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A Comparison of Make-Break and Polar Operation

D. P. SHAFER

CoNSIDERABELE interest has developed in
polar operation, as applied in the field
trlﬂl of centralized and simplified circuit
" handling using polar leg operation. Much
of this interest was created by the paper
on that subject in the January 1954 issue
of TecanicaL REviEw. It is the purpose of
this article to present the fundamental
transmission characteristics of polar op-
eration, upon which the system described
is based, as compared to those in make-
break operation.

Signal Distortion

The operation of a properly adjusted
relay, teleprinter selecting magnet or
other receiving device controlled by start-
stop signals is governed by the effective
duration or “length" of marking and spac-
ing pulses. Optimum circuit margin is
obtained when they are equal in length.
When their average length is unequal, bias
distortion results. Bias distortion (com-
monly referred to as bias) is frequently
expressed in milliseconds (ms). It is also
given in percent. For example, a perfectly
timed 22-ms teleprinter marking signal
distorted to an effective length of 20 ms
22-20

22
percent. In this article, originating sig-

nals, whether make-break or polar, are
assumed to be unbiased; that is, each
transition is assumed to be properly timed
at the source of transmission.

There is an interval of time from the
occurrence of a space-to-mark signal
transition to the instant at which the relay
tongue or teleprinter selecting magnet
armature is operated. This interval of
time is called the space-to-mark transition
delay and is abbreviated SMTD. The

or 9

" will have a spacing bias of
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instantaneous current at the moment of
operation is called the “operate” wvalue.
The interval of time from the occurrence
of a mark-to-space signal transition to
the instant at which the relay tongue or
teleprinter selecting magnet armature is
released is called the mark-to-space transi-
tion delay and is abbreviated MSTD. The
instantaneous current at the moment of
release is called the “release” wvalue.
The magnitudes of these delays are de-
termined by the amount and distribution
of the impedance components in a circuit
at the instants of signal transition and by
the design and adjustment of the receiv-
ing device. Characteristic and fortuitous
distortion also affect the transition delays.
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Figure 1

All SM and MS transition delays in a
circuit will be constant provided condi-
tions do not change. They may or may not
be equal. When the transition delays are
equal the signal is unbiased. When the
SMTD is greater than the MSTD the
effective length of the signal is shortened
and a spacing bias is created. Conversely,
when the SMTD is less than the MSTD
the effective length of the signal is in-
creased and a marking bias results. Fig-
ure 1 represents signals with no bias,
spacing and marking biases, respectively.




O and R represent the operate and release
current values. T; and T, indicate true
and effective signal timing, respectively.

The effect of bias distortion depends on
the device to be operated. When the op-
erate and release values are both high on
the current wave, more time is necessary
for the current to rise from zero to the
operate point than to decrease from the
steady state to the release point. This is
usually true even when signal tailing is
excessive because the early portion of each
transition is steeper than the portion near
* its completion. The SMTD therefore ex-
ceeds the MSTD and a spacing bias nor-
mally would result under this condition,
as shown in Figure 2. Marking bias is
unlikely.

O AbD B HIGH O CURARENT WavE -
SPACING BLAS

| @ &ND B LOW 0N GURRENT wWaYE -
MARSING @LAS

Figure 2 Figure 3

When the operate and release wvalues
are low on the current wave the bias will
be spacing, zero or marking depending on
the relationshio of the MSTD to the
SMTD. The nature and amount of bias
under this condition therefore depends to
a large extent on the amount of signal
tailing. A marking bias normally results.
as shown in Figure 3, especially when
excessive signal tailing is present.

"“"Operate’” and ""Release’ Values

For most efficient operation make-break
relays are designed, insofar as possible, to
operate and release at a value close to
half the steady state current. The present
standard of steady state current in make-
break circuits is 70 ma, so theoretically
the operate and release values should be
35 ma. Although some types of relays have
operate and release points of approxi-
mately 37 and 33 ma, respectively, many

others are found with considerable differ.
ence between the operate and release
currents, Values approximating 42 and 3(
ma will apply to most relays, 45 and 25 ma
not being unusual. Actual values, in any |
case, depend on the type of relay and its
adjustments.

Teleprinter selecting magnets, required
to perform a mechanical function, show g
much greater spread in the operate and
release points. Pulling type magnets with
properly adjusted spring tensions and air
gaps should operate at a current not ex-
ceeding 42 ma and release at from 19 to
22 ma. Actual values depend on adjust-
ments and differ considerably.

Single current or make-break receiving
devices inherently have a higher operate
and lower release value than the mid-
current point because, in an unoperated
condition, the air gap between the arma-
ture and pole piece is wide in comparison
to that in the operated condition. The
magnetic flux naturally has a different
effect on the armature in the two posi-
tions. The wave form is altered somewhat
by the change in inductance caused by
variation in the air gap but the effect is
slight.

The operate and release points on a
teleprinter selector magnet or make-hreak
relay depend on several factors, some of
which are mentioned above. These factors
are more or less fixed for a particular type
of teleprinter or relay provided its adjust-
ments are not changed. As would be ex-
pected, changing the spring tension on a
teleprinter selecting magnet or relay using
a retractile spring, or the bias eurrent in
a polar relay employed for make-break
operation, has a considerable effect on the
operate and release values.

This and other phenomena are com-
mon to teleprinter and relay operation.
Although either type of receiving device
may be used for illustration, an electrically
biased polar relay will be used in the

examples below in order to clarify the
effect of armature travel time

Assuming for the moment that a make-
break circuit containing a relay is purely
resistive (a condition which can never be
realized due to the inductance of the
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.relay}, the operating current will rise and
| fall instantaneously as the circuit is closed
' and opened. There will be no SMTD or

MSTD. Under this theoretical condition

* there will be no signal bias distortion.
. Operation of the relay will be independent
" of the operating current value provided it
| exceeds the bias current plus a small
. gmount necessary to overcome the bank-

ing foree. Conversely, variation of the bias

. current within wide limits will not affect

= peration of the relay. However, if the
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bias current is extremely high the relay

will fail to respond to marking signals,
. and if sufficiently low the relay will no

Jonger respond to spacing signals.

E Relay Tongue Travel Time

When the input or “driving” circuit
contains inductance (but only a negligible
amount of capacitance) there is an appre-
ciable SMTD when the circuit is closed.
The time interval depends on the amounts
of resistance and inductance. The higher
the ratio of inductance to resistance, the
longer will be the SMTD. The relay tongue
begins to move from its spacing contact
somewhat later than the initiation of the
space-to-mark transition. This, of course,
shortens the signal delivered by the relay.
Make-break operation of the relay “out-
put” circuit is assumed and for the sake
of clarity is considered to be purely
resistive,

The output circuit is not closed, how-
ever, until the relay combletes its travel
from the spacing contact to the marking
contact. This delay, added to that caused
by inductive lag in the driving circuit,
shortens the delivered signal still more.

When the input circuit is opened the
operating current decays very rapidly,
thus causing the relay tongue to leave the
marking contact abruptly because of the
short MSTD. The output circuit is opened
at the instant the tongue leaves the mark-
ing contact, therefore the mark-space
travel time has no effect on the timing of
the delivered signal.

Relay tongue travel time (commonly
called relay travel time) varies with the
type of relay, its adjustments and, to some

MAKE-BREAK AND POLAR OPERATION

extent, the operating frequency. For
example, it averages approximately 1.4 ms
or 8 percent at 75 wpm in a properly ad-
justed relay.

Figure 4 illustrates the cumulative effect
of inductance and tongue travel time in
causing spacing bias in signals delivered
by a make-break relay. Ty represents the
length of the delivered signal.

I ———— e e ]
-

Ty= EFFECTIVE LENGTH OF DELIVERED SIGMAL
Ta~Ty * RELAY TONGUE TRAVEL TIME

EFFECT OF INDUCTANCE AND
RELAY TRAVEL TIME

Figure 4

An examination of Figure 4 will show
that if the bias current is increased the
operate point will be higher (later) on
the current wave and additional spacing
bias will result. Conversely, if the bias
current is lowered the operate point will
be lower (earlier) on the current wave
and the spacing bias will be reduced. It
should be obvious, however, that although
the bias current might be reduced to a
very low value a spacing bias will always
remain. An attempt, to eliminate spacing
hias in this manner will probably cause
erratic action or complete “freezing” of
the relay to marking because of insufficient
local bias current.
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Current Attenuation

If the circuit contains capacitance both
SM and MS transition delays will be
affected. The effect will depend on the
amount and distribution of resistance, in-
ductance and capacitance. Cable capaci-
tance forms a shunt path for transient
currents during the transmission of spac-
ing as well as marking pulses. Signal
tailing is caused whenever the charge or
discharge current through the capacitance
also passes through the point in the circuit
at which the observation is made.

Under certain conditions signal tailing
may occur at one terminal but not another,
as for example when sending from a ter-
minal at which there is no capacitance
between the source of transmission and
its terminating resistance, but where the
circuit passes through a cable between
the terminals. In this case no MSTD will
occur at the sending terminal while, at
the same time, signal tailing will be
produced at the receiving terminal by
the discharge transient current flowing
through the intermediate cable capaci-
tance and the receiving device,
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MARKING BIAS IN DELIVERED SIGNAL
CAUSED BY EXCESSIVE TAILING

Figure 5

Signal tailing may occur at more than
one location but is almost never uniform
at both circuit terminals. Again, the effect
depends on the distribution of resistance,
inductance and capacitance and the source
of transmission. In some cases signal tail-
ing is intentionally produced by loading

B4

or “wave shaping” a leg circuit to offset
the SMTD caused by inductance; in
others, inductance is added to compensate
for signal tailing caused by cable capaci- -
tance. In any case, the method, location |
and amount of wave shaping necessary to
equalize the SMTD and MSTD for trans-
mission from both terminals is rather in-
volved. Further complications are added
whenever changes are made in the size of |
cable conductors, when intermediate or
additional equipment is placed, and so
forth, :

A single method of wave shaping can
hardly be standardized to comprehend the
many different conditions encountered,
Although several methods are available,
each one offers only partial correction and
involves application on a specialized or
“hand tailored” basis.

Excessive signal tailing causes severe
marking bias, especially where the relay .
or teleprinter selecting magnet has a low
release point. This is shown in Figure 5,
again using an electrically biased polar
relay for illustration.

