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T the beginning of the year it is
customary for businesses to take
inventory. We check to see what we
have, what we should discard, and
what we need for the year ahead.

We have a company thar is expanding with our country’s expanding
economy. We have new methods and new equipment to make our work more
efficient. We have new and betrer services to offer. We have capable employees
operating under a new and revitalized organizadonal structure. We have
intelligent and aggressive leadership.

We should discard the old attitudes and methods that make our work less
effective. We should discard petty grievances that make our work less pleasant.
We should discard our doubts and have faith in the future.

We need a renewed eénthusiasm for our performance of the tasks ahead.
We need renewed faith in the future greatness of our company. We need
renewed effort toward achievement of our progressive objectives. We need
complete teamwork.

If our inventory taking is done effectively, we will enter the new year well
equipped to continue our dynamic progress as a growth company. [ join with
the TECHNICAL REVIEW editorial staff in wishing all of you every personal
success and satisfaction in your efforts toward making 1959 Western Union’s

Vice President—Operation
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JOEL F. GROSS., Engineer. Telefax

ALVIN PORTNOY, Senior Project Engineer, Telefox

Telefax Transmitter with Involute Scanner

Flementary exploration of an optical image which is the
may be done with # moving aperture or an equivi
flux from which electrical signals may be generated, Size, shape

basis of facsimile scanning
valent arrengement to “pick up” lighy
and motion of an exploratory

aperture influence the characteristics of such signals. Ingenious juxtaposition of a rotating
spiral slit and a fixed slit can provide a suitable aperture.

Dunina the course of the development
of facsimile equipment, it was found that
using a drum around which the subject
copy was wrapped manually, as commonly
had been done, put definite limitations
upon attempts to design an automatic, un-
attended transmitter. Under the older sys-
tem, time was lost between transmissions,
time was consumed in wrapping a message
on the drum, or the sizes of the subject
copies that could be handled conveniently
were limited. Attention was turned to em-
ploying new methods and types of trans-
mission which would overcome these
restrictions. This article describes a trans-
mitter of the flat-bed type (“fat-bed”
referring to the flat position assumed by
the subject copy during scanning), one
of two types developed by Western Union
that will transmit sequentially and unat-
tended a number of subject copies of
different sizes and thicknesses. (See Fig-
ure 1.)

This transmitter, EM2196, is a self-con-
tained, automatic unit for transmiesion
of messages, designed to operate in con-
junction with a 4-stylus page recorder
with automatic cutoff, Western Union
Number T7219. Operator functions have
been kept at a minimum and, therefore,
skilled labor is not required. Preloading
of subject copies of various sizes provides
continuous unattended transmission of
one or two hours’ duration. A rofating
involute spiral produces edge-to-edge
scanning of subject copy with no flyback
time and no wear of scanning components.
Mlumination is provided by standard 18-

inch fluorescent lamps, and an in-line
(rather than folded) optical system sim-
plifies construction and reduces mainte-
nance problems, Anelectronicsystem main-
tains a constant level and contrast of copy.

FPhato B-11,748

Figura 1. Focsimile Tromsmitter EM2196 with invelute
spiral scanner

Transmitter EM2196 may be arranged
to operate at a transmitting rate of 180
or 360 rpm at 100 lines per inch, with a
carrier frequency of 2000 and 4000 cycles
per second, respectively, depending upon
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circuit capabilities. Provisions are made
for transmission to take place over either
physical lines or carrier cireuits. When
operated over physical lines, d-c control
gignals are transmitted over the path pro-
vided by simplexing the line pair. For
operations over a carrier, the d-c signals
are converted fo tone signals. Although
designed to handle sub-
ject copy 815 inches wide,

cent lamps where it is illuminated from
below and is ready to be scanned.

The lighting is designed to produce uni-
form illumination of the scanned area,
which iz a narrew (0.010-inch) line extend-
ing the width of the subject copy (8.5
inches). A tubular Huorescent lamp is
placed on either side of the scanning line

o PLATEM
d

the machine will accept

COPY

subject copies 3% inches

to 8% inches in width and
of any lenpgth over 4%
inches. As many as 22 sub-
ject copies may be loaded
at one time prior to trans-
mission, thus it is possible
to have one hour of con-
tinuous unattended trans-
mission for sheets 8% by
11 inches, at 360 rpm (or
two hours of transmission

"“-_._._ FLUHESCENT
LAMPE =

LORRBECTING
PLATE

OBECTIVE LENS

SLIT

SPRAL Ce5K

at 130 rpm). Savings in
transmission time are
afforded by prepunching
holes immediately below
the message area of the
subject copies to be sent,
ta initiate end-of-transmis-
sion, and by the uniform
deletion of headings if de-
sired, Provision iz also
made for the interruption
of the transmission of the

CONGENSING LENS

FHOTGMULTFLIER

1l

stack of subject copies and
the insertion of a priority
message,

In overation, the message loader at the
top of the machine is stacked with as many
az 22 subject copies, each placed face down
in the message loader and separated from
the succeeding message by a metal bar.
{Note: A detailed description of the
message loader is given in the article by
Hobert H, Snider, Flying Spot Flat-Bed
Facsimile Transmitter with Automatic
Message Loading, appearing in this issue
of Tecuwicar Review. The same loader,
designed at the Telegraph Company's
Water Mill Laboratories, is used in hoth
transmitters.) The message loader then
feeds the subject copy that is lowest in
the stack into position over two fluores-
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Figure 1. Basic compenants of the optical systemn

and parallel to it, and the lamps are spaced
apart sufficiently to prevent glare from
being picked up. The 18-inch length of
lamp was chosen to be greater than the
8.5-inch subject copy width so thar all
points along the width of the copy are uni-
formly illuminated, even considering the
normal darkening of the ends of the lamp
that occurs with age,

It should be noted that the unigue fea-
ture of Transmitter EMZ2196 is that it em-
plovs a rotating involute to produce scan-
ning. A detailed description of this method
of scanning is given in the paragraphs
that follow.

TELEFAX TRANSMITIER -+ 3
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Optical System

The scanning method used in Trans-
mitter EM2196 is based on a mechanical
system reminiscent of the 'ﬂip]n.:-w Disk
used in early television. (See Figure 2.)
The objective lens forms a reduced image
of the copy, illuminated by the fuorescent
lamps, on a plane between a "slit” and
“spiral.” The spiral is a circular glass disk
that is opague except for a thin one-turn
spiral line and is rotated by a motor about
its center. (See Figure 3.) The slit is a

Inwcighs Curwe

Inwdlurg Dk
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FPhate 18,122
Figure 3. Sconning companenth

rectangular glass plate directly above the
spiral disk with a straight transparent line
on an opagque background. These slit and
spiral lines are of equal width.

Rotation of the spiral moves an instan-
taneous intersection "'0" of the spiral and
glit across the slit from left to right. (See
Figure 4 A, B, C and D) As the slit length
is made equal to the distance between the
innermost and outermost portions of the
spiral, continuous rotation causes instan-
taneous switchover of the intersection
from the right to the left edze of the slit,
thereby producing uninterrupted scanning
of a 0.010-inch line across the copy.

The shape of the spiral and the position
of the slit determine the shape of the aper-
ture produced by the intersection as well

4

as the linearity of scanning. In general,
the aperture formed using common spiral
curves with a slit is a diamond shape
whose acute angle changes during the
rotation of the spiral disk. In addition,
rotation of such spiral disks at uniform
angular speed usually produces an inter-
section that moves across the slit with
varying speeds. These two conditions are
undesirable: the former produces varying
resolution and signal amplitude, and the
latter varies the scanning speed, thereby
distorting the width of letters on the sub-
ject copy. A spiral curve was selected
which overcomes both of these shorteom-
ings. It is an invelute of a circle, which is
the curve produced by the end of a string
which is kept taut while being unwound
from the ecircumference of a circle. With
the slit being positioned on a taneent to
this generating circle of the involute, it
can be shown that the intersection formed
is a square aperture whose shape remains
constant throughout the rotation of the
involute disk. It is also true that uniform
rotation of the inveolute produees linear
motion of the intersection and correspond-

ing scanning across the copy of an area
0.010 by (L0100 inch on the copy.

The produection of slit plates and in-
volute disks for this machine posed a
problem hbecause of the small aperture
zize involved, Both of these units are made
on glass and reqguire 0.0025-inch wide
transparent lines on an opague back-
ground. The lines need to he constant in
width and transparency throughout their
entire lengths in order to produce the uni-
form aperture required for scanning The
shape of the involute curve is likewise
important for producing the required
aperture shape and speed of scanning. A
rhotomechanical method for producing
these parts was attempted in the labora-
tory. It consisted of exposing a photo-
graphic plate to a moving spot of light,
thus producing a negative print of a =lit
or involute line. From these slit and in-
volute masters, photographic copies were
made on glass for use in the machines.
Making of masters by this method proved
to be difficult, requiring mechanical pre-
cizion and photographic finesse, and the

WESTERM UNION TECHMICAL REVIEW



resultant copies contained some imperfec-
tions. Later work with a competent sup-
plier resulted In improvements in the
quality of the master units, thereby en-
abling the production of slit plates and
involute disks meeting the necessary re-
fuirermnents.

The transparent aperture produced by
the slit and spiral moves
across the reduced image of

tional parts: (a) electronics asscciated
with the facsimile signal; (b) power
supplies for electronics; (c¢) control; and
{(d) auxiliary functions, These functions
are performed by individual plug-in units.
(See Figure 5.)

The preamplifier is a d-c amplifier de-
signed for low drift that raises the level of

the message, thereby trans-
mitting the wvariations in
light intensity to a condens-
ing lens. The condensing
lens is positioned so as to
image the circular dia-
phragm of the objective leng
on the sensitive face of a
head-on photomultiplier
tube, It condenses the mov-
ing beam of light produced

by the slit and spiral into
a stationary circular spot on
the photomultiplier, there-
by nullifying the effect of
varying sensitivities of dif-
ferent areas of the multi-
plier photocathode. An ad-
justable light baflle located
in the path of the light
primarily serves to counter-
act the effect of uneven

7N

i 3
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f @

>
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light distribution produced

by the two lenses in the

system and, with proper

adjustment, results in a background signal
of less than 10-percent variation, as com-
pared to the black signal.

The light variations falling on the photo-
sensitive cathode surface of the photo-
multiplier produce corresponding electri-
cal signals in the cathode circuit. The sig-
nal produced is then amplified 50,000 times
by the multiplying action of secondary
emission in the photomultiplier tube. The
signal is further amplified by a preampli-
Her stage, which is one of the electronic
units in the machine discussed in the fol-
lowing section.

Electrenics

The electrical portion of the transmitter
may be considered to consist of four fune-
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Figure 4. Theory of scanning

the signal from the photomultiplier to the
several wolts required to operate the
modulator section in the succeeding auto-
matic contrast control unit.

