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Tenth Anniversary

Just ten years ago, publication of the Western Union TEcHNICAL
REviEW was started modestly with a first edition dated July 1947, As a
point of interest, however, the REVIEW was under serious consideration
more than two years earlier by the late F. E. d’'Humy who wrote on Feb-
ruary 3, 1944 (during World War II), to Western Union’s former president,
James L. Egan, "When I worked out the recently reorganized Engineering
Department, I had in mind the helpfulness of an Engineering Magazine
* % %, Such a publication could be made quarterly.”

In ten years the REviEw has become the most widely read relegraph
engineering publication in the world with subscribers in some 40 countries.
Numerous universities, public libraries, government agencies and business
organizations now receive the ReEviEw regularly.

In its four issues a year for the past ten years, the TecENIcAL REVIEW
has published over 200 informative articles on telegraphy and allied sub-
jects, primarily with reference to current technical developments. An
occasional article, however, has provided historical bﬂ::kgmund or other
information of general interest to telecommunication workers. A tally
shows 139 authors have contributed these manuscripts which have dealt
with at least a dozen basic categories of telegraph science such as carrier
and switching systems, ocean cables, facsimile techniques, microwave
developments and the like,

In the foreword for the initial issue were some sound observations,
as true today as they were when written:

"This, the first issue of the Western Union Tecusican Review, inaugurates a
project by which it is hoped that technically minded employees may become bhetrer
informed ing some of the fundamentals which underlie the rechnological
progress of their company.

"Science and its practical application have revolutionized ways of living since
Morse blazed the trail with his telegraph. In present day life, the needs of the public
and competition force industry to search constantly for new ways and new products,
and to utilize the latest results of scientific skill. Long ago the telegraph industry
discarded the Morse key and sounder — its early symbol of distinction — to make
way for modern methods.

“"Mechanization is synonymous with progress. Electronics, facsimile and micro-
wave radio have become commonplace in Western Union language and thinking.
Changes in methods and facilities are taking place rapidly — so rapidly that there
is need for a new medium to give the company’s personnel a better understanding
of the tools now being placed in use, and a better ability to use these tools easily
and effectively.

“This Tecaxicar. Review is primarily intended for employees who are con-
cerned with the installation, maintenance or operation of technical equipment. The
publication will be issued quarterly and at first will constitute a medium for dis-
tributing reprints of technical papers which have been presented before engineering
or scientific societies or puhlisﬂued in established periodicals. Later it is planned to
include specially written technical articles, and it is ho that field employees as
well as headquarters engineers will be counted among the authors,

“The Committee on Technical Publication, which will issue this periodical,
will welcome comments and suggestions that may be helpful in the planning of
future issues.”

Although the Western Union Tecunicar Review continues to be
published just as it was initially “primarily for Western Union’s
supervisory, maintenance and engineering personnel” its circulation has
increased to 300 percent of the 1947 figure. Now for the next ten years!




R. A. GOODMAN. European Plant Engineer, London

D. A. PAWSON, Engineer, London

Fault Localisation in
Submarine Telegraph Cables

Where there is exposure of the copper conductor to sea water, with comparatively low
resistance at the fault, usual d-c test mn:tEu-:Is are quite adequate to locate submarine telegraph
cable defects. In fact, some years ago studies showed that in every hundred fault localisations
made by the cable stations, 42 came within half a mile of the actual position as found by the
ships, with only 14 not pn:&il:l{:d within two miles.

When a cable fault develops within ten or s0 miles of shore, the pulse-echo method
may be used to advantage by cable stations but its chief application is aboard ship when
cable is being picked up toward a fault of such resistance that the ship’s ordinary testing
equipment cannot distinguish between several miles away and a few hundred feet from the
ship’s bow. In such a case it is awkward for the ship to decide whether to put the cable
through and then grapple for the fault further along the line, or to continue picking up.
By means of the pulse-echo method the ship can reach out ten miles and determine rapidly
and with tenmmElr certainty whether the faulr is close aboard.

There have been instances of faults close to shore where ships have cut in some miles
seaward on the basis of station tests and have picked up practically all of the cable in to the
beach before coming upon the fault. This is costly in ship time and the extra handling of the
cable does not improve its physical condition. If both the ship and the cable station have
pulse-echo testing equipment the possibility of such miscalculation is virtually eliminated.

THE pURPOSE of this article is to describe
the application of the pulse-echo method
of eleetrical testing to the localising of
faults in submarine telegraph cables. The
principles of pulse-echo testing are well
known, being similar to those of radar,
but their application to submarine tele-
graph cables, and in particular to the
Western Union transatlantic system, is a
more recent development.’

In order to provide a background
against which the merits of the new
method can be assessed, a review is made
of d-¢c methods of fault localisation
hitherto commonly used in submarine
telegraph work. These methods will in-
deed continue to be essential for faults
which are distant from the testing station
but for elose-in faults—those within, say,
ten nautical miles—are likely to be largely
superseded by pulse-echo methods. The
a-¢c impedance method of fault localisa-
tion is also discussed briefly for purposes
of comparison.

The purpose of the d-c tests is to ex-
press the cable distance to the fault in
terms of the conductor resistance or

8s

capacitance. Comparison of the test figures
with the resistance or capacitance of the
normal cable, which is known from rec-
ords of laying and of subsequent repairs,
permits calculation of the distance to the
fault. The records are maintained to a
high degree of accuracy, to within one
part in a thousand, but the accuracy of
the figures obtained from the localisation
test is much dependent upon the nature
of the fault.

Capacitance Bridge Test

In the case of a complete disconnection
of the conductor unaccompanied by any
failure of the insulation, measurement of
the capacitance up to the fault by d-c
methods is straightforward and permits
localisation with high accuracy. The test
commonly used is that devised by Gott
and is in effect a d-c capacitance bridge
test. For close-in faults adequate results
are obtained from the direct deflection
test, in which a comparison is made be-
tween the deflections of a ballistic gal-
vanometer when charging first the cable
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and then a known capacitance. In practice,
open-circuit faults are relatively few;
they are usually restricted to failures
under tension of conductor joints of the
soft-soldered scarfed type. Such joints are
no longer made, but large numbers of
them are still in service.

Many more problems and difficulties are
presented by faults in which the insula-
tion is affected and the conductor more
or less exposed to the sea water, with or
without complete rupture of the conduc-
tor itself. These constitute the large
majority of all the faults encountered.
Localisation by direct current involves
resistance measurements and is compli-
cated by wariation in the apparent fault
resistance due to polarisation effects and
chemical changes at the exposure, some
of which are dependent upon the intensity
of the testing current. This dependence of
the fault behaviour on the magnitude of
the current passed through it into the sea
water has been extensively studied and
follows laws which have been established
empirically over the years. Faults which
are of high resistance or of an intermit-
tent nature cannot be localised reliably
by d-¢ methods and must be reduced to
low and fairly constant values, usually by
applying to the cable a sustained direct
potential of negative polarity.

In addition to the variable resistance
and emf of polarisation of the fault. there
is commonly present a difference of poten-
tial between the sea water at the fault
position and the sea water used for the
ground connection at the testing station.
This latter causes a so-called “earth cur-
rent” to flow in the cable; if it is constant
or varies but slowly it occasions no diffi-
culty but a rapidly varying earth current
is not infrequently encountered and may
have appreciable effect on the aceuracy of
localisation of the fault.

Two Categories of Tests

D-¢ methods of fault localisation fall
into two categories—one in which the
apparent fault resistance is assumed to
bear a definite relationship to the mag-
nitude of the testing current and the other
in which the fault resistance is inherently
eliminated from the measurement. An ex-
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ample of the first kind of test is the
Kennelly in which it is assumed that the
fault resistance is inversely proportional
to the square root of the testing current,
Two successive Wheatstone bridge obser-
vations are made with different testing
currents of known ratio (commonly four
to one). Application of the inverse square
root law to the two test results permits
elimination of the fault resistance by cal-
culation. Errors of measurement due to
the presence of constant earth currents
and polarisation potentials are avoided by
balancing the Wheatstone bridge to false
zero, i.e., to the galvanometer deflection
produced by earth currents and polarisa-
tion effects when no testing battery is
applied.

Another example of the application of
an empirical testing current in relation to
fault resistance law is provided by the
commonly used Black test. A Wheatstone
bridge is used to measure the resistance
to earth up to and through the fault and
provision is made for the ready insertion
of resistance in the battery circuit to re-
duce the current through the fault in the

ratio two to one, ie., from I to ; The

bridge is then adjusted until the same
galvanometer deflection is attained for
both values of testing current. The test is

and I

4

repeated with currents of and

again with still smaller values — and

I . From the resultant three bridge read-

ings the resistance to the fault may be
deduced by the application of an empirical
correction which, for low fault resistances,
corresponds closely to the assumption
made for the Kennelly test as regards
change of fault resistance with current.
(See Appendix I.)

Typical examples of methods of meas-
urement which inherently eliminate the
fault resistance are the Varley Loop test
and the Owerlap test. In the former a
second cable, without a fault, is required;
the two are joined together at the distant
cable station. Measurements are made of
the loop resistance of the two cables and
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of the difference between the resistances
of the two paths presented by the loop to
ground through the fault; from these
measurements the fault resistance may be
eliminated by calculation and the con-
ductor resistance to the fault thus ob-
tained. In the Owverlap test only the faulty
cable 15 required and measurements of the
conductor and fault resistance, with the
far end of the cable earthed, are made suc-
cessively by the two cable stations. Resist-
ance is added by the cable station nearer
the fault until the resistances measured
by both stations are the same. The resist-
ance to the fault may then be calculated.

Skill, Judgment, Patience Needed

Every method of fault localisation by
d-¢ resistance measurements depends
upon a calculation involving the differ-
ence of two observed resistances and thus
suffers the disadvantage of being very sus-
ceptible to determination errors in both
of them. Again, earth currents vary
slowly in a random manner and although,
as far as circumstances permit, a period
of least earth current activity is chosen
for making a test, some degree of error
from this cause is unavoidable. These fac-
tors make the suceessful loecalisation of
the fault very dependent upon the skill,
judgment and patience of the cable sta-
tion or ship's electrician.

In the case of a distant fault, especially
one in deep water, the accuracy of local-
isation, which is within, say, 10 ohms
corresponding to a distance of between
3 and 6 miles depending on the conductor
size, is commonly well within that to
which the cable ship can navigate and
grapple. When the fault is nearer the
shore, however, say within 100 or 200
miles, the accuracy to which the repair
ship can work is greater by reason of
both the availability of radie navigational
aids and the lesser depth of water in which
grappling has to be done; the accuracy of
the localisation tests, being much depend-
ent upon the nature of the fault, is not
greatly enhanced in comparison with that
of the more distant faults, and is therefore
a prominent factor affecting the amount
of time and the length of stock cable which
must be expended on the repair.

Leader gear® is commonly used by all
ships to achieve greater accuracy in de-
termining the fault position than is pro-
vided in the majority of instances by the
d-c test results: it is invaluable for faults
which are in depths less than 200 fathoms
except for inshore and shallow water
faults which the ship hersell cannot reach
with safety and for which it is of little
practical application since leader work
from boats is difficult and often unreward-
ing. In normal conditions leader gear ob-
servations permit determination of the
fault position to within a quarter of a
mile.

On the score of accuracy alone, there-
fore, d-c tests have distinct limitations,
despite the high degree of skill and judg-
ment which long experience has brought
to their application. And, as has already
been stated, they have the further dis-
advantage that they are of no avail for
intermittent faults. There is thus an evi-
dent need for a method of localisation
which is inherently independent of the
nature and behaviour of the fault, espe-
cially for localisations within a few miles
from the testing point. This need is even
greater on a cable ship than at a terminal
station, since in the course of the majority
of repairs in which she is engaged the
ship is faced with the necessity of deter-
mining the position of the fault with
respect to the point at which the cable has
been grappled and cut. Ease and speed of
testing are of primary importance in all
such cases and in this respect again d-c
methods leave a good deal to he desired,
It is in an endeavour to fulfill these re-
quirements that pulse-echo testing has
been applied in the Western Union cable
system.

Echo Reflection Phenomenon

If an alternating potential is applied to
a uniform transmission line terminated in
an impedance differing from the line char-
acteristic impedance, not all the energy
arriving at the termination is absorbed
there, some being reflected to travel back
to the source. Use is made of this reflec-
tion phenomenon in the pulse-echo method
of fault localisation.

The cable under test is considered to be
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uniform; a fault appears as an impedance
discontinuity from which an incident pulse
is reflected producing an echo pulse at the
testing point. In practice a succession of
pulses is transmitted into the cable and
the outgoing pulses and their echoes are
displayed on the screen of a cathode ray
tube. The interval between successive
transmitted pulses is sufficient to allow
the reception of the echo from one before
the transmission of the next.

From a knowledge of the propagation
velocity of the pulse (See Appendix IT)
and of the time delay between its trans-
mission and the reception of its echo may
be determined the distance to the fault.
Similarly, knowledge of the relative am-
plitudes of the transmitted pulse and its
echo, of the attenuation of the cable and
of the relative polarity of the echo, en-
ables the type and magnitude of the fault
to be estimated.

A partial or complete break in the con-
ductor, giving rise to an abrupt increase
of impedance, produces an echo of the
same polarity as the transmitted pulse,
and an abrupt decrease of impedance, such
as occurs at a leakage fault, an echo of
the opposite polarity. The impedance dis-
continuity at a junction between two dis-
similar cores obeys the same rule for
polarity of echo: “like” for an impedance
rise, “unlike” for an impedance fall.

