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In desigining buildings for the repeater
stations of the radio relay system® between
New York and Boston, it seemed desirable
to make a single structure serve both to
house the equipment and to support the
antennas. Not only would this tend to
greater overall economy, but it would
simplify and shorten the waveguide con-
nections between the equipment and the
antennas. A study of the space required
for the apparatus indicated that a building
approximately a 28-foot cube with two
Hoors would adequately house the equip-
ment, which is essentially the same at all
sites. The proper heights for the antennas.
however, are not the same at all sites since
they depend on the elevation of the site
itself, on the elevations of the adjacent
sites, and on the nature of the intervening

*Recorp, December, 1947, page 437.
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terrain. At four of the seven sites, however,
the roofs of the proposed building would
be high enough to permit the antennas to
be mounted directly on them. For two of
the remaining sites, an additional height
of 14 feet was required for the antennas,
while at one site an additional 24 feet was
needed. Tt was decided to obtain these
greater heights by continuing the building
columns through the roof to support a
platform at the height required. This
resulted in the types of buildings shown
in the accompanying illustrations.
Reinforced concrete is used for the floors
and roof and for the supporting columns
and beams, but the side walls are of cinder
blocks painted white. These walls are
double: an 8-inch outer wall and a 4-inch
inner wall with two inches between them.
Not only does the air space provide high
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insulating value, but it permits all moisture
seeping through the outer wall to be
drained off before reaching the interior of
the building.

A central and four corner columns sup-
port the transverse concrete beams carrying
the second floor and roof. For those stations
requiring a raised platform for the an-
tennas, the columns are continued through
the roof to support the super-structures.
The central column also carries a flue for
the heating system and is extended well
above the antennas to carry the furnace
gases away from them. Diagonal and
intermediate transverse concrete beams
carry the load on the super-structure. Its
tloor consists of subway grating — flat steel

Fig. 1-The station on John Tom Hill is the only one
with an antenna platform 24 feet ahove the roof

ig. 2—Front, at the right, and left side of Balc
Hill station. The two doors on the left side lead t
the engine and furnace rooms

strips on edge — to permit snow and rain
to fall through, and thus keep the bases
of the antennas clear.

Each antenna must be precisely oriented
in azimuth along the line to the associated
antenna at the next station. The orientation
of the building itself, however, was a com-
promise between the axis of transmission
and the approaching road. These roads
vary in length from 600 to 4,000 feet, and
are brought from the nearest highway over
grades up to 17 per cent. The direction
from which they reach the top is thus
determined largely by the local topo-
graphical conditions. It was necessary,
therefore, to provide means for orienting
the antennas independently of the position
of the building. For the buildings with a
raised platform, this was done by mounting
8-foot circular concrete plates over the
diagonal crossheams of the super-structure
as evident in the accompanying illustra-
tions. The antenna is carried on a skeleton
base of angle iron to which it is fastened
after the base is in place. The concrete
plates are identically placed on all the
platforms, while the position of the an-
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over a three-wire a-c circuit, which is
normally fed from transformers on the
commercial power lines. Two other sources
of power, however, are available at each
repeater station. One is a battery that
drives a dynamotor type ot converter sel
with a 230-115 volt a-c output. The other
is a gas-engine driven a-c generator of
similar voltage. The battery is kept on a
trickle charge at all times through a recti-
fier, and is thus normally fully charged.

If the commercial supply fails, automatic
switches at once start the battery-driven
converter, and the main power leads are
automatically switched by a contactor from
the commercial supply to the battery-driven
generator. The battery has sufficient capa-

Fig. 4—Cut-away view of repeater station showing
interior layouts and structural features

%ig. 3—Right side, at left, and rear of Bald Hill
station. Low wall opposite rear of huilding is te
wevent back-drafts to the engine exhaust

tenna hase on the plate is determined
separately for each antenna. In this way,
the supporting members of the super-
structure are all alike, regardless of how
the antennas are oriented. For the buildings
not carrying a super-structure, concrete
piers from two to six feet in height are
set on the roof slab at the proper positions,
and the antenna bases are set on them.
Plus or minus 2-15 degrees adjustment in
azimuth — as well as plus or minus 5
degrees in elevation — is provided by the
angle-iron bases themselves to take care
of the final adjustment.

One of the important considerations in
the design of a repeater station is the
provision of an adequate and dependable
power supply. A power line is brought
in for each site, but at these exposed hilltop
positions, high winds are almost the usual
fare. Damage to the lines from wind and
sleet must be expected, and thus stand-by
emergency power, ready to take over the
load instantly, had to be arranged for. This
is provided by the system shown in simpli-
fied form in the accompanying diagram.