Automatic contrast control iz provided
to produce a constant contrast between
the signal level from the light background
of the message and the dark typed, hand-
written, or printed characters. This will
vary with the background color of the
original. Sinee the signal is clamped to
the background, the greater the contrast,
the preater will be the szignal from the
characters, and the darker the characters
will appear on the facsimile copy. Clamp-
ing of background signals is needed to
correct for the level shifts that are pro-
duced by drift in the d-¢ amplifier stages,

TELEFAX TRANSMITTER = 5
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as well as for the variations of background
level with signal eontent produced by
capacitor coupling eircuits, Automatic
contrast control ensures that the maxi-
mum black level and background level
are each maintained constant, irrespective
of the background of the copy or of any
changes in signal level due to changes in
tlumination or sensitivity of the photo-
multiplier tube,

MESSAGES
e FAPER
FEED
e — URIT
] [
— 1 & o
T YAG o @ .I. &

HIGH
YOLTAGE OFTICAL
SUPPLY || scanner

IFLUDHESGENT

LAMP AND 1

FILAMENT CAX|SIGHEL
SUPPLY

WPRELMPLIFIER

|
FaX| SIGMAL

m—

Lo AUTOMAT|C
WOLTAGE o CONTRA4ST
SUFFLY — CONTROL

1
FAX | SIBNAL
x
CONTROL
S—
PANEL MODUIL_ATOR
EDHTHDEE_E_@FHB.L FAX | SIGNA
¥
OUTPUT
TO LINE

Figure 5. Block diagram of Facsimile Transmitter EM2196

The automatic contrast control unit
operates as follows: the “video” signal
from the preamplifier enters the automatic
contrast control unit where it modulates
a 10-ke carrier. This modulated signal is
applied to a variable gain stage whaose
gain depends on the contrast between the
copy background and intellizence marks,
The modulated signal is then amplified,
rectified, and filtered. The resulting un-

modulated video signal of constant con-
trast and amplitude is ready to modulate
the facsimile carrier in the nesxt unit. The
voltage propertional to contrast needed to
control the variable gain stage is provided
by a peak detector that senses the differ-
ence between the lightest or background
level and an artificial black level. The
artificial black level is produced by scan-
ning two 3/32-inch strips of black painted
on the paper guide pan on either side of
the 8%-inch subject copy width, These
black areas are scanned along with the
message information once every revolu-
tion of the inveolute spiral but do =not
appear in the recorded copy because of the

action of blanking contacts on the spiral
shaft,

The facsimile modulator unit is a bal-
anced diode modulator with plug-in oscil-
lator that allows a carrier frequency
change from 2 {o 4 ke when converting
from 180- to 360-rpm operation and vice
Versa,

The following units are provided to
power the units which have just been
described: lamp and filament supply, high-
voltage supply, and low-voliage supply.
The two 18-inch fluorescent lamps require
operation on regulated direct current
since the flicker associated with a-c opera-
tion would be objectionable. The lamp and
hlament power supply contains a voltage
and current regulator and rectifier and
filter to produce the direct current; associ-
ated ballasts and starters start and operate
the lamps. A stepping relay in this unit
reverses the d-¢ polarity across the lamps
whenever the power switch is turned off.
This occasional reversal is needed under
d-c operating conditions to prevent one
end of the lamp from becoming dim. An
adjunct of this unit is a rectifier and filter
to produce d-c filament voltage for the pre-
amplifier unit. The photomultiplier re-
guires a source of regulated high voltage
and low current to supply dynode volt-
ages. The high-voltage supply accom-
plishes this by means of an RF oscillator,
rectifier and filter, and regulator tubes. Its
output is a regulated d-¢ voltage, adjust-
able over a range sufficient to cover dif-
ferences in sensitivities of varipus photo-

WESTERN UHIOMN TECHWICAL REVIEW



multiplier tubes. The low-voltage supply
provides regulated and unregulated plate
ind filament voltages for the modulator
and preamplifier units as well as collector
dynode voltage for the photomultiplier.
Control functions that produce the auto-
matic unattended operation of the trans-
mitter are centered in the relay circuitry
found in the control unit.
Here phasing signals are
produced (in conjunction
with a phasing cam on the
spiral shaft), automatic
loading and feeding of
subject copy is controlled,
and line signals are pro-
duced to operate the re-
corder. Three auxiliary
units (not shown in the
block diagram) are some-
times used with this ma-
chine. For use of the
equipment over carrier
circuits, a carrier control
unit converts the d-c con-
trol signals to tone signals.
In those cases where the
power sources at the
transmitter and recorder are not syn-
chromous, standard frequency generator
and synchronous power amplifier units are
required io operate the spiral motor.

Paper Feed

The paper-feed unit consists of a loader
section and a rear feed section. (See Fig-
ure 6.) (The loader section is similar in
operation with that described in Mr.
Snider's article.) It is loaded manually
with subject copies (face down) that are
separated from each other by metal bars,

When the loader is powered, the loader
cam feeds a bar over the top of the lowest
subject copy, thereby sandwiching it be-
tween the metal bar and the magnetic
roller. Power is then applied to this roller,
and the subject copy is fed out of the
loader and into the rear feed section. Here
it is guided and fed by rollers over a slot
where it is illuminated from below by
Huoreseent lamps.

All rollers are driven through a system
of gears and one-way clutches, by either

IAHUARY 1959

one of two motors on the rear feed sec-
tion. The normal feed motor operates to
feed the subject copy during the transmis-
gsion of the message, while the fast-feed
motor produces high-speed entrance and
exit of the subject copy. A paper-metering
cam on the same gear train operates
switches that control the sequence of op-

PAFLA WETLRING GAW & SeTCHED

Phote B-11 357

Figure &. Rear fead saction

eration of the two feed motors, thereby
controlling the position on the message
where transmission begins. The cam is
made adjustable so that scanning can be
begun at any position at or below the top
of the message. However, once it is ad-
justed below the top of the message it
will delete headings from all messages.
End-of-message transmission is controlled
by a series of paper-detecting contacts
located immediately beyond the scanning
slot. Thus, the bottom edge of copy or a
hole prepunched below the last line of
text to be sent is detected by these con-
tacts and end-of-transmission is produced.
The message then fast-feeds out from
under the rollers and drops into a hopper
at the rear of the machine.

w * & & =

Several of these units have been placed
in operation at two Strategic Air Com-
mand bases in the United States. Since
they were installed only recently and
have been in operation for a short time,

TELEFAX TRAMSMITIER - ¥




it is too early at this time to determine
what problems in maintenance, if any,
may arise, or to make a proper evaluation
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ROBERT H. SNIDER. Project Engineer. Elecironics

Flying Spot Flat-bed Facsimile Transmitter
with Automatic Message Loading

A limited number of facsimile transmitters featuring flying spot scanning and awtomatic

message loading are in service. Other Western Union
for automaric drum changing and for mechanical rather

facsimile machines have been equipped
than manual message loading but

now a new loading device readily accepts telegrams for priority transmission.

FacsivmiLe TransmrrTer WM207, a flat-
bed scanner of the flying spot type, has
been developed at the Water Mill Labora-
tory of The Western Union Telegraph
Company using the basic concepts set
forth in previous articles by W. D.
Buckingham.l' 2 (See Figure 1.) Several
of these scanners are now in service at
Strategic Air Command facilities.

Flat-bed scanners have these inherent
advantages over the more common drum-
type scanners: the copy is simply laid flat

| upon the bed of the machine; no manipula-

tion of the message (rolling or wrapping)
is necessary; no garters or other devices
are needed to hold down the message, and
no drums need be changed. A facsimile
transmitter of this new type offers the
important additional advantage of an auto-

matic loading device which processes a

number of pieces of copy sequentially and
unattended after they have been properly
placed in the machine. Rollers feed the
copy straight through the machine, past

{ the scanning device, and deposit it in a

hopper at the rear. Because the subject
copy is not curved around rolls or deflec-
tors, or otherwise bent from its original
plane, the handling of cards is facilitated.
Fast paper feed is used to economize line
time by quickly bringing the sheet to the
scan line before scanning at the normal
speed and by guickly removing it after-
ward. In addition, long rolls of page tele-
printer copy can be continuously trans-

| mitted.

This machine is designed to operate at
either 180 or 360 scans per minute. A
significant advantage is realized in the

JANUARY 1959

ease of changing mechanical speeds simply
by throwing switches. Cutput may be
adjusted for either white or black maxi-
mum. The machine scans 100 lines per

Figure 1. Opercting the fiying spol sconner

inch and operates with the Type 7219
letterfax recorder to produce 1 to 1 copy.
The automatic loading system and new
design features will be discussed.

AUTOMATIC LOADER

Any automatic loading device for use
with the scanner must perform two func-
tions: first, store messages awaiting trans-
mission: second, cause the stored messages
to be automatically transmitted, one by
one. During the development of this loader
several schemes were tried. First attempts
were directed toward using the types of
paper moving devices common to printing
presses. Although these work well for any
single grade or size of paper, they are not
capable of satisfactorily loading the variety

FACSIMILE TRAMSMITTER = 9



of types and sizes of messages which are
commeonly found in the telegraph business.
There was also the possibility that two
sheets might be fed through simultane-
ously with these systems; this potential
loss of messages would be intolerable in
any communication system,

Therefore, a loader was conceived which
provided for physieal separation of each
message from the next by the use of a thin
metal bar of dimensions 1 inch by
10 inches. Using these separator bars, an
operator may load as many as 22 messages
into the machine initially or at any time
during the operation of the machine. The
messages are transmitted one by one
starting with the bottom sheet in the pile.
A full load of letter size messages requires
about one hour of unattended operation at
360 rpm or two hours at 180 rpm.

To load and start the machine the oper-
ator places a piece of copy to be trans-
mitted face up on the felt-covered tray
{Figure 1). The copy is indexed against

Figura 2, As mony os 21 messoges moy be looded al
any time for future fronsmission in sequence

the right side of the tray and against the
felt curtain located under the bar maga-
zine, Then the operator depresses the
magazine lever which causes a bar to drop
on top of the paper as shown in Figure 2.
The weight of the bar operates a switch
which starts the sequence of operations of
the scanner.

When this bar switch closes, the loader
motor is started and operates the bar
actuator causing it to move the bar to its
ultimate position over the top of a mag-

1

netic roller (the paper beneath does not
move since its contact with the bar is
loose). It is at this point that the paper
detector circuit is energized to make cer-
tain that paper is under the bar before
sending a start signal to the recorder, Then
other switches are operated which stop
the loader motor and start the paper feed
and scanning sequence, After the messzage
has been transmitted, the loader is again
started and the bar actuator moves the bar
off the magnetic roller and releazes it into
a storage bin,

Three lights, yellow, green and red, on
the front panel indicate the condition of
the scanner, A yellow light indicates that
the automatic loader mechanism is moving
a bar, A green light indicates that trans-
mission is taking place. Should the oper-
ator wish to send a priority message ahead
of several messages already stored and
waiting, he pulls out the knob at the front
of the loader. At the end of the current
transmission, the loader will prepare itself

Figure 3. A prierity messoge moy be sent aheod of the

stocked massoges

to receive the priority message by locking
up part way through its eyele and lighting
the red indicator. The machine will remain
waiting until an operator attends to it. To
insert the priority message the operator
ralses the hinged tray containing the
stored copy, slides the message in under
the tray and under the lowest bar and then
lowers the tray. (See Figure 3.) Then the
operator pushes in the knob which extin-
guishes the red light and starts transmis
sion of the priority message. The machine

WESTERN UMION TECHNICAL REVIEW



then completes transmission of all remain-
ing copy in normal fashion.

A front panel switch is provided 1o dis-
able the loader if desired. Thus the mes-

sages may be loaded for futire transmis- -

sion without starting the machine.

A loading mechanism essentially iden-
tical to this model has been adapted for use
in the EM2196 Rotating Involute Spiral
Flat-Bed Scanner described elsewhere in
this publication.?

NEW DESIGN FEATURES

Aside from the automatic loading device,
this operational model hasz several design
innovations which were not described in
the original article,

Equalization of Light Intensity

Mr. Buckingham’s article describes the
long photocell and light pickup system
used. Because the photocells may be non-

Figure 4. Set screws ore used fo equaolize light intensity

uniform in gensitivity along their length,
and pickup from the collecting mirrors is
also not necessarily uniform for all points
{along the scan line, it becomes necessary
to egualize for this condition. That is. the
light intensity must be reduced at the
regions of higher effective sensitivity to
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make the output of the photocell uniform
over the length of the scan line.

To achieve equalization the Y-inch
diameter set serews shown in Figure 4 are
adjusted as required; each one interferes
with and partially blocks out a portion of
the light beam before it gets to the scan
line. (The beam is converging where it
passes the set screws but still is about
Y2 inch in diameter, so that one screw will
not completely mask the beam.) Since the
set screws are located about midway
between the spherical mirror and the sean
line, the shadow of a single serew is spread
over an appreciable length of scan line
during the sweep. This effect when com-
bined with similar characteristics of
adjacent screws makes possible a smooth
equalization.

Cam Unit

To generate the scan line, the concave
spherieal mirror, mounted in ball bearing

Figura 5. Nylon cam <ouses mirrer to oscillate

supports, is caused to oscillate to and fro
by action of a motor driven nylon cam.
(See Figure 5.) This cam is the heart of
the machine. While difficult to make, tests
have indicated that the cam's life expec-
tancy is very great. Cam motion causes
the spot to sweep across the message dur-
ing 95 percent of the time of one revolution
leaving 5 percent for the retrace or fly-
back. An interesting problem which was
encountered in the early stages of the
development of this cam is discussed else-
where in this publication.?
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Fiaum &, Hrlnn PUII‘I-E'Tl operafe contral comtocts for
phasing, blonking ond autemotic goin contral

Figure 6 shows the three sets of cam
driven contacts which are also located on
this unit. One set is used for phasing, one
for blanking the fyback, and the third is
uszed for automatic gain control purposes.