In the design of an equipment for West-
ern Union service, particularly for use on
board cable ships, high importance was
attached to the need for
simplicity and speed of ma-
nipulation. The display unit
is a standard commercial
double beam oscilloscope
with built-in amplifiers and
calibrated time measure-
ment controls; this and a
specially constructed pulse
generator unit comprise the
whole equipment, which is
illustrated in Figure 1,

The width of the trans-
mitted pulse is dictated by
range considerations: a
maximum range of 10 nau-
tical miles was considered
to be adequate, A minimum
pulse width of 1 uS was
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chosen as capable of giving fault indica-
tions as near as about 0.2 n.m. but the
high attenuation of telegraph cables
required that alternative widths of 5 uS,
10 pS and 20 uS be furnished for localisa-
tions at greater distances. The pulse
repetition frequency selected was 3 ke/s
for the 1, 5 and 10 uS and 1 ke/s for
the 20 uS pulse.

A comparator is included so that the
delay of an echo from, say, the open-cir-
cuited end of a good cable of known length
in the ship’s tank may be compared with
the delay of the echo from the faulty cable
under test. If the reference cable and the
faulty one are of similar construection the
distance to the fault is indicated directly
on a meter. There will usually be cable
of suitable characteristics among the spare
stock carried on board; it has been estab-
lished by trials that the velocity of propa-
gation is the same whether the cable is
coiled in tanks or laid along the sea-
bottom.

Apparatus Circuitry

The schematic diagram of the apparatus
is shown in block form in Figure 2. An
asymmetrical multivibrator generates rec-
tangular pulses of duration about 15 pS
and repetition rate either 1 ke/s or 3 ke/s.
The leading edge of each pulse is used to
trigger the timebase of the cathode ray
oscilloscope. The trailing edge triggers a
Kipp relay valve (12AU7T vacuum tube)

Figure 1. Display unit for vse on board ship
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which generates positive-going rectangu-
lar pulses of nominal duration 1 pS, 5 uS,
10 pS or 20 pS. (The switch controlling
the pulse width also controls the pulse
repetition rate.) The output from the
Kipp relay valve is taken to the output
stage of the generator—two beam tetrodes
in parallel connected as a cathode fol-
lower. The positive-going output pulse
from this low-impedance source has an
amplitude of about 12 volts and is delayed
by about 15 pS with respect to the oscillo-

mitted pulse but has no effect on that of
the much smaller echo.

The comparator circuit makes use of a
simple analogue computer technique. The
mean value of a series of rectangular
pulses, at a constant repetition rate, is
proportional to the product of the pulse
amplitude and the pulse width. The dis-
tance to the point of echo in the cable is
equal to the product of the velocity of
propagation of the pulse and half the time
period between the transmission of the
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Figure 2. Pulse generator—block diogram

scope trigger. The delay of 15 uS enables
the commencement of the transmitted
pulse to be seen on the oscilloscope and
avoids errors which might be caused by
nonlinearity of the initial part of the
oscilloscope sweep.

The output of the pulse generator is
connected to the cable under test and also,
in parallel with the cable, with the oscillo-
scope. In series with the oscilloscope is a
low-frequency filter and an amplitude
limiter. The filter reduces the effect on
the oscilloscope trace of any extraneous
low-frequency disturbance which may be
present in the cable; the amplitude
limiter, consisting of a biased germanium
diode, limits the amplitude of the oscillo-
scope deflection produced by the trans-

90

pulse and reception of the echo. There-
fore a moving-coil meter may be made to
give a deflection proportional to the dis-
tance to the point of echo if the meter is
fed with repeated rectangular pulses of
duration equal to the echo delay time and
of amplitude proportional to the velocity
of propagation.

Accordingly an additional Kipp relay
valve is triggered at the same instant as
the transmitted pulse generator valve and
produces a rectangular comparator pulse
of duration adjustable by the “Propaga-
tion Time"” control. The trailing edge of
this pulse is differentiated to form a
marker pulse which is fed to the second
amplifier and trace of the oscilloscope.
The comparator pulse is also fed to a bi-
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stable Eccles-Jordan trigger circuit which
permits adjustment of the amplitude of
the pulse independently of its duration. A
moving coil milliameter, calibrated in nau-
tical miles, is shunted by a variable resis-
tor, the “Propagation Velocity” control,
and connected in one anode of the Eccles-
Jordan trigger pair. The meter scale is
calibrated in nautical miles, 0 — 10.

To use the comparator, the transmitted
pulse is sent into the reference cable, the
propagation time control adjusted so that
the marker pulse on the second trace of
the oscilloscope coineides with the echo
from the end of the cable on the first trace,
and the propagation velocity control set to
produce a meter deflection corresponding
to the known length of the reference
cable. The transmitted pulse is then
switched to the faulty cable and the propa-
gation time control is readjusted to move
the marker pulse to the position of the
fault echo. The deflection of the meter
then indicates directly the distance to the
fault.

Measurement Technigques

The shape of the echo pulse differs con-
siderably from that of the transmitted
pulse: the cable attenuation and the prop-
agation velocity increase with frequency
o that the components of the rectangular
outgoing pulse become both changed in
amplitude and displaced in time relative
to one another, In particular the front of
the pulse becomes rounded and its point
of commencement less well-defined. De-
termination of the time of travel of the
pulse out to the fault and back is made by
measuring the time interval between the
sharp leading edge of the transmitted
pulse and the point at which the echo
pulse becomes just perceptible as a devia-
tion from the oscilloscope trace zero line.

Typical oscilloscope records of the
echoes produced at the distant ends of
short lengths of cable are shown in
Figure 3. In each of examples (a), (b)
and (c) the cable is of one type through-
out; (d) shows the additional echo pro-
duced at the junction of two pieces of
cable of different sizes of which the test
length was composed. These echoes from
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what must be regarded as normal discon-
tinuities (such junctions abound in tele-
graph cables) may be useful for identifi-
cation purposes but tend to limit the
effective range of the equipment for fault
localisation since they may distort suc-
ceeding echoes, thereby giving unreliable
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Figura 3. Pulse-echo foult localisation—typical echoes

time measurements, and reflect energy,
thus reducing the size of the echo from a
more distant discontinuity.

When used at a shore station the pulse
testing equipment is applied as near to
the actual shore end of the cable as pos-
sible. In some cases this is essential as
the impedance of the land cable from the
cable station to the beginning of the sub-
marine section is so drastically different
from that of the submarine section that
the junction of the two would reflect a
large proportion of the incident pulse
energy and thus produce an echo strong
enough to swamp any that might be
reflected from the cable itself.
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A special instance of a normal discon-
tinuity is encountered in observations on
a shore end which contains one or two
earth cores in addition to the line core. At
the positions of each sea-earth termina-
tion an echo is produced in the line by the
impedance discontinuity resulting from
the termination of the adjacent core. As
would be expected this effect does not
occur if the cores are lapped with anti-
teredo brass tape, which then forms a
return path for the pulse current.

The fact that the resistance of a cable
fault changes in general with the magni-
tude and polarity of a direct current
which is passed through it is of primary
importance in d-c testing; it may also be
utilised with advantage in pulse-echo tests
by applying to the cable a direct current
simultaneously with the transmitted pulse.
The method of doing so is shown in Fig-
ure 2. By varying the direct current and
observing the resulting effect on the
oscilloscope trace, the position of the fault
echo may be clearly established even in
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Figure 4. Pulse-echo foult localisation—typical fault

the presence of a number of other echoes
caused by normal discontinuities in the
cable. This procedure is of value in the
majority of fault localisation tests. Fault
echoes using the pulse-echo equipment
with a superimposed d-c¢ polarising cur-
rent are shown in Figure 4. The initial
echo is due to the fault in the line and the

b

second is due to one of the adjacent cores
being terminated in the short sea earth.
The distance to the fault was derived by
comparison of the echoes from the line
and short sea-earth cores and gave a
localisation accurate to within three
fathoms.

The results obtained with the pulse-
echo equipment have shown that the vel-
ocity of propagation of short-duration
pulses in telegraph cables is somewhat
lower for polythene insulated cores and
somewhat higher for gutta-percha cores
than that calculated in Appendix II. The
size of the core has some effect on the
velocity in cables of similar dielectric, as
has the presence or absence of antiteredo
tape. Measurements of the double propa-
gation time for cables such as those in the
Western Union system vyield wvalues of
about 22 uS/n.m. for polythene insulated
core and about 19 uS/nm. for gutta-
percha insulated core. Whenever possible,
in a practical localisation test, the distance
to the fault should be expressed in terms
of a known length of similar cable upon
which observation can be made at the
same time—for a ship, a length of stock
cable in her tanks, and for a shore station,
such spare sea-earth cores or other good
sections as may be available.

The A-C Impedance Method

As an alternative to the pulse-echo
method of fault localisation, use might be
made of the a-¢ bridge method whereby
an impedance-frequency graph for the
cable is constructed from a series of bridge
readings over a range of transmission fre-
quencies. The presence of a discontinuity
in the cable is then indicated by a suc-
cession of maxima and minima in the
curve and the distance to the fault may
be deduced in the manner indicated in
Appendix III. However, application of this
method to submarine telegraph cables
offers fewer advantages than may be de-
rived from the pulse-echo method, within
the range of distances for which the latter
can provide (whereby the necessary ob-
servations and the analysis thereof are
much more rapidly and easily made) par-
ticularly when normal discontinuities are
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On boord €. 5. "Llord Kelvin,” Chief Electricion Edwaord O'Donoghus, ot whose ariginal suggestion ihe pulse-echo
technique was adapted for use on Western Union ocean telegraph cables, views the equipment comprising an
oscilloscope (left), pulse generator (right), and polorizing circuit squipment (above). Foul indications generally
have been extremely occurate, sometimes to within o few fathoms., IF similar good cable of known length is
oboord ship, the eche delay of a faulty coble may be checked against that of the good cable by direct comparison,

present in addition to the one which is
being localised.

The comparative economy of time and
effort is likely to be of particular impor-
tance on board ship, when, as is more
often than not the case, circumstances eall
for the localisation of the fault in a
picked-up ecable with minimum delay to
the ship's operations. The pulse-echo
method has the additional and unique ad-
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vantage of giving a reliable indication of
the position of an intermittent fault.
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APPENDIX I

The Black Test for Fault Localisation

No record has been found of a detailed analysis of the fault localisation procedure now
generally known as the Black test. It was described originally by R. Rolland Black in an
article under the title “The Reduced Current Method for Localising Fractures in Submarine
Cables” published in THE ELECTRICIAN (London) April 7, 1911.

In comparing his test with the false
through the exposure were

zero Kennelly method Black stated, “If current
reduced instead of being cut off altogether, then the depolarisation

will be only slightly reduced in accordance with the value of the reduced current, and then

will remain constant”, which is the basis of his technique. The followin

analysis of the Black

test by Messrs. Goodman and Pawson is relevant to this discussion of fault localisation.

TrE sasICc circuit employed in this test is
shown in Figure 5. E,, E. are chosen so that
the corresponding currents, I;, I., through
the rable and fault are in a given ratio; e is
the fault and earth emf, and S the total
resistance of the cable and fault. R is adjusted
=a that the out-of-balance voltage V is the
same when either E; or E, is applied.

Figure 5. Black localisotion testi—theary

Applying E, to the circuit, the cable and
fault have a resistance 5, and emf e,.

Va=1,8; + &
E1=FETILH:
=1I; (5, + Ra) + &

_E R
" R+ R,
_ [ (5; + Rs) + &4] R
R + R,
v '—I‘F-I —I'r:!
S ¥
_ M (5 +Ry) +) B e e
R + R,

4

Similarly, applying E; to the circuit, the
cable and fault have a resistance Sa and
emf e, and

R = EI:E - R_) t E_J]R — (1384 + eq)

R + R,

Equating expressions for V with either
E, or E. applied,

gt (_h S, —I:8, e —¢e:
R: fl = I: y— f:.'

Ry 5 - M o " €, — €a )
R. l —n Iy {1 —m)

1f the fault emf and the earth current are
constant throughout the test then e, = e
and R is independent of their magnitude.

R = H‘ S'__ “_5_)
R I —

MNow
S=x4t1r
Where x = cable resistance to fault

r — variable fault resistance

Giving
S| = -+ Ty

Hence, putting R, = Ry,
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Two such wvalues of R are required,
obtained with fault currents of I, nl and nl,
n=l, to localise the fault although a third
value, with currents of n<l, n%l, is usually
obtained for checking purposes.

Putting R — A for the test with currents

of I, nl
R = B for the test with currents
of nl, n*I
A= rL— NPy
l—=n
B =ir Ta T Wy
fr==

Let it be assumed that
r=A—P(A—-B)

i.e., that the resistance to the fault is given
by deducting from the higher test reading a
function of the difference between the two
readings which is thus a function of the
fault resistances only.

Substituting for 4 and B in the above
expression gives:

A—P(A—B) =z D172
(1—m)
—P[T1 — 13 (1 +n) +nrg]
(1 —m)
Ty — Mra

=zifP=—"—
*y —7Tall +n) + nry

The standard Black test procedure is to
put n = 2,
Then P= — 11— "2
ry — 3ra 4 2r,

If it is further assumed (as for the
Kennelly test) that the fault resistance is
inversely proportional to the square root of
the testing current:

Then
K K K

hpr—e A== L=
I, v 2l 21

Substituting for v, v and r; gives:

P =341 or
r=A—341(A—-B)

In the standard table of coefficients
preseribed for the Black test, the value given
to P ranges between 3.45 and 3.09 as the
difference between the test readings (A—B)
ranges between 2.5 ohms and 20 ohms, the
coefficient being greater for the smaller
differences. This table was compiled from
the results of a large number of actual tests.
The departure it represents from the
assumption that the resistance of a fault
varies inversely as the square root of the
intensity of the testing current is gquite small,
however; the values given for P in the table
correspond to ratios of fault resistance which
lie within the limits represented by

K K

r=—and r=——
I“ o rll..'ll'.