Oscillatory Circuits

Certain combinations of inductance and
capacitance in a make-break circuit often
cause oscillatory components in the signal ©
wave shape. High-peak oscillations occur-
ring during the space-to-mark transition |
steepen the initial current rise and may
offset the effect of inductive lag. On the .
other hand, they may cause the relay (or ©
teleprinter selecting magnet armature) to
have a tendency to chatter if the current
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is not sustained above the operate value
during its rise to the steady state. Oscilla-
tions on the mark-to-space transition may
be of sufficient magnitude to hold a spring
controlled single current relay (or tele-
printer selecting magnet armature) in the
operated position for an appreciable time
after the transition has taken place. This,
of course, causes a marking bias. The
amount of bias will depend on the fre-
quency and number of oscillatory peaks

" having an amplitude exceeding the release

current value.

Figure 6 illustrates two typical wave
forms in which low frequency oscillations
cause serious distortion. In the first case
the oscillatory peak is higher than the
release value of a spring controlled single
current relay or teleprinter selecting mag-
net armature and, although the current
passes through =zero, the “overthrow™
occurs so quickly that (due to armature
inertia) a release does not occur at the

OPERATING CURRENT 70 Ma
MO BlAS

OPERATING CURRENT 50 MA
SPACING BIAS

Figure 7

proper instant. Relay chatter is indicated
in the second case. The oscillatory fre-

of resistance or by an increase in applied
voltage, a marking bias will result. The
above applies to other than purely resis-
tive circuits.

Figure 7 shows two wave forms, one of
which has a steady state operating current
of 70 ma and the other 50 ma. It is evident
that the operate point (40 ma) is reached
later on the 50-ma wave than on the 70-ma
wave, thus creating a spacing bias in the
delivered signal. The release point (30
ma) is reached earlier on the 50-ma wave,
adding to the spacing bias.

The insertion of inductive apparatus in
a working circuit (unless compensated
for) not only reduces the steady state
current but increases the SMTD more
than the MSTD—both effects contributing
to spacing bias. The combined effect is
illustrated in Figure B. The wave form,
before insertion of the induective appara-
tus, is indicated by a dotted line.

EPACING BIAE CAUSED BY
INSERTION OF INDUCTIVE APPARATUS

Figure 8

Other Distortion Effects
In addition to bias, there are two other

Rt

quency is different for operate and release
because the circuit is closed for the operate
condition and at least partially open for
the release condition.

types of signal distortion; namely, charac-
teristic distortion and fortuitous dis-
tortion.

St e

A change in the steady state operating
current, with the bias current unchanged,
is another cause of bias. Line leakage or
insertion of resistance will reduce the
Operating current and cause a spacing bias,
If the line current is increased by removal

MAKE-EREAK AND POLAR OPERATION

Characteristic distortion is an effect,
caused by current transitions occurring
before the steady state is reached, where-
by signals at the receiving terminal are
lengthened or shortened, usually short-
ened. It is related to the amount and dis-
tribution of resistance, inductance and
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capacitance in a circuit and depends on
the length of the transmitted signals; that
is, on the operating speed. It is most evi-
dent on single pulses because of the
greater proportional change in signal
length at the receiving terminal. Charac-
teristic distortion is not usually trouble-
some except where leg circuits contain
much unloaded eable and/or are operated
at high speed. Where characteristic distor-
tion is present, it has the effect of what
appears to be a constantly shifting bias,
adding to distortion from one or more of

the several causes already discussed.

Figure 9 illustrates a case of character-
istic distortion and its effect on the signal
delivered from a relay. It may be seen that
the delivered signal shows the cumulative
effect of impedance lag, relay travel time
and characteristic distortion.
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Figure 9

Fortuitous distortion is caused by mo-
mentary fluctuations in the applied volt-
age, power induction, cross fire from other
circuits, “hits” to ground or foreign bat-
tery, and so forth. This results in inter-
mittent false, advanced, or delayed MS
or SM transitions of current at the receiv-
ing end of a circuit. When severe it may
cause erratic action of the receiving device
or possibly a complete circuit failure.

Earth currents are, on occasion, a cause
of fortuitous distortion.

Figure 10 illustrates a case of fortuitous
distortion, wherein heavy a-c induction
distorts the normal wave form (dotted) so
much that both the operate and release
points are displaced,

As would be expected, total signal dis-
tortion is the cumulative effect of many
causes. Bias may be caused by inductance
and capacitance, separately or in combina-
tion, changes in operating and local hias
currents, or relay travel time. Character-
istic and fortuitous distortion may also
be present. Several of these factors are
usually effective simultaneously.

T T S

p—— s = s ——— -

e 5

FORTUITOUS DISTORTION CAUSED BY POWER INDUCTION

Figure 10

In make-break operation, leg currents
must be adjusted (or compensation pro-
vided to do so) whenever monitorial or
test equipment is inserted or removed
from a circuit, for voltage changes and
leakage, or when a circuit is rerouted
temporarily. The operating current on
many circuits is 70 ma; on others 120 ma.
Compensation through wave shaping, as
described above, or through regulation
must also be made for the unlimited num-
ber of combinations of resistance, induct-
ance and capacitance in leg circuits and
terminating apparatus. Teleprinter over-
lap ranges at outstations operated on single
conductors are often less than desired

JULY 1954




&

| pecause wave forms of transmitted and

received signals are unlike. There is a

' wide variation in the operate and release
I point of relays, teleprinters and carrier
. channels. Bias due to relay travel time is
. cumulative whenever signals are repeated

through successive make-break circuit sec-

. tions and often causes serious deteriora-

tion of signal quality. It becomes difficult,
therefore, to control bias when there is so
much variance in response to make-break

signals,
Polar Operation

In polar operation, no bias circuit (or
spring) is necessary for the receiving
device to respond to a spacing signal. This
permits simplification of design. Adjust-
ments are much simpler on polar relays
—s0 are testing procedures. A single
standard of “centering” polar relays for
zero bias entails no complications under
any circuit condition.

Unbiased polar transmission depends on
three basic conditions— (1) that equal but
opposite potentials are applied at the send-
ing end, (2) that the impedance of the
circuit remains constant for both marking
and spacing pulses, and (3) that the arma-
ture of the polar relay or other receiving
device be centered under zero current
conditions.

SMTD

~=

FOLAR CURRENT WAWVE
MARKING AND SPACING PULSES
Q=0PERATE POINT

Figura 11

Under these conditions, easily met in
practice, equally timed marking and spac-
ing pulses will produce identical but oppo-
site wave forms, as shown in Figure 11.
The steady state current values will be

MAKE-BREAK AND POLAR OPERATION

equal and opposite. Marking signals ap-
pear above the zero axis and are produced
when negative battery is applied at the
source of transmission. Spacing signals
appear below the zero axis when positive
battery is applied. The SM and MS transi-
tion delays will be equal; in fact they will
remain so although the steady state cur-
rent may be altered by a change in the
applied voltage or by leakage. Similarly
they will be equal when inductance or
capacitance is added, since the effect is
identical on both marking and spacing sig-
nals. The dots represent the instantaneous
current values at which the relay responds
to the SM and MS transitions, respectively.
These two “operate” points may be com-
pared with the operate and release points
in make-break operation. Both of them
lie very close to and are equidistant from
the zero axis, however, because in polar
operation there is no local bias current
or spring tension to overcome and a cur-
rent of only a few milliamperes will cause
the relay tongue to move from its spacing
or marking contact to the other.

In polar operation the current value is
not critical. This is exemplified in Figure
12. Here, there are two values of steady
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Figure 12

state current; 30 ma and 100 ma, respec-
tively. The operate points are displaced
somewhat due to the difference in steep-
ness of the two waves but since this dis-
placement is identical for both SM and
MS transitions no change in signal timing
occurs. No bias is produced, regardless
of the steady state value, within the oper-
ating limits of the relay.

ar




The fact that zero bias is obtained,
despite changes in current, is a very im-
portant advantage of polar operation. It is
readily apparent that polar operated cir-
cuits may be set up and reassigned as
necessary without having to adjust for
bias or leg currents.

Polar Versus Make-Break Operation

In polar operation, the over-all current
change is usually more than double that
in make-break operation. This means, of
course, that polar operated circuits contain
a higher ratio of resistance to inductance
and capacitance, so it follows that SMTD's
and MSTD'’s are shorter (in ms) and more
nearly ideal. The effect of steeper wave
fronts in polar operation is to determine
more accurately the instants at which the
current passes through the SM and MS
operate points. Since the current passes
through these values more rapidly, the
wave is less susceptible to the effects of
oscillations, characteristic distortion and
fortuitous distortion. Relay action is
snappier and the tongue less likely to
bounce. These factors result in stability of
delivered signal timing.

Figure 13 shows superimposed make-
break and polar current wave forms to

MAKE BREAK

ILLUSTRATING RMELATIVE STEODPRESS
OF MAKE BAEAM AND POLAR CURRENT TRANSITIONS

Figure 13

clarify the above. Sufficient signal tailing
of the make-break signal to produce zero
bias is indicated so as to illustrate the fact
that, although no bias is present in either
wave, the slope of the polar signal is
steeper than that of the make-break wave.

This is true of both SM and MS transitions,

Relay travel time introduces no bias
where the output circuit is polar. Since
the SM and MS wave fronts in the driving
circuit are identical but opposite, the inter-
val of time during which the relay tongue
travels from the spacing contact to the
marking contact is identical to that during
which it moves from the marking to the
spacing contact, in responding to marking
and spacing signals, respectively. Mark-

ing and spacing pulses delivered to the
output circuit are therefore shortened by
an equal amount. The effects cancel so
there is no bias. This is illustrated in

Figure 14 for the purely resistive polar

E : ! :
! § :

M ! W :

] 5 :r
DUTPUT CIRCIAT
PURELY RESISTIVE

ANTI"BQISE SET
M OUTPUT CIRCWT

BARKING AND SPACING PULSES OF EQUAL LENGTH
A BRA S

Figure 14

output ecircuit and also for the practical
condition where an antinoise set is con-
nected in series with the relay tongue. As
shown, the antinoise set produces smooth
and somewhat sloped transitions in the
output current wave, yet signal timing is
perfect.

Where polar operation between the
main office and an outer drop is employed,
no bias is introduced by the interconnect-
ing legs. Regardless of their make-up—
whether they be short or long conductors,
in open wire or cable (loaded or un-
loaded) , with or without monitorial equip-
ment or other apparatus—bias to and
from the drop is nonexistent when the
three basic conditions, already stated, are
met. Figure 15 makes this clear. As before,
both marking and spacing wave forms are
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when the SM operate point is reached
and will remain on marking, regardless of .
wave distortion within wide limits, until I
the current reaches the MS operate value. i

|

. ;dentical but opposite. The relay will mark {\

Then the relay will space and remain
spaced until the SM operate value is
reached. If equally timed signals are ap-
plied the delivered signals, if polar, will
also be unbiased.

