power cubicle, providing a total

expansion of 20 additional transmitters which may be accommodated.
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3-7. STANDBY EMERGENCY POQWER PLANT

The standby emergency power plant is housed in a re-enforced
concrete building in the vicinity of the radio transmitter building.
The plant consists of an 800 kilowatt, 13.8 kilovolt three-phase
alternator driven by a diesel engine prime mover. It contains switch-
ing, metering and synchronizing apparatus and has sufficient capacity
to supply full load requirements to the transmitter facility during
station power failures. It may be synchronized with the Naval Base
power system to supply power to the system during peak power demands.
3-8. ANTENNAS AND TUNING HOUSES

High frequency antennas are designed to operate from an open
wire, 600 ohm impedance transmission line. The overall frequency
spectrum ranges from 3 megacycles to 30 megacycles. The majority of
the high frequency antennas are half wave tuned folded doublets
having a terminal input impedance of 300 ohms. The 600 ohm trans-
mission lines are matched to the antennas by tuned stub lines (see
Figs. 3-1l, L-1, L-2 and L-3). Other high frequency antennas include
rhombics and terminated broadband folded doublets. The rhombics are
designed for high gain point to point service while the terminated
folded doublets are aperiodic antennas designed primarily to cover
frequencies for which tuned antennas are not available. The 600 ohm
impedance transmission lines are constructed of two number 6 wires
spaced 12 inches apart and are normally matched to the terminal
impedance of the rhombic antennas.

Medium low frequency antennas operating within the 100 to 500

kilocycle range are of the flat top vertical and the Beverage types.
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The Beverage antennas, one of which bears toward Seattle, Washington
and the other toward Adak, Alaska, are designed for operation in the
100 to 300 kiiocycle band with the Model AN/FRT-19 transmitter (refer
to Figs. 3-15 and 3-19). The terminal impedance of the Beverages is
in the order of 350 ohms and fed from the transmitter through =
3-wire 350 ohm transmission line. Other low frequency antennas are
constructed as flat top loaded vertical radiators supported by

300 foot self supported steel towers (Fig° 2=5), and are normally
used on short distance non-directive circuits on two kilowatt

Model TAB-7 transmitters. The TAB-7 transmitters (Fig. 3-20) exeite
the vertical flat top-loaded antennas through a 600 ohm balanced radio
transmission line terminated by the antenna coupler device situated in
a tuning house (Fig. 3-16) at the base of the antenna. Although all
vertical top-loaded antennas at this station are electrically short
and require inductive loading for resonance, a series capacitor is
also provided in the tuning house for operation as an electrically
long antenna. Another low frequency antenna in use at this station

is the vertical insulated guyed 600 foot tower operating in the

50 to 150 kilocycle range from the Model AN/FRT-L fifty kilowatt
radio transmitter (Fig. 3-22). Like the smaller vertical top loaded
antennas, this antenna is excited through a balanced 600 ohm trans-
mission line coupled into the tower antenna by means of an antenna
coupling device in the helix house at the base of the tower (Fig. 3-17).
The antenna coupling device contains the antenna loading helix, the
antenna tuning variometer and the transmission line terminating and

coupling transformer. Fine tuning of the antenna variometer is
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remotely controlled by the ANTENNA TUNING dial on the front panel of the
Model AN/FRT-4 transmitter. The tower base insulator is designed to
withstand a 200 kilovolt peak amplitude radio frequency voltage.

A tower lighting transformer located between the tower base and the
helix house isolates the 60 cycle lighting circuit from the radio
frequency voltage impressed at the base of the tower. Electronic
heaters are installed in the helix house in the vicinity of each

of the 1litz wound coils and helices. Their purpose is to maintain
the temperature of the air in the helix house above the dew point for
keeping the tuning equipment dry and free from mildew and damage due
to electrical arc-overs. It is imperative during the maintenance of
the AN/FRT-l; helix house equipment that the operation of these heaters
be checked and kept in proper working order at all times.

The tuning houses for the Model TAB-7 top loaded vertical
antennas are small wood frame buildings which shelter an enclosed
metal cabinet containing the antenna loading and tuning equipment.
Small strip heaters within the cabinets prevent condensation of
moisture on the radio components. Operation of these heaters should
be checked periodically. The Model AN/FRT-l helix house is a re-
inforced concrete structure near the base of the tower radiator. It
is completely shielded with copper sheet on the walls, ceiling and
floor to prevent radio frequency losses in the structural steel and
reinforcement bars in the concrete. The tower radiator is a tri-
angular cross section steel tower mounted on a single base insulator

and supported with six insulated guy wires. An extensive buried radial
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ground system emanates from the base of the antenna. It consists of
2U0 radial wires spaced one and one-half degrees apart. Each radial
is a number six copper wire 600 feet long. Being electrically short
over the range of operating frequencies, the reactance of the tower
antenna is entirely capacitative. At frequencies below 60 kilocycles,
the antenna resistance tends to increase due to ground system losses.
Above this frequency, the resistive losses of the antenna predominate
and increase with frequency. The complete electrical characteristics
of the tower antenna, with information on loading, tuning and termi-

ation of the transmission line, is tabulated in the appendix.
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L-1. Procedures for the adjustment of transmission-line stubs
for doublet antennas and parasitic arrays at U. S. Naval
Communication Station (Transmitting), Kodiak, Alaska
1. MATCHING A DOUBLET ANTENNA TO ITS TRANSMISSION LINE

1.1. When a doublet antemna is excited by'raﬁio frequency energy,
delivered to it over a transmission line, standing waves will usually exist
along the transmission line between the antenna and the transmitter. The
standing waves are caused by energy reflected from the antenna back toward
the transmitter, due to:

a. Reactive component at the antenna terminal when the
antenna is excited either above or below its resonant frequency.

b. Mismatch between the transmission line's characteristic
impedance and the terminating load resistance presented by the antenna.
These standing waves are objectionable because (1) they represent a loss
of power and (2) they contribute to the difficulty of tuning the trans-
mitter's output network for best balance and efficiency.

1.2. At NRS(T) Kodiak, the transmitting doublets, as constructed,
are two-wire folded antennas which will present a load (RL) of approximately
300 ohms, resistive, to the transmission line when excited at the resonant
frequency of the antenna. The transmission lines; as constructed, have a
characteristic impedance (RC) of 600 ohms. The standing wave ratio (SWR)
on the transmission line, before stubbing, will therefore be RC/RL=
600/300 = 2, when the antenna is excited at its resonant frequency. Many
of the antennas will be used at frequencies lower than resonance; in
accordance with BUSHIPS design criteria, the vertical doublets are cohu
structed with an electrical length of 0.l wave length, instead of the
resonant length of 0.5 wave length, so that SWR's greater than 2 to 1 may

be expected, before stub attachment.
hal
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1.3. The simplest way to minimize standing waves is to connect,
near the antenna, a section of shorted transmission line, called a ®stub",
across the main transmission line. The length of stub reguired, and its
location, are determined by the frequency at which a particular antenna
is to be excited, in relation to its resonant frequency. Reference
drawing RS 66D 1311 has been prepared to indicate by diagram and tables
the location and length of tuning stubs for each Kodiak antenna. Stubs,
as specified by RS 66D 1311, were fabricated and installed in their
approximate locations by the antenna construction contractor. Stub re-
location and adjustment by Assistant Industrial Manager, USN, Seattle
engineers has been completed to obtain minimum SWR at the assigned fre-
quency of the antenna.

2. ADJUSTMENT QF SINGLE STUBS AT VERTICAL DOUBLET ANTENNAS

2.1. As pointed out in paragraph 1.2, all vertical folded
doublets at Kodiak were constructed for an electrical length of 0.l wave
length. A total of 25 vertical doublets were constructed. Each has been
tuned to its assigned frequency, and adjusted to match its 600 ohm trans-
mission line, by means of a single closed stub, placed on the transmitter
side of the first standing wave current minimum (Imin) nearest the antenna.

2.2. TFigure 1B and Table 1B of RS 66D 1311 B provide a diagram
and table of dimensions showing the location of stubs at the completion of
adjustments by Assistant Industrial Manager electronics engineers.

a. Length and location for a closed stub of length (F),
to be attached a distance (D) toward the transmitter from a standing
wave current minimum (Imin), may be calculated from the formulas:

(1) STUB LENGTH Cot F = R-1 ‘\/ R where F is the
electrical length of stub, in degrees, and R is the SWR before stubbing.
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(2) STUB LOCATION Tan D =\/ R where D is the
electrical length of transmission line between a standing wave Imin
and the stub attachment point, in degrees, and R is the SWR before stubbing.
For example, with a measured SWR of 2.5, the length and location of stub
becomes L5 and 58 degrees, respectively. Converted to fractions of a
wave length, the stub length (F) is 45/360 = 0.125 wave length and the
stub location (D) is 58/360 = 0.160 wave length, nearer the transmitter
from Imin.

b. The stub length or location shown in Fig. 1B of the
reference drawing is the average for all the single-stubbed antennas at
U.S. Naval Radio Station (T) Kodiak, after adjustments were completed for
minimum SWR at the assigned frequency. The dimensions, in electrical
degrees, are applicable to other vertical doublets of similar construction,
and may be used as a guide for future adjustment of the Kodiak antennas
for new operating frequencies.

NQTE: To convert electrical length of transmission line, in
degrees, to length of line in feet, use the formula g%%gg = Lft, where D
is the electrical length in degrees, fmc is the frequency in megacycles,
and Lft is the physical length in feet.

2.3. It is suggested that the adjustment of a single-stubbed
vertical doublet, for minimum SWR, be accomplished as follows:

a. Set the physical location (E) of the stub at a
dimension calculated from Fig. 1B.

b. Install an RF ammeter in a piece of #6 wire to be
used as a shorting bar for the closed stub. Set the shorting bar at

(F) distance from the stub attachment point and secure it with solderless

connectors.

4=3
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c. Apply radio frequency power to the transmission line
at the building end, at the assigned operating frequency for the antenna.
Adjust the stub shorting bar for a maximum current indication on the short-
ing bar meter.

d. Measure the standing wave ratio (SWR) on the main
transmission line between the transmitter building and the stub attachment
point. (It is preferable to couple the SWR meter to one side of the line
and move along to read SWR, ignoring line balance at this time.)

e. Unless the measured SWR is less than 1.2, relocate the
stub attachment point nearer or farther from the antenna and re-adjust the
stub shorting bar for maximum current in the bar. Again measure the SWR.

f. Repeat (d) and (e) until the SWR is as low as
feasible. A SWR less than 1.2 is required.

g. Substitute a #6 wire shorting bar for the meter bar,
and make all stub connections permanent.

NOTE: If unusual difficulty is experienced in lowering the SWR,
it is suggested that the stub be disconnected, SWR of the unstubbed antenna
be measured, and the stub re-connected at the correct distance from actual
Imin at dimension (D) calculated from measured SWR, using formula Tan D =VR.
Refer to paragraph 2.2 (a) (2).

2.4. In the previous instructions for stub tuning no adjustment
has been made for transmission line balance (equal currents in adjacent
sides of the transmission line). It is well not to worry about balanced
currents in the transmission line during the initial adjustments of the
antenna stub match. The folded vertical doublet antenna is inherently

unbalanced, due to the proximity of one end to the earth. Inherent

L=k
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unbalance is greatly exaggerated during conditions of high SWR, before
stub adjustments are complete.

