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TO READERS OF THE TECHNICAL REVIEW:

With this issue, TECHNICAL REVIEW com-
pletes its first year of publication in its
present form. The prime purpose of the
REVIEW is to provide a better technical
background for the Company’s techni-
cians and supervisors and, in fact. all
employees so that they may have a fuller
appreciation of their part in providing an
improved Western Union service. Judged
by the circulation increase during the
year, as a result of employee requests for
the REVIEw, the objective has been
attained.

The need for a broader technical knowl-
edge and skill on the part of the Com-
pany’'s operating personnel increases with
the development of each new phase of
the modernization program which has
progressed very rapidly during 1948. and
daily involves more employees.

Transmission facilities have been en-
larged and improved by the installation
of a nationwide network of carriers. Over
1,678,000 miles of carrier telegraph chan-
nels will be in operation at the end of
1948, as contrasted with 536,000 miles at
the end of 1947. Major reperforator instal-
lations providing automatic selective
switching on all messages originating in
eight area centers will have been largely
completed during 1948. A microwave
radio relay system interconnecting New
York. Washington. Pittsburgh and Phila-
delphia has teen placed in operation.
Telefax operations are currently being ex-
panded: wvarioplex systems have been
installed to provide telemeter service to
additional cities: several additional patron
leased switching systems have been pro-
vided to afford improved telegraph serv-
ice to large users at low cost. In no

OCTOBER 1, 1948,

has Western Union made

single
broader technical progress to modernize
its operations.

year

Provision of the new systems, methods
and apparatus, as reviewed above, will
not, by itself, provide better service; to
accomplish this objective, knowledge and
skill of many employees are also required
to operate and maintain the new equip-
ment at peak efficiency.

So that employees may have a fuller
comprehension of the technical aspects of
this program., TECHNICAL REVIEW will con-
tinue to publish articles on all phases of
Western Union operations with emphasis
on new methods, systems and apparatus.

JOSEPH R. REDMAN

Vice President
Plant & Engineering



A Modern Reperforator Switching System
for Patron Telegraph Service

R. F. DIRKES
A paper presented hefore the Winter General Meetiy f the American Institate
t Eleetrical Engineers in Pittsburgh, P January 1945,

Introduction

The urge for greater economy, accuracy
and speed of service in handling telegraph
traffic has created a great deal of interest
in the use of reperforator switching sys-
tems for relaying messages. Western
Union is in the process of installing in
many large cities reperforator switching
arrangements which, in combination with
an extensive wire carrier and radio beam
telegraph system, will handle practically
all of its telegraph traffic. Western Union
also has designed and installed a num-
Fer of successful private wire systems
on the premises of its patrons for the
handling of their intra-company traffic.
The purpose of this paper is to descrike
the planning and principal features of
Western Union’s most modern Patron
Switching System, which will efficiently
handle the telegraph traffic of a typical
large business organization.

Planning

Important in the design and operation
of a system is the size and correct loca-
tion of the switching centers. Center loca-
tions may be partly dictated by the geo-
graphical structure of the organization to
be served. On the other hand. circuit
economies and handling savings may well
indicate the need for a center in a city
where the prospective patron has no office.
Obviously, therefore, a most necessary
function before deciding on switching cen-
ter locations and their size, is the con-
ducting of a complete traffic load study.
To this end, the load is sampled over a
period of three representative working
days. A copy is kept of every message sent
during this period from every city in-
volved.
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These messages are processed, broken
down into numbers of words and finally
incorporated into a chart called a criss-
cross, a section of which is shown in
Figure 1. This is a primary step in pre-
paring the data in form for ready refer-
ence so that a circuit layout study from
the standpoints of both efficient traffic han-
dling and circuit economies can be made.
Presuming this to have been done and
size and location of switching centers de-
termined, space layouts are next in the
order of importance.

Not only should the layout be designed
to provide efficient message switching, but
also careful consideration should be given
to the proper processing of the messages
terminating in the switching center. Ac-
cess to these messages for final delivery
should be made as convenient as possible.
Delivery to the center of messages to be
sent should also be considered. Not to
le overlooked are simplification of cable
runs as well as equipment maintenance.

A floor plan of the space to be used is,
of course, essential. This should include
exact location of doors, lighting fixtures,
windows, radiators and any other perma-
nent fixtures in the space involved. It is
usual practice to prepare an accurate floor
plan on a scale of %2 inch to a foot. This
floor plan is cross-hatched with a line
every half inch. Models to the exact scale
of 15 inch to the foot of all cabinets,
printer consoles. tables, chairs, switch-
boards. rectifiers. etc., are placed on the
floor layout in various combinations and
arrangements. giving full consideration to
the factors mentioned above.

Figure 2 shows a typical layout of a
small switching center. Note that a table
for processing messages is situated near
the door so that the pick-up and delivery
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Figure 1. Criss-cross load study

can be made without having messengers
enter the operating areas. Local receiv-
ing and sending teleprinters are also situ-
ated near the delivery area. The main-
tenance table and control cabinet as well
as switchboard and rectifiers are in an
area remote from the ordinary operation.
Clearances between cabinets and walls

Figure 2. Typical layout of « small
switching center

PUSH-BUTTON SWITCHING FOR PATRONS

are adequate for the maintenance of
equipment. The layout problem can be
grasped easily because of the third dimen-
sional character of the display. This
method of layout study and display has
been found to be especially valuable
where discussions are carried on with per-
sonnel unfamiliar with the reading of
blueprints.

Operating Routine

In any message switching system, the
importance of an efficient operating rou-
tine cannot be overstressed. The finest
equipment may prove inefficient without
strict adherence to a practical and prop-
erly designed operating routine. Obvi-
ously, operating routines will vary de-
pending upon the type of traffic being
handled, so no attempt will be made to
describe a complete operating routine.
Paramount in operating routines, how-
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ever, is the rigid observance of a standard
message form. Irrespective of the type of
business involved, such a form will, gen-
erally speaking, follow a certain line or
pattern. Therefore, a suggested form is
here illustrated and will be referred to in

Destination address

Office of origin

Date

At the end of the message, after the
proper spacing for tearing off (if such
spacing is desired), note the addition of
a switching control signal consisting of
two carriage returns and two letter com-
binations. The function of this signal is to

/—Daily consecutive identifying message number

Yarriage return line feed

CHGO NWYK 52 6
PA

MOVING SPECIAL CAR H607 FINAL DESTINATION OMAHA TRAIN 706 8/7

ROBERTS (CR 10LF)
}
|
— Signature Line feeds for

message spacing,
pace operation

(CR L?)
(CR 21LF)

(CR 2LF)

(2CR 2LTRS)

__Switching Control
signal

Figure 3. Typical standard form for on line or system message

further explanation of the operation of the
switching center to be described. Figure 3
shows a typical form for “on line” or
“system” messages. Particular attention is
directed to the first line which reads
CHGO NWYK 52 6. This indicates that
the message is destined to Chicago, and
has originated in New York as the 52nd
message of the 6th day of the current
month. No further information is needed
to completely define this message in the
event later reference to it is necessary.
The second line indicates that the inessage
is directed to the Passenger Agent in Chi-
cago. This information is needed for final
delivery but not for routing or switching.

CHGO wwYK

DESTINATION OMAHA TRANN

82 6 +EPAIRENOVING SPECIAL GAR W

denote the end of the message for auto-
matic stopping features later to be de-
scribed.

In a switching system messages are re-
ceived on a printer-perforator. This ma-
chine prepares a perforated tape with
printed characters on the upper edge of
the tape directly above and in register
with the perforated combinations. A copy
of message NWYK 52 in the printer-per-
forator tape form is shown in Figure 4.
The first intelligence characters appearing
in the tape show the destination address.
These are followed by characters which
show the office of origin, the identifying
message number and date. Attention is

607 FimAL

706 $/7 +=EROBERTP . EEEZTEEEET 0

Figure 4. A message on printer-perforator tape
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directed to the switching control signal
at the end of the message.