Paper Feed

Paper feed is accomplished by two feed
rollers, one forward of the secan line and
one behind, The forward roller is com-
posed of a steel cylinder core over which
are placed cylindrical ceramic permanent
magnets separated by rings of rubber
slightly larger in diameter than the mag-
nets. {See Figure 7.)

Figure 7. Poper feed rollers showing Z-speed normal
feed drive af laft ond fost feed ot right

A steel bar is placed over the magnetic
roller and the paper is squeezed between
it and the rubber rings. The bar is
restrained and the paper slides under as

12

Figure 8. Copy being tronsmitted. Mognetic force pressm
poper betwean bor and rofler

it is forced forward by the rotation of the
roller. (See Figure 8.)

After the paper progresses past the scan
line it is gripped between the rear feed
roller and & knurled idler roller. The
rear feed roller is rubber covered and is
similar in appearance to a typewriter
roller,

The front feed roller is chain driven
from the rear feed roller, Both normal
feed and fast feed motors drive the rea
roller. The fast feed motor operate:
through an overriding cluteh arrangement

The operator may let the full sheet ol
paper be transmitted or may elect i
eliminate the last portion of the sheet (fm
instance, to save line time if that portior
is blank). He does this before placing the
sheet in the machine by punching
Ij-inch hole in the right margin of tht
copy following the last line to be trans
mitted. The punch is mounted on the con
sole, When the hole reaches the rear feet
roller during paper feed, three insulated
floating contact rings mounted on the idles
roller shaft detect the presence of thi
punched hole and thereby signal end-of
message. (See Figure 3.)

The magnetic feed roller also contain
a similar contaect ring which in conjunctior
with the bar detects presence or absenc
of paper and is used to prevent a fals
starting call from going to the recorde
should the machine be operated withou
copy. (See again Figure 7.)

Fase of operation is the keynote of thi
WM207 seanner, Operator training is brie
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and simple. 1 he operator iz free after load- i sl il e 5“&, Scawnes, F. T. TUANER
= 1 1 i Herern  Dndon T echsieg fetaems; Vol 131, Na. 3
ing the machine. A switchboard operator, Soton, Lin

for instance, would probably have suffi-
cient time to tend this machine in addition
to other duties. Its ability to handle many
types, sizes and background shades of copy
paper is also of great value,

In compiling this article the author
wishes to extend due credit to those
responsible for the basic design: W. D.
Buckingham, F. T. Turner, L. I). Root and
. H. Ridge. Assistance received in prep-
aration of this article is also gratefully
acknowledged.
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Derivation of a Cam Contour for Minimum Stiress

as Applied to Flying Spot Scanner

Iy any cam-operated mechanism opera-
ting at moderate to high speeds, noise and
high stresses are frequently a problem.
This paper discusses an approach to the
design of cams which will yield a contour
producing the minimum stress and noise,
and gives in detail the development of a
cam for a specific application.

Where the velocity of a cam {ollower
must he rapidly changed in the course of
movement of the cam, then high acceler-
ations of the cam follower will be neces-
sary. If, for example, the form of the cam
iz such that there is an abrupt change in
velogity, the acceleration is applied over

A sine or cosine form for the transition
portion of the curve may lead to a satis-
factory solution, but a somewhat more
fundamental approach is desirable.

If the cam follower and associated me-
chanism is considered as a dynamic sys-
tem, it will be seen that a minimum of
stress and noise will result if the motion
of the system is free from any frequency
components higher than the minimum re-
quired to accomplish the necessary travel
in the desired time. This condition is satis-
fied if the acceleration itself is a sine curve.
Application of this approach to a practical
problem is given in the following example.

a short period of time and has a very high
value. The resulting shock to the system
produces a substantial amount of noise
and high stresses which may result in
early failure of moving parts.

A contour of this type would show an
abvious discontinuity to the eve and would
probably not be considered by an experi-
enced designer. Another approach is that
of a constant acceleration applied in such
a manner as to achieve the desired velocity
in the required length of time, This yields
a smooth curve, butl the sudden application
of accelerating force can still produce
transients which lead 1o noisy operation.

14

In the flying spot facsimile scanner! ®
a small pivoted mirror causes the light
spot to move across the copy at a uniform
rate for scamning and to return rapidly
to the starting point at the end of each
scanning line. The mirror is caused to
move by a cam follower riding in a groove
on a cylindrical cam. Scanning must pro-
ceed at a uniform rate for 95 percent of
the period of rotation of the eam, and only
5 percent is allowed for the return of the
mirror to the starting point. When the
scanner operates at 360 rpm, or 6 strokes
per second, only about B milliseconds is
allowed for the return stroke. Until a
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satisfactory form for the return portion
af the cam was developed, considerable
difficulty was experienced with mechani-
cal failures of the cam follower and mirror
assemhbly, and operation was noisy.

The accompanying illustration shows
the cam in developed form, The period
allowed for the return stroke is assigned
the value of 2=, and the following condi-
tinons are stipulated:

The acceleration; ie the second derivative
of cam-follower displacement, should be
n sine funection of cam rotation, and should
be equal to zero at the point of entry into
the return curve and at the center of the
return eurve, reversing in zign for the
second half of the return curve, and again
equal to zero at the end of the return curve
upon entry into the straight portion of the
CAT, (1)

The velocity; ie, the first derivative of cam-
fallower displacement. will be the integral
af acceleration, and should be equal to the
velocity of the cam follower in the straight
portion of the ecam at the points where
the return curve meets the straight por-
tion (2)

The dizsplacement at the beginning of the
return curve musi obyiously be the same
as thal at the end of the straight portion.
and for convenience in the mathematical
treatment iz taken to be zero at the mid-
point of the return curve, 3

Then, according to (1) above,
A = painz 4}

where p is an undetermined coeflicient, and A is
acceleration and is equal to @ when & = @ and
X = k.

Then, ac L:rn':lil:l.g ta (27,

o= [ddx = [psinzds
= =pocos x + 0 (51
where Fois welocity and is equal to m when
£ = +w. T'hen
m = —=pcosaqg+ O
= =pl=l) + €,
=p 4+ £
£, =m-—p {6}
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According to (3),
b= [Vis
= [f—pcosx + C; Jdx
= —psinz + C,x + G, {Th

where [I is displacement { v in the illustration}.
Singe D = 0 when x = 0, £, = O; and since
[ = r when x = —m,

—p sin (=a) + (=%}

fos =

——a C_r
S
G = =% {8
Substituting (8) in {8),
m-p = -z
P
po= :T"' il LM
Substituting {B) and (9} in (1),
n = - _T':f-i-m} sin;—%x (10
Az geen in the illustration, m = :—F., there-
fore from (109, I
0O = -—{-1—': + r':":"'r} sIn X —%.1.:
= ._EE‘*—;-’_{ sin X — ?—':_‘-:'
:—-J_f[-u—-r";'?:‘l-inx-r;:} {11}

Equation {10) is the basic form, while (11) is
reartanged to o more convenient form for numer-
peal ::l'.mlpl.l.latiuu., Mate that
expreased in radian measure.

x i1a an angle

In setting up a milling machine to cut this
cam, the interval from x = —p to = = 7 is divided
into a number of “*stations”, s, suitable for the
milling machine wsed and the order of accuracy

degired, Then at any station, r,

D= -% (T +2)  az

For convenience in consulting an ordinary
function table, (12) may be changed to rend:

i)
D= -X [E.:]'_.Isin {@’} _;'__;;-'] (13)

In this practical case, the first 10 per-
cent of the return trace was found to devi-

CAM CONTOQUR = 15




ate so little from an extension from the
straight line portion of the cam that the
effect would be undetectable in the copy.
The curve was, therefore, recalculated to
allow the return portion to begin some-
what before the theoretical end of the
straight line portion resuliing in a some-
what lower maximum velocity for the
cam follower.

Cams cut according to the above curve
have been run for many thousandz of
hours without sign of deterioration of the

cam or failure of the cam follower assem-
bly.

Reference 3 discusses a similar problem,
arriving at substantially the same solu-
tion but presenting different concepts in
its development.
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D. A. PAWSON, Engineer, London

Pulse-Echo Tests on Multicore Submarine
Telegraph Cables

Pulse-echo tests on multicore submarine telegraph cables of modern construction are
complicated by the murual coupling existing between cores which may produce as many
as three echoes, received after different delay times, from a single discontinuity. Propagation
of pulses in such cables has been examined and a method for an approximation to the echo

amplitudes has been developed.

Tue application of pulse-echo methods
to submarine telegraph cable fault locali-
sation, with particular reference to cable
ship operations, has been deseribed previ-
ously.! The present article concerns the
interpretation of echo displays obtained
from pulse tests on multicored shore-ends
of submarine telegraph cables, which have
more complex propagation and reflection

! TRICORE

SECTION
TO
TELEGRAPH
EQUIPMENT

T S T B
L

| =

SHORT SEA
EARTH CORE

earth core is used to make a sound earth
return for transmitted signals. The long
sea earth core is used for receiving. The
separate sending earth core provides for
stability of duplex adjustments and reduc-
tion of crossfire between cables, while the
receiving earth core causes the effects of
natural electrical disturbaneces, which in-
duce equal voltages in both cores of the

BICORE Ls

SINGLE CORE
- -
SECTION

SECTION

LINE CORE

= e,

LONG
SEA EARTH
CORE

Figure 1. Submarine telegraph coble shore end—line diagram

characteristics than the single-cored sec-
tions forming the major part of such
canles.

The first few miles of submarine tele-
graph cable from the shore termination is
usually multicored and is shown in line
diagram form in Figure 1. The two sea
earth connections are formed by joining
the conductor of one core to the armour-
ing wires at the seaward ends of the tri-
core and bicore sections. The short sea
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bicore section, to cancel out at the receiv-
ing amplifier.

The length of the tricore section is
usually quite short, about 0.5 nm; that of
the bicore section is a compromise be-
tween capital cost, the electrical attenua-
tion permissible, and the degree of free-
dom required from natural disturbances
which latter decrease in magnitude with
increasing depth of water, Most non-
loaded cables have a long =ea earth core

PULSE-ECHO TESTS + 17



of about five miles—well within pulsze-
echo fault localisation range.

Multicore submarine telegraph cables
are manufactured by laying up two or
three cores, each served with jute, around
a jute heart and covering the whaole with
a further jute serving and the armouring
wires. In older cables the core insulant is
gutta-percha whieh is protected against
marine biclogical attack by wrapping the
cores with a continuous brass tape. Mod-
ern cables employ polyethylene as the
core insulant; this is apparently not
attacked by marine horers and the brass
tape is omitted.

APPLIED
PULSE
Vi

_\ CORE{

el

Lz

—_—
==L

- Vi {ten)

INDULZED
PULSE
_‘l_.l nVy J_L TVilt+n)
L /e “ CORE 2
“
|
i

have as a coaxial eable and can be pulse
tested as if it were the only core in the
cable, having one distinet velocity of
propagation and obeying the normal re-
flection laws.

Propagation in multicored cable with-
out brass tape around each core is more
complicated as the return path for pulses
applied to the conductors is the sea-water-
saturated jute around the cores. Each core
lies in the magnetic field of the other
cores and there is thus mutual inductive
coupling between them. The finite return
path resistance of the cores gives a mutual
capacitance, In a general investigation of

EARTH RETURN

MORE METALLIC LOOP

MODE
{‘u{"l;i-nﬂ‘

-V H—n}—]—'_

| Velocit Ly Veloeity
— vl ¥ iy

Figure 2. Bicors coble with mutval coupling—pulss propagation

Propagation and Reflection in
Multicere Cables

In brass-taped gutta-percha core cable
the brass tape forms a relatively high con-
ductivity return path for pulses applied to
the core conductor. The magnetic fields of
the conductor and the return path wvirtu-
ally cancel each other outside the brass
tape and therefore the external magnetic
field is small. The brass tape also reduces
the capacitative coupling between cores so
that each core of a multicored brass-taped
gutta-percha cable can be assumed to he-

18

cross-talk problems it has heen shown®
that if a system of M conductors having
mutual coupling is energized by waves
applied between the conductors and a
common  earth return the waves are
propagated iIn a maximum of M modes.
One or more modes may disappear, de-
pending upon the terminating conditions
of the cores, In the special case in which
the couplings between all the conductors
are equal, which may be assumed to
correspond to multicore telegraph cables
by virtue of their symmetrical constroe-
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tion, the waves are propagated in a maxi-
mum of two modes only—one around the
netallic loop path formed by the condue-
tors alone and the other around the path
formed by the conduetors and their com-
mon earth return. The waves are propa-
gated at velocities and into impedances
characteristic of each mode. Thus, a pulse
applied to one core, travelling in two
modes, arrives at a discontinuity after two
different delay pericds x/u and x/v. Each
reflected pulse may return in two modes
an that echoes [rom the single discon-
tinuity can be received after delays of
(r/uta/w), (z/utx/v), (x/v4x/u) and
fa/vtxv) giving, in effect, three succes-
sive echo pulses.