2.5. After stub adjustments are completed, the antenna is ready
to be excited by its normal transmitter at its assigned frequency.
Balanced currents in the two sides of the transmission line are to be
attained by adjustment of the transmitter output network or antenna coupler.
Iwo RF meters have been provided at each transmitter to facilitate this
balancing adjustment.

3. ADJUSTMENT OF DOUBLE STUBS AT HORIZONTAL AND TILTED DOUBLET
ANTENRNAS

3.1. Although the singleé-stub method used to match a vertical
folded doublet to its transmission line is an extremely simple and effect-
ive method, the length required for the matching stub becomes greater as
the design frequency for the antenna is lowered. For the lowest fre-
quency vertical doublet antenna listed in Table 1B, (antenna IV 26 for
5500 kilocycles) the length of the matching stub is approximately 15 feet.
If the single-stub method were to be used for the horizontal and tilted
doublets listed in Table 1A, a stub length of 4O feet would be required
for antenna DH17. Stub lengths greater than about 30 feet become in-
creasingly difficult to handle physically. The double-stub method was
therefore adopted for the lower frequency doublets listed in Table 14.
Using the double-stub method, the matching stub (F-2) becomes only two-
thirds as long as the usual single stub. The other stub (F-1) is thres-
fourths as long as a single stub, but may be located, as indicated by
Fig. 1A, so that excess length may be easily installed without mechanical

conflict with the transmission line poles.

L-5
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3.2, The double-stub method of impedance matching has another
advantage besides stub length. It is more convenient to adjust, since no
change in the stub attachment points are required. 411 adjustments are
accomplished by moving the location of the stub shorting bars.

3.3. Figure 1A and Table 14 of RS 66D 1311 provide a diagram
and the approximate dimensions for locating and adjusting the two stubs.
The dimensions, as specified in Table 14, were determined from the
following considerations:

a. A1l horizontal and tilted folded doublets, as con-
structed at Kodiak, are intended to have an electrical length of 0.5 wave
length. The antenna transmission line attachment point is therefore at
& current loop (Imax) when the antenna is excited at its resonant fre-
quency. A standing wave current minimum (Imin) will therefore be found
@&t 0.25 wave length from the antenna, on the unstubbed transmission line.

b. The double stub impedance match may be considered to
be a half-wave transformer extending from the closed end of one stub, along
the intermediate transmission line, and down to the closed end of the other
stub. £ current loop (Tmax) will exist in the shorting bar of each stub.
The tuning stub nearer the antenna may be adjusted to tune out antenna
reactance, while the other stub adjusts the transmission line "match",
The two stubs camnot, however, be adjusted independently: when one stub
is lengthened, the other must be shortened to maintain an approximate
half wave length of transmission line between shorting bars.

¢. Spacing between the two stubs,(E-2) in Fig. 1A,
determines the range of impedances which can be matched by the double-

stub method. At a spacing of 0.25 wave length (90 degrees) a 600 ohm
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transmission line may be matched to any antenna load in the range 600 ohms
to infinity. With a spacing of 0.375 wave length (135 degrees) a 600 ohm

line may be matched to any antenna load in the range 300 ohms to infinity.
Half-wave (180 degree) spacing is not useful, since all transformer action
is lost. A stub spacing of 0.375 wave length (135 degrees) was therefore

adopted for the double-stubbed antennas at Kodiak.

d. Location of the stub F-1 (dimension E-1 in Fig. 14),
in relation to the standing wave pattern of the unstubbed transmission line,
determines the amount of reactance which must be tuned out by the double
stub transformer. The best range of adjustment is obtained by attaching
stub F-1 at a standing wave current minimum (Imin). Calculation of stub
length for this location is also simplified, because antenna reactance is
zero at an Imin.

e. Stub lengths F-1 and F-2, as specified in Table 14,
were calculated from the formulas:

(1) STUB F-1 LENGTH Cot By =1+ VY2R-1/R

(2) STUB F-2 LENGTH Cot B, =1+ VYQe.1
where B; and By are the electrical lengths of stubs F-1 and F-2,
respectively, and R is the SWR before stubbing.
The foregoing formulas apply when the stub F-1 is located at a standing
wave current minimum (Imin). The calculated lengths for stubs F-1 and
F-2, using an estimated SWR of 2.0, are 28 degrees and 20 degrees,
respectively. These lengths were converted to the nearest fractional
wave length, 1/12 wave length (30 degrees) for F-1 and 1/16 wave length
(22.5 degrees) for F-2, for listing in Table IA as a guide to the

initial setting of stub shorting bars.
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3.4. It is suggested that the adjustment of each double-stubbed
doublet be accomplished as follows:

&. Disconnect both stubs, excite the main transmission line
with RF power at the assigned operating frequency for the antenna, and
measure the unstubbed SWR.

b. Reconnect stub F-1 at the standing wave Imin nearest the
antenna. Reconnect stub F-2 at a distance E-2 on the transmitter side of
F-1, using the spacing specified by Table 1£.

c. Install RF meters in two stub shorting bars and secure
with solderless connectors at lengths F-1 and F-2, as listed in Table 14&.

d. Again apply RF power to the transmission line at the
assigned operating frequency. Adjust stub shorting bar F-1 for maximum
current. Measure the SWR between the transmitter building and stub
attachment point F-2.

e. Unless the measured SWR is less than 1.2, move stub
sho:ting bar F-2 to lengthen or shorten the stub. Readjust stub shorting
bar F-1 for maximum current. Again measure the SWR.

f. Repeat (d) and (e) until the SWR is as low as feasible.
A SWR less than 1.2 is required.

(g) Substitute #6 wire shorting bars for the meter bars, and
make all stub connections permanent.

NOTE: Paragraph 3.4 (c) suggests the installation of two RF meters,
for convenience if a variation in adjustment procedure is desired. One
meter, installed in stub shorting bar F-1, is sufficient for complete
stub adjustment in accordance with the foregoing procedures.

3.5. Location of stub F-1 at other than Imin, with & conseanent
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relocation of stub F-2 at 3/8 wave length spacing toward the transmitter,
is permissible if mechanical limitations for stub attachment so dictate.
With such relocation, stub lengths F-1 and F-2 will differ from values
given in the table.

3.6. After stub adjustments are complete, the antenna is ready for
excitation by its normal transmitter at its assigned frequency. Balanced
currents in the two sides of the transmitter are to be attained by ad-
Justment of the transmitter output network or antenna coupler.

L. ADJUSTMENT QF VERTICAL PARASITIC ANTENNA ARRAYS

L.1 A total of 12 directional antenna arrays, consisting of two
vertical doublet antennas of the folded type, spaced 0.25 wave length apart,
have been const?ucted at Kodiak, to be used on fixed frequencies assigned
for wide-area point-to-point, or what might be considered point-to-area
communications. These antenna arrays consist of one folded-doublet
element, or antenna, driven by a single-stub matched transmission line,
exactly like the vertical doublet antennas discussed in section 2, and &
second folded-doublet parasitic element, or reflector, excited by mutual
coupling from the driven antenna, and tuned by adjustment of the position
of a shorting bar on a short tuning line.

L.2. Figure 1C and Table 1C of RS 66D 1311 provide a diagram
and approximate dimensions for locating and adjusting the single antenna
stub, and for the initial location of the shorting bar on the parasitic
reflector's tuning line. Dimensions specifqﬁd'in Table 1C were determined
from the following considerations:

a. The length (F) and %ogéxion (E) for the antenna

tuning and matching stub were determined in exactly the same way as
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discussed in paragraphs 2.2 (a) through (c¢) for simple vertical folded
doublets.

b. The location (G) for the parasitic element tuning bar
was chosen to provide approximate resonance of the reflector element at the
operating frequency of the antenna. Further adjustment will be required
to obtain the desired radiation pattern from the array.

L.3. Tt is suggested that the adjustment of each vertical
parasitic array, for minimum SWR in the main transmission line, and for the
required radiation pattern from the array, be accomplished as follows:

a. Check the physical dimensions (E), (F) and (G) as
installed by contract. Relocate the stub, as required, to agree with the
(E) dimension shown in Table 1C. Set the shorting bar on the reflector
element tuning line to agree with dimension (G) of Table 1C.

b. Follow the procedure for vertical folded doublets,
as outlined in paragraphs 2.3 (b) through (£);, to reduce SWR in the main
transmission line to a low value.

c. Set up an AN/PRM-1 field intensity meter at least
500 feet distant in the forward direction from the antenna array. Adjust
the shorting bar in the reflector element tuning line for maximum field
intensity in the forward direction, as indicated by the AN/PRM-1.

d. Recheck SWR in the main transmission line and readjust
stub dimensions (E) and (F) if required.

e. Recheck field intensity in the forward direction and
readjust reflector shorting bar dimensioqi(G) if réquired.

NOTE: In the foregoing instructioﬁs it is assumed that maxig?m gain

in the forward direction is desired from the array; rather than best front-
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to-back ratio. Alternate procedures and a re-adjustment of the reflector
shorting bar would allow adjustment of the array for minimum field in the
back direction, if this condition were required. In fact, the reversal
of field pattern, to provide msximum gain in tne back direction, is
possible by adjustment of tne reflector shorting bar. It is tnerefore
important to make this adjustment using a field strengtn indicator,
rather than an RF meter in the shorting baf, to obtain the desired
radiation pattern.

f. After stub and reflector adjustments are completed, sub-
stitute a #6 wire shorting bar for the RF meter in the antenna tuning
stub, and make all stub and shorting bar connections permanent.

5. ASSIGNMENT OF QPERATING FREQUENCIES

5.1. Tables 1&, 1B and 1C list an operating frequency assign-
ment for each of the 53 folded doublet antennas and parasitic antenna
arrays. The frequencies listed are in agreement with data obtained from
the Cammanding Gfficer, U.S. Naval Communication Station, Kodiak, Alaska
during August 1954. Whenever it becomes necessary to use one of the
stubbed antennas at a new frequency differing by more than 2% from the
original frequency assignment, it is highly desirable to re-adjust the
stubbing for the new frequency, following procedures outlined in the
foregoing instructions. It is considered feasible to operate a folded
doublet antenna, or array, at frequencies either above or below the
design frequency, with some loss of radiation efficiency, without chang-
ing the antenna length, provided that stubs are readjusted for minimum

SWR on the transmission line.
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L-2. Characteristics of the Wave or Beverage Antenna for Transmission.
(Excerpts from RCA Report F-li5-65)

The Wave or Beverage Antenna may be used for transmission as well as
for reception. For some applications it has several outstanding advantages
over conventional antennas, such as:

1. low cost. No expensive towers are required.

2. Ruggedness° Since the antenna is supported on relatively low
supports, such as wooden poles, it is not exposed to the high winds

experienced aloft on high towers.

3. Reduced hazard to airplanes. Obviously the low supporting
structures are of substantially no hazard as compared with high towers.

L. The Wave Antenna can often be put up with materials at hand
eliminating transportation of heavy towers.

5. The Wave Antenna works best over ground of poor conductivity,
which is the worst condition for the conventional antenna.

6. The antenna is aperiodic and changing frequency is a very
simple operation as far as the antenna is concerned.

The functioning of the Wave or Beverage Antenna depends greatly upon
the electrical properties of the soil such as resistivity and dielectric
constant. These properties determine the variations in the orientation
of the electromagnetic field which in turn determines whether or not the
system shall have any appreciable radiation characteristics.