All power is supplied at 230-115 volts
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city to carry the load for four hours, but
to play doubly safe, the control circuit is
arranged so that if the power outage
endures more than two minutes, the gaso-
line engine is automatically started. After
it has run long enough to be warmed up
and in continuous operating condition, the
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load is automatically transferred from the
battery-driven generator to that driven by

the gas engine. When the commercial
power comes back on, it will automatically
take over the load, and all circuits and
apparatus that are involved will be restored
to normal conditions.
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In the meantime, alarm signals have been
sent to a maintenance center, where alarms
show when the power fails, when the bat-
tery takes over, and finally when the load
is transferred to the gas engine set. It is
thus at once known that a power outage
has occurred and that the load is being

July 1948

FRONT OF BUILDING

carried by the battery or the gas engine,
as the case may be. From then on, the
force of the maintenance center will take
over supervision, seeing that steps are
taken to restore commercial service, and
visiting the station to make sure the gas
engine is properly cared for. If it is evident
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Fig. 7 — Antenna
platform of Jackie
Jones station show-
ing antenna  plates
and the floor of sub-
way grating
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by the signals received that the gas engine
has not taken over after five minutes, a
man will at once go to the repeater station
to attempt to locate the trouble and get
the engine started. 1f because of somz
serious trouble the engine cannot be started,
a portable gas engine set mav be trucked
to the repeater station to carry the load
for as long as necessary. Switching ar-
rangements for such portable supply are
provided at each station.

This power supply equipment, together
with the heating svstem and a washroom,
occupies the entire first floor as showu in
the accompanving floor plan. Except for
two air-conditioning units, the second floor
is devoted exclusively to the communica-
tion equipment and its maintenance. The
main repeater bays are along the center
at cach side of the central column, while
along the walls are cabinets for spare parts,
work benches, a desk and two cabinets:
one for 24-volt power and the other for
order wires and alarms. Waveguide con-
nections from the repeaters pass through
hatches in the roof to the antennas above.
The two air-conditioning units on the
second floor have a refrigerating capacity
of 1-15 tons cach. Studies conducted by
the Long Lines Department of air condi-
tioning and simple blower ventilation
svstems had shown the costs of the two
systems to be about the same if thev were
used only when the temperature without
them would have exceeded 90 degrees F.
It was decided, therefore, to install air
conditioning to secure experience with this
tvpe of equipment at unattended offices.

Large windows are set in the middle of
three of the walls on the second floor, and
there is also a loading door on the left
wall through which equipment is hoisted.
Windows are omitted completely on the
first floor exeept in the washroom. There
is a main entrance with stairs leading to
the second floor just at the left. and two
other doors on the left wall — one for the
furnace room and one for the gas engine
room, as may he seen in the accompanying

Fig. 10—24-volt power control cabinet and
order-wire and alarm cabinet on the second
floor of the repeater station

July 1948

www.american

Fig. 9-Second floor of a repester station showing the
repeater bays af each side of the ceniral column

8

f )
4
)
Ll



www.americanradiohistory.com

E

illustrations. The hooded openings evident
in the photographs are for cooling air for
the gas engine, a ventilator in the battery
room, and for the air-conditioning system.
Heating is by forced air circulation, using
a completely automatic oil burner with
alarms carried to the maintenance center.
Large buried tanks carry oil for the furnace
and gasoline for the emergency gas engine.
Wells are driven at each site for the
necessary water supply.

These buildings have already been in
use for about a year and have proved very
satisfactory. Even the cold and snowy
winter just past found them well able to
meet it

Fig. 11—Front view of Birch Hill radio relay
station. This and the Jackie Jones station have
antenna platforms 14 feet above the roof

THE AUTHOR: W. L. Tierney joined the Lab-
oratories in 1925 and until 1940 was associated
with the Specialty Products Department on field
engineering of radio broadcasting and police radio
systems. For nearly five years he was then at the
Radiation Laboratory of Massachusetts Institute of
Technology working on the Loran project. Upon
return from war work he joined the Research
Department where he has been concerned with
field engineering problems on the New York-
Boston microwave radio relay project.
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H. C. FRANKE
Transmission

Engineering

Telephoune and teletypewriter service to
the scattered settlements and resorts of
Death Valley, California, was provided for
years over a single pair of wires strung on
a pole line of the old Tonopah and Tide-
water Railroad from Baker through Silver
Lake, Tecopa and Shoshone to Death Val-
ley Junction. When the railroad suspended
operations and pulled up its tracks, the
Telephone Company continued to maintain
the pole line.