It should be evident from the foregoing

that, because of the independence of cur-

rent value and absence of bias, optimum
pperating margin is an inherent charac- -
teristic of polar operation. This feature
. pgives excellent flexibility under normal
. and emergency conditions in that indivi-
-+ dual circuit components (facility and/or

il it i i i s’ s
S Em W N e o o -

L

apparatus) may be readily isolated in INPUT CURRENT WAVE DISTORTED
event of trouble or readily interconnected ERHYEASS ?:;u;:i]mpenu TIHED
- without the necessity for regulation or
adjustment. Figure 15
R
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Maw Has arways demonstrated consid-
erable curiosity as to when, if ever, his
ship is coming in. At New York City, the
chief Atlantic port, as elsewhere, there has
been over the years great interest in the
arrival of vessels in the harbor. Various
means of satisfying this interest have
appeared, as the art of communication
developed. Many years ago a system of
arm semaphore signalling with stations
located within telescopic visual range of
each other was established from vantage
points on Long Island, Staten Island and
New Jersey, over which information of
sighting of ships was rather laboriously
transmitted to New York City. Following
development of the electric telegraph, ship
reports were transmitted by this newer
means from towers at Sandy Hook, N. J.,
to a central point in New York for dis-
tribution to those interested.

In recent years a system of radio-fac-
simile transmission has been inaugurated
which it is the purpose of this article to
describe. This is believed to be the first
instance of commercial “sea-going” fac-
simile operation, and is an outgrowth of
Western Union's intensive development of
this form of telegraph transmission.

Today, reports of incoming vessels origi-
nate with the harbor pilots, whose function
it is to bring into the harbor and docks
(and to take out of the harbor) most of
the large vessels entering the port. In the
Port of New York, this activity is con-
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ducted by two organizations whose opera-
tions are combined under the designation
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United New Jersey and New York Sandy -

Hook Pilots Association. This group has
a well-integrated service operating two
regular harbor vessels, the New York and
the New Jersey; a third boat, the Sandy
Hook, newly built, which takes over har-
bor station duties on occasion: and five
smaller power boats, one or two of which
are kept on duty on station for the purpose
of transferring pilots from the station ves-
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' gel to incoming ships, or taking pilots from
' outgoing ships to the station pilot boat.
| The working station or anchorage is off
F gandy Hook, N. J., some 15 to 20 miles
| from downtown New York City. The New
' vork and New Jersey are sizeable craft,
¢ about 200 feet in length, while the Sandy
. Hook is about 90 feet long. These are com-
\ fortable vessels, with sleeping quarters
. for crew and pilots, and can remain on
station for two weeks or more.
Through arrangement between the Pilots

! | Association and Western Union, the latter

" has equipped the three larger boats with
i radio-Telefax and two-way voice-operated
. radio equipment operating on 156.9 mega-

. cycles. A fixed station is maintained in the

Western Union building at 60 Hudson
Street, New York City, where a remote
control connection is also provided to the

i headguarters of the Pilots Association for

their administrative work, Under the
operating arrangement, the captain of the
pilot boat reports to Western Union the
arrival and departure of ships from the
pilot boat station. Western Union main-
tains this Telefax and radio equipment in
operating condition,

The pilot boats are equipped, in addi-
tion to the radio apparatus, with facsimile
transmitting equipment which operates

very much like the well-known Desk-Fax
now in general use, although somewhat
different in appearance. The signals which
are sent from this facsimile equipment
would be entirely unintelligible to any
one who set up a radio receiver on this
frequency and listened in. The copy re-
ceived at 60 Hudson Street is written
information and, in addition to being
meaningless to the casual listener, pro-
vides the same freedom from misunder-
standing of the spoken word that the
Desk-Fax provides in ordinary business
use.

The facsimile system used in this service
differs in two important particulars from
that of Western Union’s other mobile
radio-facsimile venture—the Telecar. On
the pilot boats the facsimile transmission
takes place from the mobile unit, whereas
the mobile unit does the recording in the
Telecar system. Also, the pilot boats have
a source of 110-volt electric power avail-
able for operating the Western Union
equipment, while the Telecar is dependent
on a G-volt storage battery,

Facsimile equipment on the pilot beats
consists of a Telefax Transmitter 715-B,
driven by a Synchronous Amplifier 141-B
which is controlled by a 60-cycle fre-
quency standard. This transmitter is the

Former marine observatories operated by Western Union to report ships entering and leaving New York Harbor.
Left—Fire Island, M. Y.; center—Highlands, N. J.; right—Fort Honcock, Sandy Hook, N. J. Narrow horizontal
coverad openings at various levels of towers permitted ship observations’ by telescope.
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so-called “bottle” type, in which the mes-
sage, on a 33 by 5l%-inch sheet, is inserted
into a transparent cylinder, against the
inside of which it is held by centrifugal
force as the eylinder is rotated for scan-
ning. Scanning is at 100 lines per inch
with a cylinder speed of 180 rpm. A light
chopper giving a carrier frequency of 2500
eycles is used in the usual optical scanning
arrangement,

Radio-facsimile installation an the New Jersey. Radio
transmitter-receiver ot lower right. Focsimile
transmitter at left

As is usually the case, space is at a
premium on shipboard as may be guessed
from the photographs of the installations
on the New Jersey and Sandy Hook. On
the New Jersey all Western Union equip-
ment is located in a radio room just aft
of the wheelhouse. On the Sandy Hook,
— the latest installation, — the radio
equipment, frequency standard and syn-
chronous amplifier are installed in a com-
partment especially built for them in the
forecastle (the crew’s quarters below the
main deck) while the facsimile trans-
mitter is in the wheelhouse. This latter
arrangement is very convenient from an
operating standpoint.

The facsimile signals are transmitted
over the radio circuit without inversion,
to eliminate some circuit complexity at
the mobile station. The carrier frequency,
therefore, is present on the radio signal
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during the scanning of the background or
“white"” portion of the message, and is
suppressed during the scanning of the
written or “black™ portion. There has been
some discussion as to whether or not this
method of operation tends to reduce the
visible effects of noise in the facsimile
copy. However, the fact that this system
operates with wvery little trouble from
noise cannot be taken as proof of this

Facsimile transmitter in wheel house of Sandy Hook.
Transmitter pedestal ot right

theory, since signal levels over the path
covered are good and provide good noise
suppression. While the boats cannot be
seen from the Western Union building in
New York, the height of this building
brings the 20-mile path well within the
theoretical line-of-sight range. The hoats
are all equipped with wvertical coaxial
dipole antennas, at a height of about 30
feet above the waterline.

Radio equipment used on the boats and
at the Western Union terminal has a power
output of about 60 watts at the radio fre-

JULY 1954




Facsimile recorder, frequency standoard ond syn-
chronous power amplifier at Western Union buwilding

quency used. It is “frequency modulated”
with the usual deviation of 15 kilocycles
and has an audio bandwidth of about 3
kilocycles for voice and facsimile signals.
Power for the radio and facsimile appa-
ratus on the New York and New Jersey is
obtained from rotary converters producing
110 wvolts alternating current from the
boats’ direct-current supply. The Sandy
Hook is equipped with 110-volt a-c gen-
erators which makes the use of converters
unnecessary.

The modulation of the radio trans-
mitters, while loosely called frequency
modulation, is in reality phase modulation,
since the transmitters are crystal-con-
trolled for frequency stability. This form
of modulation results in a transmitter fre-
quency deviation which is proportional
to the frequency of the modulating signal
as well as to the audio level of the modu-

SHIP REPORTING

lation. There is, therefore, an automatic
high-frequency pre-emphasis in transmis-
sion, and this is compensated for by a
de-emphasis network in the receiver to
restore the balance of audio frequencies.
This pre-emphasis amounts to approxi-
mately 6 db per octave.

At 60 Hudson Street, a vertical coaxial
dipole antenna with director and reflector
elements to provide a directional charac-
teristic is mounted on a mast on the roof
and aimed at the boat station off Sandy
Hook. The radio apparatus is installed in
a room at the top of the 24-story building,
and provided with an audio circuit to the

SHIP REFORTING SERVICE

Lot — DecEMBER 1953

MNO. OF
DATE SHIP ON STATION REPORTS"
1 New York 58
2  New York and New Jersey 48
3 New Yorlk 52
4 " 29
5 L] 53
] " 41
T " 46
8 " 54
g 11 51
10 " 62
11 " i1
12 i 58
13 T 44
14 i 34
15 " 43
16 " 68
17 New York and New Jersey A1
18 i " 56
19 New York 61
20 " 52
21 ’ ol
22 " 23
23 " 27
24 " 70
29 " 27
26 " 30
21 " 38
28 " 39
29 y al
30 M 46
31 T a3

*May cover two or more ships each
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Commercial News Department on the 8th
floor, where the facsimile recording equip-
ment is located, and from which loeation
the radio apparatus is remotely controlled.
Facsimile Recorder 809-A, a rotary drum
type, is driven by a Synchronous Ampli-
fier 141-B and a 60-cycle standard fre-

Focsimile messages received ot 60 Hudson Street

quency generator similar to the equipment
on the boats. Phasing is accomplished by
means of signals transmitted from a phas-
ing block at the top of the sending blank.
The recording blank is 8 by 53 inches in
size, so the received copy is larger than the
original. The recorder drum operates at

180 rpm, but is larger in diameter than the
transmitter cylinder, and the recorder
scans at approximately 60 lines per inch,
A cavity resonator tuned to 156.9 mega.
cycles is inserted in the antenna lead to %
the receiver at the Western Union building #
to remove intermodulation interference
from other powerful transmitters operat-
ing in this band in lower New York City,
The boat station is far enough out so that
this trouble is not experienced at the mo-
bile units, i
This circuit is in operation 24 hours a =
day every day, and a surprising number of
reports are handled during the night. A
log of operation for the month of Decem-
ber 1953 gives an idea of the number of
reports made. Other reports are received
by land-line telegraph from Quarantine,
and all reports are retransmitted over a
self-winding ticker circuit to regular sub-
seribers for the full ship reporting service,
These subseribers are largely steamship
companies, although companies engaged
in other types of transportation are also
included. Numerous other subscribers get
special reports on certain vessels only.