For a better understanding of this statement let it be assumed
that the ground is a perfect conductor and that the overhead conductor
is free of losses. A charge or wave train after having been initiated
at one end of the line will proceed toward the other end entirely un-
impeded in its momentum. If absorbed by a resistance at the other end
at the rate of propagation along the line, there will be no reflection.

If the charges are entirely unimpeded, their fields, although they slide

along conduclor, remain invariable. No radiation, theretore, takes
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place during their travel along the line. However, radiation does take
place at the points of input and absorption, since these are the points
where the fields are dynamic, i.e. put into existence and again eliminated.
The direction of the flow of the electromagnetic energy E x H known as the
Poynting vector, is in this case, parallel with the wire. That this
should be so is easily understood since both overhead conductor and
ground are assumed to be of such nature that no potential gradient can
exist parallel to these conductors so that the electric field and con-
sequently the magnetic field must lie in a plane perpendicular to these
conductors. It can thus be said that under these conditions the electric
field enters the conductors perpendicularly. All the energy remains un-
tapped until reaching the termination of the line where it will be ab-
sorbed by the resistor and a small amount be spent in radiation due to

the extinction of the fields at that point.

If it is desired that energy should be exchanged in the transit
along the line, this can be expressed by saying that the fields must be
so modified or re-oriented that the Poynting vector is thrown out of
parallelism with the line. More completely expressed it may be said that
the total energy vector "field™ must lose its parallelism and become either
divergent or convergentoA Part—of the energy exchange thus obtained may
then be in the form of radiation.

It was discovered by Beverage that receiving antennas of this type
could be made very effective by selecting localities where the soil
characteristics were such that a substantial transit energy exchange
could be produced. The general requirement is high resistance soil.

The effect of high ground resistivity is twofold. It permits the

4-13



BUSKIN LAKE (T) RS 3A 534 SECTION 4

formation of ®surface® potential gradients. It also permits the
electromagnetic field to enter into the ground and be subject to its
dielectric properties. Both these phenomena are condwive to "wave
tilt". In this way the Poynting vector can be deviated downward.
Energy will then partly enter the ground to be absorbed and partly
be reflected. The reflected energy will be radiation.

It should be noted that the viewpoint taken so far has been for
wave antennas used as a radiator;, i.e. primarily as a transmitting antenna.
Naturally a device of this nature is reciprocal in application and there
should be no need to distinguish between receiving and transmitting
antennas. However, it is somewhat difficult to introduce common concepts
which are equally lucid to cover both cases. |

A complete analysis of the wave antenna is not as yet available.
However, some of its more important engineering aspects can be derived
with the present knowledge. So for instance, regardless of the relative
magnitudes of influence from resistivity and dielectric constant of the
ground, it is a safe conclusion that when the resistivity is low the
performance can be boosted by lowering the characteristic impedance of
the antenna. This is equivalent to decreasing the gradient of the field
above the ground. Hence a greater portion of the total gradient will
exist in the ground. In this way a stronger surface component will
follow which results in greater wave tilt. Such tilt is; of course,
necessary in order that transit radiation may occur.

Since much of the signal strength obtained with wave antennas
derives from its directive characteristics and since the forward radi-

ation is additive, increased performance can be obtained by lengthening
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the antenna. When the velocity for a certain given characteristic
impedance over a certain locality is known the ultimate possible length

of antenna can be calculated. This length is limited by the phase differ-
ence between the space and the line waves and should not exceed three wave-
lengths.

The design, therefore, becomes somewhat dependent upon the soil
condition. Localities with high conductive soil, however, should be
avoided sincé this condition can only be partly compensated for by design.
The construction of long, low impedance wave antennas also becomes very
expensive.

Wave antennas may be supported in a manner similar to transmission
lines. Wooden poles permitting an average wire height of about 20 feet
are sufficient. A three-wire antenna with three No.lO wires connected
in parallel and arranged in an equilateral triangle and spaced five feet
apart will have a characteristic impedance of 275 ohms. This impedance
appears to be about right for a one wave-length long antenna at 150 ke
under high resistance soil conditions. For lower resistivity a four or
six wire cage is recommended. It should, of course, be appreciated that
no gain in wave tilt or in attenuation is to be had from paralleling wire
systems which have no mutual impedances such as independent, parallel
lines 25 feet or more apart.

The three-wire antenna can then be constructed like a three phase
line with one cross-arm supporting two wires while the third is supported
at the top of the pole. Since the voltages involvq%,are low, regular
glass telephone insulators on wooden pegs furnish sufficient insulating

supports for powers up to five or six kilowatts. Metal pegs should be
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avoided for insulator supports. The antenna wires are connected in
parallel.
It is necessary to provide a ground wire system at each end of the
antenna. The grounding system at the input end should have as low re-
sistance as possible. An 18-2) wire starfish type ground system having
a radius from 50 to 100 feet is satisfactory. On rocky ground screen
material over a radius of 50 feet will probably be satisfactory.
& couple of examples of successful wave antennas for transmission
may be quoted:
1. Frequency = 152 ke
Wavelength = 197k meters = 647l feet
Length of antermma = 5700 feet
Characteristic impedance = 350 ohms
Ground condition = deep mica sand
Antenna attenuation = 2 5 1
Velocity = 82.4%

2. Trequency = 117 ke
Wavelength = 2600 meters = 8200 feet
Length of antenna = 5800 feet
Characteristic impedance = 275 ohms
Ground condition = deep mica sand

1 foot snow blanket

Antenna attenuation = 1.53 : 1
Velocity - not measured

Both of these antennas gave a reported signal gain at 800 miles
distance of approximately 3 s 1 over a 180 foot tower flat top antenna
having an antenna resistance of 2.5 ohms.

The first of these antennas was a two-wire receiving antenna which
had been temporarily converted to a transmitting antenna. It was 0.9
wavelength long. After experimental data had been taken it was used
in traffic for 24 hours. The second antenna, which was built for trans-

mitting purposes, is of the three-wire type. It is used in regular

iraffic. Its length is only U.( wavelength.
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it is aperiodic and non-selective to frequency. If it is desirable to
retain these features, resonant auxiliary circuits must be avoided. This
is relatively easy to do when using this antenna for receiving purposes,
where appreciable losses can be tolerated as long as they do not affect
the signal to noise ratio.

High signal to noise ratio derives from directivity, selectivity
and power used at the transmitting end. It is therefore obvious that
greater care against circuit losses must be exercised at the transmitter.

In practice, it is often found inconvenient to locate the trans-
mitter close to the input end of the Wave Antenna. Transmission lines
must then be used.

The losses in an open two wire transmission line per se are very
low since the characteristic impedance of such lines is high relative
to conductor and insulation resistance. The figures for such lines as
taken from a paper by Sterba and Feldman in the I.R.E. Proceedings for
July 1932 are as follows:

#4 wire 100 k¢ 0.025 db/1000 feet
#4 wire 200 ke  0.035 db/1000 feet
#6 wire 100 ke 0.029 db/1000 feet
#6 wire 200 k¢ 0.041 db/1000 feet

These figures will, of course, only be right if a line is carefully
matched and extremely well balanced. In such cases, the indications are
that very long lines of this type could be used. Long, open lines will,
however, always introduce the hazard of considerable variations in ef-
ficiency under rain and sleeting conditions both from direct loss and
also from mismatch. Transmission lines, only a few thousand feet long,
at the'most, should be considered. It does not, therefore, appear too

4 _
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in which case the antenna may be used also as a transmission line, as is
often done at receiving stations using the Wave Antenna. The possible
success of such an arrangement for transmission remains to be proven.

Since the Wave Antenna does not represent a pushepull balanced load
and since its characteristic impedance in most cases will differ from that
of the feed line, special link circuits must be provided. The ideal so-
lution to this problem is to employ iron core transformers. Suitable
core material for such transformers is now available thanks to recent
intensive efforts in this field. For a balanced two-wire line having
a characteristic impedance of 550 ohms terminating into a Wave Antenna
having a characteristic impedance of 275 ohms, the impedance ratio of
the transformer would be 2 : 1. The voltage or turn ratio will thus
be V2 : 1.

As has already been pointed out, a long open two-wire line should
be well balanced. Loss due to ground and radiation may otherwise be
encountered due to the presence of a push-push component on the line.
Excessive capacity coupling between windings in the transformer should
therefore be avoided. However, it may be possible to use an auto-
transformer which is midtapped to ground for the feed line connection.
The midtap will then also serve as ground return for the Wave Antenna
while the antenna itself is connected to one of the two ends of the
coil. The midtap and the antenna connection are made permanent whereas,
the feed line connections may be tapped symmetrically about the midtap
for adjustment of the impedance ratio. If the leakage of this trans-
former is low, it should provide satisfactory balance of the feed line.

It has been sug&eated that a cage type coaxial line having the same
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characteristic impedance as the antenna may be used. In this case both
the feed line and the antemna would be unsymmetrical and the antemna may
be fed directly by the line. The proposal has considerable merit provided
the leakage between center conductor and surrounding cage is small. The
cage should then be made large enough so that there will be no possibility
of it filling up during a snowfall. This arrangement has the advantage
that no transformer is required but may require greater effort and skill
to install.

Coaxial lines of lower characteristic impedance such as are available
on the market have vastly higher loss; they are more expensive and would
require an impedance restoring circuit. Such circuits include inductance
and capacity and will tend to make the system selective to frequency.
Circuits for such purposes providing the most reasonable frequency se-~
lective band width are of the L-type filter section variety.

The old tuned circuit method can; of course; be used for connecting
any type of line to any type of antenna, but would probably prove too
critical to meet modern modulation requirements in a fully satisfactory
manner. Special filter type circuits can be designed which will perform
a transformation not only of impedance per se but also, will transform an
unbalanced load into a balanced one. Such circuits, however, become com-
plicated and require good understanding and skill in their handling and
possess no remarkable superiority over the old tuned circuit method.

Two-direction or two-way usage of the wave antenna is fascinating
and also practical in connection with reception. The advisability of
the same practice for transmission is rather doubtful.

One must, of course, distinguish between two-way operation on the
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same frequency and on different frequencies. Simultaneous operation on
a single frequency seems rather difficult from a cross-modulation stand-
point. If simultaneous operation is not required and if communication in
one direction is easier than in the other; operation on a single frequency
is very easy. The absorber resistor at the far end of the antenna may then
be discarded and the thus reflected residual energy may be used for com-
munication in the "easy" direction. It must be born in mind, however,
that the impedance at the input end will then become somewhat indetermi-
nate and must be studied in each case for best matching to the feed line.
If more equal signals are desired for the two directions the ab-
sorber resistor must be transferred to the transmitter end of the antenna.
A push-pull to push-push reflection transformer must replace the absorber
resistor at the far end. The absorber and the transmitter can then be
switched around between the push-pull and the push-push termination of
the antenna at the input end. It is; of course, needless to add that
the same procedure can be followed for non-simultaneous operation on
different frequencies. If the antenna should have unusually high attenu-
ation or if the transmitters should be unusually non-sensitive to cross
modulation it may be possible to discard the absorber resistor and operate
the system simultaneously on two frequencies in the opposite directions.
Whether simultaneous in opposite or in the same direction, trap cir-
cuits will, however, usually have to be provided. The system then becomes
the most complicated when arrahged for communication in the opposite di-
rection. The two transmitters as well as the mequired two absorber
resistors must then each be interlinked with individual series - parallel

trap circuits. For this type of operation in the same direction such
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trap circuits need only be used at the transmitter. One common absorber
will then suffice.