Prepagation and Reflection in
Bicore Cobles

The propagation of a step wave along a
resistanceless high-frequency bicore cable
with mutual coupling between cores is
analysed in Appendix I The modes of
propagation when a pulse V, is applied to
ane core only are shown in Figure 2,

Thke characteristics of the modes are:
Earth returmn mode:
Velacity of propagation

I S
YTy

Lharacteristic impedance
Z, = J[L +M)
e
Metallic loop mode:

Velocity of propegation

D= e
VIC+20: )L — M)
Chargeteristic impedance
R A
(C+204; \
where L. . M and C, are the distributed
inductance, capacitance, mutual induct-

Za

{ "0ce and mutual capacitance, respec-
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tively. When pulses balanced with respect
to earth (Le., of opposite polarity with
n=-—1) are applied to the respective
cores they are propagated in the metallic
loop mode only, but when equal pulses
are applied to both cores {n — 4 1) they
travel in the earth return mode only. If a
pulse iz applied to one core only and the
second core is earthed at the near end the
induced pulse nV; is zero and egual pulses
are propagated in both modes.

The magnitude of the pulse induced in
the second core and appearing at its near
terminal is a discontinuous function of the
characteristic impedances of the two
modes and of the near-end impedance ter-
minating the second core. In a resistance-
less cable the latter can be chosen so that
pulses are propagated in one mode only
or so that the input impedance of core 1
15 zero, but a finite pulse is induced in and
appears at the terminal of core 2.

In practice a submarine telegraph cable
has considerable resistance at high fre-
quencies. Tweo possible modes of propaga-
tion still exist but the relative amplitudes
of the pulzes travelling in the two maodes
and of the induced pulse are much less
dependent upon the core terminations
than in the ideal high-frequency cable.
It appears in practice that the ratio of the
magnitudes of the applied pulse and in-
duced pulse in the second core is always
less than the limiting value of n when the
near-end terminating impedance is in-
finite, being small and less than

Eu_ E.'|'.r
Z.+Z,

The attenuation for each mode of propa-
gation is different since the characteristic
impedances and the path resistances are
not the same.

The reflection coefficient of a discon-
tinuity in a propagation path is a function
of the path characteristic impedance. The
reflection coefficient of a discontinuity in
a bicore cable with mutual coupling ke-
tween cores thus has two values aceording
i the mode in which the incident pulse
is propagated unless the discontinuity iz
an open or short eireult giving complete
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TABLE I BICORE CABLES - ECHO AMPLITUDES

INDUCED]

DELAY TIME. Zx g s
|
Cﬁﬁﬁgzv. ¥, l-n)is, +s,) iVJ[Fn}h,—sﬂ+{1+an—fﬁ] W (U+nllr 4r,)
AFFLIED)
CORE 2

[PULSE mv,}{ - 3V, (l-n)is, +2,] %'u"l[[1—n]li5|--5z}—|{1+ni{r,—r2}][ ¥, U +nlr,+r,)

el

Mote: + and 5 are the refleciion cosfficiants of discontinuities on cores 1 and 2, denated by subscripts, for
pulies incidemt of velocities v ond ¥ respactiveky.

reflection. The reflected pulse from a dis-
continuity in one core induces a pulse in
the other whose magnitude depends upon
the impedance at the second core.

Exact analysis of the relative amplitudes
of the echo pulses received from discon-
tinuities in a hicore cable gives unwieldy

expressions of little practical value. An
adequate approximation is made for sub-
marine telegraph cables by neglecting the
pulse induced by the reflected pulse, and
determining the amplitudes of the pulses
propagated in the two modes satisfyving
the boundary conditions set by the pulse

AFPLIED EARTH RETURN METALLIC LOOP
PULSE MODE MODE
Vi
4
ki A >, 3"'*"”1'”:‘“5}
\ CORE { iy rE
5 INDUCED \
| PULSE . i
'|"!|1.1||l'r1 ﬂ*._._zlv'{i*ﬁl"ﬂj)

_]_L 3

CORE 2

INDUCED

o Velocity | o Velocity
u W

Figure 3. Tricore coble with mutual coupling—puhe propagation

0
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amplitudes on both cores at the point of
transmission and at the point of reflection.
Approximate echo amplitudes from dis-
continuities on both cores distance x from
the source, and with a pulse amplitude
v, applied to core 1 and a resultant pulse
of amplitude nV, induced on core 2, are
shown in Table I

Propagation and Reflection in
Tricore Cables

The propagation of a step wave along a
resistanceleszs high-frequency tricore cable
with mutual coupling between cores is
analyvsed in Appendix II. The modes of
propagation when a pulse is applied to
one core are shown in Figure 3.

The characteristics of the modes are:

Farth return moda:
Velocity of propagation

!

L =

Churacteristic impedunce

7 = dr’L J::-T 24

Wetollic loop mode:
Velocity of propagation
)
U =
VIC+ 30 (L —M)

Characteristic impedance
7, - [=1D
TN+ 30y}

The relative amplitudes of the pulses
propagated in the two modes when they
are applied to two or three cores are found
Jy putting n, or w, and n; equal to unity.
{(Figure 3.)

More general analysis of a resistanceless
tricore cable shows that the variation of
the magnitude of the pulse induced in the
second and third cores with their ter-
minating impedances is similar to that of
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the resistanceless bicore ecahble; again the
high-frequency resistance of a submarine
telegraph cable is so large that the induced
pulses for any impedance termination are
reduced to relatively small magnitudes.
Similarly, the attenuation and, in general,
the reflection coefficients of discontinuities
will be different in the two modes.

An exact analysis of the echo amplitudes
received from discontinuities on one or
more cores can be adequately approached,
as in the case of the hicore cable, by
neglecting the pulses induced in the ad-
jacent cores at the position of the discon-
tinuity from the reflected pulses. A
further simplification in the expressions
for the echo amplitudes is made by making
the restriction that at least two of the
cores are identically terminated at the
sending end; that is, that n, = n; —n.
The amplitudes of the echoes arriving at
the source after the three possible delay
times are shown in Table 11

Practical Application

Pulse-echo tests are conducted on non-
faulty eables to determine the welocities
of propagation of the warious sections of
which the shore-ends are composed and
to provide reference echo displays. Subse-
quent changes in the displays facilitate the
recognition of fault echoes, particularly if
the fault is unresponsive to d-¢ polarising
currents, and may possibly show potential
faults—for example, extensive mechanical
damage to a cable caused by fishing gear.

Echo displays obtained from both bicore
and fricore polythene-insulated cables
show that pulses are propagated in the
earth return mode at a velocity of about
0.7 % 10° nm/sec and that the metallic
loop mode veloecity is about 25 percent
higher. Detailed analysis has shown that
the mutual capacitance between cores is
negligibly small and that the mutual in-
ductanece is about 353 percent of the line
inductance for bicore cables and about 15
percent for tricore cables. The line in-
ductance is about 0.5 mh/nm for 650/325
TE eables or nearly double that ealculated
from the geometry of the individual cores
on the assumption that they behave as
ideal coaxial cables. The characteristic
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TABLE O TRICORE CABLES - ECHOD aMPLITUDES

INDUCED]
i

' z
BELAY TIME 2x L+& e
CORE 1 . _
IPULSE Wy | §v, (1-nllds, +5,+5,) | gV, {tI-n:|{25|—52—53:|+I:I+En]'12rﬂr;ra}l] s L+ 2nlr tratryl
APPLIED) -
CORE 2 * . ,
(PULSE nv, | - 5%, 11-n}2s,+ 25 -4} | 4V, {u=n1¢aa.nsz—s,r+u+2nuzrz—r;—r.ﬂ LW 1+ 20l bt
INDUCED) '
CORE 3

{PULSE n¥, [ =3V, [1-n}l25,+25,—5,) | 5V, {[I—n'I[EE-.“!-l" s H{1+2n)2r-r, —rE]} Lv {1 e2nlir dr e,

J

Mota: r and s are the reflectian coefficients of discantinuities on cores 1, 2 and 3, demoted by sobscriphs,
for pulees incident ot velocilies v and ¥ respectively.

impedances of 650/325 PE cables are about
47 ohms and 33 ohms in the earth return
and metallic loop modes, respectively.

The interpretation of the echo displays
obtained from multicore cables does not
require precise measurement of individual
echo amplitudes because the only reflec-
tion coefficients of practical interest are
those of complete reflection (coefficient
41 or —1) from a fault or sea earth and
relatively small reflection (coefficient ap-
proximately zero) from a change in eable
type.

If a pulse is applied to a multicore cable
containing a discontinuity, all the cores
being joined together at the testing end,
then a pulse travels along each core in the
earth return mode. In the general case, at
the dizcontinuity position the depree of
reflection, and thus the magnitude of the
reflected pulse, will be different on each
core., Consequently the reflected pulses
will return in both the metallic loop and
earth return modes but, since the pulses
received in the metallic loop mode sum to
zoro at the common connection between
the cores at the testing end, only the echo
pulses received in the earth return mode
are observed. In the special case in which
equal reflection occurs in each core (for
example, a similar fault or change of cable
tvpe in each core) the reflected pulses
travel back in the earth return mode only,

As a first step, then, this method of test-
ing a cable is employed to produce the

2

simplest possible display showing a single
echo from each discontinuity. The dis-
tance io the discontinuity is caleulated
from the delay time for the reception of
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she echo and the velocity of propagation
in the earth return mode. In practice, this
iest is sufficient to localise a discontinuity
aithough the localisation may be confirmed
by applying pulses to one core only and
considering the metallic loop velocity and
the time for the reception of the first of
the three echoes received from the dis-
continuity.

An example of the echo display obtained
when pulses are applied simultaneously
to hoth cores of a bicore cable containing
an earth in one core is shown in Figure
4ia). From Table I the amplitude of the
echo received is obtained by putting n = 1,
and is proportional to {(v; 4 re} where
vy, tz are the reflection coeflicients at the
discontinuity position for each core. The
polarity of the echo iz thus that of the
reflection coefficient having the greater
magnitude. In this case the reflection ce-
efficient from the earth on one core, —1,
iz much greater than that due to the slight
reflection due to the change of cable type,
so that the echo pulse is of the opposite
polarity to the applied pulse.

Simikarly the single echo obtained when
pulses are applied to the three cores of a
tricore cable has an amplitude propor-
tional 1o the sum of the coefficients on
the individual cores and, in the case illus-
trated in Figure 5(a), takes the polarity
of the predominant reflection.

The single echo obtained by the above
method of testing can give no information
as to the magnitude of the reflection on a
particular core. This is obtained by apply-
ing the pulses to the individual cores in
turn and comparing the echo displays,
each of which can contain three echoes
from each discontinuity position.

For a bicore cable, Table I shows that
the amplitude of the first and last echoes
i proportional to the sum of the reflection
coeffivients on each core in the particular
modes in which the pulses travel. In the
tase illustrated in Figure 4, the reflection
YN one core caused by the change in cable
'ype is small for either mode of propaga-
t{un and the earth reflection predominates,
Figures 4 {b) and 4(c) show the first and
last echoes of similar polarity due to the
Predominant earth reflection when pulses

JANUARY 1055

are applied to either core. The middle
echo, however, is of amplitude propor-
tional to the difference of the reflection
coefficients in both modes of propagation
and takes the polarity of the predominant
reflection coefficient only when the pulses
are applied to the core in which it oceurs.
The middle echo of Figures 4 (b) and 4 (¢}
illustrates this. (The middle echo dis-
appears when the reflection coefficients in
both modes on both cores are equal —
for example, when the discontinuity is a
change of type of bicore cable or the bicore
has earth faults on both cores.)