APPENDIX II

Submarine Telegraph Cables at High Frequencies

A rectangular pulse of a few microseconds
duration repeated at a fairly low frequency,
ie, at a few kiloeycles per second, may he
regarded as being mainly composed of a
series of sinusoidal components of frequen-
cies lying in the high-frequency range. At
these high frequencies the distributed resist-
ance and leakance of a cable may be assumed
to be negligible compared with the distrib-
uted inductive and capacitative reactance.
The equation for the characteristic imped-
ance of the cable then simplifies to:
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ol
Zo = 15'{:‘
Where Zo = Characteristic impedance of
cable
L. = Distributed
unit length
(" = Distributed capacitance per
unit length

inductance per

L.e., the characteristic impedance is resistive
and independent of frequency.
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At high frequencies a submarine telegraph
cable approaches a coaxial cable in behav-
ipur, the return path being more or less
concentrated around the insulation. The
inductance and capacitance of a coaxial cable
are readily caleulated from the dimensions
and electrical constants; hence substituting
in the above expression:

Zo = : lugh(i) ,'_4"“' X107 T s
2 L] 1'1|' £

Where b = diameter over cable insulation
a — diameter over cable conductor

¢ = dielectric constant of cable
insulation (M.K.5. units)

This equation gives approximate charac-
teristic impedances for typical submarine
telegraph cables of:

Core 650/325 PE Zo — 33 ohms
Core 220/170 PE Zo = 42 ohms
Core 130/130 GP Zo = 37 ohms

Similarly, V, the velocity of propagation of
the cable at high frequencies, is given by:

1
Ve=e——r—8+ km/sec

vidg 3 10—T,

This equation gives velocities of propaga-
tion of about 105000 and 90,000 nautical
miles per second for polythene and gutta-
percha insulated cables respectively.

The attenuation is proportional to the re-
sistance to the conductor and return path.
The majority of the current in the central
conductor flows in its outer skin. In telegraph
cables no special precautions are taken in
design or manufacture to preserve a smooth
surface on this conduector, and the return
path resistance is also relatively high. The
attenuation is therefore great; that of type
650 /325 PE cable has been found to be of the
order of 3 db per nautical mile for a I pS§
rectangular pulse.

APPENDIX III

Fault Localisation by A-C Impedance Measurements

Reflection of an applied continuous a-c
wave from the termination of a uniform
transmission line, if the termination differs
from the line characteristic impedance,
alternately aids and opposes the applied
wave as the frequency is varied. Thus the
impedance /frequency curve for a faulty
cable will exhibit minima and maxima
alternately, If the wvelocities of propagation
are known for the frequencies at which suc-
cessive maxima (or minima) oeccur, the dis-
tance to the fault may be calculated. Two
successive maxima represent a phase change
of 2- radians in the incident and reflected
waves, hence if:

f, = frequency at which first impedance
maximum occurs

3; = phase change per unit length of
transmission line, at frequency f;

f. = frequency at which next impedance
maximum occurs (f. = 1)

B: = phase change per unit length of
transmission line, at fregquency [a

| = distance to fault

Then
28,1 — 2B, = 2»

Tr —
Ba —
Also, since V, the velocity of propagation,

o e 2=,
ig given by V="-
8

or | =

— WV,
2(Vifs — Vafy)

Thus, determination of | calls for caleula-
tion of [3; and B, or V, and V., from the
primary constants of the cable, after the
appropriate frequencies f; and f, have been
found by measurement.
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R. A. Goedman entered the service of the
Western Union cable system in 1916 at London, England,
After early experience as a telegraph operator and traffic
maintenance electrician at terminal offices and cable sta-
tions, he joined the engineering staff of the European
division in 1924, and has since been closely connected with
developments in the manufacture, installation, operation
and maintenance of cables and equipment in our trans-
atlantic plant. He is a Bachelor of Science (Engineering)
of London University and a Member of the Institution of
Electrical Engineers. In 1951 Mr. Goodman took control of
all plant and engineering activities in Europe, with the
title of European Flant Engineer.

D. A. Pawson received his Bachelor of
Science (Electrical Engineering) degree from the Univer-
sity of London in 1951, having previously served in the
British Army and with Marconi's Wireless Telegraph Com-
pany. After graduation he joined the office of the European
Plant Engineer, London, and has subsequently taken part
in the modernization of the European section of the ocean
cable system and in the manufacture of submarine tele-
graph cable. Mr. Pawson is a Chartered Electrical Engineer
and an Associate Member of the Institution of Electrical

Engineers,
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Cable Gear for the Schooner “Western Union”

The Telegraph Construction & Maintenance Company, London, is more conveniently
called "Telcon"™—the name used in this story reprinted from TeELcon Macazixe

Cyrus Field's first Atlantic cables were made by The Gutta Percha Company and
(3lass Elliott which combined in 1864 to form “Telcon.” Since then submarine materials
for use all over the world, including Western Union’s transatlantic loaded cables, have been

produced by "Telcon.”

In 1954 a hauling gear was designed
and built by Telcon for use by The
Western Union Telegraph Company in
their cable depot at Halifax, Nova Scotia.

Following their acceptance of that ma-
chine, they invited us to provide another,
essentially similar, as a picking up and
paying out gear for their cable-laying
schooner “Western Union”™ which is sta-
tioned at Key West, Florida, and for use
on cables in the shallow waters off the
Florida coast and in the West Indies, This

sheet steel case of drip proof construction
also mounted in the engine room. This
panel gives Ward-Leonard control to the
Crompton Parkinson D.C. 16 hp. main
motor fitted to the main hauling gear on
the ship's deck.

The cable drum, 4 ft. 6 in. in diameter
and 12 in. between flanges, is driven by
the 16 h.p. electric motor through a
double reduction worm gear unit having
a ratio of 280/1. The motor is forced-
draught ventilated by means of a self-

The Key West coble schooner "Wastern Union” as
sgan from the 5. 5 “lord Kelvin™ during o Bell
Laberatories operation in the Bohomas, March 1948

called for very careful design owing to the
weight restriction and the wvery limited
space available. The layout is as follows: —

The power unit, situated in the engine
room, consists of a Crompton Parkinson
Exciter mounted immediately over the
generator and connected to it through a
vee belt drive. The generator and exciter
are driven by a Ford Zephyr Industrial
Type engine developing 31 BH.P. with
the governor set for 1900 R.P.M.

Power from the generator is fed through
an Allen West Main Type contact, or con-
trol panel, which is totally enclosed in a

98

Petral nngl'nn ond genarater

contained, electrically driven air blower
unit fitted to the air inlet, suitable inlet
and exhaust ducting being provided. The
speed range of the main motor is (/500
R.P.M. by generator wvoltage control
against constant torgue and 5002000
R.P.M. by air motor shunt field regulation
avainst constant horse power, A combined
slipping and holding water-cooled brake
iz fitted to the drum and is controlled by
a screwdown mechanism,

Push button switches for “Forward”,
“Reverse”, “Accelerate”, “Retard” and
“Stop” are grouped within easy reach of
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the operator of the hauling gear, The
main motor is capable of holding a load
of up to 5 tons stalled for a period of 5
minutes without overheating, and an
alarm bell rings automatically to ensure
that this period is not exceeded.

A dog clutch is provided between the
main drive and the cable drum and a
fleeting knife assembly is fitted on the

General view of the coble gear

forward side of the drum. The draw-off
gear is fitted with a jockey arm and
length indicator and four jockey wheels
for varying sizes of cable are supplied.
This draw-off gear is driven by hevel
gears from the main reduction unit and a
hand wheel is fitted for raising and lower-
ing the jockey arm.

The acceptance tests were carried out
on February 25 in the presence of
Mr. R. A. Goodman, European Plant
Engineer of The Western Union Tele-
graph Company and his staff. The gear
was mounted on a temporary concrete
test bed on the main wharf at Telcon
Works, Greenwich. A 1/4 mile length of
cable Type A 3-14/0 was used in con-
junction with a Duckham ring gauge to
indicate cable tension and three Telcon
lorries provided the tractive effort when
testing the braking capacity of the gear
and also retardation when testing its
hauling capacity.
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The following tests were carried out to
the satisfaction of The Western Union
Telegraph Company—

(a) Hauling at a quarter knot against
a tension of 5 tons.

(b) Hauling at 1 knot against a ten-
sion of 1-1/4 tons.

(¢) Holding stationary against a ten-
sion of 3 tons for 5 minutes with the
motor stalled and brakes off.

(d) Holding against a tension of 5
tons with the brakes applied and the
motor disconnected at the clutch.

The coble drum

(e) Paying out at a tension of 3 tons
at 2 knots with brakes applied and with
motor disconnected at the cluteh.

We are indebted to The Western Union
Telegraph Company and Bell Labora-
tories for permission to reproduce the
photograph of the schooner “Western
Union.” We also wish to acknowledge the
whole-hearted co-operation received from
the officials of The Western Union Tele-
graph Company during the execution of
the order.
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OSCAR E. PIERSON.* Project Engineer, Automation

Visualizing Transistor Principles

Because transistors are small, simple and efficient, these semiconductor amplifiers are
especially well suited to telecommunications requirements and now are being employed
guite generally in new telegraph circuitry. Oftimes, transistors replace vacuum abes but
they also make possible new circuit achievements not attainable with vacuum tubes.

Utilization of vacuum tubes in the fifty years since DeForest made the first triodes

has been prodigious. Possible applications for transistors,

not only in communications

equipment but also in computors, data processing machines and automatic controls are
unpredictably vast; however, "one doesn’t have to understand why transistors work to use

them — but it helps.”

Inasmuch as the author had not arranged the manuscript for publication, this was done
by W. Dale Cannon whose competent and gracious assistance is gratefully acknowledged

by the Review.

I tHIS article a simplified form of tran-
sistor theory is discussed which should
he found useful to many who desire only
a practical understanding of the principles
of operation. The more precise theory is
based on the methods of wave mechanies
and is formulated in mathematical sym-
bolism which cannot be represented by
visualizable concepts. While this lack may
be of no consequence to the physicist
engaged in transistor development the
average person generally prefers a more
tangible theory, one which permits some
form of mental imagery. An attempt is
made herein to present such a theory
while, at the same time, not departing
too seriously from the requirements of
aACCUracy.

Fundamentals of Current Conduction

The best known form of electric condue-
tion is that in which the electron serves
as the carrier for transporting charge
through the conductor. Electrons are
designated as negative carriers since each
has a negative charge of 1.602 > 10-'7
coulomhbs. Thus a current of one ampere
corresponds to the motion of (1.602
10-1%)-! — 6.24 < 10" electrons per second
through the conductor. This type of con-
duction is characteristic of metals such as

*Deceased

copper, for example. The copper atom has
29 electrons surrounding the positive core
or nucleus. They are grouped about the
nucleus in the form of concentric shells
of increasing radius. The electrons in the
outermost shell of any atom determine
largely the chemical characteristics of that
atom and are known as its valence elec-
trons. The valence electrons are not bound
as tightly to the atomic core as are those
in the inner shells.

The outer or valence shell of the copper
atom contains only one electron, the other
28 are in shells closer to the nucleus, of
which 2 are in the first shell, 8 in the
second, and 18 in the third. The single
valence electron is bound so loosely that
it readily escapes and becomes a “free”
electron. In this state it wanders about
erratically among the copper atoms. The
weak force which tends to attract it to an
atom influences its motion very little. An
atom which has lost one of its outer elec-
trons is said to be ionized; that is, it has
acquired a positive charge equal to the
negative charge of the electron, The net
charge within the conductor, however,
remains at zero regardless of the number
of free electrons. The positively charged
jon is immobile and does not enter into
the conduection process. This differs from
the case where the conductor is a liquid
(electrolytes) since here the lons are not
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held firmly but are capable of drifting
through the solution when a potential is
applied. Electrolytes, therefore, have ionic
as well as electronic carriers, the ions
moving towards the negative side of the
applied potential and the electrons towards
the positive. Ionie conduction alters the
structural arrangements of the ions in the
conductor and since it does not normally
oceur in solid conductors (at least not
to any significant degree) we will not
consider it further.

An estimate of the numher of free elec-

trons in a copper conductor may readily
be made from the relation,

Nd
n——
A
where n is number of atoms per cubic
centimeter

N is Avogadro’s number (the num-
ber of atoms per gram-atom)
= 6.023 > 102
d is the density of the conductor in
grams per cc
and A is the atomic weight.
For copper we have d — 8.89

A =064
25
2 Pl E[IEE_}i::: X889 _ 440 e 1022

atoms per cu. em. If every atom were
ionized there would consequently be 8.37
» 107* free electrons per cubic centimeter;
that is, approximately one free electron
per 1.2 % 10-** cubic centimeters of
volume.

If the cubic centimeter of copper were
drawn out into a wire 20 centimeters in
length and 0.05 sqguare centimeters in
cross-sectional area (approximately the
size of a No, 10 B&S wire) there would
be 418 x 10*' free electrons per centi-
meter of length. A current of one am-
pere flowing in this wire would require
that the electrons move at a rate of
6.24 » 10
418 » 10%
second. At this rate it would require over
3-1/2 hours for a particular electron enter-
ing one end of the wire to traverse the
20-centimeter conductor. The motion re-
ferred to is the “drift velocity,” ie., that
component of the electron’s motion which

= 1.5 ¥ 10" centimeters per
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Another article, abourt the practical application
and use of transistors, will be published in the
ReviEw at an early date.

is parallel to the applied electric field. The
electron has other components of velocity
which are much greater but since these do
not contribute towards the flow of current
they need not be considered.