Having in mind the general message
make-up and its counterpart in the per-
forated tape, the operation of a switching
center may now be studied.

Plan 51 Center

Obviously, the result of preliminary
study may have indicated an installation
employing centers of two or three types,

circuit termination is made in a printer-
perforator which prepares the tape and
is controlled by electrical signals on the
line. Each position also has a tape trans-
mitter which can be associated with any
of the sendirg circuits in the center
through a push-button panel situated just
above the tape transmitter. The tape flow
from the printer-perforator through the
tape transmitter is continuous. In ordinary
operation the tape is not removed from
the tape transmitter nor is any tearing of

Figure 5. Assembly of operating cabinets of Plan 51 unit

operating together. Economies may have
dictated even manual handling in some
places. However, since a description of
centers of all types would be impracti-
cable, the operation of Western Union’s
most modern Patron Switching System,
called Plan 51, has been selected for de-
scription in this paper.

Figure 5 shows an assembly of oper-
ating cabinets of a Plan 51 unit. Each oper-
ating cabinet consists of an upper and a
lower position. In other words, two cir-
cuits are terminated in each cabinet. Each

PUSH-BUTTON SWITCHING FOR PATRONS

the tape involved. Attention is directed to
the two message number sheets on the
upper door of each cabinet, the purpose
of which will be explained later.

Figure 6 is a close-up of one of the oper-
ating positions with covers removed,
showing the receiving printer-pertorator
at the right and its associated tape trans-
mitter at the left, with the push-button
panel just above the transmitter. To the
left of the tape transmitter a chute is pro-
vided for the sent tape which flows into
a storage bin in the table for ready access
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in case of question. The usual tight tape
stop equipment is provided, as well as tape
accumulators which have been found de-
sirable when lengthy messages are being
relayed.

Figure 7 discloses a close-up of the
switching panel. It will be noted that each
station designation has a small lamp and
a push button associated with it, and that
a group of lamps and buttons are located

tape finds that the message is destined to
Detroit. The button marked “Detroit” is
pressed and the lamp is caused to glow
above the pressed button. At this time the
standby lamp is lighted and the message
waiting lamp extinguished.

This indicates that a request for the De-
troit circuit has been made. When noting
the destination of the message the oper-
ator also noted that the message was re-

Figure 6. Operating position of Plan 51 unit

in a section to the right of the panel. Par-
ticular attention is directed to the lamps
marked “Message Waiting”, “Standby”
and “Operate’.

If, for example. this is the Indianapolis
receiving position in the Chicago switch-
ing center and a message has been re-
ceived and is in the tape transmitter
awaiting switching, the message waiting
lamp shown in the upper right-hand cor-
ner of the panel will be glowing, thus indi-
cating to the operator the need of a switch-
ing operation at this turret. The operator
reading the first four characters on the
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ceived as, for example, message number
69 from Indianapolis. Each position is pro-
vided with a message number sheet with
consecutive numbers in blocks of 100
printed thereon. The operator crosses off
the number 69 on the associated Indian-
apolis sheet and in this manner concludes
all manual work necessary in the switch-
ing of the message. As soon as the Detroit
circuit becomes available, the standby
lamp on the panel goes out and the oper-
ate lamp glows. This indicates that the
Detroit circuit has now been seized and
the message is being transmitted.

OCTOBER 1948



Figure 7.

Associated with each circuit is an auto-
matic message numbering machine, the
function of which is to transmit to the
line a group of letters identifying the cen-
ter at which the switch is made and the
station to which the message is being
routed, as well as to apply a consecutive
channel rnumber prior to the transmission
of such message. Simultaneous with the
line seizure, a “diary teleprinter” is con-
nected to the circuit. The function of this
teleprinter is to copy the complete top
or address line of every message trans-
mitted through the office. Thus, now that

S*MESSAGE WAITINGs 57

Switching panel

the Detroit circuit is seized, the diary
teleprinter is connected to that circuit,
and the numbering machine which is as-
sociated witk the Detroit circuit trans-
mits the switching center code letter, the
station code letter, and the next consecu-
tive message identifying number for this
channel. As soon as this is done, the
message body will be transmitted to De-
troit. The diary teleprinter, having copied
the transmissior. from the numbering ma-
chine and the first line of the message,
which includes the destination, office of
origin and origin identifying message

WW\,— V\\_//‘\/—//- /‘,

l ZKD62KECY CHGD A200 1z

’ ZL122L0SA CHGO B98 1z
ZNOBANWYX LJSa 86 12
ZD:B1DETH INDP 69 1z
Za:20CEGO NWYK 52 1z

ZW118WUCHGD NWYS 57 1z HELAY

!

———————— Y

Figure 8. Diary printer record

PUSH-BUTTON SWITCHING FOR PATRONS
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number and the date, will be cut off and
will then be ready for another connection
upon receipt of another circuit request.
In this manner, the diary teleprinter main-
tains a complete record of every message
flowing through the office so that ready
reference may be made thereto and any
message quickly located when the neces-
sity for doing so arises.

Figure 8 shows an example of a diary
printer record of a group of messages
switched from a center with the call let-
ter Z (Chicago). The first line of the
record tells that on the 12th day of the
current month, a message originating in
Chicago at the A position as message num-
ber 200 (A200) destined for Kansas City
(KSCY ) was sent there over the Kansas
City circuit (ZK) as message 62 on that
circuit (062). The fourth line of Figure 8
tells us that message 69 received from
Indianapolis was sent to Detroit on the
Detroit circuit {ZD) as message 281 (281).

In discussing the message form, atten-
tion was directed to a switching control
signal of two carriage returns, two let-
ters, with which every message or unit of
work must be terminated in accordance
with this routine. As these characters pass
through the tape transmitter, the mech-
anism operates to break the connection
to the circuit, thus extinguishing all
lamps and restoring the circuit to a nor-
mal unoperated condition.

In the event that the operator presses
the wrong button, and the operate light
indicating actual circuit seizure has not
vet glowed, the request for the circuit
may be cancelled by pressing the message
disconnect button (Figure 7), after which
the proper circuit button may be pressed
for correct routing. If, however, the oper-
ate light is glowing indicating the circuit
has been seized. pressure of the message
disconnect button will be ineffective and
the message should be treated on a mis-
route basis.

In the event that another message fol-
lows the one which has just been switched,
the message waiting lamp is again caused
to glow as soon as the first letter of the
destination address reaches the pins of the
tape transmitter. The glowing of the mes-
sage waiting lamp calls the operator’s at-
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tention to the fact that another switch-
ing operation at this position is called for.
Suppose, however, that the message just
switched has none immediately following
it. It then becomes necessary to provide a
loop of tape between the printer-per-
forator and the tape transmitter so that
the entire message may be passed through
the tape transmitter without delay. Be-
cause no messages follow. a tight tape
condition will be experienced during the
transmission of the body of the message.
However, the message having been com-
pleted as far as reception is concerned,
the letter combination of the message
termination will be resting in the printer-
perforator and idle tape will be auto-
matically fed out of the printer-perforator.

This feedout is of measured length and
is just long enough to allow the complete
message to pass through the tape trans-
mitter. In the event that the automatic
feedout is in operation and the recording
of another message is started. the auto-
matic feedout becomes instantly inopera-
tive at the reception of the first signal of
the new message.

MX CGO B 185 16

NYK BSN ATL LOS STL CGS

STORE MANAGERS

ADVISE STOCK OF AUTO TIRES 6.50X16 ALL GRADES.TUBES
ALL GRADES AND SIZES. SPARK PLUGS STANDARD BRANDS.

SUPT STORES CGO..