The velocities of propagation for the
cable illustrated in Figure 4 are 0.67 5 107
nm,/sec and 0.84 < 10° nm/sec in the earth
return and metallic loop modes, respec-
tively,

The magnitudes of the discontinuities on
the individual cores of a tricore cable can
be more easily estimated. If pulses are
applied to one core only of a tricore cable
then the amplitude of the first echo re-
ceived is, from Table II, proportional to
433 +- 82 — 53 where 8, iz the reflection
coeflicient of the discontinuity on the core
to which the pulses are applied and a.,
53 are the coefficients on the other two
cores, The magnitude and polarity of this
echo are thus predominantly proportional
to the reflection coefficient of the discon-
tinuity on the core under test. Figure 3
illustrates this—in (¢} the first echo is
large and of the opposite polarity to the
applied pulse due to the earth on this core
only, whereas in (b), although the echo
is also of the opposite polarity to the
applied pulse, its magnitude is very much
smaller,

The velocities of propagation of the tri-
core cable illustrated in Figure 5 are
0.68 < 10* nm/sec and 0.88 » 10% nm /sec
in the earth return and metallic loop
maodes, respectively.

The considerable amplitude and phase
distortion suffered by rectangular pulses
propagated along multicore submarine
telegraph cables may be seen from the
displays of Figures 4 and 5. This distortion
leads to difficulty in identifying echoes
when, for instance, groups of three echoes
are received from two closely spaced dis-
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continuities, However, when pulses are
applied to one core only of a multicore
cable and the gther cores are first left free

24

and then earthed at the testing end, the
first echo in each group will be geen to
increase in amplitude, This is because the
earthing of the cores reduces to zero the
induced pulse appearing at the testing end,
thus increasing the factor (1 — n) appear-
ing in the general expression for the
amplitudes of the first echo in Tables I
and II. The last echo in each group will
similarly decrease in amplitude but can be
otherwise identified by comparison with
the display obtained with all the cores
bunched,

In general, tests have to be made on the
bicore and single core sections beyond the
initial length of tricore cable. Pulses are
always applied firstly to all the cores
bunched to give the simplest possible echo
display and thereafter the nature of indi-
vidual discontinuities assessed by com-
parison of the displays obtained from
individual cores,

Faults in shore-ends localised by pulse-
echo methods to date have all been within
a range of about one nm but tests on non-
faulty cables show that a range of at least
seven miles should be quite possible. (An
exception is on loaded cables—the con-
siderable attenuation caused by the high
resistivity and permeability of the loading
tape around the core conductor makes it
impossible to receive echoes from discon-
tinuities more than about half a mile
away.)

& * & W ™

The author would like to record his
appreciation of the encouragement given
during this work by Mr. R. A. Goodman,
European Plant Engineer, London.
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APPENDIX I

Propagation of a Step Wave Along a H.F. Bicore Cable
with Mutual Coupling Between Cores

14+13.

P }._‘.—"‘

Wy | ‘\l\
ELE:_T &
ax

— S -

Ly |
i
| | !
EARTH RETURN oo [
Figure &
An infinitesimal portion of a semi-infinite These eguations con he solved fo give
wniform bicore cable with coupling between cores . o -
is represented in Figure 6. P, =4 Py e g Ay PR 4 Byt Y

The hasic partial differentiol equations are

| - pefy —pxfy _ 4 P¥e
d¥; dly ol i (ri'fz als V=4 Ay Aye €
T T U\ & ¥ a I g~ e where A, . Ay o Ay » .-'!4 are conslonis.
s ¥ _ / ﬂﬁ - ﬂ + M ﬂ + A5 Since F"J and f;, must be finite a5 & IRCrEGSES
dx | o e : ot ot
- A, = A4, = 0
af[ ad¥; t-l']'; ks 2 4
e TSR Toghg o g and the subsidiary equations become
d - —p =
iy g (v o gt AP
Bx b\ bt 3 _
A, ~PFu , el
'T! — | .-.£!' + _3.:
Taking [Laplace tronsforms, puiting zero Z Z,

initial ronditions and reasranging yields

—p xSy - ::""I-"
A v FE = "glt Sl -, -435 B
(b2 —ai¥y + b¥H2=10
—pxfy 4 —BFv
B, + (D2 -alfa=20 Iy = e Z f‘
O ? where 2 v
= = : 1 fL+ M)
where ¥y, V2 are the Laplace transforms of V1w = S 1 Ao
and V3 and V(L + M) "
a=p2lLC+ Ci(L - M) o I g [ B,
b=p2(LC;=M{CTCy)] VIC + 2C,}(L - M) (C+2Cy

JAHUARY 1959 PULSE-ECHO TESTS - 15




Inverting gives

- A - x-

P'i:dri JI--!—-'E- '+.|1.] II-"—'-;-
A e 2 S
_lrl=r-!rl i !—f +—5- I I_.f
u S Ly . A

| o T | [ ] SRR R r—g
A " T A i i
Ty b = ekt e
EH = H-_. 'EH —_ ﬂ-

where 1[t] is Heaviside's Unit Function.

These solutions show that egual step waves
are propagated along both conductors with an
earth retun poth at e velocity u and equal bt
opposite step waves are propogated along both
conductors, giving an effective metallic loop
poth, at velocity v.

The constants A; and A3, the amplitudes of
the two pairs of step woves, can be evaluaied
from considerations of the boundary conditions.
In the simplest form, if a step wave of amplitude
¥y is applied to core | ond an induced step wove
of amplitude n¥| oppears et the terminal of core
2 then, when ¥ = 0 and t = 0,

F1=".|'I;|'+.l‘!3

¥y = Ay — As

from whick

A,:%r,rn.;;

1
.-'!._;:E.ij;—“}
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In the more detailed cose u step wave of am-
plitude E is applied to core ]l from a source of
impedance Z) and core 2 is terminaled in an im-
pedance Z3 at the sending end. Thus, when 2z = 0
ﬂnd £ = (1]

Vi=E-11Z;
and
Va=12Z;
from which
EZ(Z,—2Z3)
A

BT —E L, F AN~ B

ol E zwlr-zu_ 3;-)
(Zu+ ZiNEy —Z3) H(Zy + I NEy— Z3)

As

and the step wave applied to core | is

} ZulZy=2Z3)+ Zy(2y~23)

FJ =_E
(Zy+Z1NZy— Ea)H(Zy+Z 1 K2y~ T3]

The induced step wove iz Vi and
I"r; =n F"'_[
where

Eafly = Z2) = 2,02y — Z3)
] -
E#-I'PE-;. fers zj.j + "?-":J rzu e i'I--I:I.?'.-‘I

The expression for n iz discontinuons at

_REE

E -
Ty

At this value the input impedance of the cable,
Z;, given by the cquation

7. Vi 2u(Zy=23)+ Z,(2; ~Z3)
e (Ly = Za)+(Z,=2Z3)

is zero,
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APPENDIX II

Propagation of a Step Wave Along a H.F. Bicore Cable
with Mutual Coupling Between Cores
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Figura

An irfinitesimal portion of a semi-infinite uni-
form tricore cable with coupling between cores
ix represented in Figure 7,

Typical basic partial differential equations are

(b )
dx gt df o

ol of al i,
+ H (_2..',_3 __d: o _._i..
at at it it
¥, -ﬂj’; a¥, EI-'E
 fealieat e [:1 e ¢ g e
ol dx At gt

Taking Laplace transforms, putting zero initial
conditions and rearranging the nine differential
equations yields

a,

N

(D2 = )Ty + bV + bFy =0
BV, +(D2 — a)Vp + 87, =0

B+ 8Va 4 (D2 - a)Fy =0

1 ichere

a =P‘2[.F-!: T ECI{L —H_.II]
b =p2LCy — M{C + €)1

| JANUARY 1e5%

=

These aguations can be golved o give

7, =

‘{Ir—ph:.-’" 4 ‘.[zfp.':.-"u 4 l.‘13I:_---|::-:|:'.r".|_,

+ Aﬂp:.-"._,

= =X pxs ] —px
= 4,¢ i o L Er’!.:.'t' w

.I Il.ili.-"I
-E."!_if s
where A7, 43, 43, A are constants,

Since F} . Fz and Fj s EH:: ﬁ.ﬂ:i!i: OF ¥ A=

cregsaes
rf_'._r o .r{q: = {J

and the subsidiary equations become

F{ = .-'lrf"":f" + J‘[jf"“ﬂ”
{f =—p oty "'13 —pxSy
T, = —¢ +
A Z,
Fz = ?3 = r'!],f_"'xf" - ‘{,.-'1}{"?";"'
5 .I'I —ﬂ:\.'.-'ru !’ —ﬂ‘.'n:.l'r‘.
L = ?; e - -éi
£, 224
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where
s 1 Eu=1|"LT:3"!
YOiL + M)

i . T
¥ v NFC+30;)

TV F AL - M)

The subsidiary equations are of the same
form as those for the bicore cable in
Appendix [, showing that egual step waves
are propagated along the conductors with an
earth return path at velocity u and step
waves are propagated along the meiallic loop
path at velocity n.

The constants A, and 4, can be evaluated
from considerations of the boundary condi-
tions. In the general case the voltages and
terminating impedances on all three cores
will be dissimilar although the solution
obtained above gives eqgual voltages on ftwo
eores. This restriction is overcome by apply-
ing unequal but coineident step wawves on
two cores each inducing step waves on the
other two cores so that the total of the waves
on every core satisfies the terminating
eonditions.

If @ step wove of amplitude ey is applied to core
}then, ot x =0, £ =10

ey =g7 T E3
1)
er=£3 =EI—§|!'3

where g7 ond g3 are the constants of integration,
Similarly, if o coincident step wave of ampli-
tude [5 iz applied to core 2

fa=hy+h;

fr=1fa=hi—$hs

If the total step wove af core 1 is Fi and step
waves of amplitudes nzV; and n3ly appear at
cores 7 and 3 respectively, then

er+fi= ¥ =g +hsd as--%ﬁs
¢J+fi="2FI=EI+‘I'J—'%Ei+ hy

ext fz=mli=gr+ '&’“%EJ . —ég;
from which

g1 +hr =*£.F:H ¥ ny +ny)
g3 == 4Vifl —n3)
Ay == 'I-‘%Fi-rﬂ.?" nyl

and thus o step wave of amplitude —;I-"!H+n3-+n_=,,

is propagated along all three cores in the eanth
return mode at velocity u ond step waves of am-

plitun’s

or core |

1¥1(2-nz - n3)
i _;I-"“"J — My +n3}  oncore l

- -%i-";{] +ny — 2ny)  on core 3
are propagated in the metallic loop mode af
velocity t©.

In & more detailed analysis it can be shown
that the mapgnitudes of the step wawves
indueed in the cores and the corresponding
input impedance of the cable are functioms
of the impedaneces terminating the eores, as
they are for the bicore eable,

A biographical sketch of the author appeared in the
July 1957 issue of TrcHNIcAL REVIEW.
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Telegraph History

MORSE METHOD GIVES WAY TO MULTIPLEX

Adoption by Western Union of the Murray
multiplex followed a study of existing tele-
graph systems which culminated in a recom-
mendation dated January 16, 1912 favoring
Murray's method. Excerpts from that recom-
mendation follow,

“We are of the opinion
that where the amount of
telegraph traffic between
two cities situated owver
400 or 500 miles apart, is
sufficient to fill two or
more hand worked cir-
cuits, it would be eco-
nomical to install some
form of automatie print-
ing system, and throw
gne or more wires spare
and available for leasing
or other purpose,

“Such a system should
possess the following
features:

(1) Use a 5 unit alphabet
with “Bhift",

(2) Use lkeyboard per-
forators in the prepa-
ration of slips at the
transmitting end.

(3) Receive the signals
on a perforated tape
at the distant end.

{4) Print up from the perforated slip, on a
page or slip form as may be found most
suitable.

“"On elrcuits between large towns where
the distance is not greater than 500 miles,
the systerns which might be considered are
as follows:

Baudot Multiplex
Murray Multiplex
Murray Automatic

“If, however, the Western Union Telegraph

Company does not contemplate adopting the
Continental Morse alphabet, the Wheatstone

Cread
Wheatstone,

|and Creed systems need not be further

considered.

IANUARY 1959

{Above] Multiplex Printer 1-A developed
abowt 50 years ogo te mael Weslern
Unien requirements. (Below) Synchronous
rotating distributors and ether mubtiples
opparatus ovimoded by FM carrier systems

“In the handling of traffic, the Murray
multiplex and Baudot differ only insofar as
the former is a page printer whilst the
Baudot prints on tape. In both systems the
preparation of the messages may be done by
keyboard perforators.
The Murray kevboard,
however, perforates the
glip lengthways so that it
can be used for an Auto-
matie High Speed System
using the same alphabet.
The Baudot keyboard
perforates each letter sig-
nal across the tape and
this limits its use to a
system where a rotating
distributor is employed.