While the electrons themselves move at
a practically imperceptible rate in the
direction of current flow, a signal pulse
injected at one end moves down the con-
ductor at a velocity which in some cases
may approach the speed of light. If an
electron were injected at one end of the
conductor another electron would leave
the other end at practically the same
instant. This is due to the tremendous elec-
trostatic forces which act hetween the
electrons. These forces are so great that
the free electrons within the conductor
have the characteristics of an incompres-
sible fluid. Any attempt to push them into
closer proximity brings these forces into
play. The slightest movement of an elec-
tron at one end is immediately transferred
down the conductor so that all electrons
move as if rigidly attached to each other.
Should we attempt to push more electrons
into the conductor (by connecting one end
to a source of potential and leaving the
other end open) the space charge would
rise so rapidly that many thousands of
applied volts would hardly increase the
electron density by a measurable amount.

Attempting to increase the number of
carriers by this brute-force method is
somewhat like attempting to force water
into a closed pipe by applying pressure at
the open end. It is likewise impossible to
reduce the number of carriers by the
application of a positive potential. The
withdrawal of a relatively few electrons
from the conductor would immediately
cause the space charge to rise to a positive
value which would quickly equalize the
applied potential and prevent further
removal of electrons.

This is a most important consideration
and one which is closely related to the
physical theory of transistors. Conductiv-
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ity is a function of the number of available
carriers (together with a factor known
as “mobility”). If this number could be
varied by some means which would not
require much expenditure of energy,
power gain would obviously be obtained.
We see from the foregoing, however, that
in a metallic conductor such as copper this
is virtually impossible. The forces set up
by space charge are barriers which permit
no departure from the rule that the net
space charge must always equal zero.

Consider the Vacuum Tube

The vacuum tube is an example of a
device in which the carrier concentration
is altered (and thus the conductivity)
without large expenditures of power. The
stream of electrons moving between
cathode and plate is in effect a conductor
whose conductivity is measured by the
number of electrons traversing the inter-
vening space. By causing the stream of
electrons to pass through the grid strue-
ture its concentration may readily be con-
trolled electrostatically by signal voltages
applied to the grid. The positive at the
plate is effectively in equilibrium with the
sum of the negative space charge of the

NUCLEUS WITH ELECTRONS
OF INNER SHELLS

VALENCE

SEMICONDUCTOR ATOM-=- VALENCE 4

JELECTRONS OF
OUTER SHELL

tubes and it is mentioned here merely to
point out that the principle is general and
other methods of applying it may be pos-
sible.

Properties of Semiconductors

The class of substances known as semi-
conductors includes carbon (in the dia-
mond state), silicon and germanium.
Carbon atomiec number 6, silicon 14, and
germanium 32 have the common charac-
teristic that each has four electrons in its
outer or valence shell,

Germanium and silicon are the mate-
rials commonly used in transistors and
crystal diodes available at the present
time. Other semiconductor materials such
as copper oxide also are used in rectifiers.
In the solid state, purified germanium and
silicon usually are in the polyerystalline
form. They may be prepared in single-
erystal form by several processes which
give a crystal structure suitable for use
in transistors. In a single crystal, the atoms
arrange themselves in a regular pattern
or lattice structure. The lattice of ger-
manium and silicon is a cubic arrangement
in which each atom is surrounded by four
neighboring atoms all making equal angles

le!
e P
Tl Bows
| gl | & ! | @ !
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Figure 1. Crystal structure of perfect semiconductor

stream of electrons and the negative
charge applied by the grid. If the grid
becomes more negative, the electron space
charge must reduce to maintain the bal-
ance, and conversely. Thus the concentra-
tinn of the electron stream (plate current)
varies inversely with the rise and fall of
the negative grid potential, This is a well-
known principle in the case of vacuum

102

with each other. For purposes of discus-
sion. this three-dimensional array may be
arranged symbolically in a two-dimen-
sional form as shown in Figure 1. Here
the four valence electrons of each atom
form electron-pair bonds (covalent bonds)
with four neighbors as indicated by the
dotted lines. These covalent bonds are
stable and restrict the motion of the
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valence electrons to their individual bonds
so that there are no free electrons to
move from point to point in the erystal.
In the absence of free electrons to carry
current, a semiconduector would be a good
insulator,

In germanium the binding energy is
less than for silicon and at room tempera-
tures thermal agitation is capable of
imparting sufficient energy to the valence
electrons so that a certain number succeed
in escaping from their bonds. Likewise
when light falls on the erystal, a quantum
of energy may be delivered to one of the
covalent bonds. Provided the energy is
great enough, an electron will be ejected
from the bond and is free to wander in the
crystal. The empty space in the covalent
bond left behind by the ejected electron is
called a “hole.” The generation of electron-
hole pairs by incident light is the basic
principle of operation of phototransistors
and photodiodes. The erystal lattice then
is as shown in Figure 2, where an electron-
hole pair has been ejected from a covalent
bond by thermal or light energy. Once
generated, an electron-hole pair will re-
main in the crystal for a finite lifetime
before recombining. The generation and
recombining is a continuing proces# In
germanium the lifetime of an electron-hole

pair is about 10* second. The process is
one which reaches equilibrium wvery

EJECTED ELECTRON

£

'I-.I
LA

Figure 2. Crystal structure of intrinsic semiconductor

rapidly but as the concentration of free
electrons increases, a point is quickly
reached where the rate at which they are
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formed just equals the rate at which they
are captured by ionized atoms.

There is a marked difference, however,
in their ionizing process and that which
takes place in a metallic conductor. In the
metallic conductor the energy level of the
free electron differs very little from the
energy level of the valence electron. Con-
sequently only a slight increase in the
energy state of the electron is sufficient
to eject it from the atom. In germanium
the free electron is at a considerably
higher potential energy level than the
valence electron and this energy must be
imparted to it from some external source
in order that it acquire escape velocity.
Similarly the “capture” of a free electron
by an ionized atom must be accompanied
by a release of energy (in the form of
radiation) equal to that initially acquired.
In accordance with accepted theories,
these energy exchanges can occur only in
certain discrete amounts. An electron
which does not acquire the minimum
energy necessary for escape does not
escape partially. It either escapes com-
pletely or not at all. Without inquiring
too rigorously into the actual nature or
mechanies of ionization, we may infer in
general that the effect of this energy dif-
ference or energy gap is to isolate the free
electrons and the wvalence electrons, the
two being separated by an energy gap
through which they can pass only under
certain restricted conditions. The two
energy states are sometimes referred to as
energy bands. That corresponding to the
energy state of the free electron is known
as the conduction band and the other as
the valence band (or valence-bond band).
The electron in the conduction band is far
removed from the electron in the valence
band; in fact, in atomic units of measure
the conduction band is at an infinite dis-
tance from the valence band.

It may now be seen that in a substance
having an atomiec structure such as ger-
manium, it is possible for an atom to lose
one of its valence electrons without im-
mediately acquiring another electron to
fill the vacancy. The atom thus deprived
of one of its valence electrons exhibits a
unit positive charge whose value is equal
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to the negative charge of the electron,
This structural defect has characteristi-
cally been described as a “hole.” Because
of the large difference in energy levels
the hole is much more likely to be occu-
pied by an electron from the valence band
of an adjacent atom than by an electron
from the conduction band. When this
occurs, however, it results in another hole
being formed in the adjacent atom and as
this hole is also more likely to be occupied
by another valence electron, it appears to
migrate from atom to atom just as if it
were a positively charged electron. It
should be noted, however, that this appar-
ent motion of the hole takes place within
the valence band.

It has been well established experi-
mentally that such hole formation and hole
migration actually oceurs in germanium
and other semiconductors and that the
hole is further capable of transporting
electric charge in a manner similar to that
of a free electron. The only essential differ-
ence is that the charge is positive and the
path of motion is within the valence band.
The hole is effectively a positive mohile
carrier.

While the period of existence (lifetime)
of a hole may not be long as measured in
ordinary units of time, statistically its
existence is indefinite since, under condi-
tions of thermal equilibrium, for every
hole that ceases to exist as a result of
capturing a free electron another hole is
thermally created elsewhere in the mate-
rial. Thus electron-hole pairs are con-
tinuously being formed by thermal agita-
tion, the rate of creation being exactly
equal to the rate of annihilation under
equilibrium conditions. This maintains a
constant concentration of free electrons
and holes, both of which are capable of
providing conduction.

It is evident that the presence of equal
electron-hole pairs in a semiconductor
would have no practical significance if
there were no way of independently con-
trolling their relative concentration. The
development of the transistor was directly
dependent upon the fact that methods
were found by which it hecame possible
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to produce either type of carrier inde-
pendently in the semiconductor material.

Controlled-Impurities Method

While there are now many techmigques
by which the desired type of carrier may
be produced, the general principles may
perhaps be best illustrated by describing
the method which we will call the con-
trolled-impurities technique. This method
consists of adding a minute quantity of a
certain type of impurity (impurity in the
sense that a foreign element is added).
One type of impurity produces a pre-
ponderance of negative carriers (elec-
trons) and another a preponderance of
positive carriers (holes).

If the semiconductor to be processed is
germanium, for example, the first step is
to purify the commercial product to the
almost-inconceivable degree where there
is only one impurity atom in each hillion
or more germanium atoms. This may be
done by a method of progressively melting
the germanium in a manner which will
sweep the impurities towards one end.
Conduectivity tests indicate when the
desired degree of purity has been attained.

Germanium having N-type conductivity
(preponderance of negative carriers) is
obtained by the addition of a small quan-
tity (one part in 100 million) of either
arsenic or antimony to the pure germani-
um. Similarly, by the addition of an
equally small quantity of boron or gallium,
p-type (positive carrier) germanium is
obtained. By the addition of these so-
called impurities to a melt of germanium,
rate-grown crystals of w-type or p-type
germanium may be produced by slowly
withdrawing a seed crystal from the melt.

An NPN junction transistor is one having
a minute portion of p-type material sand-
wiched between N-type material. The con-
ductivity tvpe may be changed from one
to the other by the addition of the proper
gquantity of the desired impurity. The
effect of adding one type of impurity to a
melt already containing the other type
merely cancels the original impurity. The
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type of conductivity obtained is depend-
ent only on whichever type of impurity
predominates. Thus to produce an NPN
transistor the mixture is first doped with,
say, arsenic. After withdrawing a portion
of N-type crystal, boron may be added to
change the melt to p-type material for a
short period after which arsenic is again
added to produce the final n-type material.
By the same method pNPp crystals also may
be grown,
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Figure 3. Crystal structure of N-type germaonium

EXTRA ELECTRON

ARSENIC +35

Arsenic and antimony are known as
“donors.” They have five electrons in their
valence shell and when combined with
germanium each atom of arsenic (or
antimony) is capable of replacing a ger-
manium atom in the ecrystal structure.
Since only four of the valence electrons
are needed to complete the crystal bonds
the remaining electron becomes available
as a “free” electron. In Figure 3 is shown
the erystal structure resulting from the
addition of an arsenic atom to replace a
germanium atom in the crystal lattice to
produce an N-type material.

While the arsenic (or antimony) atom
has a positive charge normally sufficient
to hold its five electrons, the binding force
on the electron which fails to enter the
crystal bond is so slight that it is easily
dislodged by thermal agitation. It should
be noted, however, that while a negative
carrier is furnished by each donor atom
the space charge of the erystal is not
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altered. The negative charge on each of
the added free electrons is just balanced
by the residual positive charge on each
of the donor atoms held immobile in the
erystal structure.

Ge +4
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8
ooy

Figure 4. Crystal structure of P-type germanium

Boron and indium are known as ac-
ceptor impurities because they have only
three electrons in their valence shells.
While they enter the crystal structure in
the same manner as the donor impurities,
their three electrons as shown in Figure 4
are not sufficient to complete the crystal
bond with the result that a hole is created
by each such atom. While the boron (or
indium) atom has a positive charge nor-
mally sufficient to hold its three electrons,
when it is imbedded in the crystal struc-
ture it is not capable of preventing a fourth
electron from occupying the hole. The
hole therefore migrates through the crys-
tal structure thus becoming a positive
carrier. It should be noted, however, that
while the boron atom has now become a
negative ion (it has acquired one addi-
tional electron whose charge it cannot
cancel) there is, somewhere within the
material, a migratory hole whose positive
charge just cancels the negative charge of
the boron ion thus maintaining the space
charge at its normal zero value.

In Figure 5 is illustrated a block of
N-type and a block of p-type material. We
may imagine that in some unspecified
manner we are able to “see” the crystal
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structure and the negative and positive
carriers drifting about, In the N-type

N-TYPE P-TYPE
GERMANIUM GERMANIUM
2 & 9 @ o O O O
& & & @ g O O 0
& & 8 @ oo O O

{a) (b)

Figure 5. Seporate blocks of N-type and P-type moterial

material we see innumerable electrons
and in the p-type material an equally
large number of holes. The electrons are
those which have escaped from the donor
atoms and are now in the conduction band;
the holes are those which have escaped
from the acceptor atoms and are now mov-
ing about in the valence band. Scattered
throughout the nN-type crystal there are
also the immobile positively-charged ions
of the donor atoms, and in the p-type
erystal the immobile negatively-charged
ions of the acceptor atoms: These neu-
tralize the charges of the mobile carriers
so that there is no space charge in either
crystal. Since the only forces acting are
those within the erystal, both carriers
distribute themselves uniformly, each try-

of material are placed in contact with each
other as indicated in Figure 6. To obtain
the type of contact we wish to form, how-
ever, it is necessary to join the two crys-
tals so that their lattice structures are
perfectly matched; that is, so that there
are no imperfections at the surface of the
juncture as would result if Figure 3 is
joined to Figure 4. This, of course, cannot
be done merely by joining the two
mechanically. The desired type of contact
may be obtained, however, by a method
such as that previously described of
“growing” the two blocks from a melt
which is changed from N-type to p-type as
the crystal is withdrawn.