Henry P. Gilbert began his communications
career with an amateur “wireless” station while in high-
school. Following graduation he went to sea as a wireless
operator, entered the Navy at the start of World War 1, and
left the service after the war with a commission as Ensign
for Engineering Duties. He entered the elecirical engineer-
ing school at Virginia Polytechnie Institute, graduated in
1923, and came to the Engineering Department of Western
Union that same wyear. Mr. Gilbert worked for a number
of vears on the design and development of telegraph ter-
minal sets and repeaters and the components that make up
these sets, and on telegraph transmission problems. In
later years he has returned to his first love, now known as
radio, and had a part in the development of Western Union’s
radio beam system and the training of operating personnel
for it, and in mobile radio-facsimile applications, particu-
larly the Telecar.
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A Microwave System for Telegraph Service

I. ]. LENEHAN

Introduction

THE sYSTEM described in this paper was
designed to provide trunk facilities for
telegraph purposes. The accumulated ex-
perience the telegraph company gained
from its New York-Washington-Pittsburgh

" radio relay triangle was of value in the

early stages of planning. This commercial
gervice, which was installed in the latter
part of 1946 and placed in operation early
in 1948, highlighted many of the problems
that are encountered with this transmis-
sion medium,

Simultaneously with the operation and
monitoring of the triangle circuit, Western
Union embarked on long-term propagation
tests. The results of these tests, which have
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me to 4200-mec common carrier band, and
as an amplifier delivers about 10 watts.
The reduction of fading outages® with this
added power made this a reliable service.

In addition to engineering improved
propagation reliability in the new system,
the effects of “aging” between regular
maintenance intervals were explored. This
aging normally manifests itself in a marked
reduction in signal-to-noise, and if serious
enough actually reduces the load carrying
capacity of the system. Aside from its
obvious disadvantages to the Operating
Department and those responsible for
radio maintenance, this aging effect also
entails a rather sizeable capital investment
in test equipment. To reduce such effects,
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Figure 1. MLD-4A System—block diagram

been described in technical papers,! ?
were conclusive enough to establish that
the effective radiated power of the trans-
mitters would have to be increased to
meet the continuity of operation demanded
by telegraph service. The additional mar-
gin of 20 db that was desired was achieved
by placing a SAC-41 Klystron amplifier
after the original 2K56 transmitter reflex
tube. The SAC-41, which was developed
by the Sperry Gyroscope Company under
Western Union contract, covers the 3700-

A paper presented before the IRE Microwave Radio Relay
Systems Symposium in New York, N, Y., November 1933.

A MICROWAVE SYSTEM

the new system employs subcarrier and
heterodyne repeaters,

The heterodyne feature eliminates the
distortion inherent in modulating and de-
modulating with the basic intelligence at
each repeater, and the subcarrier features
permit long-term variations in repeater
amplitude and phase characteristics with
minimum effect on the modulation.

Madification

A  simplified block diagram of the
MLD-4A microwave system appears in
Figure 1. The 1.5-me modulator was de-
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signed to handle the bandwidth required
for a 40-voice-band frequency division
type of multiplex equipment. The com-
posite output signal of the multiplex ter-
minal frequency modulates the 1.5 me
produced in this unit and on peaks achieves
a deviation of =500 ke. With this deviation
and suitable band-pass characteristics, the
subcarrier is maintained within the octave
of 1 mec to 2 me and some improvement in
cross-talk suppression is realized over the
method which employs more than an
octave.

13 ANTEHRMNA
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Figure 2. MLD-4A Repeater—SAC-41 transmitter circuit

The modulation of the SAC-41 by the
1.5-me output of the modulator is some-
what different from the mere conventional
means employed with reflex tubes. In a
klystron of this type the anode potential
is varied at the modulating frequency rate,
which produces phase modulation of the
tube’s electron stream. With a beam poten-
tial of 750 volts, the modulating potential
is approximately 25 wolts rms for the
equivalent FM deviation of =3.25 me. To
produce this voltage with the relatively
heavy loading of the klystron electron
stream, it was necessary to design a high-
power 1.5-mc driver, which is illustrated
schematically in Figure 2. The driver out-
put is developed across chokes Li; and L.,
and the modulating potential is in effect
placed in series with the klystron’s beam

T

voltage. The RF source is coupled to the
first of the three synchronously tuned
cavities and because of variations in tubes,

the microwave input must be adjusted for
optimum drive. The phase modulation

characteristic in the SAC-41 is changed to

equivalent FM to achieve the optimum

improvement factor by maintaining a 6-db

slope over the modulating frequency range
of 1 me to 2 me.

Crystal Control

The microwave frequency employed for
the receiver local oscillator and trans-
mitter source is developed in the erystal-
controlled multiplier. The advantages of
this method are high stability and mini-
mum maintenance adjustment. The basic
frequency in the multiplier range is pro-

duced by a temperature-controlled crystal

with a stability of ==0.005 percent. Multi-
plication to the 200-mec range is accom-
plished by typical lump constant circuitry,
and two cavity-tuned lighthouse stages
are employed as doublers to reach 800 me.

The multiplication from 800 me to 4000 me

is obtained by an SMC-11-H Klystron.,
This type contains within one envelope an
input cavity tunable over the range of
740 me to 840 me, and an output cavity
that will cover the 3700-mec to 4200-me
common carrier band.

The front view of the crystal multiplier

showing the relative position of the stages

is pictured in Figure 3.
At terminals, the service channel, which
is independent of multiplex channels and

Figure 3. Front view—crystal-controlled
micrewave source
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: is employed for maintenance and the fault-

Jocating functions to be described later,
modulates the crystal multiplier. The nor-
mal service channel deviation is =100 ke

RS0k et L1t g 1 LT

Figure 4. Rear view—crystal-controlled
microwave source

and is accomplished by phase modulation
in the second stage of the multiplier chain.

In the design of the multiplier, it is
necessary to be aware of the relatively
strong fields at the frequencies of the
multiplier chain that can appear as inter-
fering signals in the RF and IF amplifier
units of the system. The first obvious pre-
caution is the choice of frequencies for the
individual stages, which do not fall into the
band pass of any of the units. Aside from
these, however, are the other harmonics

always present as well as sums and differ-
ences that can mix in the receiver crystal
input and fall in the amplifier band pass.
This effect becomes more prominent as the
noise figure of receiver is improved. To
minimize radiation effects, a shield is
placed over the rear of the multiplier
which is equipped with a press-fit cover
that can be removed for maintenance. A
rear view of this unit is shown in Figure 4
with the shielding cover removed.

Frequency Allocation

When designing a relay system employ-
ing heterodyne repeaters, one of the bhasic
problems is the relationship of transmitter
frequency to received frequency at each
relay station. In the design it was realized
that since Western Union is co-user with
other common carriers of the 3700-4200-mc
band, it would be best to maintain a circuit
frequency allocation that was compatible
with systems already in the field. The
upper section of Figure 5 shows the chan-
nel assignment employed by the Telephone
Company's TD-2 system, and it can be
seen that 20-me-wide channels are placed
at 40-mc intervals. To reduce the mutual
interfering effects on parallel and crossing
paths, it was decided to interleave the
MLD-4A channels so that they fall be-

AT.&T TD-2
TWELVE 20MC CHANNELS-40MC SEPARATION
b A~ AT AA-MTO ML
1B 3T TOMC AH =800 ML
L L L T e S~ RS0 €
20 DAL S8 - A 000
A8 - 3RS C B =A130ME
38 -39 308 BE-4iTO ML
=] [&] [E] [78] '_;u-.] =] an]| [aB] [=a] [=8] [ea] [sB]

| | | |
ATOOMEC 3TSO0MC IBOOMC FBSOMC IR0OMI A950MC 4000MC 4050MC  4100MC A1S0OML 420080
I | | I | |

L [
4 @ B B A A A B M E R E R

= 3T T
1= 3750 LG
S a=3TIE ML
FEED MC
I -RATE WC
L EE CEEFE T

ik - X350 AT
A5 0 M
S = dDID MG
HB— A0 wl
[T LR
BB - 150 bl

1A -41BD WM

W.U.MLD-4A
THIRTEEN 10MC CHANNELS-40MC SEPARATION

Figure 5. 3700-mc to 4200-mec frequency allocation
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tween those occupied by the Bell System.
The Western Union frequency allocation
for the MLD-4A is shown in the lower
section of Figure 5. With this method of
channel interleaving, optimum utilization
of the band is achieved by employing a
+40-mec relationship between the received
and transmitted frequency at each
repeater.

Repeater

The units that provide the necessary
'repeater gain and produce the desired
relay frequency translation are depicted
in the block diagram of Figure 6. At each

CRYSTAL
CONTROLLED
W RS

T 4040 MC

TO TOmd e
CONNERTER

SR
CHAMNME L
SEMD

SEAYICE
CHAMME L
RECEIVE

Figure 6. MLD-4A Repeater—block diogram

repeater the incoming signal is converted
to the T0-mec intermediate frequency by
mixing with the energy supplied by the
crystal-controlled microwave source. The
receiver amplifier is flat within less than
1 db over a 10-me range and includes age
and limiting. The next step in the relay
frequency translation is accomplished in
the T0-mc to 110-mec converter. This unit
produces the frequency shift by hetero-
dyning the receiver amplifier output with
a crystal-controlled 180-mec oscillator.
There are additional stages to provide the
necessary selectivity and band-pass char-
acteristics for the 110-mc difference fre-
gquency.

The circuitry used for high level mixing
of repeaters is similar to that employed at
terminals for modulation. Figure 7 is a
schematic illustration of this circuit. The
110-me phase modulates the microwave
input and as in any modulation system
there is a signal distribution of first,
second, ete., order of sidebands. The second
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and third cavities will not pass the entire
modulated band, but are tuned to either |
the upper or lower first order sidebands,
The level of 110-mec is set for maximum °
first order sideband while the mierowave
input is adjusted for optimum drive. With
this method of synchrodyning, the trans-
mitter power is of the order of 6 to 8 watts,
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Figure 7. MLD-4A Terminal—5AC-41 transmitter circuit

The front and rear views, respectively,
of a two-way MLD-4A repeater appear in
Figures 8 and 9. In general, all metering
and tuning can be done from the front,
while tube replacement is accomplished
from the rear.

Demodulation

The functions of the terminal can best
be described by referring to Figure 1. As
at a repeater, the incoming signal is con-
verted to 70 me, and within the same unit
the signal is demodulated by a T70-mc
discriminator. This discriminator is also
available in the receiver panels at re-
peaters. At terminals, where both the
1.5-mec and service channels are desired,
a filter provides the necessary selectivity.
The 1.5 me is amplified to the proper level
for extended cable runs, before it is fed
to the 1.5-me demodulator which removes
the composite multiplex intelligence for
operation of the carrier terminal.
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ing equipment at each station monitors
receiver age current as well as relative
transmitter power. When either of these
falls below a predetermined level, that
station sends back a tone whose frequency
is peculiar to the repeater, and coding of
the tone denotes whether it is low agc or
low transmitter power. In the failure
shown in Figure 10, the west terminal
would receive a coded tone from B if the
failure is in the receiver at Station B. If
the failure is due to low transmitter at
Station A, the west terminal will receive
this information from repeater A as well
as the information from tower B.