Figure 9. Typical multiple address message

In some types of business it is the prac-
tice to send identical advices to a num-
ber of destinations. which requires the
sending of the same message to several
addresses. Where this type of traffic is
heavy it becomes advisable to incorporate
a master sending position in the switch-
ing center. Suppose the message shown .
in Figure 9 is received. The operator, not-
ing this to be a multiple address message
by reason of the letters MX on the first
line of the address and the multiple sta-
tion calls on the second line. presses the
button connected to the master sending
position where the message is received
on a printer-perforator. Associated with
this position is a special master switching
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panel (Figure 10). As soon as the intelli-
gence in the tape engages the pins of the
tape transmitter the message waiting
lamp is lighted. If switching is not started
in twenty seconds the message waiting
light flashes. indicating operator laxity. The
master send operator, reading the many
destinations of the message, sets up the
pattern by pressing the buttons involved.
At each selection of a button the lamp
above the button glows, steadily if the
circuit is idle and flashing if the circuit
is busy. If a circuit is closed out (not in

of all other circuits has been made, a
buzzer sounds to call attention to the of-
fending circuit so that supervisory action
can be taken.

A master sending monitor teleprinter is
provided and is arranged to record:

(a) Calls of stations to which the mul-
tiple address message is sent.

(b) Circuit message numbers under
which the master message was
transmitted.

(c) The complete message.

RGN s

-309000- 900 ¢

85P0 :
wiian § STAND BY OPERATE =

Ol

Figure 10. Master switching panel

operation) a buzzer will sound when the
associated button is pressed and the lamp
will not glow. in which case a ‘“storage
position” button is pressed and the mes-
sage stored for resending to the closed
station later.

After the pattern is set up and checked,
a start button situated at the right of the
panel is pressed, initiating actual collec-
tion of and sending to the circuits in-
volved. As a circuit is seized the next
message channel number is sent and the
circuit held, until all circuits in the pattern
have been seized and channel numbers
sent, after which the body of the message
is transmitted to all stations involved. In
the event one circuit is busy for more than
twenty seconds after complete selection

PUSH-BUTTON SWITCHING FOR PATRONS

Figure 11 is a copy of the master
message previously shown as it appears

ZAT 061

ZBN 223

2L 185

ZN 668

ZSL 103

2CS 337

MX CGO B 185 16

NYK BSN ATL LOS STL CGS

STORE UaNAGLRS

ADVIEL STOCK OF AUTO TIRLS 6.50X16 ALL GRADES. TUBES
ALL GRADLS AND SIZLS. SPARK PLUGS STAwDAKD BhANDS,
fUPT STOKES CGO..

Figure 11. Multiple address message
after transmission
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on the master sending monitor teleprinter
after transmission. Thus a complete check
of correct routing can be made by the
supervisor.

At the end of the operating aisle is a
cabinet quite dissimilar from those just
examined. This cabinet, Figure 12, is a
supervisory unit and is equipped with a

Figure 12. Supervisory unit

keyboard perforator for sending super-
visory notes. Directly above the keyboard
perforator are a number of switches and
lights. These switches are associated with
the circuits operating into and out of the
center, each switch and light representing
one station. With the switches turned to
the normal position, and the circuits oper-
ating normally, no lamps will be lighted.
Suppose that some of the offices connected
to the center are closed while others re-
main open. In this case, the supervisor
or operator must be sure that no messages
will be sent to these offices after closing
time. This is done by turning the panel
switch, associated with the office to be
closed, to the right. This causes the asso-
ciated lamp to glow and also prevents the
possibility of connection to that particular
circuit from any of the switching panels.
Should an operator, under these condi-
tions, have a message for a closed out
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office, she presses a button marked *“Spill-
over” which will connect the transmitter
to a printer-perforator in the switching
center. The message will be received on
this printer-perforator and stored in a
tape tank until the time of opening of the
office involved. In the event that the
operator attempts to switch to a closed
office, no connection will be made to the
circuit. Upon pressure of the button as-
sociated with this office, the standby lamp
instead of glowing steadily will flash, indi-
cating abnormal condition.

Messages submitted to the center for
transmission over the system are prepared
for switching from a standard teleprinter
keyboard. This teleprinter is connected
to a receiving printer-perforator in the
center, the tape from which is switched
in exactly the same manner as the tape
from any other receiving printer-perfora-
tor in the system.

Figure 13. Rear of cabinet
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Messages addressed for delivery from
the switching center are switched to a
local receiving teleprinter in the center,
which types the message in exactly the
same manner as at any distant station
connected to the system.

Messages received for “off line” deliv-
ery are switched to the Western Union
Telegraph Office in the same manner as
any other switch.

The circuit arrangements are such that
if a circuit goes open or grounded during

the transmission of a message, the tape
transmitter will immediately stop and the
operate lamp will flash intermittently,
thereby indicating the need for investiga-
tion of an abnormal line condition.

Plan 51 apparatus is designed on a clip-
connection basis so that all apparatus in-
cluding switching panels. printer-perfora-
tors, tape transmitters, relay banks, etc.,
can be readily removed and substitutions
made.

Ease of addition or removal of oper-

Figure 14. Central control cabinet

PUSH-BUTTON SWITCHING FOR PATRONS

147



ating positions is also an important factor,
and to this end the design is carried to
the point where, by means of corded plugs,
cabinets can be removed or added
readily. Figure 13 reveals the rear of one
of these cabinets with the cords and plugs
in place. It also shows rotary switches
and relay banks which are employed in
connecting the assoeiated distributor-

Complete testing equipment is provided
with each Plan 51 Center and is shown
in Figure 15. Facilities for testing relay
banks, printer-perforators, distributor-
transmitters and numbering machines as
well as teleprinters are available. Fig-
ure 15 also shows the rectifier equipment
provided for furnishing the direct current
for the unit.

Figure 15. Testing equipment provided with each center, and
rectifier unit

transmitters to the selected circuits, and
in the control of such functions as stop-
ping the distributor-transmitter at the
end of a message and automatic tape
feeding of the printer-perforator.

A central control cabinet which is the
heart of the installation is shown in
Figure 14. Here on the two top shelves
are several automatic message numbering
machines, one for each station served by
the message switching center. Below are
distributors. and to the right an allotter
switch. These instruments play a part in
the pick-up and seizure of the circuits
through the push-button panels, as well
as the transmission of consecutive num-
bers and the operation of the diary tele-
printer.
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Avutomatic Numbering Machine

In discussing the operation of the
switching centers, reference has been
made to an automatic numbering ma-
chine which is primarily employed in
sending automatic consecutive channel
numbers upon seizure of a transmitting
circuit. Inasmuch as this unit is rather
novel in its operation and construction,
it may be of interest to discuss it briefly.
Figure 16 is a photograph of a three-digit
automatic numbering machine. This ma-
chine employs four rotating drums on
which contact operating studs are placed.
The primary or transmitting drum has ten
positions and is so arranged that the signal
combinations from this element may be
varied by rearrangement of the studs.
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The other three drums all have combina-
tions of studs representing the numbers
zero to nine. A normal set-up of the studs
on the transmitting drum might be letters,

letters, letters, Z, B. figures. digit, digit,
digit, letters. The Z representing the
switching center call letter and the B rep-
resenting the station to which the message

is being sent, and the number (digit,
digit, digit) representing the consecutive
channel identifying number. In many
cases, the numbering machine is employed
for automatically selecting stations on way
circuits in addition to sending the message
numbers. If a way circuit is connected to a
switching center and has, let us say,
three stations on it, the line will be equip-
ped with three numbering machines, one
for each station. As the required num-
bering machine is activated, it transmits,
preceding the station letters (ZB above)
and in place of the three letter combina-
tions, the selector signal for the station
involved. With this arrangement, the
operator need not know that she is switch-
ing to a way station, as the operation of
the selecting function is entirely auto-
matic.

Other equipment used in this method
of switching is more or less standard, or
at least follows accepted design, so no
further description will be made of the
units employed.