The cost of maintaining the old pole
line in difficult terrain became burdensome,
and as the demand for telephone service
increased the decision was made to
abandon a part of the old open-wire line
and to provide all facilities to the Death
Valley area by means of radio. Radio
transmitting and receiving equipment
similar to that used in the land stations of
an urban mobile telephone system was
installed in the existing Specter Mountains,
Nevada, repeater station on the Las Vegas-
Reno line, and in a Quonset hut just
outside the town of Death Valley Junction,
California, both of which are unattended
locations. Two separate single-channel
two-way radio systems were used initially
to provide two telephone circuits over this
28-mile path. It was the first point-to-point
application of FM type radio in the 150
mc range in the Bell System’s toll network.

Traffic growth now requires additional
tacilities, and these have been provided by
superposing Type-H carrier channels on
each of the existing radio systems. The
standard Type-H carrier system is designed
for equivalent four-wire operation over a
single pair of wires using the upper side-
band of a 7150-cycle carrier for east to
west transmission and the lower sideband
for west to east transmission. The radio
system, however, is an actual four-wire
facility, and it is therefore necessary to
convert the H carrier system to this type

July 1948

of operation. Minor modifications can be
made to adapt the H system to this use.
In fact, two separate type H systems can
be used, simultaneously, over the same
four-wire facility. Including the voice cir-
cuit, this provides a total of three message
circuits over a single radio system.

In the Death Valley systems, the arrange-
ment illustrated in Figure 2 was used. Two
H carrier terminals (one east terminal and
one west terminal) were installed at each
end of the radio system, with cross-
connections as indicated. For the trans-
mitting direction, the output from each
carrier terminal is connected to the input
of the radio transmitter, along with the
voice channel, through proper filter and
pad arrangements. In the receiving direc-
tion, the three channels are separated at
the output of the radio receiver by suitable
filters and the two carrier channels are
demodulated in the carrier terminals.

SPECTER MOUNTAIN
REPEATER STATION

NATIONAL
QMONUMENT

DEATH VALLEY

VALLEY \i JUNCTION
RADIO
STATION

N

J SHOSHONE

b 7

/N

\OPEN WIRE LINE
\,’ABANDONED

Y\\“

_____ SILVER
T—1—T—T7- POLE LINE LAK

BAKER

’*ﬁﬁailf \RCUITS FOR THE
mmf ALLEY m &_ gg%

Fig. 1—How the radio link is integrated into the wire
network. Telephones in Death Valley can ring each
other; operator assistance is given in San Bernardino
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Fig. 2—Application of tiwco Type-H systems to a radio terminal

Since the radio equipment was designed
primarily for single chammel use. minor
modifications were required to adapt it to
cover a 10.000-cvcle band needed to trans-
mit the two additional H carrier chanuels.
For multiplex operation of the phase
modulated radio svstem, low values of
frequency deviations are used in order
to reduce the cross-modulation between
channels. Information on these modifica-
tions, interconnection of the H carrier
equipment and radio equipment and

recommended operating levels all had to be
provided. The writer visited the radio sites
during the planning period.
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Since traffic requires only four telephone
circuits at present, one of the two radio
systems is provided with equipment tor
only one carrier channel, while the other is
provided with equipment tor two carrier
channels, the second of which is used to
handle a teletypewriter circuit. The open-
wire line shortly will be abandoned be-
tween Tecopa and Silver Lake and all
service will be furnished over these two
radio systems. The Pacific Company has
reported that the four radio message cir-
cuits (two voice frequency plus two H
carrier) and the teletypewriter civcuit (H
carrier) are performing satisfactorily.

THE AUTHOR: 11. C. Franke has been a mem-
ber of the Laboratories” technical staff since he
received his B.S. in E.E. from Cooper Union in
1935. He was initially concerned with problems
relating to the stability of long haul carrier cir-
cuits in the Transmission Engineering Department.
During the war he was engaged on various radio
problems for the NDRC and the Navy. At
present his work deals with the applications of
short haul radio systems and the investigation of
propagation at microwave frequencies. Mr. Franke
is a4 member of the LLRE.
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In 1910, work on the panel
svstem was actively under way,
but u switching system of the
rotary type using selectors with
much larger banks than those

(]
( U\]l/l ' ment. With each half oscillation

/ - of the pendulum, the escapement
i
[ \ |

swings in one direction to allow
B its escape wheel to progress.
%l and on the next half oscillation
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of the step-by-step svstem had
already been developed by F. R.
McBerty of the Western Electric
Company and was ready for trial. 1t was
decided to install it in the West Street
building — now Bell Telephone Labora-
tories — to replace the manual board in
use at that time. Like the panel system,
the McBerty rotary svstem used a sender
to control the selectors, and part of the
sender was a circuit that counted the
pulses sent to it from the selectors as they
progressed. Among the engineers respon-
sible for adjusting the circuits and keep-
ing them in working order was E. C.
Molina. Each of the relays used for
counting carried a number of springs,
including a make-before-break sequence.
These relays were at the top of a bay,
and Molina was incessantly running up
and dewn a ladder to adjust them, since
a new contact trouble would develop
about as soon as one was corrected. In
desperation, he finally invented a new
counting  circuit with  fewer and
simpler contacts and much taster in
operation. A patent was applied for on
September 14, 1911, and patent 1,039,988

was issued on October 1, 1912. The
Molina counting circuit was at once

applied to the McBerty system and also
to the panel system, and in its essential
features has been used ever since.