From a utility and reliability standpoint such procedure is not
recommended for the common run of outpost stations. Whenever land is
availaﬁle it will be far better to build several antennas. In that

way the non-selective features can also be retained,
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BUSKIN LAKE (T) RS 34 53k SECTION L

4=3. Procedures for testing and installing the Navy Model AN/FRT-L
radio transmitting equipment at U. S. Naval Communication
Station, Kodiak, Alaska.
1. Helix house. Conductance Test for Litz cable terminations.

The cable furnished for winding the AN/FRT-l antenna variometer
(L2001) and antenna loading coil (L2002) is designated as 20/12/32/.005
Litzendraht or "Litz". It is composed of twenty conductors arranged
around & central core. Each conductor is made of twelve "strands* or
bundles of thirty-two #36 AWG annealed copper wires (0.005" diameter).
Each wire is separately insulated with enamel and silk.

After the Litz cable ends are terminated by soldering to termi-
nal plates, in accor&ance with pages 3-13 to 3-18, inclusive, of the
AN/FRT-L instruction book, it is necessary to make the following test to
determine if.all wires of the Litz cable are properly soldered and making
low-resistance contact to the terminal plate:

a. Measure accurately, to three significant figures, the
total DC resistance between terminals for each length of Litz cable
used in winding the variometer and loading coil. Use of a *DUCTOR"
resistance bridge, for measurement of very small DC resistance values
on the order of 0.0001 ohms, is essential.

b. Measure accurately the cable length from terminal to
terminal for each length of Litz cable used in winding the variometer
and loading coil. From the measured length, in feet, calculate the
cable resistance befween terminals; using the following data for
20/12/32/.005 Litz cable at 20° C (68° F):

QHMS per 1000 feet 0,05k
GHMS per 100 feet 0.0054
QIMS per 10 feet 0.0005h
GHMD per foot 0.000054

L-23
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Example: Measured length of Litz cable = 132 feet.
DC resistance = 1 x 0054 = .005L
3 x ,00054 = ,00162
2 x .00005L =_.000108
Total - - - - 007128
Calculated resistance, three significant figures, = 0.00713 ohms
¢. Compare the measured resistance of each length of termi-
nated Litz cable with the calculated resistance for the same length of
cable. If the measured resistance is more than five per cent higher
than the calculated value; investigate the soldered terminal plates for
defects. It may be helpful to measure the resistance of Litz terminations
bundle by bundle, to determine the quality of the termination. The follow-

ing table provides theoretical resistance values at 20° C (68° F):

Ohms/1000 ft. Qhms /100 ft. Ohms/10 ft. Ohms/ft.
0.005" copper
wire L15 41.5 L.15 0.415
32/.005 strand 13 1.3 0.13 0.013
12/32/.005
conductor 1.08 0.108 0.0108 0.00108
20/12/32/.005
cable G.05L 0.005L 0.0005) 0.00005)
2. Helix house - Calibration of anter meter (L2001) and

of antenna variom
antenna loading coil (L2002).
Figure 3-16, page 3-30 of the AN/FRT-L instruction book,
specifies ihe number of turns of Litz cable between taps for the vari-
ometer (L2001) and loading coil (L2002). After installation of the
antenna tuning equipment perform the following measurements:
a. Measure the inductance and resistance of the variometer

(L2002) at both minimum and maximum positions of the rotor, for each



BUSKIN LAKE (T) RS 3A 534 SECTION L

combination of 1ink ccnnzctions listed in figure 3-16.

b. Measure the inductance and resistance of the loading coil

(L2002) for each combination of link connections listed in figure 3-16.

Compare the measured values of inductance with the design
values listed in figure 3-16. Re-measure any doubtful values. When
certain that measurements are correst, recora (L2 asasured values of
inductance and resistance, and attach to page 3-29 of the AN/FRT-l in-
struction book (NAVSHIPS 91169) for the benefit of station personnel.

Make calibration charts for the variometer and loading
coil to show graphically the change of inductive reactance with change
of frequency through the 50 to 150 kilocycle range, as follows:

¢. Plot a family of six curves for the antemnna loading coil
(L2002) making one curve for each of the six values of inductance measured
iﬁ paragraph b. Plot reactance in ohms as ordinates against frequency in
kilocycles as abscissa. Label each curve with number of turns, measured
inductance; and link comnections required to obtain the inductance value
represented by the curve.

d. Similarly plot a family of curves for the antenna wvari-
ometer (Lz0O1) showing minimuwn and maximum reactance in ohms against
frequency in kilocycles. Use two sheets of graph paper, one to show four
sets of minimum reactance and maximum reactance curves for parallel con-
nection of the variometer rotor coils, the other to show similar data for
series connection of the rotor coils. Four pairs of maxima and minima
curves will be required on each sheet to show data for the four possible
arrangements of stator turns.

e. Plot a curve of reactance against frequency to show the

amount of inductive reactance contributed to the antenna tuning system

L,
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by the line terminating transformer (T2001) through the frequency range
50 to 150 kilocycles. Assume its inductance to be 50 microheneries.

f. Flot on separate graphs the variation of loading coil and
variometer resistance with frequency.

3. Helix house - Calibration of vertical radiator.

Upon the completion of the 600 foot veriical radiator at Kodiak,
the following measurements of electrical characteristics are required:

a&. Measure the resistance and reactance of the vertical
radiator at frequencies from 30 to approximately 250 kilocycles. Héasure=
ments should be made at every five kilocycle interval throughout the
specified range. Connection of the measuring equipment (in all probability
& Model OH radio frequency bridge) should be made to the vertical antenna
within the helix house at the inboard end of the lead-in trunk.

Make a calibration chart for the vertical radiator to show
graphically its change in capacitive reactance (Xc) with frequency,
through the 50 to 150 kilocycle range, plotting reactance in ohms as
ordinates against frequency in kilocycles as abscissa. Extend the graph
by dashed line to show antenna characteristics above and below the AN/FRT-L
transmitter frequency range; particularly extend to zero reactance, to
record the resonant frequency of the vertical radiator. Plot on the same
graph the measured values of antenna resistance against frequencyo

Although the antenna characteristics for the 600 foot
radiator at Kodiak will not parallel those for the 800 foot vertical

radiator at NPC, the following data is provided as a sample:

L=26
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Electrical properties of 800-foot vertical radiator at NPC:
(Battle Point, Bainbridge Island, Washington)

Freguency (KC) Hesistance (Ohms) Reactance (Ohms)

30 1.6 1060 (Capacitive)
Lo 1.3 785
50 1.4 610
60 1.5 500
80 2.0 360
120 4.0 200
150 6.2 135
180 8.9 80
210 12.7 30
233 16.8 0 (Resonant
frequencies)
250 20.0 25 (Inductive)

. Helix house - Adjustment of antenna system for specific
operating frequencies.

For all operating frequencies within the range of the AN/FRT-)
transmitter {50 to 150 kilocycles) the antenna reactance will be capaci-
tive, requiring the use of series inductance from the antenna loading
coil (L2002) and the antenna variometer (L2001} to tune the antenna to
resonance. Adjustment of the antenna system to a specific operating
frequency may be made by using the calibration curves prepared in para-
graphs two and three above. The following steps are required:

&. From the rea@tance/frequency curve for the vertical radiator,
read the antenna reactance in olms at the desired operating frequency.

b. From the reactance/frequency curves for the antenng loading
coil; antenna variomeﬁer9 and terminating transformer select strap and
Junper connections to insert a reactance equal to the antenna reactance,
Select as large & value of loading coil reactance as possible, in order
to leave a small value of reactance for the variometer to supply. Use

of the parallel connection for the variometer rotor coils is desirable

27
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to avoid rapid change of tuning with small rotation of the variometer coil.
This is of particular importance at the higher frequencies. Avoid a se-
lection of reactance values which places the resonant value near the ex-
treme end of the variometer range (either minimum or maximum).

¢. Prepare a tuning chart for adjusting the strap and jumper
comections of the AN/FRT-l antenna tuning equipment at specific operating
frequencies including 50, 100, and 150 kilocycles and other operating
frequencies which the ngnandant, Seventeenth Naval District, may request
by official correspondence. A typical tuning chart; showing fictitious

values, is developed below for guidance:

T2001 and Variometer
Operating Antenna Ioad Coil Variometer Load Coil Btator Hotor
Freg.(KC) Xc (@hms) Xr {(Qhms) X1 (Ohms) Turns Turns
50 610 500 80-150 32 26 Parailel
61.75 485 325 100-170% 20 26%  Parallels
80-210 20 18 Series
100 205 150 70-150 9 18 Parallel
135.6 162 52 £0-130 I 1§  Parallel
150 135 60 25-80 kL 10  Parallel
55=1h5#x L 1% Parallel

# Preferred connection to avoid rapid change in tuning with small
variometer rotation.

## Preferred cennsetion to avoid resonance at the extreme end of
variometer rotation rangse.

After choosing anterra loading coil and antenna variometer
strap and jumper connections for ewch operating frequency, in accordance
with the foregoing instructions; antenna tuning is completed as follows:

d. At ezch operating frequency, follow the procedure outlined
in section 3, paragraphs 9¢ (2) through 9c¢ (10) pages 3-31 and 3-32 of the
AN/FRT-L instruction book. By these procedures the antenna system is

tuned to resonance and the termination of the 600-ohm transmission line

is adjusted to present a pure resistance load.
a?9R
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5. Helix house - Adjustment of safety gap at the antenna lead-in
bushing

A safety gap is installed &t the antenna entrance (HV lead-in
bushing) within the helix house to provide a path for discharge of ab-

normal voltages between the antenna and ground. Installation and ad-

justment of this antenna sphere gap (E2001) is described in section 3‘!  ca AT

Tx

paragraphs 6m (1) through ém (5), page 3-20 of the AN/FRT-} instruction " °
book. Paragraph ém (5) specifies a gap spacing of approximately four
inches. Setting of the antenna sphere gap should be made in conjunction
with full power tests of the AN/FRT-4 transmitter. The gap spacing must
be set wide enough to allow full power operation; without flash over, at
the lowest transmitter frequency.

Sphere gap (E2001) is not to be considered a protective device
for high RF voltages developed by the transmitter, since flashover at
this point will cause detuning of the antenna system and may result in
damage to antenna tuning components from abnormal voltages developed.

It is recommended that protective gaps be installed from each
side of the 600 ohm transmission line to ground near the input terminals
of transformer T-2001. These gaps should be set to break down at approxi-
mately 5000 volts (a ball-gap spacing of between 0.05" and 0.1" is indi-

ated). & prastical means of setting is +o increase the gap spacing by

4

50 per cent over a spacing which will just flash over at full trans-
mitter power. Primary to ground flashovers at transformer T-2001 have
caused burn out of the primary Litz winding in a similar installation

not equipped with protective gaps.
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6. Project completion report as of 1 August 1955 - Project to
install; test, calibrate and conduct full-power heat runs on

AN/FRT-L radio transmitting set.

Final testing of the AN/FRT-4 radio transmitting set at U. S.
Naval Radio Station (T) Buskin Lake had been delayed pending receipt
and installation of the PA blower assembly. The original blower assembly
of the Buskin Lake installation had been shipped to the transmitting
station at Mt. Moffett, Adak upon failure of theirs.