Figure 15. Three-digit eutomatic
numbering machine

THE AUTHOR: R. F. Dirkes, who is now Director of
Operations reporting to the Vice President in Charge of
Plant and Engineering, graduated from the Stevens
Institute of Technology in 1920, and joined the stafl of the
Automatics Engineer shortly thereafter: in 1941 he became
Assistant Automatics Engineer. He developed, or directed
the development of such now standard pieces of apparatus
as the storing transmitter. high-speed ticker. printer-per-
forator, automatic numbering machine, aircraft printer and
silent transmitter. He also supervised or assisted in the
installation of reperforator switching systems in both
Western Union and patrons’ offices. During the war his
activities included work on the speeding up of Army
Communication circuits, and the application of multiplex
to Navy radio circuits, and on the design of an automatic
film selector for the Signal Corps. Mr. Dirkes was Patron
System Engineer from 1945 10 May 1948, and it was under
his direct supervision that the modern patron's push-
button switching systerm attained its present efficiency.
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The Automatic Time and Date Transmitter

W.S. W.EDGAR, Jr.

Many of the telegrams handled by
Western Union are delivered to the ad-
dressee over tie-lines which extend from
the local central office to the offices of
the larger users of telegraph service. The
usual tie-line connects at the patron’s
office to a teleprinter, and in the manual
central office to a concentrator. It has long
been the practice for the operator, after
she has sent a message to a tie-line, to
terminate it with the time and date. The
patron thus has a record, on his received
copy. of the time of receipt of his mes-
sage. In the manual offices this is easily
done, for the operator, following trans-
mission of the signature, has only to look
at a clock and send the few characters
that indicate the time and date.

The tie-lines provided from automatic
reperforator switching system offices are
the same as those from manual offices.
However. their operation is not the same
as at the manual offices. and in normal
handling the operator does not type any
part of the message she is sending to the
tie-line. At each tie-line switching posi-
tion, the messages are received on printer-
perforators in the form of a tape. The tape
has the message both typed on it so it
may be read. and punched in it. in the
teleprinter code., so it may be re-trans-
mitted. When the two-period end-of-
message signal is received at the end of
each message. the operator detaches the
tape from the printer-perforator. After
reading the name of the addressee and
editing the message, she inserts the tape
into one of several distributor-transmit-
ters available to her. The distributor-
transmitters have associated cord circuits
terminating in plugs, which may be in-
serted into any of the jacks in a turret,
each jack connecting to a different tie-
line. The overator sets uo a plug and
jack connection between the distributor-
transmitter and the proper tie-line. and
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transmission of the message then proceeds
automatically. The end-of-message signal
stops the distributor-transmitter, and she
need not give it or the cord circuit further
attention, except to pull down the con-
nection after noting that receipt of the
message has been acknowledged on a
monitor printer associated with the cord
circuit.

This routine does not lend itself to the
manual transmission of time and date,
which would require the operator to
watch each transmitter until the end-
of-message signal is sent, and then to
send time and date promptly, from her
keyboard, before the receiving operator
removes the message from the tie-line
printer. To do this would greatly reduce
the number of messages per hour that
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Figure 1. General arrangement of time

and date transmitter
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could be handled from the tie-line switch-
ing position.

In order that the time and date may
be readily transmitted with each message,
a time and date transmitter has been de-
veloped, which performs this function
automatically in conjunction with the cir-
cuits of the tie-line table. The device is
arranged so that it will transmit a time
group in the teleprinter code, consisting of
twenty-four characters and functions
such as ( 1235 PM OCT 15 48 ) to any
cord circuit or other facility calling for
it, and will then signal back that it has
done so.

Figure 1 is a representation of the gen-
eral arrangement of the time and date
transmitter. The circuits which set up the
time and date and generate the teleprinter
signals are indicated in Figure 2.

The reception of each minute pulse
causes the minutes units switch to ad-
vance one step. Having reached the posi-
tion that sets up the digit 9, this switch
provides a stepping connection to the
minutes tens switch. The next time pulse
then advances both the minutes units
switch and the minutes tens switch. The
stored record of time is thus changed
from 9, 19, 29, etc., minutes past the hour
to 10, 20, 30, etc., minutes, respectively,
past the hour. Successive minute pulses
continue to advance these two switches
in a similar manner until the minute time
59 has been set up. The two switches to-
gether then provide a stepping connec-
tion so that the next minute pulse will ad-
vance both of these switches and the hour
switch. Thus the time is changed from
59 minutes past the hour the next hour
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Figure 2. Circuit for setting up time and date

To place the transmitter in operation
initially, a manual switch, five rotary
switches, and several relays are positioned
to set up the correct time and date. There-
after, the proper rotary switches and re-
lays are caused to move once each minute
by a pulse obtained from the Western
Union time service. Thus, automatically,
the minute and hour time, and the day
date, are advanced regularly, so that the
current time and date are always set up.

TIME AND DATE TRANSMITTER

designation, as for example, from 12:59
AM to 1: 00 AM. The hour switch and two
relays provide the complete hour and me-
ridian storage. Twenty-four stud groups
of the switch itself provide a record of
the hours units time. One level of the
switch either operates or releases relays
that control the hours tens time and the
meridian indication A or P. The control
of the days units date and days tens date
switches is handled in the same manner as
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that just described for the other three
switches.

At midnight on the last day of each
month, an alarm is sounded warning that
the month and day date must be reset
manually, which is done by moving a
twelve-position switch to change the
month date, and by operating a day-date
reset switch. The day date then changes
to 1, from any of those dates possible at
the end of the month. At the end of the
year, the year date is advanced by chang-
ing fabricated straps which are marked
to indicate the digits they represent.

TO START
FROM TIME TRANSMITTING
DISTRIBUTOR SWITCH
'
|

parenthesis signs, the figure shifts, letter
shifts, word spaces, and the equal sign to
appear in each time group as it is trans-
mitted. The transmitting switch is caused
to step only when a cord circuit or other
facility calls for the transmission of a time
group. Circuits are provided so that a
minute time pulse occurring while this
switch is in motion will be held until
the transmitting switch returns to its
home position. Thus the time indication
will not be shifted during the transmis-
sion of a time group.

Figure 3 indicates the circuits that
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Figure 3. Circuit for sending time and date

A rotary switch is used to transmit the
twenty-four characters of the time group
referred to above. This rotary switch is
stepped over its twenty-five studs by a
distributor whenever a time group is
sent. The distributor carries the neces-
sary segments to generate teleprinter
signals; the particular character to be
sent is determined by the position of the
transmitting rotary switch and its connec-
tions to the various rotary switches and
relays on which the time and date are
stored. Connections are made from each
of the sources of year, month, day, hour
and minute time storage to the transmit-
ting switch. In addition, certain stud
groups of the transmitting switch are
strapped to cause such functions as the
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cause the transmitting switch to step and
send a time group when the relays that
are associated with each cord circuit oper-
ate. Each cord circuit or other facility
that may call for a time group has a set
of three call and connect relays. and a
vacuum tube, at the time and date irans-
mitter. These sets of three relays and a
vacuum tube are connected by four mul-
tiples to several control relays. One of
these multiples, when ground appears on
it, shows that the transmitting switch is
on its home position and that no time
group is being sent. The second, when
ground is applied to it, will start the trans-
mission of a time group. The appearance
of ground on the third indicates that the
time group has been transmitted. The
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fourth multiple carries the teleprinter sig-
nals which compose the time group.
Relay A is operated when an associated
circuit calls for a time group to be trans-
mitted to it. If the time group transmitting
switch is standing at home there will be
ground on the “On Home” multiple.
Relay B will then be operated and the
vacuum tube will be inserted into the sig-
naling loop. The operation of Relay B ap-
plies ground to the “Start Time” multiple
and the control relays will operate to
cause the transmitting switch to step. The
distributor then generates teleprinter sig-
nals, each character being determined by
the position of the transmitting switch.
These signals are applied to the grid of the
vacuum tube. thus sending the time group
to the cord circuit loop. At the conclusion
of the time group, Relay C is operated
by the “Time Sent” multiple, causing
Relay B to release and remove the
vacuum tube from the cord circuit loop.
The operation of Relay C also supplies
ground to the relays associated with the
cord circuit as an indication that the time
group has been transmitted and pre-
vents further time group transmissions
to this particular cord circuit until
Relay A has been released and re-
operated.