Perhaps the first automatic count-
ing device was the clock escape-
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it swings in the other direction
to permit the wheel to progress
another tooth. The amplitude
of the pendulum’s oscillation has no effect
providing it is sufficient to release the
escape wheel, and continuous uncon-
trolled motion is prevented by the suc-
cessive releasing and locking actions of
the escapement.

In using relays to count pulses, the
equivalent releasing and locking action
for each pulse is obtained by using a
pair of relays. Just as a complete oscilla-
tion of the pendulum consists of a halt
swing in one direction followed by a
half swing in the other, so an electrical
pulse consists of two transitions, or
changes in current value: a beginning
transition and ending transition. One
relay of the pair operates on each trans-
ition. Instead of using the same pair of
relays to count successive pulses, however.
as a single escapement counts successive
oscillations, a chain of relays is employved
with one pair for each of the greatest
number of pulses to be counted. After
a pair has counted one pulse, it estab-
lishes a connection to the next pair in the
sequence which will count the next pulse.
and so on. After the desired number of
pulses has been counted — which is pre-
determined by the closure of a contact
at the required pair of counting
relays before the sender starts
selection — the selector is stopped

9
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through a contact of the last counting relay
that has operated. .

The original McBerty relav counting
svstem, revealed iu patent 1,127,466 —
applied for on September 2, 1909, and
issued on February 9, 1915 — employed
this basic principle. Pulses from the
selector operate and release a relay in the
sender, which connects battery to an a
lead when it is operated and to a B lead
when it is released. A pair of the McBerty
counting relays is shown at the left of the
accompanying illustration, where one relay
is marked am and the other ~. A battery
connection on the a lead, when the pulsing
relay is operated, operates the a relay,

chain would have its £ contact counected
directly to the a lead, and thus the
relay of the first pair operates on the first
closure of the pulsing relay. The pairs
then operate successively until the pair is
reached that has its ¢ contact closed.
The much simpler counting circuit
devised by Molina is shown at the right
of the illustration. Only five contact springs
are required for each pair instead of the
twelve required by the McBerty pair, and
no make-betfore-break. sequence is required
at all. Only one pulsing lead is used. and
the pulsing relay connects ground to the
lead when it operates and breaks the
ground connection when it releases. Be-

TO E CONTACT .
~_OF FOLLOWING PAIR

—_—

T
— I —_
£ N
FROM D CONTACT C |
OF PRECEDING PAIR ] ©
c
I ]
TO STOP FROM
ME BERTY CIRCUIT LEAD A

which locks itself operated through one
front contact and through another closes
a connection from the N relay to the B lead.
When the pulsing relav releases, thus
placing battery on the B lead. the n relay
operates, locking itself in through one front
contact and making a connection from the
A lead to the M relay of the next pair
through another. Each ~ relay also has a
front contact that connects ground to a
key or other type of contact marked c.
This key is closed at the counting pair
corresponding to the number of pulses to
be counted. When the ~ relay of this pair
is operated, ground through c stops the
selector. The first counting pair of the
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FROM F CONTACT

_OF PRECEDING PAIR
P —
[__
— o
TO FOLLOWING £
PaIR

C

QT
)
L}

TO PULSING
. MOLINA CIRCUIT

sides being wrranged in a simpler circuit.
the relays can count at much higher speeds
both because of their lighter spring load
and because only a brief open and closure
is required of the pulsing relav. Also. the
Molina chain begins operating with the
relay pair at which the ¢ contact is closed.
and ends at the front relay of the chain,
instead of in the reverse order as did the
McBerty chain.

At the first closure of the pulsing relay,
the M relay of the pair with its ¢ contact
closed will operate, thus closing ground
to the N relay. At this time, however,
ground is connected to both sides of the n
relay. which thus does not operate. When
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the pulsing relay releases, ground is re-
moved from oue side of the ~ relay, which
then operates through the winding of the
at relay, and closes the path trom the
pulsing circuit to the winding of the next
pair of relavs. At the next closure of the
pulsing relay, relay M of the next pair will
operate, and this action continues through
the chain to the end pair. A switch in the
battery supply to the ar relays of both the
McBerty and Molina circuits permits the
entire circuit to be released at the end of
the counting process.