“As both systems use
a 5 unit alphabet they
are equal so far as line
transmission efficiency is
concerned. In view of the
fact that such a multi-
plex system would be
confined to shorter lines
than the high speed
{Murray) Automatic sys-
tem, and would therefore
be less subject to line
interruptions, we are of
the opinion that page
printing should be used, and recommend the
adoption of a system on the line of the
Murray multiplex.”

In the 25 years after 1915, Western Union
developed and operated a vast network of
multichannel time division “multiplex” tele-
graph circuits based upon the patents of
Donald Murray. Today, with carrier facilities
readily awvailable almost everywhere to
provide ample cireuit capacity without em-
ploying “mux” euipment, there are compara-
tively few multiplex circuits left in landline
service in the U, 5. A.
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ALDER F. CONNERY, General Supervisor—Applied Engineering

Modernized Quarters for a
Comprehensive Branch Office

MNewLry located in modernized guarters
overlooking historic Bowling Green and
Battery Park, Western Union's financial
district branch office and international
telegraph cable center in New York City
now occupies the entire third floor of a
32-story office building in downtown Man-
hattan. From the operating room there is
a commanding view of New York Harbor
and the majestic Statue of Liberty.

Formerly on Broad Street

For the past 37 years, Western Union's
New York “cable office” had been located
at 40 Broad Street in the heart of the city's
financial district where business was con-
ducted in a six-story building specially
equipped in part for the company’s inter-
national operations. Through the years
there had been many additions, changes
and improvements in types of equipment
and methods of operation, but multifloor
operation had become a sericus handicap
in efforts to provide the best possible
service.

During May and June of 1958 opera-
tions were transferred to a new and mod-
ern plant in a building formerly occupied
by Standard Oil companies at 26 Broad-
way, which also is in the financial district
about one short block from the old 40
Broad Street location. To meet commit-
ments with Dow Jones & Company, who
had contracted to acquire the Broad Street
building, it was necessary to plan, arrange
and move into the new quarters in a period
of 20 months, The layout of the operating
equipment was the joint effort of the sev-
eral interested Western Union depart-
ments, The detailed specifications for all
of the work were prepared by the Plant
and Engineering Department. The actual
building work and heavy power construc-

Plhaote H-2320-C

Wastern Union’s New York financial district and cable
office now everlooks Bottery Pork ond the harber

tion were performed by contractors. All of
the telegraph installation was done by the
installation forces of the company.
Operations were shifted to the new loca-
tion without halting service or delaying
telegraph traffic, in one of the most diffi-
cult moving jobs ever undertaken by
Western Union. The transfer invelved the
removal and reinstallation of a vast and
complicated network of cable, wires, tele
printer and facsimile equipment, while
maintaining continuous round-the-clock
service. This was accomplished by setting
up duplicate cable and telegraph circuits
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n the new location, and cutting over
service during off-peak, week-end periods.
The complete move was made over a span
of several weeks.

Extensive Alterations Ma de

It was necessary, of course, to do con-
siderable building work to change the
character of the newly acquired area from
miscellaneous business offices to meet re-
quirements of a telegraph cable operating
room. Included in the building work was
the provision of modern lighting, new
flooring and air-conditioning equipment.
Fluorescent lighting with intensities cor-
responding to current high standards was

Phote H-2322-8

Regular incaming telegreph and coble troffic
b goried onte fast-maving belis

Figera 1.

specified. The Hooring material is asphalt
tile using a mixed pattern of travertine
and Genoa green. The operating room
walls are finished in a “suntone” yellow
with a green dado, and the ceilings are
white. The ceilings are all acoustically
treated using Acousti-Celotex perforated
mineral fiber tile one inch thick.

In the new location, Western Union now
has approximately 33,000 square feet of
foor space above street level and some
3000 square feet of pneumatic tube system
tompressor room area and storage space
in the basement. The total area is approxi-
mately the same as in the old location hut
more efficient utilization is possible by
having all operations on & single level,

In addition to the work in the 26 Broad-

IANUARY 1959

way building, there was much to be done
in rearranging underground pneumatic
tube and cable plant. This in itself was a
very formidable task which had to be per-
formed in an area which is extremely con-
gested, both above and under ground.
Much of the street work had to be done
after normal business hours, An additional
complication in connection with that was
caused by work on the 30-story Produce
Exchange Building, which was being
erected directly across the street from the
new Western Union location.

"CO" office, as the cable section is
known, is Western Union's New York
gateway center for transmission of the
nation's cablegrams to and from world-

Phota H-2322-C

Figure 2. Infricate belt conveyors of route desk whisk
messoges oway in oll direciens

wide points. It is the terminal point for
80 overseas cable channels, of which 51 are
transatlantic channels with a capacity of
more than 3,500,000 words daily. The tele-
graph center, known as “CD" office, serves
all telegraph offices in Manhattan's finan-
cial distriet. It is connected by direct wires
with more than 1,200 telegraph and cable
using firms in the city.

Fewer and Pneumatic Tubeas

The planning provided distinct physical
geparation of the “CO" and “CD" activi-
ties, including separate power feeders and

MODERMIZED QUARTERS = 31




metering arrangements. A 4-wire 120-208-
volt a-c =ervice, with a capacity of 800
amperes per phase wire, has been pro-
vided for “CO” and the same for “CD."
Separate B00-ampere feeders have been
provided for the compressor room in the
basement.

Groups of mercury vapor type rectifier
units, each of 60-ampere d-c capacity, sup-
ply the d-¢ requirements. A total of five,
which includes one spare, were installed
for each of the two operating rooms, Both
“C0O" and “CD,” therefore, currently have
available capacity of 120 amperes direct
current for each polarity. The power pro-
visions are considerably in excess of pres-
ent demands,

Phaotp H-2322:4

Fi'uf' 3. Pneumatic tuba conveyor systam gives fost
cervics ia moin office and m-url:'r bronch offices

In order to meet the peculiar require-
ments of international operations, it was
necessary to provide an extensive spe-
cially designed pneumatic tube and belt
conveyor system. In faet, the magnitude
of the tube and belt system, as indicated
by Figures 1, 2 and 3, was greater than had
been encountered since the New York
main office installation of 1930. A total of
50 “V* belts and 50 track belts were in-
stalled. The longest run is 300 feet with
two intermediate automatic transfer
points.

It was necessary to provide for the ter-

a2

mination of 13 pairs of underground tubes.
The tubes are connected to the old loca-
tion at 40 Broad Street, where a commer-
cial office has been retained, and to the
main (“N") office, various branch offices,
some patrons, and other international
carriers.

FPheto 21282

Figuie 4. Unattended poge toleprinters chsth rumbarz
af all incoming messages, drop them on belis

The tube terminal in the operating room
is shown in Figure 3, The main compressor
room iz located in the basement. One new
compressor was acquired. The others were
moved from the old location but all were
completely overhauled before being placed
into regular service,

The compressor installation consists of
one 15 in. by 9 in. Worthington (new),
two 22 in. by 14 in. Worthingtons (relo-
cated), and cne 14 in, by 8 in. Ingersoll-
Rand (relocated). In addition, air for the
house tubes is provided by two new 10-hp
centrifugal compressors located on the op-
erating room floor near the automatic tube
sending equipment. The street tubes nor-
mally operate under a pressure of three
pounds per square inch and the vacuum
on the return tube is equal to six inches of
IMercury.

Traffic Handling Facilities

It was necessary to provide several traf-
fic routing centers. In Figure 1 is shown
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one of the regular routing centers, and a office is done automatically with message-
special routing center is shown in Figure 2. separator or “burster” type teleprinters as
There are 34 direct channels from “CD" shown in Figure 4. These teleprinters per-
to 20 American cities, including Mexico mit unattended reception of messages on

Plhota H-2120-0

Figura 5. Desk-Fox section haos  facsimile equipment ond circuits fo serve BOD
gustomers

City, Montreal, and St. John's, Newfound- page teleprinters with roll paper and pro-
land, vide aufomatic separation or cut-off of
The bulk of the receiving in the “CD" each telegram. Incoming messages are

FPhato H-232{.8

Figure 6. Some of the 24 message recording pesition terminotions fer over 200
voice te lines
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ejected from the teleprinter onto a con-
veyor belt so that messages from all the
“burster” type printers are automatically
directed to central editing and sorting
positions. A description of the message-
separator teleprinter is contained in an
article by Fred W. Smith in the July 1958
TECHNICAL REVIEW,

Figure 5 shows the Desk-Fax section of
“CD" office, where a total of eight 100-line
concentrators were installed,

In Figure 6 is shown a view of the tele-
phone room where the PBX board has a

capacity of 160 extensions and 40 trunk
wires, There are 24 message recording
positions. There is also a customers’ phone
board with a capacity of 400 lines, of which
219 are in use for customer wvoice tie
lines.

* * b * b

With the new and modern eguipment
that has been provided, and with all opera-
tions confined to a single level, it is pos-
sible now to provide the highest grade of
service to patrons with maximum effi-
ciency in operations and supervision,

Alder F. Connery

received his first telegraph
experience with the Great Northwestern Telegraph Com-
pany of Canada at Winnipeg, Saskatoon and Montreal. He
worked for Western Union from 1920 {o 1922, then was with
Postal from 1923 to 1928: International Communications
Labs from 1929 to 1932, and All America and Commercial
Cables from 1933 to 1838, during which time he was engaged
in telegraph development engineering. He became Chief
Engineer of Postal in 1939 and under his direction the
Postal semiautomatic tape relay system was developed and
installed. At merger in 19843 he became Central Office
Engineer for Western Union and was appointed Director of
Installation in 1950, He was appointed General Supervisor
— Applied Engineering in 1958, A number of U.S. Patents
have been issued in his name on regenerative and drop

channel repeaters, switching systems, cable bias control
equipment, cable code printers and cable translators.
Mr. Connery received his technical education at Pratt Insti-
tute and Brooklyn Polytechnic Institute, He iz & licensed
professional engineer for the State of New York and a

member of ATEE,
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MATTHEW E. A. HEEMANS, Engineer. Telefax

Semiconductor Current Regulation

Althoush disarmingly small, transistor or semiconductor components have proved emi-
aently satisfactary for certain power supply units and their current regnlators, Having oo
need for filament transformers, the regulators may be compact, light and rugeged. A fesdback

network eliminates cascading transistors,

Tue best way to determine cause and
effect in ah experiment is to vary one and
only one variable at a time, and measure
all the effects due to it. In electronics, ex-
amples of variables that one mav wish to
keep constant are supply voltages or sup-
ply eurrents. This is one reason why volt-
age or current regulation is used.

The problem of maintaining supply volt-
ages constant in vacuum tube circuitry is
not new,! and considerable literature
pxists on the subject of voltage regulation.
In some applications, current rather than
voltage is the desired variable to keep con-
stant; for example, in electron microscopes
a constant current through coils keeps the
magnetic field constant ® minimizing image
aberration; repeaters require constant
current to obtain faithful operation.®
Another important application is in the de-
sign of ecircuits which are the dual of eir-
cuits requiring constant voltage supplies.
Literature reveals that low output re-
sistance from semiconductor voltage regu-
latlors has been obtained by cascading a
number of transistors.®1* This article pre-
sents a method whereby very high or even
negative output resistance may be ob-
tained from a current regulator by the use
of an active feed-hack netwaork, thus elim-
mating the cascading of transistors.

COMPONENTS

Transistars

Characteristic curves of a typical ger-
manium power transistor are shown in
Figure 1({a). It will be assumed that the
static characteristics are all parallel
straight lines: ie., the slopes of the curves,
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~_, are constant where 1, is the dynamic
Ta

oulput resistance.