When a time group is called for, by one
cord circuit. while transmission of a time
group to another cord circuit is in pro-
gress, the control relays cause the second
call to be held until the first time group
transmission is complete. A second trans-
mission will then be made to the waiting
circuit. Time groups may be transmitted
to any number of circuits at one time.
Two calling conditions may bring this
about. Several circuits may call for time
simultaneously. following which they will
all receive the time groups together: or
several may call for time while a time
group transmission is in progress, which
will result in their being held for a second
transmission. Approximately four seconds
are required to transmit the time group.
The maximum delay that may occur be-
fore the start of transmission of a time
group to any circuit calling for time is
then four seconds. The average delay will
be less than two seconds by an amount

TIME AND DATE TRANSMITTER

Figure 4. Time and date transmitter
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depending upon the frequency and dis-
tribution of the calls.

The use of vacuum tube transmission
and the arrangement of the circuits make
possible the addition of sufficient sets of
vacuum tubes and call and connect relays
to enable a single time and date trans-
mitter to serve an entire office.

When maintenance work is to be done
on the time and date transmitter. or if
trouble has occurred, the cord circuits
would be tied up by calls for time groups
that could not be answered. A disconnect
switch is therefore provided which, when
operated, causes ground to be applied to
the “release call” lead to the cord circuit
position as soon as ground appears on the
calling lead. The cord circuits thus con-
tinue in operation without time groups
being transmitted.

A test position is provided at the rack
so that the time and date transmission
may be checked by plugging a teleprinter
to a test jack and pressing a button that
causes a time group to be sent.

Figure 4 shows the time and date trans-
mitter. The relay bank on the upper panel
contains the controlling relays. The ad-
jacent rotary switch bank is used to trans-
mit the time group in conjunction with
the distributor located at the left side of
the shelf. Below these banks are the five
switches which set up the hour, minute,

meridian and day date. The switch which
sets up the month date, and the day-date
reset and disconnect switches are located
to the right of the distributor. Nine sets
of call and connect relays. and the sockets
for the vacuum tubes associated with
them are mounted in a removable panel
in the lower part of the rack. Two more
of these panels may be mounted in the
front compartment and three in a similar
compartment at the back of the rack. The
rack has, therefore. sufficient capacity to
handle 54 cord circuits. When more facili-
ties are required, auxiliary racks, that
mount only panels of call and connect
relays, are provided.

The above description centers on the
use of the time and date transmitter for
tie-line customers. However. the mechani-
zation program has made important use
of the apparatus for transmission of time
and date information to many branch and
tributary offices. In addition. a number
of time and date transmitters will be in-
corporated in one of the important pa-
tron's systems that is now being installed.
Further expansion in the use of the sys-
tem will result from arrangements now
being made whereby certain tributary
offices will receive time and date from the
nearest central office, so that the tribu-
tary office may in turn supply the infor-
mation to branches with which it works.

THE AUTHOR: W. S. W. Edgar, Jr.. of the Automatics
Research Division. joined Western Union in 1929 shortly
after his graduation from Rensselaer Polytechnic Insti-
tute, from which Institute he also received the degree of
M.E.E. in 1934, His first assignment with Western Union
was in the development of ocean cable terminal equip-
ment; since 1936 he has done development work on
varioplex, multiplex, and other automatic printing tele-
graph equipment. During the war, Mr. Edgar directed the
installation, and assisted in the initial operation of various
telegraph systems in Alaska, England and Hawaii. He is
an associate member of the AIEE and an associate of
Sigma XI.
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Western Union pulse modulation equipment is compact

Pulse Modulation: “The Dotted Line System”

F. B. BRAMHALL

The Multiplex Concept

To the telegraph engineer of the old
school, the term “Multiplex” conveys a
concept of that automatic printing tele-
graph system wherein letter elements of
two or more printer channels are sent
over a common transmission circuit in
timed sequence. This thought can be ex-
pressed in another way by saying that
one pair of operators (sending and re-
ceiving) use an assigned telegraph cir-
cuit to send one letter, then the machinery
turns the circuit over to another pair of
operators who send one letter of their
message, and so on. Two, three, four, or
more printer transmissions may share that
same circuit. That is not exactly the kind
of time division multiplexing I want to
discuss here although the analogies will
become quite obvious. Rather, I want to
draw for you a mental picture of a multi-
plex system of broader concept, a system
capable of sending, not a multiplicity of
coded telegraph signals, but a multiplicity
of complex, heterogeneous communication
currents over a single transmission cir-
cuit. Such complex currents may. as we

PULSE MODULATION

all know, be conveying speech, voice-fre-
quency telegraph transmissions, printed
facsimile copy, pictures. or what not. So
many new techniques for multiplying the
message capacity of modern-day, wide-
band radio channels are being developed.
discussed and invented of late that those
of us not intimately associated with such
work may be at a loss even for simple
working definitions of some of the terms
now heard.

Take “pulse modulation”. for example,
—the system of transmission which dur-
ing the war grew out of the pulsing tech-
niques of radar and television. In an ele-
mentary way at least, I shall show that
a fundamental concept of pulse modula-
tion can be made childishly simple by
comparing it to the multiplex. The more
complicated terms such as pulse time
modulation, pulse amplitude modulation,
pulse code modulation. and all the like
can at least be comprehended in the light
of the multiplex concept. Because of the
possibility that many of us will have to
know a lot more about this subject some
day, it becomes desirable fo base our
original ideas on a simple mer:tal picture.
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First, let us redefine “Multiplex” as “a
method of, or a device for, transmitting
multiple communication channels over a
single transmission medium”. Perhaps
that will do. It's in pretty general terms.
As a matter of fact, all at once we have
brought all manner of carrier systems
under the heading of ‘“Multiplex”. Now
we’ll need to differentiate between those
multiplex systems which make multiple
communications possible by virtue of
frequency discrimination, and those which
employ time displacement for the separa-
tion of channels. So we’ll call the carrier
systems “Frequency Division Multiplex”.
This is now fairly well-accepted termi-
nology. The 3-kc bands derived by fre-
quency division multiplex systems (car-
rier), we all know, are capable of handling
complex waves. On them we indiscrimi-
nately operate all the commonly-known
kinds of communication circuits includ-
ing facsimile and groups of voice-fre-
quency telegraph channels. We want to
evolve a “Time Division Multiplex” capa-
ble of handling the same kind of a com-
plex wave. The complexity of the com-
plex wave we’re going to worry about is
limited only by the requirements, fairly
common in communication transmission,
that it contain no frequencies in excess
of about 3300 cycles, and none below 200
or 300 cycles. This wave could be defined
differently by saying that at any particu-
lar instant it has no idea of where it's
going except that it can’t go through one
up and down gyration in a shorter time
than about 1/3300 of a second, and that
it can’t stay on one side of the zero line
for longer than about 1/500 of a second.
Generally speaking, it’s pretty difficult to
tell by looking at a complex wave that is
carrying some kind of intelligence.
whether that intelligence is in the form
of speech or a mess of voice-frequency
carrier channels which are carrying tele-
printer coded pulses either by AM or FM.
Let’s draw a couple of typical complex
waves. This one is an actual action pho-

Y

tograph of 16 teleprinter messages going
by on FM carriers, spaced 150 cycles
apart to fill a 3-kc¢ voice band. It repre-
sents the part that went by in 1/100 of
a second.