The more complex fault is one where
the circuit fails in both directions. This
type of failure is especially serious in
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Figure 8. MLD-d4A two-way repeater—front view

Fault Locating

In any system that employs unattended
repeaters, the fault-locating system has,
= as a minimum requirement, the location
i of the tower at which a system failure
2 occurs. Figure 10 is a block diagram rep-
i resenting a failure between towers A and
B. This failure is of the simpler type since
the circuit is assumed to be operating
HUI‘II‘LE]]F in one direction. The fault-locat- Figure 9. MLD-4A rtwo-way repeater—rear view
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Figure 10. MLD-4A fault locating system—block diagram

heterodyne type repeaters where trans-
mission at each station depends upon a
received signal. With any break the RF
path is lost beyond the break, and in order
to restore the transmission path, a 70-mec
reinstatement oscillator is activated and
replaces the receiver output as drive to
the 70-mc to 110-mc converter.

Figure 11 is a more detailed block

diagram of the repeater fault-locating
funetions.
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Figure 11. MLD-4A fault locating repeater—
bleck diagram

The point at which the 70-mec reinstate-
ment oscillator of each station comes on
is a function of the age potential, but this
cannot be the only determining factor.
The point where the received signal has
dropped low enough to cause circuit inter-
ruption is not a fine line, as it is deter-
mined among other things by operating
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conditions on the other links of the system
as well. To insure that the 70-me oscillator
does not come on while the circuit is sti]l
capable of carrying traffic, one additional
requirement has been placed on the opera-
tion. When an actual break has occurred,
the terminal sends out a 20-ke tone. The
reception of the tone activates a relay and
the combination of this tone and low
age places the reinstatement oscillator in
operation.

Antenna System

It is not within the scope of this paper
to detail the design efforts involved in the
antenna equipment, but the pertinent
points of interest from an over-all stand-
point will be described briefly.

The economic advantages of the passive-
reflector method made this type of radiat-
ing system attractive. In order to deter-
mine quantitatively the cross-coupling
effects with such devices, Western Union
made a test installation at Monsey, N. Y.
An analysis of the results of these tests
has been published, but it might be
briefly stated here that passive reflectors
are desirable for routes which have a small
number of RF channels and where it is
possible to use a separate frequency for
each transmitter and receiver at a given
station. On heavily loaded routes where a
large number of circuits are required, and
the resulting necessity for frequency con-
servation reduces the two-way transmis-
sion to two frequencies, that is, to receive
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i on one frequency from both directions,
and to send on a second frequency in both
- directions, a more elaborate antenna sys-
| tem is required. A type that appears
promising for this application is the “hog-
horn” or horn reflector shown in a test
getup in Figure 12,

Figure 12. Heorn-reflector antenna

In addition to the radiating elements,
the antenna system of the MLD-4A con-
sists of suitable wave-guide components
for either duplex or multiplex operation.
When duplexing, the received and trans-
mitted RF signals to be separated in the
filter system are spaced by 120 mes, so
that a single antenna may be used for both
transmitting and receiving on one side of
a repeater.

When two or more channels are re-
quired on one route, a system of multi-
plexing is employed so that all the trans-
mitters for one direction are on a common
antenna and all receivers are on a second
antenna. With this method the receiver
and transmitter frequencies alternate their
positions in the band at each station.

Emergency Power

Figure 13 is a view of the emergency
Power equipment to be used with the

A MICROWAVE SYSTEM

MLD-4A installations. It consists of a com-
mon shaft coupled a-¢ motor, a-c gen-
erator, and d-c motor-generator. Under
normal conditions the a-c motor is oper-
ated on the commercial power and the
a-c generator provides the primary source
for operating the radio equipment. At this
time the d-c¢ machine is functioning as a
generator and is providing trickle charge
for a bank of batteries. If the commercial
power fails, the d-c machine instantly
becomes a motor driven by the batteries,
and the a-c generator continues to supply
power for the MLD-4A equipment.

The battery life cycle here would be
about three hours which is hardly suffi-
cient to cover some serious power failures.
These are covered by a gasoline-driven
alternator that comes on when the com-
mercial power fails. It does not, however,
take over the load until it has reached
proper voltage and frequency. The entire
system is an improvement on the one
employed on the New York-Washington-
Pittsburgh triangle, in that it eliminates
vibrators but maintains its predecessor’s
ability to switch without losing even one
telegraph signal pulse,

Figura 13. Emergency power—3-unit machine
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proved signal-to-noise performance, and g
high degree of reliability. To assess the
ability of the equipment to meet these
demands, laboratory and field tests have
been made and continue. The field trial
consists of the installation of a repeater
of this type (Figure 14) at the Wood-
bridge, N. J., station of the New York-
Philadelphia radio circuit. This test, which
began in November 1953 and is still in
progress, indicates a minimum of main-
tenance is required.
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A Letter-Size Facsimile Transceiver

wire the development of the Desk-Fax
transceiver’ 2 and its successful adaptation
to the terminal handling of telegrams in
Western Union services, it was natural that
ofiorts would be made to enlarge its field by
developing apparatus that could be leased to
customers having similar local communica-
tion problems. Accordingly Intrafax concen-
trators™* were designed and are meeting this
need. Further expansion of the use of Desk-
Fax in the leased service field is limited,
however, because of the relatively small size
blank (4% by 6% inches) for which it was
designed and which is adequate for the ex-
change of telegrams. It was decided, there-
fore, that a transceiver capable of handling
letter-size copy (8% by 11 inches) should be
prnvi-l:led.

It might seem that this could be accom-
plished merely by using a larger and longer
drum on the present Desk-Fax electronic
chassis, and by turning the drum faster to

Figure 1. Model Transceiver EM2127 —mechanical unit

keep transmission time brief. Examination of
the problem revealed, however, that a num-
ber of new factors are involved when the
size of the copy is inereased and the trans-
mission rate is doubled. A few of these are:

. Assuming the transceiver should be
capable of operating at either 180 or
360 rpm, because of the inherent increase
in weight of the drum due to its larger
size a much larger and more powerful
motor is required to revolve it at the
double speed.

2. In order to record satisfactorily at 360
rpm the single ended (6V6) recording
amplifier of the Desk-Fax was not ade-
quate. A push-pull amplifier (2—6VE6)

* Registered Trademark W, . TEL. CU.
FACSIMILE TRANSCEIVER

was required, together with a propor-
tionally larger power supply.

3. For operation together (one-to-one), it

was felt that instead of using the optical
type inverter a modulator should be pro-
vided which would automatically set up
on the background of the subject copy,
thus permitting employment of originals
having a wide range of background color.

4. In the Desk-Fax, the copy sheet is held

on the drum by a single spring garter and
a flange at the left end of the drum which
was not considered adequate for the
815~ by 1ll-inch sheet. Four garters are
used to hold the larger blank, two at the
top which are not handled by the opera-
tor but are under control of the carriage.
The operator places the sheet on the
drum and rolls on the two garters at the
bottom of the sheet. During transmission,
the garters at the top are rolled onto the
sheet automatically by the carriage, and

Figure 2. Model Transceiver EM2127—electronic unit

at the same time those placed on the copy
by the operator are rolled off by the
carriage.

5. An end-of-message switch adjustable by
the sending operator is provided to save
transmission time. At the receiver, a
signal is provided to indicate whether the
incoming message is long or short, thus
enabling the operator there to place the
appropriate length Western Union *"Tele-
deltos” recording sheet on the drum.

When these factors were taken into con-
sideration and the design made to include
the new requirements with the larger com-
ponents, it became evident that the trans-
ceiver was going to be too large and heavy
to be handled easily by one man. Therefore,
to facilitate installation and maintenance, the
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model transceiver was designed in two units:
a mechanical unit, Figure 1, and an elec-
tronie unit, Figure 2, interconnected by a
detachable cable.

Operation of the new transceiver is very
simple. The machine is provided with “In-
coming’ and “Outgoing” buttons which auto-
matically set up the transceiver as a trans-
mitter or receiver, depending upon which
button is pressed. Of course means are pro-
vided to prevent the transceiver from being
incorrectly set up if the wrong button is
pressed for the desired use. An adjustable
arm directly below the drum is used to set
the end-of-message switch, and the position
of this arm determines automatically if a
“long” or “short” message light will appear
at the distant recorder. There, an incoming
call is indicated by a buzzer sounding, and
the lighting of the appropriate “long” or
“short” message light.

Figure 3. Components of electronic unit

To further aid in and reduce the cost of
maintenance the electronic section of the
transceiver is composed of four units: the
transmitting modulator, the recording ampli-
fier, the control unit, and the d-e¢ rectifier
unit. 'The components of these units are
assembled and wired together on flat
“chassis” and hinged to the main electronic
frame (Figure 3) for easy access and re-
placement. The wvarious level controls are
accessible through holes in the main cover.
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Although this transceiver is designed pri-
marily to handle copy 8% inches wide,
smaller sheets can be emploved by using
holder consisting of a transparent plastic
sheet “hinged” to a sheet of regular paper;
the copy to be transmitted is put between
the sheets and the assemblage then placed
on the drum.

The econtrol circuits between transceivers
are d-c¢ ground-return circuits composited
to the pair carrying the facsimile signals
Development of an attachment to the trans-
ceiver which will convert the d-c control
signals to carrier is well under way and when
completed will permit the operation of the
transceiver over regular 2-way voice bands,

The essential characteristics of Letter-Size
Transceiver EM2127 are:
Carrier frequency: at 180 rpm, 2000 cps
at 360 rpm, 4000 cps
Lines per inch: 100
Index of cooperation: 825
Length of circuit: 25 db
Controls: Composite, d-¢ ground-return
Power: 225 watts, 115 wvolts =10 percent,
60 cycles
Size: Mechanical unit 22 by 9% by 9%
inches; 37 pounds
Electronic unit 22 by 7Y% by 83
inches; 36 pounds

Of the engineers who have assisted in the
development special mention should be made
of Mr. R. D. Parrott who was responsible for
the major mechanical design, and Mr. G. B.
Worthen who handled the design of the
modulator and recording amplifier.—G. H.
Rmmnes, Ass’t Telefax Research Engineer.
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Design of a Commercial Facsimile System

T. F. COFER

As DESCRIBED in the previous issue, mes-
sage element transmission for a commer-
cial facsimile system is practicable over a
metallic or 2-wire circuit designed to carry
conversational audio frequencies.