The two blocks now form a PN junction.
There are no imperfections at the bound-
ary face or junction of the two materials,
they blend right into each other to form a
single crystal. The electrons on one side
of the junction and the holes on the other
side are now in such intimate proximity
that new forces are brought into play. How
they respond to these forces is illustrated
somewhat crudely in Figure 7. We see
that some of the electrons from the nN-type
material have drifted into the p-type mate-
rial and some of the holes have drifted
into the n-type material. This is evidently
what we might expect since there is a
mutual force of attraction between the
positive and negative charges. The only

N-TYPE P-TYPE N-TYPE P—-TYPE
e & o @ o Q) D ® @ O @ ® O O O
e o ®* @ o O O 0O ® ¢ & O 0O ® O 0O
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Ju NCTIGH Figure ¥. Corrier distribution in PN junction

Figure 6. M-type and P-type material in contact

ing to get as far away from the other as
possible.

Crystal Junctions
Let us now imagine that the two blocks

106

question is, how far will this intermin-
gling of carriers progress? Will they
eventually be equally and uniformly dis-
tributed throughout the entire ecrystal?
The answer to the last question is “no,” To
answer the first it is necessary to examine
the forces acting a little more closely.
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To begin with, let us consider only the
effect of electrons drifting across the junc-
tion into the p-type territory. It is evident
that each electron that leaves the n-type
material removes a part of the negative
charge which previously cancelled the
positive ion charge. Thus, as the electrons
migrate across the border a positive space
charge builds up in the N-type material.
It does not build up uniformly, however,
as may be seen if we imagine the blocks
to be so long that the electrons at the far
left feel almost no urge to migrate towards
the junction. Since the electrons are mov-
ing towards the junction their density
will be somewhat reduced at the left end
of the N-type material and increased in
the vicinity of the junction. Thus at the
left the negative charge of the electron no
longer quite cancels the positive charge
of the ions, while progressively in the
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Figure B. Potential borrier for semiconducior junction

direction of junction the negative charge
becomes larger than the positive, with the
result that an appreciable negative space
charge builds up in the vicinity of the
junction. The charge build-up is actually
an exponential funetion of the distance
from the junction somewhat as indicated
in Figure 8.
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The line e, represents the distribution
of electron charge prior to migration of
electrons into the p-type region. As the
electrons drift towards, and across the
junction, their density in the vicinity of
the junection increases as indicated by the
line e,. This negative charge is reduced
by the effect of the constant ionic positive
charge indicated by line a. Before migra-
tion oceurred the charge was completely
cancelled but there is now a residue as
indicated by line e.. Its magnitude is the
difference between a and e,. With respect
to the junction as the reference this results
in an effective positive potential Ve as
shown. This potential rises sharply at the
junction and increases less rapidly at
points farther removed. Iis effect is to pre-
vent further drift of electrons into the
p-type region. It acts as a steep hill which
the electrons must climb in order to cross
into the p-type territory.

It may be difficult to visualize the down-
ward sloping line es as a “hill” but it must
be remembered that since the electron
carries a negative charge its motion into
a more negative region requires expendi-
ture of energy. To the electron, therefore,
the line e, presents a voltage barrier, an
energy “hill” which the electron must
climb in order to move into the p-type
region. The hill becomes higher as more
electrons cross over until finally it reaches
a level which effectively blocks further
migration of electrons. In establishing this
equilibrium condition there is a momen-
tary flow of current but this rapidly
diminishes and becomes zero. Although
there may still be considerable activity,
statistically the electrons are now at rest.

In the same manner there is a migra-
tion of holes from the p-type material
across the junction and into the m-type
material. This also builds up a potential
hill or barrier which quickly stops further
migration. Thus both types of carriers en-
counter a potential barrier whose height is
just that required to establish equilibrium.

Convenient Reference Terms

Expressions such as “statistically con-
stant” or “statistically at rest” are useful

TRANSISTOR PRIMNCIPLES -+ 107




terms when dealing with electron or hole
behavior. They refer to the average con-
dition or state without regard for individ-
ual deviations from their state. Other use-
ful terms often employed in references to
positive and negative carriers are “average
life,” “life expectancy.” “population den-
sity,” “birth rate,” and “death rate.” When
so employed these terms have the same
connotation as when used to describe
biological events. Thus electrons and holes
which lose their identities as carriers may
correctly be said to have ceased to exist.

It might be believed at first thought that
all electrons which migrate into the hole-
rich p-type material and all holes migrat-
ing into the electron-rich N-type material
would instantly comhbine with the major-
ity carrier and hence cease to exist. While
their death rate no doubt increases they
still retain a finite life expectancy. This is

material and the positive space charge
in the p-type material. Since the condition
prior to the application of the external
potential was one of equilibrium, addi-
tional migration of electrons into the
p-type material and holes into the w-type
material will now occur in an attempt
to restore the eguilibrium condition. It
should further be noted that current will
flow under this condition in response to
a voltage E. A potential applied in this
direction produces current in the direction
of “easy flow” or, as more commonly
known., in the “forward” direction. It will
be evident that the pN junction is a bi-
lateral conduetor; that is, a device having
rectifying properties.

The rectifying properties become ap-
parent if the potential E is reversed so
that the positive is applied to the w-type
end and the negative to the p-type. The
connections are now as illustrated in
Figure 10, With the pn junction connected
in this manner the potential E attempts
to withdraw electrons from the w-type

N-TYPE ‘ P-TYPE

CIRECTION ©OF

| ELECTRON FLOW

because of the relatively large energy gap
Under suitable conditions, therefore, both
positive and negative car-

material. Thermally created /
electron-hole pairs maintain

under equilibrium condi-

tions.

junction with the negative

side to the N-type end and

_
(=}

Figure 9. PM junction connection for “forward” flaw

between the electrons in the conduction
band and the holes in the valence hand.
rier may be present zimul-
taneously in the same
the population of the two k
carriers at a constant level \

If an external potential
is applied across the pw
the positive to the p-type,
as shown in Figure 9, the

B

: : N-TYPE P-TYPE

immediate effeet is to re- \\ DIRECTION OF
duce or lower the potential - | ELECTRON FLOW
barrier by an amount pro- o

portional to the applied po-

tential E. It is evident that
the application of an exter-
nal negative potential to
the nN-type material and a
corresponding positive to
the p-type material (with respect to the
junction as reference) will lower the bar-
rier potential since it acts to increase the
negative space charge in the N-type
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Figure 10. PN junction connection for “reverse’ flow

region and inject electrons into the p-type
region. The immediate effect of this will
be to attract electrons away from the
junction in the N-type material and holes
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in the p-type material. The resultant de-
pletion of carriers near the junction will
in effect cause this region to become a
good insulator so that the potential E
which was able to produce a relatively
large current flow when poled as in
Figure 9 will now be able to produce
hardly any measurable current (a few
microamperes perhaps) . Thus if the steady
potential E were replaced by an alternat-
ing potential, say that obtained from a
transformer connected to a 60-cycle sup-
ply, current would flow during the half-
cycle interval when the potential was that
of Figure 9 but practically no current
would flow during the other half-cycle
interval. The pn junction would then be
acting as a rectifier, its rectifying prop-
erties being obtained at the junction be-
tween the two types of material. In order
that it function properly, the connections
made at the end peoints to which the ex-
ternal potential is connected should ke as
completely unidirectional or nonrectifying
as possible and have low
contact resistance. Various
bonding techniques have
been developed for obtain- —4¢ p-TYPE
ing lead-out connections

diodes pointed in two directions. For a
proper junction of the two materials it
would be necessary to fit the lattice struc-
ture of one to that of the other so they
became one and the same crystal. A prac-
tical wayv to accomplish this would be to
“grow” the erystal as previously de-
scribed. A properly grown PNp crystal
suitable as a transistor would appear
(schematically at least, although not
physically) as is shown in Figure 12,

It should be noted that only a small slice
of the N-type material has been retained.
As in the case of the PN junction the wires
shown connected to the three regions are
bonded to the material. They have no
other function than that of providing
entry and exit points for electrons flowing
into or out of the erystal. The three regions
are labeled ““emitter,”” ‘*base’ and
“collector.”

Suppose we next connect the transistor
to some external d-¢ potential as shown in
Figure 13. It should ke noted that the 0.2

——
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‘

having these properties.

The PNP Junction Transistor

We have in the PN junc-
tion rectifier (or diode, as it
is known) the basic build-
ing block of the junction

[ 1

] |

Figure 11. Bosic building blocks for PNP transister

transistor. If we could fit
two of them together as
indicated in Figure 11 it gyrren
would become a pNpP trans- —

=

P-TYPE P-TYPE

TYPE COLLECTOR

istor. This “fitting together,”
however, would have to be
done in the same manner
as was done when joining
the p and w sections to form
the PN junction. It should
be noted that the two N-type sections are
the ones to be joined, Should we attempt
to do this it would soon be found that it
would be impossible to produce the proper
junction by mechanically joining the two
faces. The result would simply he two
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Figure 12. PNP junction transistor

volt applied to the emitter produces a cur-
rent of one milliampere in the “forward”
direction. The direction of current flow as
indicated by the arrows is that of elec-
trons, a direction opposite to its conven-
tionally assumed one. Within the Fodv of
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the transistor current Hows in both direc-
tions simultaneously, hole current in the
conventional direction and electron cur-
rent in the opposite.

The 1-milliampere emitter current is
produced by the relatively small biasing
potential of 0.2 volt. Since the emitter is
p-type material, the current within the
emitter will consist largely of hole cur-
rent, holes moving in the valence band
from left to right. On arriving at the
junetion barrier the holes migrate into the

1.0
MILLIAMPERE

at the collector junction before they are
annihilated through combination with
electrons. The result is that a current of
0.95 milliampere flows in the collector
circuit as the holes migrate across the
junction into the collector.

This process of forming a pNpP transis-
tor junction can be reversed to produce
an NpN junction. In this case, a small
p-section is sandwiched between two
w-sections so that the symmetrical lattice
structure is maintained at the junctions.

0.95
MILLIAMPERE

{ - P
+

)

0.2 volis ——

-

.05 5 volts

MILLIAMPERE

Figure 13. Tronsistor biasing currents

N-type base material. This is the direc-
tion of “easy” flow and only a small volt-
age is necessary to support the relatively
large current flowing in the emitter.
The holes which enter the base region
from the emitter tend to diffuse across the
base material in the direction of the col-
lector junction. The potential applied to
the collector is negative hence the diffu-
sion process is aided by the electrostatic
field produced by this potential. If no
potential were applied to the collector the
holes would merely migrate in the direc-
tion of the base connection where, through
combination with electrons entering the
hase, they would produce a base current
equal to the emitter current. In the pres-
ence of the negative collector wvoltage,
however, and because of the physical
dimensions of the base region, the major-
ity of the holes which enter the base arrive
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Likewise, the battery potentials and cur-
rents are reversed in polarity.

Basic aspeets of transistor theory have
been presented in simplified form pri-
marily with respect to pNP junctions.
Transistors constructed on pNp and NPN
principles correspond in operating fea-
tures to the electron tube triode. These
basic concepts can be extended, however,
to include other forms of semiconductor
devices such as point contact and tetrode
transistors and phototransistors. In addi-
tion still other mechanisms and semi-
conductor materials which are being
studied may in the near future present a
challenge to engineers and designers.
Relatively few types of semiconduetor de-
vices have been reduced to commercial
products, nevertheless the impact of these
devices already is manifesting itself in the
application of unigue features for commu-
nication equipment and practices.
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It is with sincere regret that TeEcHNICcAL REVIEW
records the recent passing of Oscar E. Pierson who had
been associated with Western Union in various capacities,
with unremitting application and outstanding accomplish-
ment, since 1917, He started in the Traffic Department in
Chicago and had become Division Traffic Inspector when,
in 1930, he was transferred to the staff of the Engineer of
Automatics in New York. Among his major assignments
was the development of the Varioplex system, in which he
took a leading part for some eight years; he was in large I
measure responsible for its successful application to teleg- |
raphy. In 1944, Mr Pierson was assigned to the Water Mill
Laboratories of the Development and Research Depart-
ment, where for several vears he worked on the develop-
ment of radar flight trainer equipment for the U. 5. Navy. |
After completion of that project, he engaged in the develop-
ment of a power supply for use in microwave experiments,
development of frequency standards for ocean cable cir-
cuits, and design of electronic devices involving the use of
transistors. Early in 1856 he returned to New York to work
with the Automation Engineer; hiz sudden demise cut
short a brilliant career in this field.
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Miniaturized Teleprinter Demonstrated

SHOWN ABOVE is a model of a new,
miniaturized teleprinter mentioned by
Western Union’s President W. P. Marshall
and demonstrated at the annual meeting
of share owners. The much larger type 28
teleprinter is in the background.