The choice of an operating point iz
limited by two factors: one, the maximum
collector voltage; and two, the maximum
allowable temperature of the collector
junction. The maximum collector voltage
i= a constant depending on the particular
transistor chosen, and it is usually higher
far silicon transistors than for germanium
transistors. The collector junction tem-
perature is a function of the power dissi-
pated, the ambient temperature, and the
tatal thermal resistance. Manufacturers
usually specify the thermal resistance be-
tween the junction and the case of a tran-
cistor as well as that of washers used to
insulate the transistor from the heat sink
electrically, Curves may also be supplied
to find the thermal resistance of heat sinks
in still air with square areas as a function
of szize, thickness, material and physical
orientation. The units of thermal resist-
ance are normally given in centigrade de-
grees per wall. The junction temperature
may be found by adding the product of the
iotal thermal resistance and the power
dissipation to the ambient temperature.
For most germanium transistors the con-
servative rating of junction temperatures
varies hetween 65 and 100 degrees C and
for silicon it varies between 130 and 200
degrees C. These ratings differ between
manufacturers, and values exceeding the
ahove given ranges may be encountered.

If the supply voltage is within the maxi-
mum voltage rating, then a purely resis-
tive load may go to zero provided the bias
is such as to limit the power dissipated to
the maximum allowsable junction tempera-
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ture, The largest value of load resistance
which will keep the operating point on the
linear portion of the characteristics is
slightly less than the supply wvoltage
divided by short cireuit cellector current.
Between these two extremes of load varia-
tions, the collector current, see Figure
1(b), is given by:??

Ve

L=Bl+-=+1I (1)

where B is the large signal, short circuit,
current amplification factor, I, the
baze current, V., the collector-to-
emitter voltage, and I, iz that por-
tion of I. where the I, =10 line,
extended, intersects the V. =10
axis. It can be seen from the spac-
ing in the static characteristics,
Figure 1(a), that B is in turn a
function of the current, Figure
1{c); I’ is an exponential function
of temperature, doubling its value
for approximately every 10 C
degrees, Figure 1({(d). At room
temperature, I” is about an order
of magnitude smaller for silicon
transistors than for germanium
transistors. |

i
~f

B |

dynamic to d-c resistance. The regulation
factor reaches a maximum shortly after
passing the knee of the curve.

Zener diodes come in a large range of
breakdown voltages. The temperature co-
efficient and the dynamic resistance of a
Zener diode are functions of the break-
down voltage, see Figure 2(b)."" Most
Zener diodes have a minimum dynamic
resistance between 5 and & volis, and the
temperature coefficient goes through zera

MAYX. Pya1 25° C

Max, Py 01l B3° C
Te=0

aj ¥ %

A

Some second order effects are —

that both B and r; are functions of |I

CEURAENT AMPLIFICATHON

LEAKAGE CURRENT

ternperature and collector voltage,
but these changes are very small
compared to the chanees discussed
above, and hence will be neglected.

The Zener Diode

The function of the Zener diode'*?? is
to provide a constant voltage independent
of current through it. The complete cur-
rent-voltage characteristics of a diode are
shown in Figure 2 (a). If the reverse volt-
age on a diode is increased, a nondestruc-
tive breakdown region will be reached,
called the Zener region. A Zener diode is
a diode especially manufactured to have
low dynamic resistance over a wide cur-
rent range in this region.

After passing the knee of the curve, the
noise region, the dynamic resistance de-
creases with increasing current. To find
the best operating point, a regulation fac-
tor has been defined which is the ratio of

Fh

Figure T,
charactaristics; (c) B v L (d) L' ve T

(b)

[m) Cemman smitter

ic)

charaeiaristics;

(d}

(bl Lleakage

at 4.5 volts, although power Zener diodes
may have lower dynamic resistances at
lesz than 4.5 volts. Thus, for most applica-
tions, a 3-volt Zener diode is the best one
to use. If, for example, 10 volts are neces-
sary, two S5-volt diodes should be con-
nected in series to keep the temperature
eoefficient down to zero. This may also
vield a dynamic resistance of an order of
magnitude less than that of a single 10-volt
Zener diode.

The Thermistor

A thermistor is a resistor having a high
temperature coefficient. Commercial ther-
mistors made of semiconductor material
usually exhibit a high negative tempera-
ture coefficient: ie., the resistance de-
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creases as the temperature increases, The
sctual temperature coefficient of most
thermistors is between —3.4 percent/C
degree and —58 percent/C degree at
room temperature depending on the grade
of the material. For given grades the tem-
perature coefhcient will vary with tem-
perature, generally increasing as the
temperature decreases and vice versa, A

REVERSE FORWARD
| ZENER _CHARACTERISTICS .~ CHARACTERISTICS
REGION _ — v
——
£ S 5
_i-‘.‘;" _,:-"'.a'f-ﬁiﬁ'l'
i
gl
L
(al
=1
ﬂ.! OLR.
-
T.L
._l.l.
[
g
(TE ]
i i
LpC
=
=
=
5F |/
i ]
= :
45 v
(bl
hgure 2, (o) Complete diode characteriaties; (b) A-c

rediglanca and lamparature coafflciant v g b ddar
valtonge

iypical resistance vs. temperature curve of
a thermistor is shown in Figure 3; note
copper having a small positive coefficient
for comparison,

A thermistor may be used thermally,
the internal power dissipated heing insuffi-
cient to heat the unit above ambient
temperature, Thermistors so used are con-
trolled by the ambient temperature, and
find application in temperature control,
temperature measurement, and tempera-
ture compensation, Thermistors used elec-
trically are controlled by the power dissi-
pated in the unit rather than by the
ambient temperature. The heating may be
done directly or indirectly by means of a
heater eoil. The thermal lag of these units
is ghort for small bead type thermistors
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and long for large massive types. Further-
more, the temperature differential
between the unit and the ambient sur-
roundings depends on those surroundings
themselves, It will reach a higher differ-
ential in still air than in moving air.
EBead and rod type thermistors are used
suspended by their leads, while disc and
washer types are mounted to heat sinks.

RESISTANCE

COPPER

THERMISTORS

ZEIC
TEMPERATURE

Figure 3. Temperoture chorocteristies of
copper and thearmistars

REGULATION FACTORS

In order to compare different regulators,
it is convenient to define certain regula-
tion factors. For comparizon of constant
current regulators—all operating at the
same nominal cutput current—it will suf-
fice to find factors relating the changes in
output current to changes in input voltage
and to changes in output voltage These

"
&l called the trans-

factors are: g, =
i

Mo
conductance, and g, — ——

b

called the

&

output conductance. For a good current
regulator, these factors should be as small
as possible.

To compare regulators having different
output currents, it is more useful to com-
pare percentage changes in output current
to percentage changes in the independent
variables. Input voltage, load resiztance,
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and ambient temperature are the three
principal independeni variables.

Relating percentage changes of output
current to perceniage changes in input
voltage by the regulation factor F, one
may write:

AT A F
— = F —— 2
In EI I: ':I

and solving this for the regulation factor
F, one obtains:

F iz thus the ratio of dyvnamic to slatic
transconductance. Similarly G and H are
defined as the fractional output current
changes to the fractional load resistance
and temperature changes, respectively:

= (4)

()

Factors F and (¢ are of primary im-
portance as the need to regulate with re-
spect to input voltage and load resistance
is usually present. The factor H iz not
important if the regulator is used at room
temperature such as in the laboratory, but
becomes very important when the regula-
tor is used at elevated temperatures. It
can be seen from the regulation expres-
sions that the factors F, G, and H must be
as small as possible, for good regulatiom.

Later on in this paper, regulation factors
will be given as one part in 100, for ex-
ample. To get a feeling of what this means,
assume that the input voltage wvaries by
101 percent, then if F is one part in 104,
the output current varies by 0.1 percent
due o these input voltage variations.

ie

BASIC CURRENT REGULATOR

Principle of Operation

Figure 4 {a) shows the basie principle of
degenerative current regulation, using a
Zener diode and a transistor. The resistor
R, provides current to the Zener diode. As
a first approximation, assume the dynamic
resistance of the Zener diode to be zero,
making the Zener voltage independent of
the input wvoltage. The emitter current is
esseniially determined by the Zener volt-
aoe and the emitier resistor e, neglecting
the small hase-to-emitter voltage. In turn,
the emitter current determines the ecol-
leetor current, neglecting collector voltage
and leakage current for the moment |
Assume an increase in collector current. |
This increases the emitter current, de. |
creasing the base voltage (referred to the |
emmitter). This in turn tends to cancel the |
original assumed increase in collectior cur- |
rent and, therefore, the collector current
i5 stabilized.

The regulation of this basic circuit with
respect to the three external wvariables
guoted before is extremely poor. The rea-
sons are that the resistance of the Zener
diode is not zero (ifs variations in voltage
being amplified by the transistor), the col-
lector resistance of the transistor is not in-
finite, nor is the leakage current zero.
Theze last two terms contribute to the
eollector current as shown by the second
and third terms of egquation (1). The

‘above thres soureos of error must be cor-

rected in order to make factors F, (3. and
H as low as possible.

Collector-to-Emitter Voltoge Compensation

When the input voltage is increased or
the load recistance decreased, the collec-
tor-to-emitter voltage increases, which in
turn increases the collector current. Fig-
ure 4 (b) shows a method which will com-
pensate for changes in the collector-to-
emitter voltage of the regulating transistor.
This method employs a second transistor
which contributes to the current through
R When the collector-to-emitter voltage
of the regulating transistor increases, the
current through Hp. inereases proportion-
ally, and consequently the current through
Ry increases, This in turn decreases the
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base-to-emitter voltage, tending to cancel
the original increase in collector current.
Making the value of Rg; approximately
equal to vy renders the collector current
independent of V.,

This compensation does not load down
the regulating iransistor as the input re-
sistance of the compensating transistor is
approximately B.Rg,. The advantage of
this ecompensating stage over simple cas-
cading of two transistors is that the
gffective output resistance
has been made infinite, and
cann be made negative by

the Zener diode, the following ratio may
be set up to give the approximate value
IL'I-I. Rr_.'.

Baalle
Ry _ Rz: + Ry (8)
Rac Rpy

solving for R resulis in:

KRy Kga
Ry = SR (7)
RicRp: — ByRay

increasing  the feedback
idecreasing Hg: below ry ).
Negative output resistance

merely means that the col-
lecior current ¢an be made
to decrease with increasing

collector-to-emitter voltage.
The power handling capa-

bilities of the compensating
transistor may ke much
lower than that of the regu-
lating transistor, although it
must be rated for the same
collector voltape.

Zener Dynomic
Resistance Compensation

As explained in the sec-
ton  on components, the
dynamic resistance of Zener
dindes is not zero. The oper-
sting point of these diodes
is chosen such that the reg-
ulation factor of the diodes
alone is a maximum. When
the input voltage increases,
s does the Zener voltage,
causing the base voltage
ireferred to the emitter) of
the control transistor to in-
crease, hence inereasing the
collector current, The resis-
tor Re., which compensated
for the collector-to-emitter
voltage, also partially compensates for the
Zener dyvnamic resistance. A second resis-
tor, Ry, connected az shown in Figure
4{c). makes the compenszation complete.
Letling R, be the dvnamic resistance of

Figure 4.
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(o} Bosie regulatar; (k) V.. compenmotion; (c] Lener diode com-
pansatian; (d) Ripple compemotion; (e} Completely compensoted circuit

Ripple Compensation

The experimental value of R, agrees
with the theoretical value for fast changes
in input voltage (such as ripple voltage).
For stow changes it is found that a smaller

SEMICONDUCTOR CURRENT RECULATION -+ 39



value of compensating resistance is neces-
sary, and hence equation (7) derived
above is good for fast changes only. The
reason for this discrepancy is the increase
in collector dissipation. An increase in the
collector dissipation of the contrel tran-
sislor increases the junction temperature,
which increases the leakage current of the
transistor,

The actual compensating resistance used
15 that one which compensates for slow
changes, and its value is experimentally
determined, This wvalue, however, now
overcompensates for ripple voltages, In
order to compensate for slow changes in
input voltage and for ripple simultane-
ously, part of the emitter resistance, Ry,
iz bypassed, Figure 4(d). Having deter-
mined the value of B, experimentally, one
may now use the same ratio, equation (6),
as before, to determine the unbypassed
portion of Rpp. The capacitor setting on
Ry has been experimentally verified by
observing B0-cycle ripple across the load
resistance on an oscilloscope.