Upon notification by the Industrial Manager, Seventeenth Naval
District that a replacement blower assembly had been received at Buskin
Lake for the AN/FRT-L installation, arrangements were made by this office
to place the equipment in operational status. Initial testing was begun
by Assistant Industrial Manager, USN, Seattle personnel on 13 July 1955
with the assistance of station personnel as a familiarization program.

The transmitter and antenna load inductances were calibrated
on the following frequencies: 53 ke¢/s, 61.75 kc/s, 105.85 ke/s, 1099?5 ke/s,
135.6 ke/s, and 139.1 ke/s. Circuit discrepancies, minor in nature, were
corrected when found. A major failure was PA tank capacitors.

Full power sustained heat runs were attempted - on 109.7 ke/s,
with failure of €-323, a final PA tank capacitor, after six hours duration.
The capacitor was replaced from spares and centigrade reading thermometers
were then secured to each tank capacitor in the circuit and the heat run
continued. Thermometer readings were recorded quarter-hourly and tracked
against the ambient level. 4 second capacitor C-32} overheated and a
third, C-=325, heated sufficiently to be considered defective. These
capacitors were replaced from equipment spares and the heat run continued.

None of the other originally installed capacitors showed overheating

L4-30
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effects nor did any of the replacement capacitors. The heat run under
full-power was continued successfully with no undue heating of any
transmitter components..

Power tests were then attempted on the assigned frequency of
53 kc/s. Qperation of the transmitter at its lowest voltage tap re-
sulted in an antenna current of 125 amperes into an antenna resistance
of 1.35 ohms. This represents a power output of 21 kilowatts and,
based on an antenna reactance of 898 ohms, a voltage in excess of 112
kilovolts develops across the antenna helices. This voltage is considered
excessive. The helix house sphere gap, set to eight inches, continually
broke down under this potential with consequent dumping of the transmitter
load. The transmitter was then unlocaded slightly by decoupling the
driver stage output into the final amplifier grid circuit. This allowed
an antenna current of 108 amperes, a power output of 15.5 kilowatts, and
a tower voltage of 97 kilovolts. Although the sphere gap jumped only
sporadically at this voltage, the tower itself developed corona of such
a magnitude as to be heard as an audible hissing a considerable distance
away. Corona also developed at points on the helices and antenna vari-
ometer. It is recommended that the transmitter not be operated on this
frequency due to the excessive voltage developed across the antenna
circuitry even at the lowest possible operating power.

The transmitter was then put in full-power operation on 109.7
ke/s, and frequency shift and CW on/off keying tests conducted. Satis-
factory reports were received from U.S. Naval Radio Station (R) Clam
Lagoon, Adak. Control circuit and stability tests completed the final

testing of the transmitter and the installation of the AN/FRT-L was

considered by this office to be complete.
<21
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Transmitter calibration charts were prepared and turned over
to the Officer in Charge with limitations of the antenna system noted.
Station personnel were instructed as to helix house and transmitter
change-of-frequency methods. Several changes for training purposes
were also accomplished.

RECOMMENDATIONS

To obtain full rated power output of this transmitter without
developing dangerous voltages across the antenna loading helices, it is
recommended that a frequency between 100 ke/s and 150 ke/s be assigned.
Antenna reactances in this frequency range will be sufficiently low so
as to prevent voltages from approaching the 100 kilovolt danger point
regardless of antenna current. An assigned frequency below 100 ke/s
will result in decreased power output if safe operating voltages on

the antenna circuits are not to be exceeded.

L-32
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L=l

ANTENNA TUNING DATA
FOR
AN/FRT-4 TRANSMITTER
U. S. NAVAL RADIO STATION (T) BUSKIN LAKE

KODIAK, ALASKA
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4 KODIAK, ALASKA
U. S. NAVAL RADIO STATION (T) BUSKIN LAKE

ANTENNA IOADING HELIX
and
VARIOMETER TUNING CALIBRATICN
for
600 FOOT TOWER RADIATOR

9 May 1955
Frequency ——Cognections to teps om Variometer
Kilocycles  Anteunsg Helix Aptenng Variometer Rotor Comnect
* 50 1 and 12 A and L Series
* 53 1 » 12 A * J Series
55 1 12 A " H Parallel
* 57 5 " 12 A 0 J Series
60 1 10 A " L Series
* 61.75 1 10 A " L Series
65" 1 . 10 A g Series
.70 1" 8 S L Series
- 75 1 v 8 A v J Series
80 1l ~ 8 A " J Series
85 1 8 A " H Series
90 1 6 A " L Parallel
95 1" é A " L Parallel
* 100 1 6 At 7 Parallel
+ 105.85 1 » 6 A * J Parallel
* 109.70 1 » 6 A * H Parallel
115 1 » 6 A ®* F Series
120 1 6 A " F Series
125 1 4 A " H Series
130 1 v 4 A " H Parallel
* 122.1 1l 4 A " H Parallel
* 135.6 1l 4 A " H Parallel
# 139,11 1 » 4 A * H Parallel
145 1 2 A " J Parallel
* 150 1 2 A " J Parallel

Note: 1. See AN/FRT-4 Instruction Book, Figure 3-16 for informaticn
on variometer rotor connections.

2. CAUTION: Use short Lits jumper lead to connect antenna trunk
on upper taps of antenna helix for operstion on lower

franianad aa
AAVIUR L LOS o

#  Transmission line termination calibrated for these
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BUSKIN LAKE (T)

RS 3A 534

KODIAK, AlASKA
U. S. NAVAL RADIO STATIOR (T) BUSKIN IAKE

SECTICN L

TRAKSMISSION LINE TERMINATION TUNING CALIBRATION
AK/YRT -4

10 May 1955

For termimation circuit capacitors, varioseter 12003 and

trensformsesr T2001.

FPigure 3-16.
Frequenoy Capacitor
Kilooycles —Moke
50 D-2, D-6,
53 D-2, D-6,
14 D-2, D=6,
61.75 D-2, D-6,
100 D-2,
105.85 D-3,
109.7 D-3,
132.1 D-4,
135.6 D-4,
139.1 D-4,
150 D-4,

L-35

Variometer
Rotor (12003)

¥ ¥ 8 8

8

Refer to AN/FRY-4 Instrwetion Book,

Transforwer

Rotor (7200})
61
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KODIAK, ALASKA
U. S. NAVAL RADIO STATIOK (T) BUSKIN LAKE
600 FOOT TOWER RADIATOR

HELIX AND VARIOMETER CALIERATION
(Rotar in series with ten turms)

Inductances ~ for variocus 6oil combinations 6 May 1955
Loading
Lofl Ygrioneter

Mp. Mgx. Mip. Max. Mip. Mex. Mip. Mex.
340 568

0 0 &R 150 445 217 419 795

4 51 133 391 201 496 %8 619 A70 846

9 227 309 57 317 672 444 795 646 1022
U 456 538 796 606 901 673 1024 875 1251
20 79 881 1139 949 1244 1016 1367 1218 1594
32 1460 1542 1800 1610 1905 1677 2028 1879 2255
A7 2420 2502 2760 2570 2865 2637 2988 2839 3215

Li-36
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KODIAK, ALASKA
U. 8. HAVAL RADIO STATIOK (T) BUSKIN LAXE

HELIX AND VARIOMETER CALIBRATION

AN/YRT =4
(Rotor ia parallel with tem turns)

INDUCTANCES - for various seil combinations

6 May 1935

Losding

Twps Ioductance 10 Twrps 4 Turps a8 Twrns 2 Turns

0 0 20 81 51 - 1% 120 248 303 437
4 51 71 132 102 201 171 299 35& 488
9 220 247 )08 218 3M 347 475 530 664
VY 456 476 537 507 606 576 704 :759 893
20 799 819 880 850 49 919 1047 1102 1236
32 1460 1480 1541 1511 1610 1580 1708 1763 1897
A7 2420 2440 2501 2471 2570 2540 2668 2723 2857
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XODIAK, ALASKA
U. S. NAVAL RADIO STATICN (T) BUSKIN LAKE

ANTENNA LOAD CHARACTFRISTICS
for
600 FOOT TOWER RADIATCR

Resonant Frequensy f, # 337.5 kilocycles

S May 1955
Frequency, Reactance Resistance Antenna Antenna
Kilocyecles Ohms Chme Current Kilovolts
at 50 Xy
—ANDS

50 940 1.37 191 179
53 898 1.35 192 173
55 852 1.4 193 165
57 812 1.34 T 193 157
60 T2 1.35 192 148
61.75 755 1.35 192 145
65 713 1.37 191 136
70 660 1.40 188 125
75 613 1.42 187 115
80 567 1.45 186 105
8s 525 1.49 183 96
90 502 1.52 181 91
95 470 1.59 1m 83
100 448 1.65 174 78
105.85 415 1.70 172 71
109.70 406 1.82 166 68
115 375 1.9 162 61

120 360 2.02 157 57 |
125 340 2.15 152 52
130 322 2.% L7 47
132.1 318 2.35 145 46
135.6 310 2.47 142 44
139.1 300 2.65 137 41
145 280 2.85 132 37
150 272, 3.05 128 35

L-38
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L-5. Instructions for installation and maintenance of 2-wire/lj~wire
teletype repeater for use with IN/FCC=3, =75 or =8 carrier
telegraph terminals

Reference drawings ASTINDMAN,USN, Seattle RS 23E 545

1. Need for a 2-wire/l-wire repeater.

When it is necessary to provide the functions of ®*half-duplex®
teletypewriter service via a radio link, then & 2-wire/li-wire repeater
will be required to connect the "2-wire" terminal of the hal f-duplex
teletype loop into the separate "send® and “receive® chann¢1§ (i.e., the
“j-wire" terminals) of the radio link. Such a repeater isrbﬁilt into
certain tone telegraph terminals, for example the Navy Model UG, so that
no external repeater is needed. Other tone telegraph terminals, such as
the Navy Model UN and the AN/FCC-3, require an external teletype repeater.
The RS 23E 545 teletype repeater; to be described here, was designed to
provide half-duplex teletype service in conjunction with Navy LN/FCCmB,
=7, or -8 tone telegraph terminals.

2. Deseription of RS 23E 545 repeater.

This repeater is assembled on a seven inch standard relay rack
panel; with a self-contained power supply operating from 115 volts 60
cycle AC. Signal connections are made to the repeater by means of a
6-contact WAN* type connector, J-1;, as designated in the reference
drawing. The repeater supplies line current or "battery" for a 60-mil
neutral teletype loop, with an externgl loop rgsistance of 700 ohms or
less. Adjustment of the teletype loop current is made at rheostat, R-T7,
on the front panel, and a looping Jjack, J=3, is provided for reading the
loop current by means of an external milliammeter. A 1000-ohm resistor,

R-6, in series with the teletype loop, limits current to a safe value

L-39
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even when the external loop connections, E and F of J-1, are short
circuited. The "send" terminals, & and B of J=1, carry open-and-close
signals from the repeater's SEND relay to key a tone telegraph transmitter
channel of the AN/FCC-3. The "receive® terminals, C and D of J-1, connect
the operate coil of the repeaterf’s RECEIVE relay to external 60-mil signals
coming from a tone telegraph receiver channel of ihe AN/FCC-3. The 30-mil
bias for the repeater‘'s RECEIVE relay is supplied internally when the
polar-neutral switch; S5-2, is thrown to neutral. The *polar® position of
the RECEIVE relay switch is not used in normal operation, but is provided
to allow cpening the bias circuit to the RECEIVE relay to accept polar
signals, if this is required. Normal operation of the repeater is with
@ 60-mil NEUTRAL loop comnected to the teletype side, and with the
AN/FCC-3 channels, switched for “BATT FRMM EQUIP" and "NEUTRAL OUTPUT*,
connected to the CCL side.