LU NIV
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This one represents the voice of a not-
so-famous baritone saying the vowel
“ahh” as in “bother”. This is also a high-
speed snapshot of the part that went by
in 1/100 of a second. Any small increment
of the composite carrier telegraph wave
can be enlarged with a microscope so that
we can see more detail. When it’s en-
larged, by four to one, the spot marked

“X" looks like this:

/7N
/ N

The Dashed Line System

Now, might we not admit that we don’t
need to draw that wave as a solid line to
convey an entirely adequate idea of its
shape? Sure! And, by the same token, it
may be needlessly wasteful to send it all
over a communication circuit in order to
convey all its useful information to the
receiving terminal. It will tell us just
as good a story if only half of it is drawn
or transmitted, and we let anybody’s
imagination fill in the gaps.

- -

All right, but why? Well, just this. In
the time when we are not sending this
wave, we could be sending another which
represents another piece of information,
or maybe another group of telegraph
channels. But let’s say the second wave
we're going to send is the “Y’ part of
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the first complex wave we drew in the
first place. and we’ll enlarge that part by
four to one.

N~

Again. we would be just as happy to
have only half of this wave.

So, what do we do? We send them both
over the same circuit by a process which
is so simple it’s beautiful. We just switch
back and forth from the X wave to the
Y wave, one-half the time sending a small
sample of the former, and the other half
sending a small sample of the latter.

The instrumentality for accomplishing
this thing isn’t too complicated. At the
sending end, we need only a high-speed
switching device: and vacuum tubes or
varistors are known to be excellent high-
speed switching devices. At the receiving
end, we need such switches too, and suit-
able means for insuring that the sending-
end switches and the receiving-end
switches operate simultaneously. Simul-
taneously isn’t quite the rigorous way of
saying it. because we know that whatever
the transmission medium, a certain propa-
gation time is involved. Perhaps we had
better say that the switch operation at
the receiving end should lag the opera-
tion at the sending end by a time interval
which is the time required for the signal
to go from one end of the circuit to the
other.

Let’s consider a moment what we've
got on one of the two bands so derived.
How’s the ear going to like this dashed-
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line business, and how many dashes must
we give it per unit of speech current?
Perhaps the more pertinent question to
the telegraph engineer is, How are the
VF telegraph channels going to operate
from the dashed wave? Both questions
can be satisfied with the same answer,
since in general whatever pleases the ear
will keep a group of telegraph channels
happy, too. One thing can be certain: the
ear will hear very prominently a fre-
quency determined by the rate of the
“dashing”. Something can be done about
that easily, if the “dashing” rate is made
just a little higher than the highest fre-
quency which we think it necessary for
the ear to hear.

Let’s assume some numbers, and con-
sider this “dashing” rate business a mo-
ment. The particular part of the complex
wave on Channel No. 1 at the instant at
which we chose to magnify it may have
frequencies ranging from 500 to 1000
cycles. Our dashing, or switching, or
sampling, or what do you want to call it,
rate seems to be plenty fast enough to let
the 500 or even the 1000-cycle signal fre-
quency wave be pretty accurately de-
picted. The rate has, with some knowledge
of previous experience, we’ll admit, been
chosen to give 8000 samples per second.
That means we have eight measurements
of the amplitude at each of eight equally-
spaced time intervals to let the ear or the
telegraph equipment reconstruct every
cycle of the 1000-cycle wave.

Now with the 8000-cycle sampling rate
tentatively determined. let us look at a
piece of the complex intelligence wave
we're trying to transmit, where its mo-
mentary frequency really hits the ceiling.
Remember that the ceiling has been set
at the maximum frequency required for
reasonably good speech reproduction,
which is also the maximum required for
a convenient-sized block of VF telegraph
channels, 3300 cycles. We'll enlarge the
“Z” part of the No. 2 complex wave by
six to one, and we’ll chop this wave at
the chosen sampling rate and imagine
that we’re transmitting only half of it as
before. I guess we’ll have to admit that
the information contained in the chopped
one now looks a little bit meagre. Just
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the same, we may be able to make some-
thing out of it. Let’s do what comes
naturally, and put a low-pass filter at the

/\
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y WA
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receiving end for the express and sole
purpose of removing the 8000-cycle
whistle note. Such a note is most cer-
tainly going to be prominent because of
the sampling switcher. From the filter,
we're going to get a by-product effect
which is extremely fortunate and desir-
able. The wave which comes out of such
a filter just cannot wander very far away
from its original unchopped form. If
there’s one thing that a filter does well,
it is to keep a wave from jumping errati-
cally about and, particularly, to prevent it
from jumping up and down at a rate
which exceeds its upper rejection fre-
quency. We, therefore, choose a low-pass
filter which has a cut-off just above the
highest frequency we really need to de-
liver to the “customer”. Now the deliv-
ered wave just can’t do any shenanigans

like the “A”, “B”, or “C” suppositions.
Any such crazy gyrations obviously could
only represent frequencies above 3300
cycles, because they involve changes in
direction faster than the 3300-cycle rate.
So what does the filter output wave do?
It just leisurely follows the path of least
resistance, and fills itself in and smooths
itself out to look just as we want it to.
All these beautiful ideals are realized
with one exception! Being not all there,
but only half there, it comes out smaller
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than it went in at the other end. That’s
still all right! A little amplification will
make up for the deficiency in amplitude.

Let’s see where the word ‘“sample”
crept into this conversation. Well, what
we’ve done in reality with this dashed-line
system is to send a “sample” of both of
the original intelligence waves, alternat-
ing the samples between the two waves
we're sending. This concept gave us the
liberty to call the “chopping” rate the
“sampling” rate. Some authors, you will
find, like that term. Some others talk
about the “pulsing” rate. These latter
people like to think they are transmitting
pulses, the amplitude of which corre-
sponds to the amplitude of the complex
intelligence wave. From such thinking
comes the frequently-used and common
term “pulse modulation”. Between you
and me and the lamp post, they're all
talking about the same thing, but they
all started with slightly different basic
concepts.

Why stop at two channels? If we have a
4-position switch instead of a 2-position
switch, in fancy at least. we send four
separate quantities of intelligence, four
separate waves. So far, we can probably
still draw a reasonable-looking picture of
what goes on. Our separate intelligence
currents may be as shown by the finely
dashed lines. When the switching is done,
we get the solid-but-jumpy line picture.

We deliver to each subscriber (voice band
jack), dashed indications of what the cur-
rents ought to be, which are probably
just as satisfying to him. There are just
as many samples per cycle of intelligence,
but the samples are shorter. The low-pass
filter, which still cuts off just above the
highest intelligence frequency, restores
the wave to its original transmitted form.
The fact that the pulses are shorter sim-
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ply means a little more amplification is
required at each channel receiver.

The Dotted Line System

It’s going to get complicated to draw all
the pictures, but if we make a lot of chan-
nels, it will be obvious that we're going
to get, at any one receiving channel termi-
nal, a dashed line wherein the dashes are
really awfully short. Relative to the space
between, they are only short dots. Still
if they are correctly spaced, and indicate
the current amplitude, they’ll tell the
story about each intelligence wave just
as effectively. There are still just as many
samples or pulses per cycle of intelli-
gence, and the fidelity of reproduction
has to be just as good as it was with the
longer dashes.

Of course, there are a lot of little mat-
ters in the design of a system of this kind
that require some very careful thought
and engineering. Among these are the
details attendant to making the switch-
ing devices, the distributors, at the send-
ing and receiving ends run in very exact
synchronism. Then if the switching de-
vice isn’t quite perfect, we're in trouble.
Precautions must be taken to insure that
any bounce or chatter or travel time or
transients that the distributor may gene-
rate cannot affect either the position or
the amplitude of the dot it lays down as
a guide for the reproduction of the orig-
inal curve. The result of improper switch-
ing is cross-talk between the adjacent
bands. Besides synchronism, there is a
matter of phasing of the distributor.
Means must be provided to insure that
when the system is started up after an
interruption, the samples intended for
Channel 7, for instance, don’t come out
of Channel 11 or some other channel. All
of these problems have several possible

PULSE MODULATION

solutions, some perhaps more effective
than others. The whole business is pres-
ently the subject of intensive develop-
ment work in several laboratories, and
one of those is our own.