This circuit was used not only to count
pulses from the selectors, but later to

count the dial pulses received ftrom the
subscriber. For this latter application, the
circuit was subsequently modified to em-
ploy only five pairs of relays instead of ten
to count ten pulses. The basic circuit was
rot changed, but additional contacts werc
added to the relays so that after five
pulses had been counted, the chain would
start all over again to count the next five.
The crossbar svstem also employs the same
basic circuit tor its counting rvelays. The
Molina counting pair seems to have heen
reduced to its simplest form, and promises
to endure for the higher speed circuits us
long as counting relavs are employed.

THE “CLOVERLEAF” ANTENNA

This is the new Western Electric Clover-
leaf antenna, coded the 57A, now in
production. Each of its radiating units
consists of three “leaves”, instead of four
as with its predecessor the 534A. The three
leaves, or radiating elements, are sup-
ported at their centers from alternate posts
of a six-sided tower. The radiating elements
receive their energy from vertical wires
connected to their ends. Any individual
wire connects alternately to the right-hand
and to the left-hand ends of the elements,
but the comnections are just far enough
apart that the corrents at successive junc-
tions How in opposite directions. Net result
is that the currents in all the elements are
in the same direction. The wave radiated
is “horizontally polarized” — a form less
sensitive to certain kinds of interference.
That, by the way, is why all FM broadcast
receiving antennas are horizontal.

At the bottom of the tower, alternate
wires are connected together and through
a transformer to the antenna feed line.
That makes the current-flow opposite in
adjacent wires so that there is no radiation
[rom the vertical wires.

Due to its six-sided construction, the
tower can be built up to greater height,
with consequent higher gain, than the
original Cloverleaf. and can in addition
support a television antenna.
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Ship-to-shore telephone service! was
inaugurated with the installation on the
Leviathan in 1929, and except during the
war years, has been increasing in scope
cver since. The ship transmitters have
outputs of several hundred watts, and the
entire equipment is in charge of radio
operators, who select frequencies most
suitable for the distance or time of day,
and set up all connections. The emphasis
has been on good overall performance
rather than on simplicity of operation.
These ships connect to Bell System land
lines through “High Seas” radio stations
at Ocean Gate and Manahawken, N. J.,
for the north Atlantic; at Dixon and Port
Reyes, Calif., for the Pacific coast; and in
the vicinity of Miami, Fla., for the south
Atlantic and Gulf Coast.

There has also been provided simpler
cquipment of lower power for fishing boats,
vachts, and other small craft operating
along the coast or in the harbors. Service?
to vessels of this type started in 1932 with
a transmitting station at Green Harbor,
Mass., and has steadily expanded until
there are now some fifteen “Coastal Har-
bor” stations along the Atlantic, Gulf, and
Pacific coasts, as well as one each in Hawaii
and Puerto Rico. Fifty-watt radio tele-
phone equipment? has been provided for
the larger vessels, and a 15-watt set* was
designed for smaller vessels.

With the development of the 248A radio
telephone equipment, the scope of marine
radio telephony is now still further
broadened. Designed primarily for tankers
and freighters, either in coastal service or
running to Caribbean, Central American,
and South American ports, it is arranged

RECORD, January, 1930, page 204. 2REcorD,

November, 1932, pages 62 and 77. 3REcORD,

June, 1938, page 358. 4REcorD,, September,
1938, page 21.
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for communication with either the coastal-
harbor stations or with the high-seas
stations. [ts operating features, however,
resemble those of the coastal radio equip-
ment rather than the more -elaborate
high-seas equipment that has been designe«l
for large passenger liners.

This new equipment includes a 250-watt
radio transmitter and three receivers, thus
permitting calls to be monitored simultane-
cusly on three frequencies. Two of the
receivers will usually be set to respond to
the nearest shore stations, while the third
will be adjusted to the ship-to-ship fre-
quency to permit calls to be received from
other vessels. Although calls from other
ships are heard over a monitoring loud
speaker, selective ringers® are included to
permit calls from shore stations to be
indicated by the ringing of a bell.

*Recorn, April, 1936, page 235.

Fig. 1—-The control unit for the 248A equip-
ment is designed for mounting on a bulkhead
in the wheel-house or chart room
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With a transmitting power of 250 watts,
the radio transmitter operates at any of
thirty frequencies, located in groups of
three in ten bands within the spectrum
from 2 to 18 megacycles. These bands are
determined by the tuning coils supplied.

Euach coil has sufficient tuning range to
provide a band five per cent wide. For
each installation the coils are chosen so
that the thirty frequencies thev permit-
three in each of ten bands—will cover the
shore stations with which the vessel may
need to communicate. Thirty crystals are
provided—one for each channel.

Two types of radio receivers are avail-
able: the 48A covering the 2180 to 6485-ke
band, and the 4SB covering the 4160 to
22715-ke band. The first band includes all
of the coastal-harbor assignments and the
lowest group assigned to high seas service.