3. Installation of RS 23E 5L4S repeater.

The repeatér is intended for installation in a relay rack
cabinet in the vicinity of the associated AN/FCC-3 tone telegraph equip-
ment. The rack mounting rails should be set back far enough in the cabi-
net to prevent relay covers from extending beyond the front face of the
cabinet. One repeater will be required for each AN/FCC-3 channel in-
tended for half-duplex teletype operation. External connections are to
be made between control plug, P-1, and a cabinet terminal board, using
6-conductor flexible cable. From the cabinet terminal board the re-
peater circuits should be carried to Jacks in the CCL patching panel

and labeled as follows:

. P-1 A and B “RPTR 1 CCL SEND®
Pl C oang D #RPTR 1 CCL RECV™
P-1 E and F "RPTR 1 TT LOOP"

L=ho
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When a second RS 23E 545 repeater is installed the corresponding jacks
are to be labeled:

*RPTR 2 CCL SEND¥

*RPTR 2 CCL RECV*"

“RPTR 2 TT LOOP%

i. Operation of the RS 23E 545 repeater.
The repeater has been designed for a mirnimum of adjustments and

controls. Before placing a new repeater in operation, the three 2554
relays should be tested, using a standard test set for teletype relays,
and relay adjustments should be made, as required, for normal spacing of
contacts and pole pieces and for minimum signal distortion. When the AC
power switch is turned ON; and the internal rectifier tube (SY3GT) has
heated, the RECEIVE relay (K-1) will move to SPACE and the BREAK and SEND
relays (K-2 and K-3) will move to MARK. Patch the "CCL SEND® and *CCL RECV®
repeater circuits into AN/FCC-3 SEND and REC chammels (DC loops). Make sure
that the AN/FCC-3 transmitter is set for WBATT FRM EQUIP* and that the
AN/FCC-3 receiver is set for "BATT FRM EQUIP™ and for "NEUTRAL OUTPUT®,
Patch the repeater "IT LQOP* into a local teletypewriter loop connected
for 60-mil neutral half-duplex operation. With a MAKING signal furnished
from the AN/FCC-3 receiver, the repeater REG relay (K-1) will close to
MARK and repeater relays K-2 and K-3 will remain in a MARK condition. Now
adjust the current in the local TT loop to 60 milliamperes at the repeater
control R-7, "ADJUST LOQP CURRENT®, using a DC milliammeter plugged into
J-3. Adjust the current in the repeater receive relay coil by adjusting
the TT LOOP CURRENT control in the AN/FCC-3 receiver for 60 milliamperes.
The loop current control in the AN/FCC-3 transmitter is not eritical,

but will normally be set for 60 milliamperes also.
Lk
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The repeater is now ready for operation and will transfer
teletype signals in either direction over the radio link associated with
the AN/FCC-3 chammels in use. An incoming signal from the AN/FCC-3
receiver will key the repeater RECEIVE relay and the local TT loop, while
repeater BREAK and SEND relays hold steady MARK. If the local TT loop is
opened, the repeater BREAK and SEND relays move to SPACE and “break® the
distant operator by opening the send side of the radio link. When the
distant operator stops sending the repeater RECEIVE relay hoids steady
MARK and the local TT loop may be keyed with outgoing traffic. Repeater
BREAK and SEND relays key together during the transmission of outgoing
traffic. The distant operator may "“break" by opening his TT loop, in
which case the AN/FCC-3 receiver channel SPACES, the repeater RECEIVE
relay moves to SPACE and the local TT loop is broken.

The teletypewriter equipment at the ®"distant" end of the radio
link may use a similar repeater to work into its AN/FCC-3 channels, or
half-duplex teletypewriter service is also possible with a repeater at
only one end of the radio link. Assuming the "distant" end of the link
has no repeater, its teletype machine may be comnected ¥split® (separate
send and receive connections) into the AN/FCCoB transmitter and receiver.
In this case the teletype loop is closed by the repeater at the *near®
end of the link, so that half-duplex operation is provided to the distant
station. At a small communication facility where patching of %split®
teletype machines; using two patch cords, is not considered toc incon-
venient; such operation will save the cost of a repeater. It is essential,
however, to have a 2-wire/L-wire repeater installed at one end of the

radio link for half-duplex operation.
L-L2
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5. Maintenance of #he RS 23E 545 repeater. .
Routine maintenarce of the repeater consists of regular test
of the three relays follow:ng the same routine set up for ofﬂér teletype
relays on the station. In addition to relay tests, the condiiion of the
SY3GT rectifier tube should be checked, and the rectifier output voltage
should be measured across the resistor string R-3, R-h, R-5. Normal
operating voltage, with 60 milliamperes in the local TT loop, is 120

volts IC.
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L4-6. Electronic facility instruction for printing telegraph equipment-2
Department of Commerce

Civil Aeronautics Administration
Washington 25, D. C. (capry)

May 8, 1953

To: A11 Regional Administrators
From: Chief, Electronics Maintenance Branch

Subj: Gscilloscope telegraph signal distortion measurements

The following procedure describes a method of determining the distortion
content of teletypewriter signals. The primary advantages of this method
are:

1. An oscilloscope, which is & common piece of test equipment, is
used. This then means that teletypewriter distortion may be
measured without the use of a signal analyzer. (The CAA
possesses a very limited number of signal analyzers)

2. The method of oscilloscope analysis has been used in the past,
but was usable only if a series of one single character was
being transmitted to the teletypewriter line. The method
described here works equally well on both single character
transmissions or miscellaneous transmissions.

Equipment required to make distortion measurements is as follows:

1l ea. Oscilloscope with slow sweep speed (approximately 6 cps)

1 ea=. 47 ohm, 1 watt resistor

1l ea. 30 mmf condenser

miscellaneous wire and teletypewriter line plug
Connect the resistor and condenser as shown in Figure 23. The
line cord leads are connected to the resistor terminals, one side of the
resistor is then connected through the condenser to the Y input terminal
of the scope, and the other side of the resistor is connected to scope
ground. (The adaptor shown in Figures 11 and 23 is not a necessity. It

is a convenience: the terminals provide for easy connection to the scope

terminals; the switches provide for easy reversing of the signals, and for

easy shorting of the capacitor.) After the connections are made, the line

plug may be inserted in a teletypewriter line for test purposes.
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For proper display of the signals, the resistor should be connected
to the line in a manner such that negative going impulses (mark to space
transitions) are shown as negative "pips". Since the mark to space tran-
sition at the beginning of the start impulse is always present, this tran-
sition will be used to synchronize the oscilloscope. Some oscilloscopes
however, cannot be made to synchronize on a negative signal. In general
scopes in this class are thase which do not have a *sync® voltage control
which provides for both positive and negative synchronizing voltages.

In the event that a scope that can be synchronized only on posi-
tive signals is available, it will be necessary to comnect the resistor so
that mark to space transitions are displayed as positive impulses on the
oscilloscope; the resulting signal displays will be the inverse of those
shown in the accompanying figures.

Recommend Procedure for Observing Signals

a. Turn scope "locking" or ®"sync® control to zero.
b. Transmit a series of ®Rig# to dummy circuit.

c. Adjust scope "freq" ébn%ébl until the trace illustrated in
Figure L of the attached photographs moves to the left at
a slow rate of speed. (Sweep frequency slightly slow. )

d. Adjust "locking® or "sync" control to stop movement of scope
trace. This control will cause one of the negative going
impulses (mark to space transition) to be displayed on the
left side of the scope trace.

e. Miscellaneous signals may then be transmitted to the circuit
for viewing with the scope. Since the mark to space transition
which occurs at the beginning of the start impulse is the only
transition consistently present with each character trans-
mitted, this negative going impulse will be displayed at the
left of the scope trace.

The attached figures show some of the patterns that may be

expected when viewing various signals. Figures 1, 2, 3 and 5 are
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pictures of the scope pattern produced by the resistor alone; the other
figures were taken with the capacitor in the circuit. Figures 6 - 10
show the manner in which the signals are changed when different types of
distortion are present. Bias changes only the upper pips (space to mark
transition) as shown in Figures 7 and 8; end distortion (Figures 9 and 10)
changes only the lower, or mark to space, pips. Figures 13 to 17 show the
type of pattern produced by miscellaneous transmission. This pattern
however, was not produced during & single sweep of the scope; many sweeps
were necessary. In‘Fugure 13, an R-~Y transmission would cause the pips to
flip-flop or pulse, below the line on one transmission, and then above the
line on the following transmission. Miscellaneous transmission will also
cause the pips to "flip-flop" but not quite as regularly. Figures 18 to
22 show an individﬁal impulse length expanded to two inches for easier
measurement.

DISTQRTION MEASUREMENT

Using Figure 19 as an example, it may be seen that the upper pulses
have been displaced (to the left) one quarter of the distance between the
lower pulses. The following steps will then give us the distortion:

1. The distance between the two lower (or upper) pulses is
equivalent to one code impulse length, the distortion is
therefore 25%.

2. Since the upper; or space to mark, transitions have moved,
the distortion is bias. Another way of differentiating
between bias and end distortion is by objerving the start
pulse length. If it is different than the length between
any two adjacent positive impulses, bias distortion is
present. End distortion will not change the start pulse
length.

3. Under the conditions shown in Figure 19, when a marking
impulse is sent, it will start at the first positive pulse
and continue to the second negative pulse. Since this

iy
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distance is longer than the distance between pulses, the
distortion is positive or marking.

It will be noted that the distortion TD used to produce the signals
shown in the photographs did not give a true picture of spacing bias or
spacing end distortion. In Figures 15 and 17, the last positive impulse
should be displaced to the right. Spacing bias should show a stop impulse
shorter than normal, Figure 15 shows a normal impulse; spacing end distortion
should show a normal stop impulse, Figure 17 shows a longer than normal stop
impulse. These errors are caused by using the TD with an ASID unit. A
*sneak®™ path is introduced by the S5 relay. The small pulse preceding
fhe stop impulse in each photograph is due to the inductance of the §S
relay in the ASID unit.

This system is also very useful for solving problems which have to
do with contact bounce or brush bounce. Figures 12 and 2 show a normal E
@nd a distorted E. In this case, the distortion is caused by failure of
the contact bail to follow the operating lever.

This project has been under study for some time by engineers of W-367
and will eventually be incorporated in a teletypewriter maintenance MANOP.
Note 1: It is imperative that the signal differentiated by the

resistor-condenser network be composed of square waves.
Check the signals for wave shape by shorting the 30 mmf
condenser. If the signals are not square waves, the net-
work should be comnected across the contact side of a
printer line relay. This relay, of course, must be free
from distortion.

Note 2: These photographs were taken using Super XX film with a

lens opening of fli.7 and an exposure time of 5 seconds.

/s/ W. M. King W-365
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L4=7. Specifications for the installation of electronic equipment in the
new transmitter building at U, S. Naval Communication Station,
Kodiak, Alaska
SECTION I. GENERAL CLAUSES 16 March 1954
1.01 Intent.