The requirements of the transmission
medium which will handle a time division
multiplex of high capacity are in some
respects more exacting than for frequency
division multiplex. In other respects, they
are thought to be less exacting. The band
width required per unit of intelligence
may not be too much greater than for the
carrier system of multiplexing, particu-
larly if the intelligence is carried by pulse
amplitude. The amplitude linearity of the
medium, and this is a costly quality, may
not need to be so good as for frequency
division multiplex. The phase shift char-
acteristics, however. would seem to be of
extreme importance, because in a multi-
channel system, the infinitesimally short
pulses must be laid down in a very exact
time relationship.

With the “dotted line system” concept,
a very elementary yet a very fundamental
one, well formed, it is a simple matter to
comprehend the other varieties of pulse
modulation that have been devised. The
basic method we have considered here,
we have already said is called “Pulse
Amplitude Modulation”, frequently ab-
breviated PAM. We have only to conjure
up all the possible methods by which one
can make pulses differ from one another
to form simple concepts of the rest of the
commonly-discussed pulse systems. If, in-
stead of adjusting the pulse height to actu-
ally draw a dotted line of the desired
intelligence wave, we adjust its position
while leaving its height uniform, we have
“Pulse Position Modulation”, PPM. In this
system, it is necessary to insert a trans-
lator which converts amplitude into
position.

Here we did a real high-power enlarg-
ing job in order to be able to see what
goes on. If the average amplitude of the
intelligence wave during the sampling in-
terval is A, then the translator sends a
pulse in position 4. If the amplitude is
A’, it sends the pulse in position 7, and so
on. Quite obviously, it must make the
pulses much shorter than would other-
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wise be necessary, so that the position of
the pulse designated to convey the ampli-
tude of the signaling wave may be shifted
between two extreme limits without en-
croaching on the space assigned to the
next channel on either side. With a sys-
tem of this kind, all pulses can be made
of equal height since it is position alone
that conveys intelligence. It follows then
that steps can be taken at the receiving
equipment to insure that they always do
come up to a certain standard of height,
and so to guarantee that none will be lost
or be too small to work the de-translator.

Again, if we choose, we can put in
another kind of a translator which can
convert the amplitude measurement of the
intelligence wave into a series of pulses
arranged in accordance with any chosen
permutation code. In such a system. for

SAMPLING INTERVALS

- !._4 - [PEN—
[= 37 S P SR - {

2A s o
S5 1y

§ A - }

< .| AMPLITUDE INFORMATION

GIVEN TO TRANSLATOR

ol 3 I |
3

AMPLITUDE A
INDICATED BY MUX “D"

AMPLITUDE A’
INDICATED BY MUX "G"

*ﬂ —vﬂﬂ ? hs m

‘__TIME ALLOTTED
TO CODE UNIT

NECESSARY TRANSLATOR
DELAY (MORE OR LESS)

. f_

160

instance, the teleprinter code letter “D"
might indicate one amplitude; the letter
“G" another, and so on. Here again, the
pulses must be very short so that liter-
ally room for five or more marks and
spaces will be available for each channel
of the system. It may seem a paradoxical
and strange concept that we should ever
get around to the point of actually con-
verting speech into a permutation code,
like that used to select letters of a tele-
printer in order to multiplex it with a lot
of others of its kind. This particular vari-
ety of pulse modulation is known as
“Pulse Code Modulation”, PCM.

The ingenious electronics engineer can
think of a lot of ways to make vacuum
tubes perform the switching, clipping,
gating, translating, and other functions re-
quired to make some of these compli-
cated systems work. It is too early to say
definitely how the cost of equipment re-
quired for time division multiplexing
compares with that required for fre-
quency division. For some reason, it looks
as if the time division system apparatus
ought to be cheaper and more compact.
When it has been finally developed to
that high state of perfection already at-
tained for frequency division, it may well
be that the costs won’t be too far apart.
One simple difference at once apparent
is the fact that low-pass filters can be
made to replace band-pass filters. Fur-
ther, possibly few if any filters will have
to be built for high-frequency discrimina-
tion. Maybe only voice-frequency filters
are required. This factor alone should
accord some advantage to time division
multiplexing. So far as the pulse fre-
quency sources and the switching devices
are concerned, actually these are not too
different from the carrier sources and
modulators used in frequency division. It
is easy to imagine that some of the tech-
niques employed in any pulse modula-
tion resemble those of carrier; some are
copied from radar and some from tele-
vision.
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THE AUTHOR: F. B. Bramhall, Transmission Research
Engineer, graduated from the Pennsylvania State College
in 1919, having specialized in communications. Following
a short tour as radio operator on shipboard, he joined the
Western Union engineering organization in 1920, and tele-
graph transmission problems engaged his attention from
the beginning. He has been closely and responsibly associ-
ated with the development of Western Union carrier cur-
rent systems, from which it followed naturally that the
development of “pulse” channelizing techniques should
come under his guidance. Because of his opportunity to
witness many inspiring advances, Mr. Bramhall has written
a number of educational articles, all characterized by an
unrestrained style which greatly contributes to an under-
standing of some of the more obscure principles en-
countered in transmission work. He is active in the profes-
sional societies of his field, IRE and AIEE, holding the
rank of Fellow in the latter. He is Secretary of the
National Communication Committee of the AIEE, and
Junior Past Chairman of Communication in the New
York Section.
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“Teledeltos” Pen and Ink

The development of “Teledeltos” Recording Paper, its properties and some of its many
uses will be described in the January REVIEW, in an article by Grove Hotchkiss. The above
show comparative instrument recordings on “Teledeltos” and on the standard medium.
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The Concentrated-Arc Boresighter for
Fighter Planes

L. G.POLLARD

One of the wartime developments of the
Western Union Laboratories was a bore-
sighter utilizing the concentrated-arc
lamp. This application of the new light
source is only one of the many ways in
which it was used during the war, and
demonstrates further the numerous by-
product possibilities of developments orig-
inally intended only for the telegraph
service.

A boresighter is an instrument for ac-
curately aiming or harmonizing the ma-
chine guns on a fighter plane. Fighter
aircraft, such as the P-47’s which were
used so successfully against the enemy,
are equipped with a maximum of eight
.50-calibre machine guns, four mounted in
the forward edge of each wing. These are
called fixed guns, as they are locked in a
rigid position in the wings and are all
aimed at the same point of convergence,
usually about 300 yards ahead of the
plane. In shooting down an enemy plane
or destroying a ground installation, the
pilot must aim his fighter directly at the
target and be at a definite distance from
it when he fires. This aiming of the plane
is accomplished by the use of a cockpit
sight through which the pilot continuously
watches the target as he maneuvers into
position.

The fighter pilot’s job is extremely dif-
ficult. To track down and destroy an
enemy plane. which in all probability is
out on a similar mission, requires a great
deal of skill. During combat the pilot is
flying at 300 miles an hour or more, and
in the fraction of a second when the
enemy crosses his sight and he fires, he
must have full confidence that his guns
have done their work. His life is at stake,
so he is vitally concerned about his plane
and about the care and correct adjustment
of his guns.
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After every mission the guns are re-
moved from the plane, taken apart and
cleaned, then reassembled and installed
in exact adjustment. They are accurately
set while the plane is on the ground in a
stationary position. Tail and wing jacks
are used to level the plane in the “atti-
tude” it would assume while traveling at
a predetermined speed. A suitable target
is set up on the runway 1000 inches in
front of the plane and correct points are
marked on the target, at which the cock-
pit sight and each of the eight guns must
be aimed to produce convergence of the
bullets at a point, for example, 300 yards
in front of the plane. Each gun is then
adjusted in its wing mount so that it will
be aimed accurately at the designated
point on the target. This process of aim-
ing the gun is termed ‘“boresighting”.