July 1948

Each receiver provides ten channels which
may be selected as desired within its band.
Normally, one of each of these two types
of receivers will be installed so as to cover
both the coastal and the high seas fre-
quencies. A third receiver of either type

Fig. 2—The main transmitter-receiver cabinet: normal position, at left, and with receiver and trans-
mitter tipped forward to the servicing position, at the right

is optional, and can De installed if addi-
tional channels are desired. Both types of
receivers emplov a sensitive super-hetero-
dvne circuit with crystal control of the
beating oscillator, delayed amplified auto-
matic gain control, and peak noise limiting.

The complete radio telephone equipment
consists of four units: a control unit, a
main transmitter-receiver cabinet, and two
transmitting antenna tuning units. The
control unit, shown in Figure 1, is arranged
for bulkhead mounting in the ship’s wheel-
house or chart room. To make it possible
to use the equipment at night without
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turning on lights and thus impairing the
night vision of the wheelhouse personnel,
the channel designations are of a fluores-
cent substance which glows red when
cnergized by wultra violet light. This
invisible radiation is provided by a tubular
lamp and a filter behind the overhang at
the top of the panel. Power for the entire
cquipment is obtained from a 115-voit
G0-cycle single phase supply, and is con-
trolled by the orr-oN switch at the lower
right of the panel.

At the top of the panel, there are three
channel selector switches, one for each of
the three radio receivers included in the
main cabinet. Besides setting the receivers
to the desired frequency, each of these
switches sets up the corresponding fre-
quency for the transmitter. When one of
the keys below the selector switches is
thrown to the TALk position, the trans-
mitter is turned on and is automatically
switched to the channel indicated by the
selector switch above.

An incoming call from a shore station
will be indicated by the ringing of a bell
in the control unit and by the lighting of
the lamp below the corresponding channel
selector. To answer this call, the key to
the right of the lamp is thrown to the TaLx
position, the handset is picked up, and the
conversation proceeds in the usual tele-
phone fashion. At the conclusion of the
call, the key is thrown back to either the
RING Or MONITOR position, and the handset
returned to its hook. If the handset is
hung up without first restoring the key, an
alarm will sound to warn the operator to
set the key so that calls can again be
received.

A call is made to a shore station by
setting the channel selector to the desired
channel, throwing the key to the TtaLk
position, removing the handset from its
hook, listening for a moment to determine
that the shore station is not busy, and then
calling the station by speaking into the
transmitter. Usually, provision will be
made to have one channel set for the
ship-to-ship frequency. The telephone keys
below the channel selectors are provided
with a third or monitor position in addition
to the talk and ring positions, and when
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Fig. 3—The antenna and its tuning unit

the selector knob is set to the ship fre-
quency, the key for that receiver will be
thrown to the monitor position which
connects the receiver to the loud speaker
(in the lower left-hand corner of the
control unit) and energizes its manual
sensitivity control. The sensitivity knob
permits the operator to adjust the noisc
level received through the loud speaker to
a level which is not objectionable when
no signal is being received from another
ship. The monitor volume control at the
lower center of the panel permits the loud
speaker signal to be adjusted to a suitable
listening level when an incoming ship
signal is received.

A carrier-control  knob, immediately
above the monitor volume control, has two
positions: PREss-TO-TALK and voice. When
the carrier control is in the press-to-talk
position, no transmission occurs unless the
operator presses the button in the center
of the handset handle. In the voice posi-
tion, transmission occurs whenever the
operator speaks into the transmitter of the
handset. Most talkers will probably prefer
to use the automatic voice control. Those
with experience with push-button control,
however, may prefer to use the press-to-
talk operation.

July 1948
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Linmediately above the orr-on switch is
a three-position handset switch. This per-
mits an extension handset to be used either
in the captain’s cabin or elsewhere as
required. Incoming calls may bhe trans-
ferred to the extension handset by the use
of this switch. Outgoing calls can also be
made from the extension provided the
channel switches are in the correct posi-
tions and the key has been thrown to the
talk position on the required channel. In
the middle position, the two handsets can
be used as an interphone without energiz-
ing the radio transmitter.

A card file is provided behind the door
at the lower right of the control unit. The
channel and station assignments are listed
on cards in this file to permit ready refer-
ence to determine the proper channel
settings for the desired stations.

The main transmitter-receiver cabinet is
designed for deck mounting and may be
located at any convenient point in the ship,
not necessarily close to the control unit.
An internal view with the units in the
normal operating position is shown at the
left of Figure 2. Three receivers are
mounted across the top with the trans-
mitter below. At the right of Figure 2, the

THE AUTHOR: R. C. Newnousg, Radio Develop-
ment Department, received a B.E.E. degree from
Ohio State University in 1929. After three months
us a Member of the Technical Staff in the Toll Sys-
tems Department of the Laboratories, he returned
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center receiver and the transmitter are
shown tipped forward in the position for
servicing. One of the three selective
ringers, which are mounted behind the
receivers, is also shown.