Operational Control

Where the primary power is derived

from the same a-c network at both ends
of the circuit, synchronism between driv-
. ing motors may be obtained very simply.
~ Auxiliary circuits are necessary, however,
in both directions between sending and
receiving units to schedule the handling
of messages. These control circuits ordi-
. narily are required to pass opera-
© tional information alternately between the
sender and receiver before and after the
' transmission of the facsimile message.
" The operations are usually as follows:
1. Sender signals receiver that a message is
waiting.
9 Receiver answers, showing equipment is
in receiving condition.
3. Phasing signals are sent.

4 Confirmation of phasing starts message
element signals.

5 Sender indicates end of transmission,

6. Receiver acknowledges receipt of message

in good order.
In addition to the above, the control cir-
cuits must be designed to test the line for
continuity, to determine positively that
two transmissions in opposite directions
-« will not take place, and must “fail safe”
so that messages cannot be sent “to the
wind" even by oversight of the operators.
Owing to their sequential nature, most
. of these control functions can be accom-
% plished by relatively simple arrangements.
Where a metallic conductive line is avail-
- able between locations, as in the majority
= of cases involving commercial facsimile
systems for telegram delivery purposes,
the d-c path between line conductors and
ground offers a convenient auxiliary cir-
cuit. Either a two-path one-polarity ar-

rangement or a single-path two-polarity
system, both using make-and-break sig-
nalling, can be utilized to provide both the
required safety features and the control
functions listed above.

Concentrator Control Circuits

Where a large number of stations work
into a communications center it is advan-
tageous to furnish the line “concentrator”
with two-polarity control circuits operat-
ing over center-tapped connections to each
line, providing ‘“simplexed” circuits to
ground. The tributary station connections
include both positively and negatively
poled rectifiers forming two branches of
the simplex circuit. Under stand-by con-
ditions the concentrator applies one poten-
tial to the line so that signalling can take
place from the distant station without need
for a control circuit power supply at that
point. An additional advantage accrues
from the fact that the use of the two line
wires in parallel to ground does not inter-
fere with the insertion of standard “H”
attenuation pads in the lines for building-
out purposes, as will be explained later.

Because the grounded simplex circuits
are supplied with power from only one
end, however, lines with high or variable
leakage to ground would not be practicable
for connections to stations, but since these
lines are usually in metallic-sheath cable
ordinarily no difficulty arises from this
factor, With the control circuits arranged
as described, it may also be noted that
the tributary stations cannot communicate
with each other directly. Similarly, inter-
communication between concentrators
cannot take place without the addition of
special equipment,

General Control Circuits

Where general intercommunication be-
tween facsimile apparatus is desirable a
different arrangement of control circuits
is necessary. In the simplest form, for use
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over metallic conductive lines, a “com-
posite” arrangement is used which pro-
vides one make-and-break d-c circuit to
ground over each of the two metallic
wires. Each facsimile set can then be pro-
vided with control-circuit power supply
and one circuit can be set up for control
purposes in each direction. To permit such
arrangement, the two line terminals must
be marked to distinguish the send and
receive control circuits and their proper

Determining a satisfactory position for
the copy between the top and bottom
edges of the recording sheet is usually not
difficult. There is ordinarily ample margin
on the subject copy at these points. In any
case the progression of scanning “down
the page” is relatively slow. Thus for 100
lines per inch resolution at 3 scans per
second, the progression is only 0.03 inch
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Control circuits may use two polarities end a single path (A) or one pelarity and twe paths (B)

poling to each other ensured in connect-
ing or switching the facsimile circuits.

As explained previously, before a fac-
simile message can be transmitted, the
sending and receiving copies must be
framed and phased to each other even
though synchronism of scanning is already
ensured. It is often desirable also to limit
transmission to a part of each scanning
line, introducing the idea of “blanking.”
The method of controlling these functions
is important enough to warrant descrip-
tion in some detail.
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per second. A difference of a second or
two between framing at the sending and
receiving ends will be of small conse-
quence unless the copy is unduly crowding
the message blank.

For commercial purposes, framing the
messages is most easily accomplished by
furnishing standard size blanks, with the
area where message information may be
added outlined; taking precautions to
have the blanks correctly positioned in
the equipment; and causing the scanning
mechanism to return automatically to a
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predetermined point at the beginning of
each transmission. The ending of each
transmission can then be determined by
a limit switch operated by the scanning
mechanism at its maximum excursion. The
Western Union Desk-Fax uses such an
arrangement.

Phasing

Determining the left and right limits of
the copy is much more difficult than fram-
ing. Where the copy is wrapped around
a drum, the lateral limits may become
coincidental and the locating process be-
comes one of “phasing” the rotation of the
sending drum to the receiving equipment.
At the normal rate of three scans per
second the operation involves starting a
process which may cover almost eight
inches in one-third second, within a range
of plus or minus one-quarter inch or less.
The accuracy of timing is therefore about
plus or minus 0.01 second or telegraphi-
cally speaking 10 milliseconds. Relay cir-
cuits have little difficulty operating within
such speeds, but at higher scanning rates,
especially those in the order of ten times
normal, special electronic phasing circuits
are required, as described later.

The mechanies of phasing can be con-
sidered conveniently in two classes, one
where the two motors driving the sending
and receiving scanning mechanisms run at
synchronous speed only, and the other
where one motor speed is variable. The
first arrangement provides the most simple
approach to the phasing process while the
second involves somewhat less elaborate
equipment. The Desk-Fax concentrators
with their tributaries are a good example
of the first class; systems using the gen-
eral two-way control-circuit scheme ordi-
narily use phasing of the second class.

(In phasing of the first class, the main
driving motors at the distant stations run
at synchronous speed when energized,
sending “phasing pulses” consisting of mo-
mentary “opens” over the control circuit
during rotation. Each of these pulses indi-
cate the time of passage of the coincident
left and right margins of the message blank
wrapped on the drum. At the concentrator
the main motor of either transmitter or

recorder runs up to synchronous speed
quickly while mechanically disconnected
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from the equipment by a friction clutch
with a latch detent. Sequential relay opera-
tions in the calling or answering routine
cause the phasing pulse to release the latch
upon its next occurrence following the
starting of the motors, thus engaging the
clutch at the correct moment to achieve
the desired in-phase position. Because the
phasing operation is always initiated at the
tributary station, it is practicable to obtain
adjustments of pulse cam and cluteh latch
that will compensate for time loss in the
relay circuit. For accurate phasing, how-
ever, it is necessary that the signalling
pulse be sharply defined. The length of the
lines to the distant stations therefore may
be limited more by the distortion of the
phasing pulse transmitted over the high-
capacitance simplexed circuit than by the
attenuation of the average element signals
over the metallic circuit.

In phasing of the second class, the ter-
minal initiating the call starts its drive
motor at synchronous speed and sends
phasing pulses, on its transmitting side of
the control composite, to a relay in the
receiving terminal. The drive motor at that
end is started at a somewhat slower speed
by initially dropping part of its starting
capacitor. Phasing pulses from the receiv-
ing drum are sent loeally into another
relay, associated with the first mentioned
in what is called by switching engineers
an “and” type of circuit. [For instance,
each of these pulsing relays may remove
one of two short circuits around a third
relay.] Due to the difference in rotating
speeds, the time sequence of the two pulses
will converge so that after a reasonable
interval they must occur together, satisfy-
ing the “and” condition. Subsequent reac-
tions will then cause the receiving motor
to run at synchronous speed, will send a
“readiness to receive” signal back to the
transmitting end, shut off the pulsing sig-
nals, and start the scanning process at both
terminals. All of this seemingly compli-
cated procedure is accomplished with com-
paratively simple mechanisms.

By equipping the drum shafts with sepa-
rate movable cams for the local and the
transmitted signals, timing of the phasing
pulses may be adjusted to take care of
delays of individual machines and of lines
in association to almost any degree of
accuracy. It is unwise, however, to make
adjustments so critical as to require ex-
tremely long periods of pulsing before
synchronism is effected.)
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Phasing High-Speed Circuits

The previous discussions apply pri-
marily to phasing facsimile ecircuits at
moderate rates of scanning, say up to 30
inches per second (360 rpm). For truly
high-speed scanning, around 230 inches
per second, phasing becomes still more
difficult because it needs to be more pre-
cise. Cam and follower pulsing becomes
too clumsy and may be replaced by a sys-
tem comprising a permanently magnetic
slug, inserted in the drum and associated
with a stationary pickup eoil.! When the
magnet passes by at high speed, the coil
circuit emits a single sharp pulse which
can be used both for initial phasing and

affected by conditions on the drum surface
itself unless means of suspending trans.
mission through this portion of the scan
is included.

In its simplest form, a blanking mecha-
nism may consist of an adjustable-lobe
cam, rotating with the drum, affecting
two electrical contacts on the machine
frame. These contacts may be connected
so that no element signals can be trans-
mitted to the line during the portion of a
revolution where the cam is adjusted for
blanking. The cam may be designed
always to blank the location of the paper
lap and to be expanded when necessary
to cover one-third to one-half the length

Phaosing ond blanking may be combined in the tronsparent drum transmitter

1. 5conning carrioge
2. Carrioge lead screw

3. Copy guide line

for a continuous check of the phasing dur-
ing transmission of long messages.

Blanking

Somewhat analagous to phasing is the
mechanism required to transmit copy too
narrow to cover the entire working sur-
face of the scanning drum. Although phas-
ing is intended to determine the lateral
limits of the copy, the mechanisms mostly
used for the purpose can determine only
that the sending and receiving scans are
in unison referred to certain reference
marks on the machines themselves. If the
sending copy is not continuous around the
drum, some of the recording will bhe
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4. Phasing-blanking light source
5.-6. Upper and lower frame adjustments
7. Lower frame marker

of the scanning line, in one direction from
the phasing reference position.

A more general arrangement can be
applied to the plastic cylinder drums used
for high-speed operation. Here phasing
and blanking can be combined. Taking
advantage of the transparent cylinder
wall, a photocell can be mounted outside
the cylinder and a small light source
arranged to project inside the cylinder
opposite the photocell, bath near the end
kept open for loading.? Copy placed inside
the cylinder will obstruct the light from
the auxiliary photocell except in the space
between edges. The transmitter can there-
fore phase on one edge of this space and
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also blank the entire space. With such an
srrangement it is obviously necessary for
the copy to be narrower than the inside
periphery of the ecylinder. The copy must
also be inserted squarely into the cylinder
and not beyvond the limits of the phasing
phﬂt{}{.‘eﬂ.