It is the declared and acknowledged intention and meaning to provide
and secure installation of and connections to the radio transmitters and
associated equipment mentioned in these specifications. The installation
shall be complete and in operating order.

1.02 General description.

The work includes relocating certain transmitters taken from
the o0ld transmitter station and uncrating and installing government fur-
nished transmitters and auxiliary equipmgnt in an existing new transmitter
building, a helix house znd four tuner huts. Wiring connections shall be
installed from incoming communication cables to the equipment. Antenna
connections and switching arrangements shall be installed between the
transmitters and existing insulator bowls on the walls of the buildings.
Power wiring from the existing power panels to each piece of equipment
and also inter-unit wiring shall be installed. Minor modifications, de-
gcribed in Section 3 of these specifications, shall be made to certain
transmitters Yo adapt them to this installation. The contractor shall
furnish all the material required, except that designated on the drawings
as furnished by others, and all the tools and labor required to complete
the installation in a workmanlike manner.

1.03 Loecation.

The work shall be located at the U. S. Naval Station, Kodiak,
Alaska.

L-L8
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1.0k Time of Completicn.

The entire work shall be completed within 180 days after date of
receipt of a notice to proceed.

1.05 Drawings accompanying specifications.

The following drawings are a part of this specification:

Bu.Ships Dwg. No. Title

RS 6 E 1Lkl Title Sheet

RS 6 E 14k2 Material List

RS 6 E 143 Equipment Arrangement, First Floor, West Side

RS 6 E 14Lh Equipment Arrangement, First Floor, East Side

RS 6 E 15 Equipment Arrangement, Basement, West Side

RS 6 E 1446 Equipment Arrangement, Basement, East Side

RS 6 E 1447 AN/FRT-l Power & Control Commections

RS 6 E 1448 AN/FRT-l Interconnections

RS 6 E 1449 AN/FRT-l Helix House Equipment Arrangement and
Elementary Wiring

RS 6 E 1450 TDH-k, TDOQ, and AN/FRT-19 Power and Control Connections

RS 6 E 1451 TAB-7 Power and Control Conpnections

RS 6 E 1452 TDN-3 Control Connections

RS 6 E 1453 TDN-I Control Connections

RS 6 E 1L5h TDN-3 and TDN-L Power Connections

RS 6 E 1L55 AN/FRT-5 Power, Control and Interconnections

RS 6 E 1456 Antenna Entrance & T/L Switching, West Side, Plan

RS 6 E 1457 Antenna Entrance & T/L Switching, West Side Elevations

RS 6 E 1458 Antenna Entrance & T/L Switching, East Side, Plan

RS 6 E 1459 Antenna Entrance & T/L Switching, East Side, Elevations

RS 6 E 1460 AN/FRQ-3 Control Console Wiring & Designations,West Side

RS 6 E 161 AN/FRQ-3 Control Console Wiring & Designations,East Side

RS 6 E 1462 0A-489/FRQ-3 Monitor Equipment, Arrangement &
Jack Designations

RS 6 E 1463 OA 4B9/FRQ-3 Monitor Equipment, Audio Wiring

RS 6 E 146 @A 489/FRQ-3 Monitor Equipment, RF Wiring

RS 6 E 1465 Power Cabling Plan, West Side

RS 6 E 1466 Power Cabling Plan, East Side

RS & B 1467 Contrel Cabling Plan, West Side

RS 6 E 1468 Control Cabling Plan, East Side

RS 6 E 1469 Monitor Cabling Plan, West Side

RS 6 E 1470 Monitor Cabling Plan, East Side

RS 6 E 1471 Isolation Keyer

RS 6 E 1472 AN/FRT-18 Power, Control & Intercomections

RS 6 E 1473 Comm. Control Link, Equip. Elevations & Jack Assignments

RS 6 E 14Th Comm. Control Link, Elementary Wiring Diagram

RS 6 E 1475 Comm. Control Link, Antenna Installation

RS 6 E 1476 Cable Running List, Power Cables

RS 6 E 1477 Cable Running List, Control Cables

RS 6 E 1478 Cable Running List, Monitor & Antenna Cables

L-kg
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1.06 Proprietory Articles .

Similar and equal items may be substituted for specified proprietory
jtems, when approved by the Assistant Industrial Manager, USN, Seattle.

1.07 Optional Requirements.

Where a choice of materials and/or methods is permitted herein; the
right to exercise the option will be given unless stated specifically other-
wise.

1,08 Govermnment Work and Material.

The Government will furnish the material so designated on the drawings,
including all the transmitters, the console and monitoring bays. The
transmitter building, the helix house for the AN/FRT-l transmitter and the
four antenna tuning houses for the TAB-7 transmitters are being built by
others and will be near completion prior to award of electronics work.

| The transmitter building, as furnished by the Government, will includes

a. Suitable electrical service and breakers for all the equipment
listed in these specifications, the wiring being complete to the breakers
except panels F and G which shall be installed under these specifications.

b. Lighting.

¢. Cable trays in the basement.

d. Plugged 3" round floor sleeves for pulling zables from the trays
up to the equipment.

e, Steel angles on the inside walls above and below the antenna
transmission line entrance insulator bowls, and overhead T-sectlon beams
along the center line of the transmitter room and transverse at columms
5 and 10 to support interior transmission lines.

f. Insulator bowls complete with 1/2* x 13 threaded brass studs.
g. Plywood sheets secured to the walls below the insulator bowls
to permit the installation of T/L stand-off insulators and antenna

switches with wood screws .

h. Antennas and transmission lines outside of the building
complete and connected to the outside of the insulator bowls.

)Iv:vqn
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Each TAB-7 tuner hut as furnished by the Government will include:

a. One antenna and two transmission line insulator bowls in the
walls complete with external RF connections to the transmitter building
and the antenna.

b. A ground cable stubbed up through the floor.

¢. Three 3" empty ducts from the tuner hut to a junction box in the
basement of the transmitter building for installation of control cables.

The helix house as furnished by the Govermnment will include:

a. Bowl insulators for the transmission line and antenna leads,
complete with external RF connections to the transmitter building.

b. Antenna tower complete with obstruction lights, lighting trans-
former installed, and with connection to the antenna entrance insulator
on the helix house.

¢. Ground mat with connections to copper floor of the helix house.

d. Helix house lighting and heating system including a 3-1/2% duct
and secondary power cable installed and connected from the power house.

e, Two L* ducts to transmitter building basement, one for spare and
one containing a 32 conductor No. 12 lead cable pulled in place but not
connected. This cable has sufficient excess length to permit direct
comection from the control terminals of the AN/FRT-i transmitter to the
helix house eontrol equipment.

f. Interior conduit and junction boxes less wiring and devices for
gate interlocks.

1.09 Electronics Engineer.

The Assistant Industrial Manager, USN, Seattle will furnish an
electronics installation engineer while work under this contract is
underway. The electronics engineer will provide technical guidance,
inspect the work, and test the transmitters and equipment. He will be
responsible to install all fuses. He must be present whenever power is

applied to any of the transmitters.

L-51
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SECTION IT. INSTALLATION METHODS ~ GENERAL.

2,01 Uncrating and Assembly.

Items indicated as "Government furnished equipment® will be available
at the Naval Station, Kodiak, Alaska, and shall be transported to the job
site. Transmitters and associated equipment shall be uncrated and in-
stalled where shown on the arrangement plan. The equipment is partially
disassembled for shippingo The components shall be reassembled in con-
formance with instructions furnished with each piece of equipment. 411
wiring that was disconnected for shipment shall be reconnected even though
some of these connections may not be shown on the drawings accompanying
these specifications. The equipment shall be bolted to the concrete floor
(or wall as applicable) with 3/8% expansion bolts or with 1/4%* studs,
power driven into the concrete.

2,02 Relocation of Existing Equipment.

The following equipment; located in the old transmitter building and
presently in use; shall be disconnected and relocated tc the new trans-
mitter building. The equipment shall be installed in the new transmitter
building in accordance with applicable plans.

Three (3) Model TDH-i radio transmitters

One {1) Model TDN-3 radio transmitter
@ne (1) Model TDN-4 radic transmitter

st mema mvr mha Pd leavroa oo
Four (h) Model FSA fre(’iueuuy Siiiv KSYEers

Two (2) Model FSH frequency shift keyers
Four (L) Model KY-LLC/FX photo keyer adapters
One (1) Model LAJ-1 (FSK monitor)

One (1) Model OBL-3a (FSK monitor)

Two (2) Model LR frequency meters

One (1) Model OBQ-4 VT multimeter

Three (3) Monitor receivers (RBG-2, RBO-2, RCH)
One (1) Model FRF (FSK monitor)

2.03 Cable Installation.

Install cables in the existing cable trays, control and monitor

452



BUSKIN LAKE (T) RS 3A 534 SECTION L

cables in the top tray and power cables in the lower tray. Pull control
cables into existing ducts from the transmitter building to the TAB-T7
tuner huts. No splices shall be permitted except where runs exceed the
lengths of cable procured. Radii of bends must be 10 times the radius
of the cable. Do not use any kinked sections of cable. Provide adequate
mechanical support at cable ends to eliminate any strain at electrical
terminations.

2.04 Cable Markings.

Cable markers shall consist of branded synthetic sleeving slipped
over each active conductor before lugs are attached. Markers shall carry
an identifying number corresponding to the terminal board and terminal
number to which the conductor will be attached. In addition, each con-
ductor shall be marked with the cable designation when such designation
is specified on the drawings. Spare conductors shall be marked with the
cable designation only. Three metal cable markers bearing the cable
designation shall be attached to each cable carried by the cable trays;
one marker at each end and one near the center of the cable run. See
notes 4 and 8 of drawing RS 6E 14lLl.

2,05 Wire Terminations and Joints.

a. Five XV lead cables shall be terminated with their lead sheath
carefully belled out, per detail 1/5 of the drawings, to reduce the
voltage gradient.

b. Lead sheaths and basket weave shields shall be terminated without
damage to the insulation.

c. Lugs shall be used for all wire terminations. Compression type
lugs shall be used for wires size #10 and larger; soldered lugs shall be
used for wires size #12 and smaller.

d. Ground connections shall be soldered to lead sheaths and shields
at each termination. Connection to the ground pin of a plug connector,
with grounding comnection to the ground pin of the associated socket, is

L=53
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applicable for plug and socket connections. Grounding of coaxial shields
to the coaxial plug body is sufficient if the receptacle is grounded.

2.06 Antenna Connections.

Transmission-line wiring from transmitter outputs to switches and
insgnlator bowls shall be carefully arranged as shown on the drawings to
obtain a neat installation. The spacing between wires of each trans-
mission-line shall be accurately maintained at 6" on all lines except
for AN/FRT-li and TAB-7 transmitters, where 12% sbacing shall be used.

Sharp turns shall be avoided. Maximum préctical spacing between trans-
mission lines shall be maintained to reduce coupling from one line to an-
other. The electrical path along transmission line wires from radio
transmitter terminal to antenna or switch terminal must be continuous
and without metallic side branches, to avoid "stub" tuning effects.