“In addition to our large and growing
requirements for Desk-Fax equipment to
provide direct connections for our cus-
tomers,” said Mr. Marshall, “there is con-
tinuing need for teleprinter machines.
Teleprinter equipment can be operated
automatically at high-speed; it provides
multiple copies and, most importantly, it
can be used to produce the punched tape
required for data processing or office
automation purposes,

“While the teleprinter thus fills a
variety of important needs, particularly
for companies which have both a large
volume of telegraph business and data
processing requirements, the heavy cost
of printers, running as high as $1,700 each,
has heen a substantial deterrent to their
more widespread use. Nevertheless, we
have nearly 23,000 teleprinter machines

112

in customers offices, and many thousands
more in our own operating rooms.

“In the light of what I have just said,
vou will understand our interest in the
recent development by the Teleprinter
Corporation, a relatively new concern
located in New Jersey, of a miniaturized
teleprinter machine which will take no
more space than a portable typewriter.
The military, like ourselves, have long
been keenly aware of the advantages
inherent in such a development, and are
currently negotiating with the Teleprinter
Corporation. You will be particularly
interested in knowing that Western Union,
in addition to working closely with the
Teleprinter Corporation’s people in test-
ing and pre-production engineering of the
equipment, has an option to buy a sub-
stantial part of the stock of this new
company.

It is understood that other makers of
printing telegraph apparatus have been
working to develop similar small ma-
chines to meet hoth military and com-
mercial requirements.
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Loading Coils for Ocean Cables

Before it was decided that submerged repeater-amplifiers offered the most practical means
of increasing the message capacity of Western Union’s nonloaded ocean cables, considerable
work had been done in 1946-47 on development of coils for "lump loading™ the older trans-
atlantic cables. Although submerged repeaters were used successfully instead of lump-loading
coils, it was recognized that the latter might well be employed to good advantage in the
repair of the Telegraph Company's newer continuously loaded cables.

A suitable coil and techniques for its manufacture and use were developed subsequently
by Western Union engineers. To date, 30 miles of lump-loaded repair cable has proved to be
eminently satisfactory in regular service at a depth of 2000 fathoms for over a year. The
saving in the cost of cable is estimated at more than $1000 per nautical mile.

Tue WestERN Union cable system in-
cludes four continuously-loaded ocean
cables: The Hammel-Horta cable (1HO)
laid in 1924, the Hammel-Bay Roberts and
Bay Roberts-Penzance cables (ZHM-BR
and 4PZ) laid in 1926, and the Bay
Roberts-Horta cable (2HO) laid in 1928,
No two cables are alike in the amount of
loading or in capacitance and conductor
resistance per mile.

Loaded Cable Repairs

Normally enough cable remains after
the initial laying to provide adequate stock
for repairs. Sufficient heavily-armored
loaded cable of each type is in storage at
the cable depots for all anticipated re-
pairs in the shore ends of the loaded
cables. The stock of loaded cable suitable
for deep-sea repairs, however, was almost
entirely depleted in repairing extensive
damages to the cables suffered in the
November 1929 submarine earthquake off
the North American continental shelf.
Since then, repairs in deep-sea sections of
the loaded cables have been made with
nonloaded cable.

Aside from the earthguake incident,
there have been only four interruptions in
the deep-sea sections of the loaded cables,
two in 1951 and two in 1956, with a re-
placement of a total of nearly 50 miles of
cable. A gradual increase in the number

A paper presented before the Sammer General Meeting of

the American Institute of Electrical Engineers in Montreal,
e, Jonme 19357,
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and extent of the repair requirements may
he expected because of the accumulation
of aging effects.

In the deep-sea sections of the cable,
that is, at depths greater than 1000
fathoms (6000 feet), each cable repair
usually adds at least five miles of non-
loaded cable. This added length is twice
the depth of the water plus the amount of
cable that may have to be picked up
before a fault is located. Occasionally up
to 30 or more miles of cable may have to
be replaced because of mechanical dam-
age or deterioration from age. Repairs in
shallow water near shore usually involve
much less than five miles of cable.

Nonloaded stock repair cable can be
used for the repair of loaded cables but
only at the expense of signal deteriora-
tion. For every five miles of nonloaded
cable inserted in the loaded eable, which
increases the total cable length by that
amount, the received signal amplitude is
reduced by 4 or 5 percent as compared to
a reduction of 2 percent when the proper
type loaded cable is used. For every five
miles of nonloaded cable which replaces
loaded cable without increasing the total
cable length, the received signal is re-
duced by 2 to 3 percent. In addition, in-
serted lengths of nonloaded cable of the
order of 5 to 30 miles may result in mul-
tiple reflections at the ends of the non-
loaded section with a consequent loss
of received signal as high as 50 percent.
An instance of a 50-percent signal reduc-
tion oecurred when a 22-mile section of
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nonloaded cable was inserted in the Bay
Roberts-Penzance 1926 cable in order to
reroute it around the trawler area on the
Newfoundland fishing banks. Less than
half of this loss can be attributed to the
attenuation of the added nonloaded cable;
the major part of the loss was due to the
multiple reflections.

While it is undesirable from a transmis-
sion point of view to use nonloaded cable
for loaded cable repairs, the cost economy
is considerable, Nonloaded repair cable
costs about $3,000 per nautical mile, con-
tinuously-loaded cable normally about
%4.500. However, the present cost of the
loaded cable would be considerably more
because special machinery for forming,
applying, and annealing the loading mate-
rial would first need to be built. To this
initial cost of the loaded repair cable must
be added carrying charges on an adequate
stock, and the expense of storing it at the
cable depot and on the cable ship.

Lump Loading

Nonloaded repair cable must be carried
in stock in considerable amount for use in
the older nonloaded cables. The idea im-
mediately occurs that this same stock
would be entirely adequate also for the
repair of the loaded cables if suitable load-
ing coils were inserted in the nonloaded
repair cable to make it electrically equiv-
alent to the continuously-loaded cable.
Such lump loading has been widely used
in telephone landlines and to some extent
in submarine cables,

Loading coils were first used in a sub-
marine cable in 1906 when Siemens and
Halske in Germany laid a lump-loaded
telephone cable 9.3 miles long across Lake
Constance. Subsequently several lump-
loaded telephone cables were laid across
the English Channel and across the Irish
Sea by the British Post Office. These were
all short cables lying at depths nowhere
greater than 150 fathoms.

Lump loading, while electrically very
satisfactory, has been considered imprac-
tical for long submarine cables lying in
deep water because of the difficulty of
preventing water penetration at the great
pressures encountered in deep water, and
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because the discontinuity in the cable at
the point of insertion of the coil might
weaken the cable mechanically and in-
crease the hazards of laying. However,
the many new materials now available
have made lump loading more attractive.
In fact, considerable work was done in
1946-47 on development of coils for lump
loading Western Union’s transatlantic
nonloaded cables, but the project was
abandoned in favor of the submerged re-
peaters, Loading coils still appeared to
offer an economical means for the repair
of the continuously-loaded cables, and the
development was directed to that end.

Design Considerations

The physical requirements for a deep-
sea loading coil are severe. The coil must
withstand hydrostatic pressures of three
or four tons per square inch without
water leakage or damage to the stress-
sensitive high-permeability alloys which
must be used as core material in the coil
in order to obtain high electrical efficiency
with small size. The coil should not be
permanently affected by the great
stresses, either longitudinal or bending,
that may ocecur during the laying of the
cable in deep water. Also the coil should
not introduce into the cable any discon-
tinuity which might interfere with the
normal tightening of the spiral lay of the
armor wires as the cable passes over the
bow sheave, or with the release, or un-
twist, as the cable nears sea bottom. To do
so might cause a serious kink in the cable.
It is very desirable, too, that the loading
coils require no special handling as the
cable is being laid.

Materials used in construction of the
coils must not deteriorate with age, at
least not more rapidly than the cable
itself, and must be free of any undesirable
chemical interactions either during con-
struction or after layving. The most prac-
tical method of meeting these conditions
appeared to be to make the loading coil
an integral part of the cable with the
armor wires extending, continuous and
unbroken, over the coil. At the bulge
created by the coil, additional wires would
be interposed in the armor to provide
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complete coverage. The coils could bhe
spliced into the nonloaded stock repair
cable as required and then be laid as part
of the cable without special attention.
Twvpical nonloaded cable used for re-
pairs is one inch in diameter over-all. An
enlargement to three inches at the point
of insertion of the loading coil is about
the maximum bulge that can safely pass
through the cable ship gear during laying
of the cable. More particularly, the diam-
eter over the armor was limited to some-
thing less than 2.75 inches since that was
the maximum that could be handled in
the available armoring machines. Then,
allowing space for armor wires, padding,
and insulating jacket, the diameter of the
loading coil itself could not exceed 1.5
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Figure 1. Characteristics of lump-looded stock repair
cable

inches. Assuming some sort of protective
case, the diameter of the core and winding
would be limited to about 1.25 inches. The
length of the coil would depend on the
amount of core material and winding
required to give the desired inductance
and resistance.

The electrical characteristics of the
loading coil should be such that, when
inserted in nonloaded stock repair cable,
it makes the repair cable equivalent to the
continuously-loaded cable in impedance
and not appreciably greater in attenua-
tion. Calculations showed that coils in-
serted in the repair cable at 5-mile inter-
vals should have an inductance of 0.3
henrys and a resistance of not more than
7 ohms, alternating plus direct current at
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60 cycles per second and 1 to 20 milliam-
peres, in order to match the 4PZ loaded
cable. The same coil inserted with 3-mile
spacing would match the 2HM-BR cable,
and with 6.8-mile spacing the THO cable.
These spacings would be quite adequate
to avoid reflection losses which increase
attenuation or affect wave shape; for all
practical purposes these spacings would
give the eflect of a smooth (continuously-
loaded) cable within the range of tele-
graph frequencies.

Figure 1 shows how the impedance and
attenuation of the lump-loaded repair
cable would wvary with the spacing of
0.3-henry T-ohm loading coils. Good im-
pedance and attenuation matches can be
obtained with the loading coils at 3, 5, and
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Figure 2, 3-mile spocing ond ZHM-BR cable

6.8-mile spacing for the ZHM-BR, 4PZ,
and 1HO cables respectively. Figures 2,
3, and 4 indicate the degree of equivalence
that would be obtained over the range of
telegraph frequencies.

In the case of the ZHM-BR cable, if
d-mile spacing is used instead of the indi-
cated 3-mile spacing, the reflection loss
due to impedance mismatch does not
increase the attenuation enough to bring
it above the normal attenuation of the
loaded cable itself. In other words, the
more economical 5-mile spacing can be
used in this cable with no greater loss in
transmission efficiency than would be
occasioned by the use of the same length
of continuously-loaded ecable for the
repair.
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The most suitable coil spacing in the
case of the taper-loaded 2HO cable de-
pends on the location in the cable. The
spacing would vary from about 3 or 4
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Figure 3. S5-mile spoacing and 4PZ cable

miles in the heavily-loaded center of the
cahle to 8 or 10 miles in the more lightly-
loaded end sections.

The Loading Coil

Figures 5 and 6 show the loading coil—
less jacket and armor—that was devel-
oped to meet the preceding conditions.
The winding, with its laminated core of
high permeability steel, is located midway
in a stainless steel tube 1.5 inches in diam-
eter by 6.25 inches long. Spiral pigtails
connect the winding to the
4-inch-long cable conductor
stubs which are anchored in
insulating end plugs. Two
insulating liners keep the
winding and core centered
during construction and
keep the winding pigtails
clear of the metal tube. The
assembly is impregnated
with a rubber-like com-
pound.

Construction Details

Some of the winding and core construc-
tion details may be seen in Figure 7. At
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Figure 4. 6.8-mile spacing ond 1HO coble

the lower left is the winding form and
the clamp which holds the winding in
shape during its initial impregnation.
The core is made up of 0.007-inch-thick
modified E-type laminations of annealed
mu-metal or molybdenum permalloy. In
building the core the laminations for one
coil are first assembled in a jig (see top
Figure T7) in eight 15/32-inch stacks and
impregnated with a compound that firmly
binds the laminations together. After re-
moval from the jig, the gap faces of each
stack are leveled on fine abrasive paper.

BANDING STREP e

AND . SEAL

To complete the coil,  se7 schew

45-foot-long sections of

cable core are joined to the

short stubs, and the coil is

covered with an insulating jacket. Regular
wire armor is then applied over the entire
length with additional wires interposed at
the bulge over the loading coil.
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Figure 5 Sectional view of loading coil

This operation is rather eritical since too
little leveling resulis in a large change of
inductance when the coil is subjected to
sea-bottom pressure; too much leveling
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produces burrs on the edges of the lami-
nations with consequent increase in the
a-c resistance of the coil,

Fhoto K-002%
Figure & Looding coil camponents

The core stacks are assembled on the
winding in pairs with 0.0007-inch paper
gaps and held together with phosphor
bronze straps under a tension of 75 pounds
(lower right in Figure 7). A space of
about 1/32 inch is maintained between the
stack pairs to provide a cushioning layer
of impregnating compound.

The core and winding are impregnated
as a unit and then assembled in the metal
tube with the liners holding them in place.

The impregnating compound is a ther-
mosetting, polyester resin which is a thin
liguid when its two components are first
mixed but after curing for several hours
at 250 degrees Fahrenheit assumes a con-
sistency of rubbery gelatin. The function
of the compound, in addition to holding
together the laminations and the winding
turns, is to float the core and winding
inside the steel case and to transmit sea-
bottom pressures uniformly to all parts of
the core so that no bending stresses are
set up in the laminations with consequent
loss in the coil inductance and increase
in the a-c resistance,

To secure the desired uniform pressure
distribution, there must be no voids in
the impregnated unit. Voids may oceur as
a result of incomplete impregnation,
shrinkage of 2.5 percent by volume during
the curing process, and thermal shrinkage
of about 4 percent between the 250-degree
curing temperature and normal room
temperature. A further thermal shrinkage
of 1 percent occurs as the coil goes to sea-
bottom temperature of about 34 degrees
Fahrenheit.