Transmission Levels

In the previous discussion no mention
was made of the actual energy levels of
the message-element signals or the eon-
trol-circuit currents. These factors can
vary widely according to the circuit con-
ditions to be met. In practice, however,
such levels are limited by the transmis-
sion medium. Thus on a voice-frequency
channel derived from a radio or a land-
line carrier ecircuit, the faesimile levels
must be adjusted to fall within the over-
load values of the circuit. This fact may
offer some difficulty where control-circuit
channels must be included along with the
message-element signals.

The large number of facsimile circuits
in a telegram distribution system, how-
ever, involve Desk-Fax tributary stations
connected to concentrators by metallic
cable conductors., While such passive cir-
cuits have no saturation or overload char-
acteristics, the proximity of numerous
other services using the same frequency
spectrum brings about a limitation of
individual eircuit levels to minimize mu-
tual disturbance. Although these level
limitations apply to control-circuit cur-
rents as well as to message-element sig-
nals, the permissible ground-return cur-
rents are sufficiently large to obtain
reliable control-circuit operation without
requiring the best quality relays.

In the case of the message-element sig-
nals, the level limitation on transmission,
usually to plus 5 dbm. reacts to necessitate
low noise levels on the metallic cireuit,
which in turn requires good balance, Thus
where the black-to-white level difference
may be as great as 27 decibels, restriction
of the maximum transmission level to
plus 5 dbm infers that signal energies
down to minus 22 dbm should be trans-
mitted. Sinece it is desirable to operate
over lines of as much as 25-decibel loss at
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the carrier frequency in order to reach
the required distances over small gauge
cables, the minimum received levels will
be quite low. To obtain a desirable signal-
to-noise ratio of about 20 decibels, the
lines should exhibit no more than 60 to
70 dbm of noise within the message-
element transmission band. Since the fac-
simile lower sideband does not extend into
the low frequencies where the effects of
power-frequency currents and their main
harmonics are present, most cable pairs

Desk-Fax circuits are built out te a standard 25-db
loss with resistance pads

will give satisfactory noise levels. As will
be shown later, the recording amplifier
pass-band must be coordinated with the
message-element signal band to realize
this advantage.

Where several transmitters and record-
ers are shared by a number of lines, the
transmission levels at the switchboard
must be standardized for both sending and
receiving. To accommodate lines of vari-
ous lengths and gauges it is convenient to
“build-out™ all lines to a common trans-
mission loss with attenuation pads, located
in the concentrator apparatus cabinet. In
the Western Union Desk-Fax system a
loss of 25 decibels is the standard, the
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adjustments being made at the time the
circuit is installed.

Recording Amplifiers

The design of recording amplifiers for
facsimile receivers is influenced both by
the transmission requirements and by the
medium used in producing the records.
Western Union facsimile equipment is
designed around the characteristics of
“Teledeltos” recording paper.® “Tele-
deltos” is a “power” paper requiring, in
round numbers, about one millijoule of
energy at an impedance of several thou-
sand ohms to make one full black dot
0.01 inch square, At the normal resolution
of 100 lines per inch the minimum power
to be furnished the stylus to make a good
solid black line is about 2.4 watts for
three 8-inch scans per second, proportion-
ally more for higher scanning rates. To
obviate distortion of signals, the amplifier
should® be capable of delivering at least
twice the energy required by the stylus.
This works out to a power gain, based on
the received levels at the line, of around
56 decibels with a somewhat higher volt-
age gain because the paper impedance is
considerably higher than that of the cable
pair line,

Since the transmission band needed for
general telegram distribution equipment
lies in the upper voice frequencies, it is
not difficult to provide the necessary
power and voltage gains by the use of
pentode or beam power tubes together
with inexpensive input and output trans-
formers where necessary. The pass-band
of the amplifiers should show greatly
reducded gain at the lower voice frequen-
cies where low-frequency noise is preva-
lent, but the transition should take place
neither suddenly nor too near the fre-
quencies of the lower sideband of modu-
lation. Because of the type of signal to be
reproduced by these amplifiers, the dy-
namic response is as important as the
sine-wave reproduction.

In the compact tributary station equip-
ment the recording amplifier can be
arranged to be directly coupled to its out-
put system at all times when energized.
Amplifier equipment at concentrators,
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however, is usually designed to be housed
in a cabinet which may be located at some
distance from the actual recording stylus,
requiring a connecting transmission line,
Since this line is usually electrically short
at the frequencies used, it can be operated
conveniently at 500 to 600 ohms impedance
in cabled conductors. Because of the very
high levels to be transmitted, however,
the conductors should be shielded and
well segregated from low-level audio-
frequency circuits. With pentode output
tubes in the amplifiers, lightning arrestors
should be installed across the output
transformer terminals to dissipate the high
voltages developed In case an open line
circuit occurs when high signal levels are
present.

Because the concentrator recording am-
plifiers are usually preceded by an in-
verter, described previously, which raises
the signal level appreciably, the voltage
gain required is somewhat less than that
of the station transceivers, Conversely,
because there may he appreciable loss in
the connecting cables and coupling trans-
formers, the awvailable output power
should be more than twice that needed by
the stylus. Thus for instance where a
single 6V6 tube suffices in the transceiver
output, two in push-pull are needed in
the concentrator output stage.

Recording

Facsimile recording requires that a
metal stylus, connected to the output of
the recording amplifier, scan the receiving
message blank with a motion matching
that of the sending scanner in exact pro-
portions but not necessarily in exact
dimensions. (The condition may be com-
pared to a pantograph tracer or even to a
photographic projection printer where
changes in size of the object are not ac-
companied by distortions in shape.) The
“index of cooperation,” relating the length
of the scanning line to the progression at
right angles between lines, determines
whether a transmitter can operate with
a particular receiver without copy distor-
tion. This factor is variously stated as an
index number.

The Desk-Fax telegram distribution
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Concentrater electronic equipment,
cobinet, may be located at a distance from the
operating point

in o separate

systems operate with a dimension ratio of
5 to 4 between the concentrator equip-
ment and the station transceivers. Other
equipment, including Desk-Fax trans-
ceivers working to one another, has a
1-to-1 ratio.

The most simple arrangement for re-
cording faesimile messages is to utilize the
rotating axial-progressing drum described
previously as used in sending. Machines
built to use the drum interchangeably for
sending and receiving are called “trans-
ceivers” and are generally constructed
like the Desk-Fax transceiver. In this
device the receiving stylus is attached to
a hinged mounting controlled by a small
motor, When transmitting, the stylus is
retracted from the drum, out of the way
of the optical scanning system. When the
transceiver is switched to the receiving
condition and phased, the small motor
drives the hinged mounting toward the
drum until stalled by an adjustable stop.
The stylus pressure is adjusted with ref-
erence to this position. The optical system
does not touch the paper so its parts do
not interfere with the stylus positioning.

For the lightly loaded tributary stations,
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space and cost factors dictate a compact
transceiver and thus infer a drum-
operated device. At the concentrators,
however, with 5- or 10-to-1 ratio of equip-
ment to lines and a minimum of operators
desired, the economic factors favor a more
efficient recorder.

Continuous Recorders

Continuous facsimile recorders can be
designed more readily than their coun-
terpart sending flat-bed scanners. It is
practicable to devise relatively light
mountings supporting several styli for
scanning purposes. The required sliding
electrical connections, operated at fairly
high wvoltages, offer little difficulty. In
principle, then, a practicable continuous
recorder consists of a strip of recording
paper of suitable width, fed from a roll,
driven over a platen at a rate to produce
the desired number of lines per inch,
scanned crosswise by styli mounted on a
belt which moves at the desired number
of seans per second. The design problem
from this point on is almost entirely one of
mechanical arrangement of parts to rather
close tolerances. It is convenient to design
the recorder in two detachable parts, a
paper feed mechanism and a scanning
head.

Because as one stylus leaves the scan-
ning line another must be entering, the
minimum number of styli is three. It will
be found in practice that the use of three
is quite restrictive as to placement of
parts which at high scanning rates intro-
duces difficulties due to centrifugal forces
on the fast-moving belt. For these reasons
a four-stylus system is more generally
applicable. In Western Union telegram
distribution systems, however, the three-
stylus variety has given good service at
three scans per second and is still the
standard for low speeds. Both the three-
and four-stylus recorders have been very
well described in previous articles in
TeEcHNICAL REVIEW.* "8

Stylus Belts

The belts which carry the styli in the
continuous recorder are the most difficult
part of the equipment to design and to
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maintain. The belts must be flexible at
right angles to their length but must not
stretch lengthwise more than a very few
thousandths of an inch. They slide at
appreciable speeds along rigid guides but
must not wear rapidly though they are
only lightly lubricated since they operate
close to the paper and must not splash
lubricant on the copy. They must offer
positive support for the stylus mountings,
must have a positive drive, and must be
strong enough to absorb the shock of sud-
den starts and stops. Yet the belts must be
capable of piece-part production to fit any
recorder of the design series.

long-playing phonograph needle was used,
with a heavy shank held in the mounting
with a set screw, As these styli wore down
in normal use, they could be reset to the
proper length by adjustment to a built-in
anvil associated with the recording-head
mechanism. Further thinking, after field
experience, indicated that the stylus
should be much weaker than the mount-
ing, bringing about a change to straight-
wire styli. The use of these altered the
mounting to advantage since the mounting
plate could be installed on the belt first
and a slot for the wire milled afterwards
to exact spacing. A screw and washer

Autematic stylus spacing device decrecses maintenance on continuous recorders

1. Steel stylus belt

2. Straight-wire stylus mounting

3. Stylus spacing hammer

The original spring-steel belts with riv-
eted and soldered attachments and loop
closure have given way to similar ma-
terial put together by welding, the latter
made’ possible by the use of high-current
short-period welds. Full use is made of
special jigs and accurate tools for pro-
ducing the exacting dimensions required.
Experiments have been going forward for
some time looking toward a reinforced
rubber or plastic belt which will depend
on an accurate special mold case.

Stylus Mountings

It was originally believed that the styli
on the recorder belts must be very stiff
and rugged. A special stylus made like a
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4., Hommer cam
5. Spacing anvil
6. Cleaning brush

hold the wire in the shallow slot. Still
further thought showed that the stylus
could be crimped into a small copper
tube, held medium tightly by the screw,
and a light hammer could be arranged to
tap each stylus against the spacing anvil
on each revoultion of the belt. This latter
feature, although not yet generally ap-
plied, can greatly extend the time be-
tween maintenance adjustments of the
continuous recorder.