Audio modulation of the transmitter
carrier is accomplished by a high level
modulator which varies the plate voltage
of the power amplifier stage. The audio
system includes a compressor amplifier so
that a high level of modulation will be
maintained for talkers having widely dil-
ferent voice levels. The audio amplifier
system also includes a voice control circuit
for turning on the transmitter when the
operator speaks into the handset.

Transmitting antennas will be installed
to fit the frequencies employed in each
installation. In general, two antennas will
be used for full coverage for each type of
service. Each antenna will be connected
to a tuning unit, shown in Figure 3, which
will match its impedance to the coaxial
transmission line to the radio transmitter.
Provision of two tuning units, each with
its separate transmission line, permits two
antennas to be independently installed in
the most suitable locations. A single addi-
tional antenna will be used for receiving.

to Ohio State under a fellowship granted by the
Guggenheim Fund for the Promotion of Aeronantics
to permit work on a radio altimeter. He received
an M.S. degree in 1930 and immediately rejoined
the Laboratories Technical Staff. As a member of
what is now the Specialty Products Development
Department, he engaged in the development of
aircraft radio transmitters, and acoustical and radio
altimeters. He received the 1938 Lawrence B.
Sperry award from the Institute of the Aeronautical
Sciences for the development and first practical
application of the radio altimeter. In 1939 he
transferred to the television research group. With
the approach of the war emergency in 1940, he
returned to Specialty Products where he supervised
the circuit development of a number of radars for
aircraft and ground service. He now directs the
efforts of a group engaged in the development of
radar for marine applications and of radio-
telephone sets for aircraft and shiphoard service.
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Although a relay is conceptually a simple
thing, its behavior and characteristics are
found on analysis to be exceedingly com-
plex. Since relays are used in very large
quantities in the telephone system, and are
called upon to operate under a very wide
range of conditions, their characteristics
are a subject of almost continuous study,
and many methods of analysis have been
devised to make it easier to predict their
behavior and discover their limitations.
For the various relay structures used by
the Bell System, curves are available show-
ing the relationship between air gap and
pull for various ampere turns, and by com-
paring these curves with any desired load
characteristics, the required winding may
be determined as previously described.®
In designing new relays, however, or in
attempting to improve existing ones, a
more elaborate analysis is sometimes re-
quired. For this purpose, a convenient
graphical method was devised some time
ago that has proven helpful. It uses a set
of curves for different numbers of ampere
turns representing the relationship between
pull and air gap for an ideal relay — that
is, one whose entire magnetizing force is
available at the air gap. On the graph
may be plotted the test results for any
given relay, and by analyzing the differ-
ences between the ideal and actual charac-
teristics, improvements become obvious.

A generalized form of relay may be
represented as shown in Figure 1. Current
flowing in the winding tends to move the
armature so as to close the air gap with
a force proportional to the area of the air
gap times the square of the flux density.
The pull may be thus expressed as:

(1) p=k, AB?
where B is the flux deusity in the air gap,
and A is the area of the air gap.

*Recorp, July 1929, page 459.
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The magnetizing force in ampere turns
required to produce a given flux density
is directly proportional to the product of
the flux density and the length of the
magnetic path and inversely proportional
to the permeability of the material. The
ampere turns may thus be expressed as:

(2) NI=k,LB/u

Since the magnetic circuit of a relay is of
two materials, each with widely different
values of permeability, the total ampere
turns may be divided into two parts: one
for the air gap with a permeability of one,
and the other for the iron. For the air gap,

(2a) Nia=k, Laf
and for iron,

(2b) NIm=k, LMmB/u
where La is the length of air gap, and L,
the length of the iron path. It is the former
part of the ampere turns that is directly
useful in producing a pull on the armature,
and for ordinary conditions it is much
greater than that for the iron path. An

IRON CORE

/AIR GAP

WINDING ]
9 ARMATURE
(NT AMPERE- 9
TURNS) 4
q
q
HINGE

Fig. 1—Generalized form of relay

o

ideal relay would be one for which all the
ampere turns were effective in producing
air gap flux, and the relationship between
pull and ampere turns for such a relay
may be determined by solving equation

July 1948
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(2a) for B, and then substituting this value
of B into equation (1). This gives:

(3) p/A=k, (N1)?/La2
which expresses the pull per unit of pole
area for each value of ampere turns and
length of air gap. If the pull is expressed

1.0

for p/A — 6400 intersects the gap for 0.02.