Temperature Compensation

As the temperature increases, the leak-
age current [, of the repulating transistor
inereases, and I_'{:II]_"iEq'LlEnt].}' itz eollector
current increases. To compensate for this
pffect, one must decrease the hbase-to-
emitter voltage when the temperature in-
creases,”™ There are wvarious ways to
accomplish this, One way 15 to select a
material of positive temperature coeffi-
cient far Ry,. This resistance then in-
creases with temperature, which increases
the voltage across Rg. This in turn de-
creases the base-to-emitter voltage, and
decreazes the collector current, thus
achieving compensation. Another method
is to insert a thermistor in place of R,
When the temperature increases, the re-
sistance of the thermistor decreases, in-
creasing the current through it and also
the current through Hg,. Thiz decreases
the base-to-emitter voltage again with the
came consequences as before. A paralle] or
series resistor may have to be used with
the thermistor in order to obtain the cor-
rect over-all temperature co efficient. Still &
third method is to insert a thermistor from
base to emitier directly, as shown in Fig-

49

ure 4 (e). Thiz thermistor is connected to
a heat sink, and its resistance 15 controlled
by the ambient temperature. A series
resistor with the thermistor produces the
correct over-all temperature coefficient.

PRACTICAL CURRENT REGULATCOR

A practical 100-ma current regulator,
having an output from 0 to 40 wvolts, is
shown in Figure 5. The first stage of this
current regulator is in itself a voltage reg-
ulator. The first stage iz similar to the cur-
rent regulator deseribed before, except
that its load resistance is nearly constant,
Thizs means that the voltage across the
load is also nearly constant, and it may
then be used to provide a constant voltage
to the second stage. Actually the load
resistance is made up of a resistor, Hy,,
in series with a second Zener diode, Z,,
and the input resistance to the next stage,
This means that the second order efiects,
neglected before, but which may change
the collector current by a wvery small
amount, do not appear in the reference
voltage to the second stage, The series re-
sistor, Ry, 15 used to limit the dissipation

of the collector junction, thus prolonging |
transistor life. Since the load resistance is |

ezzentially constant, no load compensation
i5 incorporated. The resistor, R,, which

compensates for the dynamie resistance of |
the first Zener diode is still used. With this |

well-stabilized output woltage, it was
tound that temperature compensation was
unnecessary for a silicon transistor, if the
temnperature is limited to a maximum of
65 degrees C. Ripple compensation was
found to be unnecessary, as the ripple
across Lhe second Zener diode, Z., was
already well below the noise level without
this compensation,

A voltage has now been obtained which
14 iu&&penﬂent of input vfﬂtﬂ,gt-:, Since
this voltage is used as the reference volt-
age to the second stage, this stage needs
no input voltage compensation. The second
stage employs a Minneapolis-Honeywell
H2 power transistor. To compensate this
transistor for load variations, a less expen-
give Transitron 2N83 medium power tran-
sistor is used. Both transistors are bolted
to the same heat sink, the H2 transistor
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heing electrically insulated from it. One
might now consider using another H2
power transistor simultaneously to com-
pensate for temperature, since the thermal
time constant would be the same, This is
nat feasible, however, because when the
control transistor's collector woltage is
high, that of the compensating transistor is
low. and vice versa. Also, since the

mum input voltage, the junction tempera-
ture iz within its rating even when the
ambient temperature reaches 65 degrees C,
provided an adequate heat sink is used,
Vastly improved compensation can be
achieved over the above figures F and G,
if the compenents Rys and R, are chosen
more carefully, The above-mentioned reg-

compensating  transistor dissipates .
less power, the junctions will never
he at the same temperature, even
though the cases are forced to be.
The best value of resistance Rz to
compensate for load variations has
been found to be 10,000 ohms.

In this particular cirecuit, it was
found easier to compensate for tem- l

Ein

perature using a material of posi-
tive temperature eoefficient in the

§""‘sz"
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emitter, rather than the thermistor
method shown before. Actually an

RF choke, made of copper wire, has

Been used. Sinee the resistance of copper
varies linearly with temperature, and the
leakage current, I, is exponential, a dip
in output current is observed at a tempera-
ure between 25 and 65 degrees C, the
extremes over which the circuit is com-
pensated, The maximum variation in col-
lector current due to temperature changes
ks thus the difference between the initial
or final value and the value at which the
dip oceurs. Obviously the regulation fac-
tor with respect to temperature cannot he
zero for linear compensation over a finite
lemperature interval taking into aceount
the dip at the intermediate point.

The experimentally determined walue
af F is minus one part in 335 for an input
voltage varying from 42 to 54 volts: the
value of G is minus one part in 2230 for
load variation from short ecircuit to 400
ohms; the value of H is one part in 104
for temperature variations from 302 to
142 degrees K. The minuses indicate over-
Lompensation.

The efficiency of this circuit has been
determined at 67 percent by measuring
Input voltage and current, also output
voltage and current, at the maximum load

-| resistance of 400 ahms,

This circuit was designed so that at
short cireuit output conditions and maxi-
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Figure 5. Froctical current regularer

ulation factors were obtained with 10 per-
cent randomly selected resistors.

Two stages were used Lo eliminate inter-
action which would otherwize arise he-
tween V. and Zener diode compensation.
No gain is derived from the additional
stage, nor is it used to Increase the input
or output rezistance of the conirol tran.-
sistor. It must not be confused with cas-
cading two transistors as is conventional
to abtain increased output resistance and
gain,

VARIABLE CURRENT REGULATOR

It is often convenient to have a variable
current regulator for laboratory purposes.
Such a regulator has been ennstructed,
The cutput is regulated for input veltage
variations and load resistance variations,
but not for temperature variations. The
output current was varied by varying the
emitter resistor of the control transistor,
zee Figure 6. The first stage is the same as
before, and hence the input voltage varia-
tions are stabilized by the same amount.
To compensate for load variations over the
entire current range from 12% to 100 ma,
a variable R., must be uczed. The resist-
ance value of Rg, was found experimen-
tally at bhoth ends of the range, and a
suitable potentiometer was ganged to the
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emitter potentiometer, so that when Rgs
is increased, Fpy increases also. Good reg-
ulation has been obtained with respect to
variations in input voltage and load re-
sistance over the entire current range, The
maximum load resistance at 100 ma iz 400
ohms and at 12% ma it is 3200 ochms.

* * * * 4

The eurrent regulator described
can be used with a compact semi-
econductor power supply. The ad-
vantages over vacuum tube supplies
and regulators are no need for fila-
ment transformers, smaller size and
weight, more rugged and longer
life. Little maintenance should be
required.

The advantages of the particular
circuitry of the series current regu-
lator herein described are its few
active elements, no need for large
filters as ripple may be eliminated
by negative feedback, and no worry about
overload.*! The circuit is designed to oper-
ate at short circuit, and if the load resist-
ance becomes too large, no voltape will
exist between the collector and emitter of
the series control element, hence render-
ing the circuit inoperative.

Regulators may be built to control sev-
eral amperes of current by means of the
above ecireuitry. Transistors will handle
up to 13 amperes and dissipate up to 70
watts at room temperature, with an infi-
nite heat sink, and no washer. Zener diodes,
the reference elements, are now made to
handle up to 50 watts.

Additional cireuit flexibility mav be
obtained by the use of sensistors. A sen-
sistor is a resistor similar to the thermistor
excent that its temverature coefficient is
positive, The use of a sensistor in series
with the emitter lead ({in place of the
copper wire discussed earlier) should
bring much improved regulation with re-
spect to temperature.

A d-ampere regulator based on the vrin-
ciples described has been built in the Tele-
graph Company's facsimile laboratory to
regulate the filament current in exciter
lamps. The =supply iz regulated with re-
spect to input voltage and filament resist-
ance variations,

It zeems= probable that transistor voltage
regulators can be built upon similar prin-
ciples as described in this paper. They ean
be used for regulating the filament supply
voltage to exciter lamps, or az a power
supply for a 10-watt 20-volt transistorized
recording amplifier already built.
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Figura &. Woriable currant regulater
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. H. SMITH, Rell Exstem  Dechwmical Tauraml,
Tulvy 1%54,

13, Traxs1aTak  FLECTEMN1SE,
Img, 1938

Iy, et al, Preatice-Hal

4. Sfacon PN ¥ Aviey Dropes. G I
FPEARZON, L. SAWYER, Proceedingr of dhe ILEE.,
Novemher 1552,
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munication and Slectronics, January 1933, 19. Tuzamisros Isavx, Elecirenic Desigm, April 30, 19358,

16, Frxem Diovs Vorrace Decuraroes, M. L. FTEIST- a1 Tewrenirvee Eveects 8 Cmcrers Usixe Juwcroow

MAN, Electromic Equipment, Navember 1957. Traxwalivons, Tramsistors I R.C.d. Laboratories, 1954,
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Matthew E. A. Hermans graduated from
Northeastern University in 1955 with the degree of Bachelor
of Selence in Electrical Engineering and in 1858 with the
degree of Master of Science in Electrical Engineering. In
1955 he joined Western Union's Telefax Division of the
0. & R. Department where he worked on transistorizing
existing telefax equipments. He was on leave of absence
when he returned to school. His thesis entitled "Current
Regulation by Semiconductors” formed the basis for this
grticle. Upon his return to Western Union he again turned
to the design and development of semiconductor circuitry
in the fax division. Mr. Hermans is an associate member
of AIEE and a member of IRE.
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Patents Recently Issued to Western Union

Optical Scanning Apparatus for
Faczimila Tranzmitters

R. J. Wi=g, G. H. Ripmwos
2,843, 756—Jury 15, 1958

A facsimile scanner and inverter in which
a single carrier-modulated light source illu-
minates two photocells via separate paths,
the one including the seanned copy and the
other a light-regulating wedge. The photo-
cells are embodied into a balanced bridge
and amplifier cireuit so adjusted by means
of the wedge and other controls that the
photocell outputs cancel when scanning
white and are unbalanced to produce full cut-
put on black. Light source intensity waria-
tions are compensated by a gain contrelling
third photocell. A concentrated-are lamp is
illustrated as the light source.

Self-Adjusting Stylus
R. J Wieg, D. M. ZAsrRISKIE
2 850 350—Sepr. 2, 1958

Meechanism for sutomatically ecompensat-
ing stylus wear in & moving stylus type of
recorder in which chucks holding the styli
are frictionally mounted in guidewavs at-
tached to the belt, dise or other stylus car-
riage and the chucks are tapped at the rear
periodieally to advance the styli against a
gauging stop. The stylus hammer is energized
by local cam-generated pulses or by incom-
ing phasing pulses, Onee during each revolu-
tion of the belt, each stylus engages a sta-
tionary brush 1o remove debris therefrom,
In another version, each stylus is urged
forward by an individual spring under re-
straint, and periodically the restraint iz re-
moved so that the stylus can move forward
against the gauge.

L

Spindleless Paper Roll Holder

D. M Zasrmskre, WinLiam F. Moore
2.853.251—SEerT. 23, 1958

Mechanism for loading into the paper
magazine of a facsimile machine a paper
roll wound on a large cardboard tube. Ver-
tical brackets at each end of the paper maga-
zine each mount a pair of horizontally spaced

44

short supporiing rollers at the top and a
pair of spaced loading seats for the roll at
the bottom. When the brackets are swung
outward, the rollers move aside and the
seals are slightly uplifted so that a new paper
roll can be lowered thereon into the maga-

zine. As the brackels are restored to vertical |

position, the rollers enter the ends of the
paper tube to support the weight of the
paper roll as the seats subside from contact
therewith. By axially displacing the align-
ment of the roller shafts slightly from the
roll axis, the roll tends to ereep to one side
and against a braking member so as to align
the paper and facilitate braking.

Facsimile Stylus Belt and Stylus Holder
E E. BenelL
2,833,358—SerT. 23, 1958

To prevent generation of displacement |
disturbaneces in a stylus belt as the stylus
holders and the belt splice pass over the end |
pulleys, the helders are attached to elon- |
gated sections punched [rom the belt but
remaining attached at one end, the line of
attachment serving as a8 transverse hinge line
about which the holder may flex to avoid
eontact with the pullevs, Where the belt ends
abut at the splice a large perforation sym-
metrical to both ends is entered, a trans-
verse strip is welded to one belt end but
overlaps the other and the two ends are held
together by two narrow straps riveted thereto
and crossing the overlapping strip over the
perforated area.

L ]

Malded Modular Terminal Block
W, F. Mapgrey, M. Harrren
2.857,583—0C0cT. 21, 1958

A terminal bleck in which all wiring ter-
minals are accessible on one face, comprising
a stack of assemblies of nested U-shaped
lengths of sgquare or other polygonal cross-
section wire either molded into or lying in
surface grooves between slabs of insulating
material, The single face feature adapts the
block for mounting in restricted enclosures
and the sguare cross-section terminals are
enitable for use with wrapping tools,
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