Stylus Material

As pointed out earlier, considerable
energy is dissipated in recording on “Tele-
deltos"”, much of it at the point of contact
of stylus and paper. The stylus should
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therefore be made of a strong stiff metal
with a high melting point. Tungsten wire
fulfills all the requirements for strength,
ctiffness, and availability. Such wire, used
in either 0.008 or 0.010 inch diameter,
gives better service than any other. Be-
cause tungsten wire is sintered it should
not be pinched off but should be sheared,
and recording is improved by smoothing
the point with fine emery cloth. Since
solder will not adhere to tungsten, the
material must be clamped in place or
plated with a solderable substance. For
Western Union apparatus the tungsten
wire is fur-
nished either
in precut
straightened
lengths for
the continu-
ous record-
ers, in rolls
of wire for
the telegram
service Desk-
Fax, or in a
multiple-
stylus wheel
arrangement
for the leased
Intrafax

entirely, supports the paper positively
above and below the scanning line, and
depends upon the natural resilience of
the paper itself to maintain stylus pres-
sure. For pressures around 5 grams this
expedient is highly successful. Its disad-
vantages are that scanning cannot begin
close to the upper edge, thus somewhat
wasting paper, and there is some change
in the apparent paper impedance due to
the stylus current traveling edgewise to
the frame of the machine instead of
straight through the paper from front
to back.

Maintenance

Experience
over a nums-
ber of years
has shown
that mainte-
nance for
telegram
distribution
facsimile cir-
cuits is less
expensive
than for tele-
printer tie
lines, al-
though the
latter may

service, still be pref-
erable on

Platen Desk-Fax installations are increasing at a substontial rate as the heavily
Drdinaril},r machine becomes available loaded cir-

facsimile

practice utilizing wire styli infers a fixed
platen behind the recording paper and
some spring action on the stylus mount-
ing to maintain proper pressure. In the
continuous recorder the required exact-
ness of positioning of the several co-
operating styli makes impracticable any
degree of freedom of the belt or stylus
mounting at right angles to the paper.
The platen must therefore furnish the
pressure-controlling movement. While this
requirement can be met with a light
spring-loaded aluminum platen at stylus
pressures of 15 grams or more, at lower
pressures proper spring adjustments are
very difficult to maintain over the length
of the scanning line. A much simpler
arrangement dispenses with the platen

FACSIMILE SYSTEM

cuits. Elec-

tronie troubles in the equipment have been
quite low, showing that vacuum tubes
operated at conservative ratings have
longer useful life than might be expected.
It is not necessary to utilize special high
quality tubes. The exciter lamps in the
optical scanning system also realize full
life expectancy and more, due to mod-
erate wvoltage aprlications. Mechanical
parts of the machines have performed well.
As might be expected, the styli on the
Desk-Fax tributary-station transceivers
account for the majority of part replace-
ments. While ordinary wear produces
some of these cases, many are due to
mishandling of the receiving blanks as is
natural with manual loading by personnel
of various degrees of aptitude and training.
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Two test tables have been standardized
for maintenance purposes. A large one
can test both concentrator equipment and
lines as well as transceivers and is nor-
mally located at the communications cen-
ter. One or two line ecircuits from each
concentrator switchboard may be run
to this table for testing purposes. A
small table, for testing transceivers, is
usually installed where convenient for
the tributary-station maintainers.

A stamped plate fastened to the top of
each Desk-Fax transceiver used in a cus-

.tomer’s office gives instructions both for

operating the machine and for summon-
ing a maintainer if required. In any case,
routine trips to each tributary station are
scheduled at intervals of one or two
months depending upon the number of
messages handled by the tie line. At these
periodic visits preventive maintenance is
performed which in many cases suffices to
forestall trouble.

Future Plans

At present the facsimile installations of
Western Union provide areas of excellent
local service in the major cities. While
expansion of these networks is proceeding

at a substantial rate, plans are under way
to interconnect the local systems so that
interchange of facsimile messages will
be practicable. A larger new automatic
concentrator, in the development stage,
includes facilities for recording such
interchange messages on magnetic stor-
age devices for retransmission without
rescanning. The facsimile system of the
future may therefore fulfill the purposes
expressed in the first installment of this
article,—to transmit anything that can he
marked or engraved on the sending blank.
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Patents Recently Issued to Western Union

Concentrated-Arc Lamp
W. D. BuckingHAM

2,662,196—Decemser 8, 1953

An enclosed type of Concentrated-Are
Lamp intended for a-c operation embodying
two identical electrodes spaced apart from
each other in an atmosphere of inert gas, The
electrodes serve alternately as the luminous
light emitting cathode and may be disposed at
an angle with respect to each other so that the
luminous ends are not shadowed. Each elec-
trode comprises a hollow tube packed with an
oxide of zirconium or hafnium, which reduces
at the electrode tip to a thin film of the metal
to form the exposed luminous layer. To
equalize the surface consumption of the elec-
trodes a magnetic field may be provided
which causes rotation of the are over the
faces of the two electrodes.

Regulated Power Supply
P. H. WeLLs, A. A. Stemmerz, W. D. Cannon
2,663,759—DEecEMeEr 22, 1953

Voltage regulator and current stabilizer
for a shore station supplying d-c power to a
submerged repeater over the cable conductor.
The regulator provides a substantially con-
stant flow of current to the cable apex despite
voltage variations in the commercial supply
and variations in magnitude and polarity of
earth potentials. The regulation iz accom-
plished by a vacuum tube impedance in
series with the grounded positive lead of
the d-c¢ source, this impedance being con-
trolled jointly by the voltage with respect to
ground of the negative bus and also by the
current itself lowing into the cable.

System and Apparatus for Facsimile
Telegraph Transmission and Recording

F. G. Haruoew, G. H, Rivings, D. M. ZABRISKIE,
R. D. Pagrotr

2,672,503—Marcu 16, 1954

A system for radio-facsimile transmission
of telegrams from a main office to one or more
mobile units. Each car is provided with a
radio transmitter and receiver, a facsimile

PATENTS ISSUED

recorder and radio telephone equipment. To
transmit a telegram, the main office sends a
tone signal to select the ear and condition its
recorder to receive the message. In the re-
corder, paper feeds from a roll into a cylin-
drical wrapping mechanism which positions
the paper for inside stylus recording. When
recording is concluded, the message is auto-
matically sheared off and dropped into a
receptacle and new paper is fed into the
wrapper. The two-way telephone circuit is
for handling service messages and trans-
mitting telegrams to the main office.

Facsimile Receiver
E. S. GrRiMES
2,672,504—Marcu 16, 1954

A facsimile receiving system especially
adapted for the suppression of background,
or spacing noise, prevalent on radio circuits.
Advantage is taken of the fact that if the
received signal band traverses a fregquency
doubler the noise potentials, lying predomi-
nantly at the bottom of the band, remain at
a relatively low frequency after doubling,
whereas the facsimile carrier is doubled to
a relatively high frequency. Since the modu-
lated side bands retain their original relation-
ship with respect to the now doubled carrier,
the separation between the essential signal

and the noise frequency ranges is greatly

increased. The noise band is then readily
rejected by a filter. A second doubling and
filtering stage is optional. In addition, by
adding a bias to the doubler rectifiers all
potentials below a selected threshold are
suppressed. By incorporating a negative feed-
back cireuit in the recording amplifier the
threshold effect is further enhanced, and the
narrowed input voltage range is expanded
to best mateh the recording characteristics
of the copy paper.

Pulse Modulation Phasing
J. E. BoucETWOOD

2,672,517T—Marcr 16, 1954

Method of phasing the receiving electronic
distributor of a multichannel pulse modula-
tion system by superimposing upon one of
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the several channels a phasing frequency
which is selected at the receiver and applied
to a stepping device. While the receiver is in
phase the phasing frequenecy arrives in the
allocated channel position and the stepping
device is thereby disabled, If the distributor
is out of phase, absence of the phasing signal
will release the stepping device to rapidly
advance the distributor until the phasing
channel appears in its proper position and the
stepping device is again disabled by the
action of the phasing frequency. Synchronism
is effected by the transmission of a continuous
control frequency derived from the stabilized
oscillator at the transmitter which also con-
trols the transmitting distributor.

Telegraph Message Allotting System
. (. LigHT, F. L. CURRIE
2,673,235—MarcH 23, 1954

Arrangement for manually allotting mes-
sages according to a prescribed ratio between
two or more circuits, e.g., between the two
Canadian telegraph carriers at a gate-way
city. Indicating lamps for each ecireuit con-
trolled by a rotary switch type of counter in
accordance with the guota ratio indicate to
the attendant which circuit shall receive the
next message. “Exclusive” messages, such as
service messages, messages destined for loca-
tions exclusive with one carrier, and the like,
are switched independently of the guota
allotter.

Facsimile Signal Inverter
R. J. Wise, G. H. RmminGs

2,675,489—Aprit. 13, 1954

An optical or mechanical type of signal
inverter employing as essential elements a
scanning beam, a balancing beam and an
adjustable light attenuator therefor, a light
chopper which interrupts both beams but in
alternating phase, and a photocell common to
both beams. When scanning white, inter-
rupted light from both beams reaches the
photocell in complemental pulsations to pro-
duce a constant illumination of the photocell
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and hence no a-c output is produced. Whep
scanning black, no light from the scanning
beam reaches the photocell and a steady
alternating current is then transmitted ip
response to illumination from the h&lancing
beam alone. This gives an inverted output |
signal. Polaroid elements are specified for
the light attenuator.

Polar Relay
W. D, Cannow, T. RysTEDT
2,677,028—ArriL 27, 1954

A polar relay comprising a C-shaped lami-
nated core with coils on each leg, a permanent
magnet extending between the yoke of the
core and a transverse pole piece which ig
spaced from the open ends of the core legs,
or pole faces, and parallel to the armature.
A bar armature, carrying contacts at the
ends, subtends the pole faces, and is posi-
tioned for rocking motion between a pair of
adjustable stationary contacts by virtue of
either a flat spring or a post support at its
center, whereby the armature effects a sliding
action in respect to the adjustable contacts,
Another feature is that the operating current
flux by-passes the permanent magnet.

Automatic Message Sealing Machine
L. G. Porrarp, G. H. Rmncg, G. JoransoN
2,678,5080—Mavy 18, 1954

An automatic message sealing machine
intended especially for facsimile recorde
which folds and seals a message blank while
leaving only the address portion visible. The
machine performs a timed sequence of auto-
matic operations which fold the message
blank into an open U shape with the address
portion above the fold, compress the blank
into a closed fold, pierce holes through the
folded portion, the pierced paper forming an
extruded rim around each hole. The extruded
paper rim is then crimped against the blank
to form integral rivets effectively sealing the
folded message blank whereby the sealed

blank can be opened only by tearing the
rivets. '
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