Figure 7. Looding coil construction details

After soldering on the winding terminals,
the end plugs with their cable stubs are
put in the tube and the whole is given a
final impregnation.
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Initial voids are minimized by careful
vacuum impregnation after first thor-
oughly dehydrating the coil components
and the compound itself. Curing and
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thermal shrinkages, except the last 1 per-
cent at sea bottom, are taken up by fore-
ing the end plugs about 1/16 inch further
into the coil case after impregnation. The
set screws holding the end plugs in place
are not finally seated until after this oper-
ation. Sixteen 1/4-inch holes in the coil
case facilitate the impregnation and later,
under sea-bottom pressure, permit easy
entry of enough of the jacket material to
fill any small remaining voids without
damage to the jacket.

After impregnation is completed, two
45-foot lengths of standard insulated cable
core are electrically brazed to the short
stubs in the end plugs. The jacket is built
up with a tightly wrapped butyl-synthetic
rubber tape which forms into a compact,
elastic mass without any heat treatment.
The jacket is 1/4 inch thick over the coil
and extends several inches beyond the
ends of the coil to make a watertight
joint with the insulation on the long cable
stub. At this point the coil is given a
24-hour pressure test in water at T800
pounds per square inch to check the insu-
lation and the effect of pressure on the
inductance and a-c resistance,

Before armoring, the stub on each side
of the coil is built up with burlap tape to
provide a smooth taper extending to
20) feet each side of the ecoil. This is fol-
lowed by a wrapping of jute over the
entire length to provide a bedding for the
armor, The armor consists of 24 galva-
nized steel wires, 0.095 inch in diameter,
extending the full length over the coil and
cable stubs. Over the coil are interposed
39 additional wires, 0.112 inch in diameter,
which are terminated, 13 at a time, at
approximately 4, 12, and 20 feet each side
of the coil as required to cover the tavered
section. Armor wire ends are held in
place by whippings of 16-gauge steel wire.
Finally, over all, is the standard serving
of tarred hemp to provide some mechan-
ical protection for the armor. The finished
diameter over the loading coil is 2.85
inches and over the cable stubs ahout
1 inch.

The first lot of loading coils was
armored on a machine which required
that the added wires over the coil be laid
on by hand. Later coils were armored on

e

a new and completely automatic machine
developed at the Newington, N. H., plant
of the Simplex Wire and Cable Company
to armor the repeaters installed in the
recent transatlantic telephone cables.

Coil Characteristics

The inductance of the loading coil is
set at 300 millihenrys, at 60 cps and
10 milliamperes, by adjustment of the
gap in one of the four sections of the core.
There is normally little or no change in
inductance between atmospheric pressure
and sea-bottom pressure provided the
leveling of the gap faces has been done
to the proper degree, and in the impreg-
nation there have been left no appreciable
voids in the vicinity of the core and wind-
ing. The a-c resistance is usually 20 to
25 percent greater at sea-bottom than at
atmospheric pressure, but in most of the
coils so far built it has been 15 to 23 per-
cent less than the design value. The atten-
uation of the lump-loaded repair cable,
as a result, will be somewhat less than
indicated in Figures 1 to 4.

Figure 8 shows the variation of induct-
ance and a-c resistance with current for
a typical loading coil under 8000 pounds
per square inch pressure. The a-c¢ resist-
ance of the loading coil is normally 1 to
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Figure 8. A-c choracteristics of loading coil

2 phms less than the T-ohm design value,
and for currents up to 10 or 15 milliam-
peres the increase in inductance and a-c
resistance with current is slightly less in
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the loading coil than in the loaded cables.
Above 15 milliamperes the a-c resistance
of the coil drops while that of the cables
increases rapidly with current. The in-
ductance of the cables also increases
rapidly at the higher current, but the
inductance of the loading coil is nearly
constant, While the inductance and a-c
resistance, particularly at the higher sig-
nal currents, do not have the same pattern
of change in the loading coil and in the
cables, the increase in attenuation due to
the higher currents is less in a coil-loaded
repair section than in the loaded cable
itself. In any case, the Hammel-Horta
cable is the only one in which the signal
currents exceed 15 milliamperes in sec-
tions where the coils may be used. In this
cable the currents are as high as 25 mil-
liamperes in the Hammel end and 40 mil-
liamperes in the Horta end.

Under normal operating conditions
direct currents in the loaded cables due
to earth potentials do not exeeed 10 mil-
liamperes and have very little effect on
the inductance or a-c resistance of either
the loading coils or the loaded cables.
Direct eurrents up to 80 or 100 milliam-
peres may flow in a cable circuit when
protective devices installed at the ter-
minals are operated by excessive earth
potentials. Such ecurrents will not damage
the loading coils.

To check the effect on the loading coil
of stresses encountered in laying or pick-
ing up the cable in deep water, one com-
pletely armored loading coil with long
cable stubs was tested by passing the coil
several times over a T-foot diameter drum
while under a longitudinal tension of
16,000 pounds. There was no mechanical
damage to the coil, and the electrical
characteristics were not affected.

Loading Coils in Use

In April 1956, the Hammel-Bay Roberts
loaded cable (ZHM-BR) was interrupted
325 miles from Bay Roberts at a depth
of 2000 fathoms. Because of the poor con-
dition of the cable, probably from damage
sustained in the 1929 earthquake, 23 miles
of cable had to be replaced. The replace-
ment was made with 30 miles of nonloaded
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stock repair cable, the extra T miles of
repair cable being the normal added
length required to effect a repair in deep
water, Loading coils were inserted at
5-mile intervals beginning and ending
25 miles from the end of the repair
section,

As previously stated, 5-mile spacing of
the coils can be used in the ZHM-ER
cable, instead of 3-mile as indicated in
Figure 2, without degrading transmission.
However, in this case the 5-mile spacing
was dictated by the fact that only six
loading coils were awvailable.

The six loading coils have been in
service now for over a year without
incident, No attenuation measurements
have been made on the ZHM-BR cable
since the repair but, as far as can be
judged from the appearance of the oper-
ating signals, the insertion of the non-
loaded cable and loading coils has not
increased the attenuation or otherwise
affected the signals. A comparison of sig-
nals is complicated by the fact that a
partial fault of long standing was elim-
inated by the repair.

The six loading coils installed in the
2HM-BR cable plus six recently com-
pleted and stored at the cable depot in
Halifax, Nova Scotia, were all construeted
in the Western Union Laboratory at
60 Hudson Street with the exception of
the jacketing and armoring which was
done by the Simplex Wire and Cable
Company. Arrangements are being made
with a commercial supplier to manufac-
ture a number of loading coils that will
provide adequate stock for future prob-
able loaded cable repairs.

The loading coils, complete with armor,
cost about $2.000 each. Thus, for the
repair of continuously-loaded cables, the
use of nonloaded stock repair cable with
inserted loading coils instead of contin-
uously-loaded repair cable results in a
saving of more than $1,000 per mile of
repair cable used.
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Keying Loss in Telegraphy

An article entitled "A Review of Proposed Carrier Systems for Data Transmission” in
the April Review elicited considerable comment. In response to one inguiry respecting the
effect of varying time relations between carrier and keying, the author prepared a reply
which may well be of interest to other readers.

IT 18 probably easier to comprehend the
general principles of keying loss in teleg-
raphy if one thinks first of what happens
in the AM situation. In FM, there is anal-
ogous effect though it is not quite so easy
to visualize.

Let us consider first a carrier source,
the frequeney of which is subject to some
minor drift perhaps, but is still adequately
stable for telegraphy. In AM, it iz alter-
nately connected to the transmission path
and disconnected in accordance with the
pattern set up by the intelligence code.
The code signals, which do the on-off key-
ing, are ordinarily timed by a mechanizsm
not geared to or synchronized with the
carrier source. If the telegraph machine
is keyboard operated, the timing of the
on-off keying of the carrier is entirely
random with respect to the carrier phase.
Even if transmission is from a mechanical
tape reader, the time relation between the
carrier and the keying, if not random, is
drifting. Further, the length of the intel-
ligence bit bears no fixed relation to any
integral number of carrier cyeles.

The result of this situation is that the
train of ecarrier cycles which represents a
bit may begin and end in any position on
the carrier wave. The carrier when turned
on may be starting either a positive or a
negative excursion at the instant it is con-
nected to the circuit, or it may be at the
positive or negative peak of its excursion,
or have any intermediate value whatever.,
Similarly, it may be disconnected at the
end of the bit at any phase position what-
ever. The fact that a narrow-band filter
system intervenes the circuit from trans-
mitting kever to receiving detector does
not alter the erratic timing of the detected
intelligence bit. The filters with their slow
rise and decay only integrate the carrier
train into a more or less sinusoidal
envelope shape.
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Some very precise measurements have
been made on the magnitude of this effect,
All confirm the intuitive estimate that the
intelligence signal bit length is undepend-
able in the exact relation of the signal
trequency to the carrier frequency, With
a 100-cycle rate, 200 bits per second (bit
length 5 milliseconds), on a 1000-cycle
carrier, a threshold fortuitous signal loss
of 10 percent of signal length is encoun-
tered. The total shortening of any partic-
ular bit attributable to this distortion then
may be as much as 0.5 millisecond.

Intuition too tells us that this uncer-
tainty of beginning and ending would be
reduced by 50 percent were a full-wave
rectifier employed in the place of the
single-wave device common in the carrier
telegraph terminal. Such is in fact the
case as closely as the most carefully made
measurements can determine. In ecertain
carefully engineered carrier channels,
where a low-frequency carrier must be
used, full-wave detection has been em-
ployed to advantage.

In FM, there is a closely parallel phe-
nomenon. The uncertainty of the timing
of the intelligence bit with respect to the
specific instantaneous phase of the carrier
still exists. In this case, however, the
usual diseriminator and detector circuitry
functions as a push-pull device. The
measured “keying” distortion on Western
Union’s standard FM telegraph channel
is proportional to half the ratio of intelli-
gence frequency to the mid-channel car-
rier frequency. With the bit rate and
carrier frequency as chosen for the
previous example, the keying loss is 0.25
percent.

In the situation where the intelligence
frequency is made first to modulate an
intermediate high-carrier frequency, the
keying loss is only that which attends the
improved intelligence-carrier ratio thus
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obtained. The transfer modulator which
subsequently puts the modulated signals
to a lower register for transmission over
the line facility is a linear device. It
reproduces the envelope faithfully and so
introduces no additional timing uncer-
tainty. Numerous experiments have heen
made by several investigators to prove
this point. In one set of tests performed in
Western Union laboratories, the low-
frequency carrier loeation was actually
made to approach closely the frequency
of the modulation rate. One cannot quite
make them coincide because of the dif-
ficulty of passing frequencies near zero
through the equipment components.
“Keying loss,” as the expression is
generally used amongst telegraph engi-
neers, has nothing whatever to do with
the loss of sideband energy, either at the
frequencies representing the first-order
sideband or those beyond. It is a phe-
nomenon which will be present when the
band through which the modulated signal
is passed is infinite in width, It is a simple
matter of the carrier being too “coarse
grained” to permit adequate resolution of
the bit image. Nor does nonlinearity of
phase response enter into the basic con-
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cept. We have made no controlled experi-
ments to determine if phase distortion
affects the relative magnitude of the key-
ing loss, probably because there has been
no evidence of any such effect.

In general, symmetrical amplitude cut-
off within the first-order sideband range
and somewhat beyond results in “previous
history” bit distortion which we eall
“characteristic distortion.” In general
again, asymmetrical pass-band attenua-
tion shape results in some asymmetrical
characteristic distortion which may or
may not show up as bias. Asymmetrical
characteristic distortion is that distressing
and uncorrectable type which behaves
differently on negative-to-positive tran-
sients than on positive-to-negative tran-
slents. Asymmetrical phase distortion
produces a similar effect. The effect of all
these things, however, is quite independ-
ent of keying loss and, so far as is known,
does not alter the latter.

The principles here set forth are guite
as applicable for high-speed data trans-
mission as for commonly-used telegraph
signaling —F. B. BRamHALL, Transmission
Planning Engineer.
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H. F. KRANTZ, II, Project Engineer, Electronics Applications

A Combination Multiplex-Teleprinter

Way-Station Circuit

The Telegraph Company’s three Key West-Havana submarine cables, each about
100 nautical miles in length, are equipped at the terminals o permit operation of the physical
circuits as 3-channel or 6-channel multiplex circuits and o provide a carrier system for two
teleprinter or 50-cycle multiplex circuits. An interesting arrangement has been engineered to
allow a way-station teleprinter circuit to be assigned over a multiplex channel on these cables.

Uppernmost in the thoughts of almost
everyone engaged in serving the publie
is the feeling that the most should be
made of any single facility in order to gain
the highest possible economy of operation.
This is particularly true in the field of
ocean cable telegraphy where the cost of
a new facility is much higher than in
other media and yet. as in other fields, the
criterion is service; service for anyone
who desires it, and service with maximum
reliability.