Such curves represent the operation of
an ideal relay; the curve for any actual
relay will be lower because of the three
losses. One of these is due to the ampere
turns required to force flux through the
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Fig. 2—Curves for studying relay operation

in grains, the length of the air gap in centi-
meters, and the area of the air gap in
square centimeters, the constant k, is
6.4x 103, This relationship plotted on
logarithmic paper for different values of
ampere turns becomes a series of straight
lines as shown in Figure 2. To simplify
the drawing of curves for other values of
ampere turns as they are needed, dashed
vertical lines are drawn at values for p/A
of 64 and 6400. With these values sub-
stituted into equation (3), the air gap is
one-thousandth and one ten-thousandth,
respectively, of the ampere turns. A curve
for 200 ampere turns, for example, would
thus be a straight line between the point
where the p/A = 64 line intersects the line
for a gap of 0.2, and that where the line

July 1848

iron path of the circuit. Another is due to
the existence at the hinge of a small air
gap that is not usable in producing pull
The third is due to leakage flux that
tends to saturate the core without passing
through the air gap.

The length of air gap lost because of
the ampere turns required to force the
air-gap flux through the iron path is found
by equating (2a) and (2b) to be:

(4) La=Lm/n
In other words, the length of the iron
path divided by the permeability of the
iron gives the length of the air gap that
is equivalent to a core LM centimeters
long. The magnetization curve for the
particular iron, on the other hand, gives
the value of permeability for each value

298

www.americanradiohistorv.com



www.americanradiohistory.com

of flux density, and thus the air gap
cquivalent to the iron path for each value
of flux density may be determined. By
equation 1, however, there is one value
of pull corresponding to each value of flux
density. It is thus possible to draw a
curve on Figure 2 that represents for any
particular magnetic material and length of
path, the equivalent air gap lost because
of the NI required to force the air-gap flux
through the iron. Such an equivalent air-
gap curve has been drawn on Figure 2 for
one particular material and for a length
of path of 10 cm. It is now possible to
use Figure 2 for a complete graphical
analysis of a relay that has a 10-centimeter
constant-area iron path of the material for
which the equivalent curve was drawn.
The first step is to run a test on the
relay at some low value of ampere turns
and to plot the data on Figure 2. Such
a curve for 100 NI is marked 1 on Figure 2.
By subtracting the values of air-gap for
this curve from those for the ideal 100 NI
curve, the total loss in effective air gap is
found, and by subtracting from these values
the values from the equivalent air-gap
curve for the core, there remains the loss
due to hinge gap. Carrying out these sub-
tractions for curve 1 gives a gap of about
035 cm for all values of pull. The fact
that these differences are constant indi-
cates that no appreciable leakage is present,
since the leakage effect would tend to

THE AUTHOR: E. R. Morton graduated from
Stevens Institute of Technology in 1917 with the
degree of M.E. During the next five vears e

Photo hy Von Rehr
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increase with flux density. It may be
assumed, therefore, that for this relay the
hinge gap is 0.035 cm.

To study the behavior of the relay at
some higher magnetizing force, say 400
NI, 0.055 cm hinge gap is added to the
gaps for the iron core, and subtracting
these sums from the ideal 400 NI line,
curve 2 may be plotted. This would repre-
sent the operating curve of the relay for
400 NI if there were no leakage. By run-
ning a test on the relay for 400 NI, the
actual characteristics can be determined
and plotted. Such a curve is marked No. 3
on the chart. Comparing curves 2 and 3
shows an additional loss due to leakage.
If there were no leakage, a pull of 2000
grams could be obtained at a gap of 0.01
cm, but with the actual relay the maximuin
pull is only about 300 grams.

Leakage flux, which varies with the
existing ampere turns is present at all
times, but only when the sum of the leak-
age and air gap flux is great enough to
result in a decreasing permeability does it
reduce the pull. If the air gap flux were
the only flux, saturation would not begin
until after the pull were greater than 3000
grams, since as may be seen from the
equivalent air-gap curve, maximum perme-
ability occurs at a flux density which
corresponds to this pull. When saturation
effects are pronounced at pulls as low as
300 grams, as for the relay vielding curve 3,

engaged in a variety of work, chiefly in electro-
chemistry, optics, and mechanical design, and also
took a year’s graduate work at Harvard University.
In 1923 he joined the technical staff of the Lah-
oratories, where with the Special Products Depart-
ment, he engaged chiefly in the design und
development of power apparatus. He worked on
the motors for the television system developed
by the Laboratories and also on those for
sonnd-picture recording and reproducing and on
regulators for voice-frequency carrier telegraph
generators and on other regulating apparatus.
Following this he engaged in relay studies and
design until the war when he was responsible for
the electrical and mechanical design of components
for a variet