2.07 Grounding. »

a. Ground the frames of all equipment including transmitters,
breaker panels, transformers, wire gutter installations and safety

switches. Connections shall be made to the existing ground bus which
runs along the ceiling of the basement. (See notes 1 and 2 of drawing

RS 6E 14)1)

b. Ground antenna switches to the existing L" ground chamnel iron
in the wall beneath plywood panels by means of 1/4-20 machine screw.
(See detail 1/18)

¢. Do not ground the transmission line support wires which are
sectionalized to a 15 foot maximum length between insulators.

d. Grounding of the base of pedestal insulators used on the walls
for transmission line support is not required.

2.08 Testing.

The Navy Electronic Engineer will conduct all equipment tests.
Testing shall consist of an operational test plus those tests detailed in
the instruction books for the specific equipment. All equipment must be
su ilesied before its installation is acceptable. Corrections and

L-5)
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changes to installation wiring as required by the Electronics Engineer
will be made under this specification.

2,09 Transmitter Identification.

The transmitters have been assigned consecutive numbers from 1 to 38.
These numbers are used for identification on the control console and
monitoring jacks. Each transmitter shall be labeled with its assigned
number by means of a laminated phenolic plate, engraved with one inch
numerals and attached to the face of the transmitter. Also, identify
all circuit breakers feeding transmitters with the sppropriate trans-
mitter number. |

2.10 115-Volt Receptacles.

Install a 115-volt duplex receptacle at each transmitter not having
& factory installed receptacle. |

2.11 Cleaning Up.

a. @ld packing crates and other waste shall be removed from the site
and disposed where directed by the Electronics Engineer.

b. Small material surpluses which would be useful for maintenance
shall be stored in the electronics repair room of the transmitter building.

¢. Other material surpluses shall be stored where and as directed
by the Electronics Engineer.

SECTION III. SPECIAL INSTRUCTIONS FOR EACH EQUIPMENT

3.01 Instruction Books.

Instruction books will be furnished for each equipment. The in-
stallation instructions therein are very complete and must be followed.
The following paragraphs describe special features which are additional

to the typical installation described in the instruction book. Ap-

proximate quantities and weights are indicated where known for each

equipment to indicate the magnitude of the job.
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3.02 AN/FRT-l Transmitter and Tuming Equipment.

This installation includes setting up the transmitter in éﬁe transmitter
building and assembling the helix coils and asgociated equipment in the
helix house.

The AN/FRT-ii transmitter is shipped in 8} boxes; with a total
weight of 67,000 pounds, the heaviest box weighing 6270 pounds. The
tuning equipment for the helix house installation is shipped in 71 boxes,
with a total weight of 32,000 pounds, the heaviest box weighing 1850 pounds.

Special additions to the FRT-l are as follows:

a. Install an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b. Install an RF pickup loop for monitoring the transmitter output.

¢. Install a switch box, item 43 of the material list, for selecting
keying circuits and monitor pickups.

3.03 AN/FRT-5 Transmitters

Five AN/FRT-5 transmitters shall be installed in the transmitter
building. Each AN/FRT-5 is shipped in 13 boxes with a tctal weight of
7300 pounds, the heaviest box weighing 2305 pounds.

Special additions to each FRT-S are as follows:

4. Install an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b. Install an RF pickup loop for monitoring the transmitter output.

¢. Connect three existing plugs and Jacks for monitoring con-
nections; as shown by the drawings.

3.0L4 AN/FRT-18 Transmitters.
Sixteen AN/FRT-18 transmitters shall be installed in the transmitter
building in accordance with applicable drawings.

Special additions to each AN/FRT-18 are as follows:

4. Instail an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

) A
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b. Install an RF pickup loop for monitoring the transmitter output.

c. Install switch box, item 43 of the material list; for selecting
keying circuits and monitor pickups.

3.05 TDO Transmitters.

Four TDO transmitters shall be installed in the transmitter building.

Each TDO has a total weight of 1392 pounds uncrated, the largest unit
weighing 1140 pounds.

Special additions to each TDO are as follows:

a. Install an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b. Install an RF pickup loop for monitoring the transmitter output.

c. Install a switch box, item 43 of the material list, for selecting
keying circuits and monitor pickups.

d. Install an isolation keyer.

e. Make internal connections for a monitor pickup and to utilize
an existing jack for the audio signal from the frequency meter.

f. It is assumed that the TDO transmitters furnished for this instal-

lation will not be complete with the field change for frequency shift
keying. This field change is not required.

3.06 TDH-L Transmitters.
Four TDH-l transmitters shall be installed in the transmitter building.

Three are installed in the old transmitter building and are to be moved
to the new building.

A TDH-L is shipped in 26 boxes with a total weight of 14,638 pounds,
the heaviest box weighing 7413 pounds.

Special additions to each TDH-l are as follows:

a. Install an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b, Install an RF pickup loop for monitoring the transmitter output.

c. Install a switch box, item L3 of the material list, for selecting
keying circuits and monitor pickups.

A Trmetall an 1enlatian kavaer
netols an lgolation Xeyer.,



BUSKIN LAKE (T) RS 3A 53k SECTION L

e. Make internal connections for a monitor pickup and to utilize an
existing jack for the audio signal from the frequency meter.

f. It is assumed that the three TDH-4 transmitters presently in use
are complete with the field change for frequency shift keying. This
field change will have to be installed in the new TDH-L.

3.07 TAB-7 Transmitters.

Four TAB-7 transmitters shall be installed in the transmitter building
and four smtenna tuner units shall be installed in existing antenna tuner
huts.

Each TAB-7 transmitter is shipped in eight boxes with a total weight
of 3677 pounds, the heaviest box weighing 1649 pounds. The antenna tuner
unit and field change #1 are in addition to the above. The tuner unit is
estimated to weigh 510 pounds uncrated.

Special additions to each TAB-7 are as follows:

a. Install an BF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b. Install an RF pickup lcop for monitoring the transmitter output.

¢. Install a switch box, item 43 of the material 1list, for selecting
monitor pickups. ’

d. Install an isolation keyer in one of the TAB-7 transmitters for
use with the KY-L3/URT frequency shift keyer.

e. Install a 500-watt power transformer for 110 volt power tu the
tuner unit.

f. Install telephone jacks for communication between the trans-
mitter and its tuner.

g. Install a frequency shift keyer, KY-L3/URT in accordance with
NAVSHIPS Instruction Book 91138, in one of the TAB-7 transmitters. Con-
nect the other TAB-7 transmitters for use with Model FSH keyers.

h., Install Navy field change #1 to each TAB-7 transmitter to adapt
it to use the remote tuner unit. This field change is described in
NAVSHIPS Instruction Book 98248.

3.08 TDN-3 Transmitters.

IDN-3 transmitters shall be installed in the transmitter building.
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One is installed in the 0ld transmitter building and shall be moved to
the new building. Modify the frequency range of three channels, per
RS 13D 500A.

A TDN-3 is packed in 28 boxes with a total weight of 13,650 pounds,
the heaviest box weighing 1270 pounds.

Special additions to each TDN-3 are as follows:

a. Install six RF detectors which light indicator lamps at the
console when the transmitter units are transmitting.

b. Install six RF pickup loops for monitoring the output of each
unit of the transmitter.

c. Install six isolation keyers.
d. Make internal connections for a monitor pickup from the master
oscillator. Install six RF pickup loops for monitoring the exeiter

unit (coil L2) of each transmitter unit.

e. Install cover interlock switches in the plate transformers in
the basement.

f. Install two telephone jacks for audio from the frequency meter.

3.09 TDN-L Transmitter.

One TDN=} transmitter shall be relocated from the old transmitter
building and installed in the new transmitter building. Modify the
frequency range of one channel, per RS 13D 500A.

Special additions to the TDN-4 are as follows:

a. Install five RF

°

a dete s
console when the transmitter units are transmitting

b. Install five RF pickup loops for monitoring the output of each
unit of the transmitter.

¢. Install a keying relay in each RF transmitter channel in
accordance with AIM Sketch 2256B=55.

d. Make internal comnections for a monitor pickup from the master

oscillator. Install five pickup loops for monitoring the exciter unit
(coil L-2) of each transmitter unit.
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e. Install cover intérlock switches in the plate transformers
located in the basement.

f. Install two telephone jacks, for audio from the frequency meter.

3.10 AN/FRT-19 Transmitter.

One AN/FRT-19 transmitter consisting of four cabinets, each L8® x 50%
x 84" and each weighing 2300 to 2900 pounds, shall be installed in the
new iransmitter building, in accordance with applicable drawings.

Special additions to the AN/FRT-19 are as follows:

a. Install an RF detector which lights an indicator lamp at the
console when the transmitter is transmitting.

b. Install antenna coupling transformer TF-11/FRT-19 and switching
for two Beverage antennas.

.11 AN/FRQ-3 Control Comscle.
One control console, consisting of six bays, shall be installed in
the transmitter building.
Special additions to the control console are as follows:
a. Install a panel with provision for ten polar relays.

b. Place line and equipment designations on the various desig-
nation strips as shown on the drawings.

3.12 m-=h89/1mq-=3 Monitor Equipment.

Five bays of frequency monitor equipment shall be installed in the
transmitter building.

Install two additional bays, M12 and M1l3, adjacent to monitor bay,
M11l, to house Model FSA and Model FSH keyers and control equipment as
specifie@ by the drawings.

3.13v Frequency Shift Keyers.

Four Model FSA, two Model FSH;, and four Model KY LhC/FX keyers and

keyer adapters for frequency shift and photo keying shall be relocated
from the old transmitter building and installed in the new transmitter
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building, bays M12 and M13.

3.1 Communication Control Link Equipment.

New equipment provided by the Bureau of Ships for the transmitter build-
ing to Cape Chiniak communication control link shall be unpacked and that
portion of the equipment which is assigned to NRS(T) shall be installed in
the new transmitter building as specified by the applicable drawings.

Installation of the following equipment is required:

Two Model AS-20/TRC-1 antennas

One Model AN/TRC-1 equipment including transmitter and receiver

One Model CF-1A terminal equipment (with L-wire/2-wire switching
panel added)

Two Bays, Model AN/FCC-8 tone telegraph equipment, send and receive

The following equipment, located in the old transmitter building and
presently in use; shall be disconnected and relocated to the new transmitter
building. The equipment shall be installed in the new transmitter building
in accordance with applicable plans:

Four Model AS-20/TRC-1 antennas

Three Model R-19/TRC-1 radio receivers
Gne  Model T-14/TRC-1 radio transmitter
Two Model CF-1B voice terminals

Seven Model UG telegraph line terminals

The following equipment; to be provided by the Commanding Officer,
Naval Communication Station, Kodiak, shall be installed in the new trans-
mitter building in accordance with applicable plans, to provide a link to

the air traffic control tower.

One Model AS-20/TRC-1 antenna
OGne Model T-1L4/TRC-1 radio transmitter

3.15 Designation of Terminal Strips.
All terminal boards, items 45 and 133, shall be identified at time
of installation with engraved phenolic or other suitable permanent desig-

nation marking in acca‘iance with terminal board numbers and conductor

L-61



hd )

BUSKIN LAKE (T) RS 3A 53k SECTION )

numbers assigned by the applicable drawings. (For example: TB-1 to
TB-20, and pair numbers, assigned by drawing RS 6E 147lL, sheet 3L)

3.16 Card Holders for Operational Designations.

Provide and install two metal card holders for three by five cards
on the face of each transmitter unit. The purpose of these card holders
is for visual display of antenna switching data cards and cards in-
dicating circuit employment by the operating forces. Detailed location
of the card helders shall be as requested by the Officer in Charge, Naval

Radio Station (Transmitting).
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