In order to gain the advantage of hav-
ing a channel of the Key West-Havana
cable carrier facility’ freed for additional
purposes, Western Union’s International
Communications Department requested
that a teleprinter way-station customer's
circuit be shifted from one of these nar-
row-band carrier channels to an available
multiplex channel. This customer had
offices in Chicago, New York, West Palm
Beach and Havana, all connected by
means of narrow-band carrier channels as
shown in Figure 1A, The proposal called
for all drops to be connected by carrier
to a "hub” in New York with the Havana
leg brought in via one channel of a NY-
HAV multiplex circuit as shown in
Figure 1B. Ordinarily this would seem
to be a routine routing reassignment:
however, the multiplex leg to Havana
presented some interesting problems
which were met and overcome as de-
scribed in this article.

Under normal idle conditions the multi-
plex sends “blanks” or spacing impulses
from the transmitters of its individual
channels, whereas an idle teleprinter cir-
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cuit normally carries a marking signal. A
spacing condition on the landline facilities
is not the normal idle condition. In fact,
it is a spacing time interval which initiates
teleprinter way-station selector operation.

CHICAGD CHICAGD
g
MEW HEW
TORK YORE
WEST PaLM T Fag s
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EEY WEST KEY WEST
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]
3]

HUkA Pt
A B

Figure 1. Circuit layout proposal

This then was the problem: make an
ordinarily idle spacing multiplex channel
recognize, transmit and decode the initial
spacing interval of a way-station selection
procedure.

Way-Station Operation

Briefly, the theory behind the tele-
printer way-station operating procedure
is as follows. A way-station customer is
one who leases private service to a num-
ber of different remote locations or
“drops.” Each drop is assigned an office
call designation which is determined by
additional contacts on the code bars of the
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printer within its console. This customer
has exclusive use of the circuit facilities
connecting the drops, and when none of
the various offices has a message, the line
stands idle with the printer motors turned
off. This is characterized by a closed leg
between the customer and the Western
Union office and, in the usual case for
landline operation, by marking frequency
over the carrier facilities connecting the
distant cities.

Should the office in Chicago, for the case
in point, desire to query their West Palm
Beach branch on some mat-
ter, a simple, set routine to
cut that office in is followed.

The operator in Chicago -

pushes a call button which
opens the leg to the Western
Union office, and in conse-
quence spaces (opens) the LY

facility. Fortunately, this kind of incom-
patibility can be resolved by a printer-to-
multiplex (FRXD) translator, which is a
commonly used connecting link between
a landline and ocean cable channel, and
an auxiliary electronic unit. By these
means, it is possible to recognize the long
“open’” and eonvert the normal multiplex
spacing into a different but recognizable
combination to be decoded at the distant
end where a translation from multiplex
to printer (MXPX) is made to open the
customer’s line, Since an idle condition
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seconds. Chicago then types
its own and the West Palm
Eeach office call letters caus-
in? these printers to be
locked in. All other drops,
not having been selected by
call letters, automatically
shut down except for a warn-
ing lamp which indicates that
the ecircuit is busy. Selection
of more than one drop is, of course, pos-
sible by sending the proper office calls,
After selection, Chicago and West Palm
Beach have a direct, private connection
and may use the circuit as long as desired.
The same procedure is used to disconnect,
except that no office calls are typed, caus-
ing all printers to return to the idle
condition.

The major problem presented by this
procedure from the multiplex point of
view is the presence of the long open or
spacing signal to initiate the call-in pro-
cedure. As mentioned before, the normal
idle condition for a multiplex channel is
a spacing signal, just the reverse from
that of an idle printer on a landline

124

Figure 2. Selection repeater sending end theory

on the multiplex is represented by
“blanks” on the channe]l transmitters
(five code pins on spacing), the most
easily recognized difference is marking
for each of the five code pins (LTRS);
also, it is the only character which should
always appear singly in normal traffic
operation. Reference to the theory of the
sending end of the “selection repeater”
shown in Figure 2 will illustrate how
readily this was accomplished.

Sending End Theory

A low-impedance signal relay (LRY)
of about 75 ochms impedance is inserted in
series with the customer’s leg circuit.
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This relay does not materially affect the
operation of the customer's printer as it
follows the line signals. Under idle or
marking conditions for the teleprinter
leg, this relay remains energized allowing
the biasing condenser for a 6V6 vacuum
tube to be charged negatively through
1000 ohms. The resulting negative bias on
the grid of the tube cuts it off, and a
transmitter control relay (TCRY) re-
mains deenergized. The contacts of TCRY
maintain spacing battery on the printer-
to-multiplex (FRXD) transmitter's spac-
ing sensing contacts, which represents the
normal idle or spacing condition for the
multiplex. Spacing battery will be either
positive or negative depending upon the
multiplex channel used.

When the customer's circuit is opened
by the initial 5-second spacing control for
way-station selection, the low-impedance
signal relay (LRY) will remain deener-
gized, allowing the biasing condenser of
the 6V6 to charge to positive battery
through half a megohm and causing the
tube to become conductive and energize
the transmitter control relay. The time
delay of approximately one-half a second,
charging one microfarad through 500,000
chms, allows for the operation of LRY
when following normal teleprinter signals
and distinguishes between the spacing
pulses and the long open which precede
a way-station selector customer's trans-
mission, When operated, the transmitter
control relay contacts reverse the battery
on the FRXD transmitter’s spacing sens-
ing contacts and will cause the multiplex
to transmit marking battery for each of
the five code pins (LTRS combination).

A second set of contacts closes an
FRXD “SELECTION OPERATE"™ lamp
circuit giving a visual indication that the
local customer's drop has initiated a way-
station selection procedure, This condition
i1s maintained for the duration of the long
open until the teleprinter leg is closed and
negative bias again operates the 6V6
vacuum tube to cutoff, releasing the
transmitter control relay (TCRY) and
restoring the FRXD to normal idle con-
dition ready to translate the office ecall
selector characters. All other functions of
the FRXD equipment of course remain
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unchanged, allowing the equipment to op-
erate in the normal manner,

Receiving End Theory

At the receiving end of the ecable, the
signals are distributed from the multiplex
face plate to a multiplex-to-printer
(MXPX) rack. The MXPX conversion
must distinguish between a normal LTRS
character in a message or occasional
“doodles” with the LTRS key by an op-
erator while composing her thoughts for
the next sentence, and the long string
representing the 5-second spacing inter-
val of a way-station selection procedure.
This procedure required the use of a
novel transformer-coupled electronic read-
ing device as shown in Figure 3 for the
receiving end theory.,

Resistances of 39 ohms are inserted in
series with each of the five multiplex
delivery segment circuils and are coupled
through five primary windings of a trans-
former to the grids of a 6SL7T trigger
tube. Each of these resistors passes cur-
rent of either spacing or marking polarity
as the brushes wipe over their respective
segments, and pulse the control grids of
the trigger tube. The transformer is so
wired that a positive potential on the
upper end of the primary windings will
reflect in the secondary with the top of
the winding (as shown in the figure)
being positive with respect to the bottom.
When LTRS (five marking or negative
pulses for the particular channel illus-
trated) are received by the multiplex cir-
cuit, each of the delivery segments, as the
brushes pass over it, causes a voltage drop
across the series resistor so that the pri-
mary windings are each excited with a
negative potential on the top.

This sequential application of battery
to the primary windings reflects into the
secondary biasing grid No. 1 to cutoff and
grid No. 4 positively. Under these condi-
tions, the potential of plate No. 5 is ap-
proximately 50 volts with respect to the
cathode, and that of plate No. 2 is about
200 volts by virtue of the plate resistor
circuits to positive 120 volts (240 volts
over the cathode). A channel polarity
relay (2CPRY) is introduced in series
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with the MXPX channel polarity relay to
correct for the different channel spacing
polarities and for this condition is pulled
up, connecting plate No. 5 of the trigger
tube to the grid of the first 6V6 MXPX
control tube (VT-1).

The 50-volt potential on plate No. 3 is
not enough to fire the neon lamp, and the
grid of the first control tube is biased to
cutoff, allowing the one-half microfarad
biasing condenser of the second 6V6

relay and output relay. This condition, by
virtue of various operating circuits of the
MXPX, maintains a spacing holding cur-
rent through all relays of the MXFPX.
With the output relay’s main windings
shorted, it will be held on its spacing con-
tact regardless of the operation of the
other relays, and the customer's drop re-
mains open for as long as only marking
potential is scanned on the delivery seg-
ments. A third set of contacts on PCRY
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Figure 3. Selection repeater receiving end theory

MXPX control tube to charge positively
through two megohms. This condenser is
allowed to reach a potential which is suffi-
cient to cause the tube to be conductive
energizing a printer control relay
(PCRY). The time delay is necessary to
permit the “selection repeater” to receive
and recognize at least three successive
LTRS characters before operating to en-
ergize the printer control relay (PCRY).
When the PCRY is energized, its contacts
short out windings of the MXPX cutout
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operate to light the MXPX “SELECTION
OPERATE" lamp, indicating that the cus-
tomer’s drop has been opened.

Receipt of a single spacing battery (posi-
tive) pulse from any one of the delivery
segments will reverse the polarity on the
secondary for that pulse, causing a re-
versal of the action on the grids of the
trigger tube. Plate No. 2 now is cut off,
and Plate No. 5 conducting with a poten-
tial of about 200 wvolts with respect to
minus 120. This wvoltage fires the neon
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lamp, and causes the grid
of the first MXPX control
tube to be positive with
respect to its cathode. This
of course causes the tube to
conduct, closing a path for
the discharge of the second
control tube hiasing con-
denser. With each spacing
pulse this condenser is dis-
charged, consequently it
can never reach the point
where it will cause the
second tube to conduct and
the printer control relay (PCRY) remains
deenergized. The usual MXPX functions
are therefore unhindered and traffic or

idle conditions continue in the normal
manner.

Two Units Mounted on Single Chassis

These two circuits, the sending end and
receiving end, are of course hoth required
at each end of the multiplex circuit, and
it was found convenient to mount the
components on a single chassis which
could be installed at the top of the FRXD-
MXPX rack handling the channel to
which the way-station customer was
assigned. Figure 4 shows the completed
panel which is known as a Way-Station
Selection Repeater 8015; it resembles a
standard repeater rack panel in all re-
spects except for its dimensions which are
4 inches high, 29 inches long and 7 inches
deep. This panel includes at the right-
hand end a signal relay unit which en-
closes the three relays (LRY. TCRY and

Photo K-10,192

Figure 4. Way-Station Selection Repeater BO15-A

PCRY) required to control the sending
and receiving multiplex. This signal relay,
because of its horizontal mounting when
installed on the FRXD-MXPX rack, had
to be equipped with the tray-like detail
to insure its being held in its socket.
Two of these panels were built and in-
stalled, one at the cable office, 40 Broad
Street, New York, and the other at the
far end of the multiplex circuit in Havana.
Their use for the way-station customer
provided such satisfactory service that
when a newer multiplex of greater capac-
ity was designed for NY-HAVANA, the
circuitry for a selection repeater was in-
corporated as a part of the new racks. Of
course, this method is not confined to
cable applications, but is generally avail-
able wherever start-stop and multiplex
cirecuits may beneficially be joined.
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Patents Recently Issued to Western Union

Facsimile Scanning Mechanism
D, M. ZABRISKIE
2,770,517—Novemeer 13, 1956

Adaptation to a multistylus facsimile re-
corder of a rubber-like belt having imbedded
therein longitudinal metallic tension strands,
and bearing cogs or teeth on the interior
surface adapted to engage recesses in the
surface of the molded pulleys. The stylus
holders may be bolted or cemented to the
belt while a metal contact bar provides
electrical connection thereto and serves to
maintain constant stylus pressure.

Self-Adjusting Auxiliary Bearing
R. STeENECK
2,783,100—Fesruary, 26, 1957

A self-adjusting auxiliary bearing struc-
ture in one embodiment of which the shaft
is journaled in a sphere which is yvieldably
supported by a mating surface in a thick
disc so as to permit angular adjustment of
the shaft. In addition, the disc is slidable
laterally in a close-fitting annular recess
having a vacant peripheral space filled with
silicone putty, asphalt or other like substance
of such viscosity as to permit slow lateral
adjustment to take place. The bearing is
illustrated in connection with a teleprinter
distributor shaft, but is applicable also to
large shafts.

Facsimile Recorder
D. M. ZABRISKIE
2,783, 120—Feeruary 26, 1957
A stylus belt guiding assembly adapted
for high-speed recorders which includes a

belt guide at the rear of the belt, a stylus
guide in front of the belt along the route of
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the stylus travel, and an elongated leaf spring
pressing on the top of the stylus mounts
through the length of their travel. To reduce
friction, the scanning run of the belt is
placed in the approximate position which the
belt assumes naturally under centrifugal
forces. A stylus adjusting gauge is also
incorporated.

Facsimile Transmitters

J. H. Hackeneenc, G. B. WoRTHEN,
(. H. Ripings

2.785,223—Magrcu 12, 1957

A keying tube adapted for operation by a
stylus while scanning conductive marks on
message copy. The control grid of the tube,
normally biased to cut-off, is short-circuited
to ground by the conductive marks on the
copy to cause a large anode current to flow.
By including the space path of a crystal con-
trolled oscillator tube in series with the
anode of the keying tube, a radio transmitter
may be modulated, A low-pass filter may be
incorporated into the keying eircuit to reduce
slightly the speed of response and hence
reject background interference.

Multiple Stylus
W. E Mmuer, F. G. HALLDEN
2 789,02T—AprIL 16, 1957

A turret accommodating a plurality of radi-
ally mounted styli is successively rotated one
step by means of a pawl and ratchet mech-
anism as the turret is retracted at the end
of a message. Hence for each succeeding
message, the next stylus in line is succes-
sively presented, thus achieving uniform
progressive wear. A separate geared-down
motor advances the positioned stylus into
contact with the paper.
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