The usual method of boresighting is by
the use of an optical device similar to a
telescope. The instrument is inserted in
the muzzle of the gun and the operator
sights on the target by looking through
an eyepiece equipped with a prism. In
this method there is a certain amount of
human error, due to parallax, and two
operators will not always agree on the
proper adjustment.

Aircorps technicians, trying to improve

=

i’"

Figure 1. Complete boresighter
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the boresighting technique, were experi-
menting with a light-ray method when
they heard about the Western Union con-
centrated-arc lamp, which was developed
for use in telegraph communications. At
that time, they were using a small tung-
sten filament type of lamp masked down
with a diaphragm to produce as near a
point source of light as possible. The loss
of light due to masking was so great that
the projected spot was too weak to be
usable. The two-watt concentrated-arc
lamp proved to be the answer to this prob-
lem. With a source diameter of only 0.003
of an inch, a simple lens system could be
used to project a beam over a distance of
1000 inches with a resultant image diame-
ter of about one-half inch, which is the
same diameter as the bullet shot from the
gun.

The Western Union laboratory at Water
Mill started work on the design of a light-
ray boresighter, and in cooperation with
the Air Corps developed both a satis-
factory instrument and the technique for
its use. This included the development of
a collapsible target which could easily be
erected on the runway and then stored
away in a carrying case for transpor-
tation.

Figure 1 shows a complete light-ray
boresighter. and Figure 2 is an exploded
view of the instrument showing the con-
centrated-arc lamp and lens mechanism.
At one end is an adjustable expanding
mandrel which fits into the muzzle of a
machine gun. The expansion adjustment
is necessary due to the slight increase in
diameter of the gun bore with continued
firing. This mandrel is very accurately
machined and concentrically mounted on
the tail piece of the instrument. The bore-
sighter is made in two sections threaded

==
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Figure 2. Exploded view of boresighter
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together about three inches in front of
the mandrel. It may be separated at this
point for replacing lamps and also for at-
taching other mandrels for boresighting
guns of a larger or smaller calibre.

The main body of the instrument con-
tains the lamp mounting assembly with
necessary adjusting screws and the lens
focusing mechanism. One essential re-
quirement that must be met is the accu-
rate setting of the point source of light
on the optical axis of the instrument. This
is accomplished by a ball and socket ar-
rangement supporting the arc lamp, with
four adjusting screws accessible from out-
side of the instrument for tilting the lamp
in two planes. When a new lamp is placed
in the boresighter a test is made for this
alignment which is termed collimation,
and each time the instrument is used a
further check is made. This simple check
insures that the boresighter is always in
accurate adjustment. To check collima-
tion, the boresighter is inserted in a gun
ready for use, the arc lamp is turned on
and the projected spot of light is focused
on the surface of the target. The entire
instrument is then rotated about its axis
while the projected spot of light on the
target is observed. If the spot remains in
a stationary position, the source of light
within the instrument must be on the
optical axis, but if the projected spot de-
scribes a circle as the instrument is ro-
tated, it is evident that the source is off
the optical axis and a correction must be
made.

Figure 3 shows the target that was de-
veloped by the Laboratory, in conjunction
with the Air Corps, for boresighting P-47
fighters. A light metal frameworksupports
two target boards which are covered with
“Scotchlite”. This is a highly reflecting
material now in common use for road-
side signs which glows vividly in the dark
when the headlights of a car shine on
them. On each of these target boards are
four red reflection buttons which mark
the exact spots at which the machine guns
must be aimed for proper adjustment. The
projected spot from the boresighter as
it is reflected back to the operator is white
except when the gun is in proper adjust-
ment, and then it is red.
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Figure 3.

Figure 4 shows a P-47 set in position
ready for boresighting. and Figure 5
shows the boresighter in use. The instru-
ment is seen inserted in the muzzle of the
gun: the operator, lying prone on the
wing of the plane. watches the reflected

Target for boresighting fighter planes.

spot of light on the target as he manipu-
lates the mounting adjustments of the gun
located beneath the wing surface. He
changes these adjustments until the pro-
jected spot falls on the red reflecting but-
ton and then locks the gun in place. The

Figure 4. P-47 in position for boresighting

164

OCTOBER 1948



boresighter is then moved to the next gun
and the operation repeated. The reflection
from the target board is bright enough to
permit boresighting by this method in
bright sunlight; the method is also very
satisfactory for night boresighting.

Figure 5. Boresighter in use

Two other aiming surfaces are mounted
on the target. the one at the top of the
central support being for the cockpit
sight. When the target is set up. it is care-
fully placed exactly 1000 inches in front
of the plane. and oriented until the cor-
rect marking on the top target board is
visible to the operator looking through the
cockpit sight. Maintaining this position,
the target assembly is then carefully lev-
elled in the horizontal plane. A second
narrow target board mounted just to the
right of the central support is used for
accurately setting the movie camera
which is mounted in the forward edge
of the right wing. Fighter planes, especi-
ally for training purposes, are equipped
with movie cameras which automatically
photograph the target, beginning the in-
stant the guns start firing. It is, therefore,
essential that the camera also be ac-
curately coordinated with the setting of
the guns and the sight.

Figure 6 shows a complete boresighter
kit similar to several hundred supplied to
the Navy toward the close of the war.
The top tray contains the boresight instru-
ment, together with a spare lamp com-
partment and a second mandrel for bore-
sighting 20-mm guns. The lower part of
the case contains the power unit for oper-
ating the concentrated-arc lamp. This unit
consists of a small dynamotor with the
necessary relays and inductances to pro-
vide automatic operation. Power to oper-
ate this unit is supplied from either a port-
able storage battery or the 24-volt bat-
tery which is standard equipment in
fighter planes. A suitable connector is
provided to plug into the receptacle on
the dash panel of the plane. which is ordi-
narily used for connecting the pilot’s
heated flying suit.

Extensive tests with the new type of
boresighter showed a definite improve-

Figure 6. Boresighter kit

ment both in the time required to do the
job and in the results. Because of the
extreme accuracy of this method, pilots
consistently brought in higher scores than
they did when using the optical method
of boresighting.

THE AUTHOR: For photograph and biog-
raphy of Mr. L. G. Pollard, see the July 1948
issue of the TECHNICAL REVIEW.

CONCENTRATED-ARC BORESIGHTER
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Filters for a 150 Kilocycle Carrier System

R.C. TAYLOR
A paper presented before the Winter General Meeting of the American Institute
of Electrical Engineers in Pittsburgh, Pa., January 1948,

General

In the wire line carrier systems now
widely used in the Telegraph Company’s
plant, a voice frequency channel having
a band width of approximately 3000
cycles constitutes the basic unit. This
basic unit may be broken down into a
number of narrower channels for tele-
printer or multiplex operation, or may
be used as a whole for facsimile or
telephone transmission. Additional bands
required to utilize the available signal-
carrying capacities of the various systems
are obtained by means of modulators.
The translating carrier is suppressed and
only one of the sidebands resulting from
the modulation process is retained. The

other first order sideband and any inter-
fering higher order sidebands are rejected
by suitable filters.

In carrier systems where the total
number of voice-frequency bands that
must be so derived is small, the design of
filters required to select the single desired
sideband and reject all the other un-
wanted frequencies has not presented
difficult problems. However, in a system
capable of handling 32 bands of signaling
frequencies, each 3000 cycles wide and
extending up to 150 kilocycles, much more
difficult filter design problems are pre-
sented. One solution is the crystal filter.
Another is described here and in a current
paper.!
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In order to simplify the filter design and
at the same time to utilize efficiently the
150-kc wide band and retain the 3000-
cycle voice-frequency band as the basic
unit, a scheme of multiple, or consecutive,
modulations was adopted®. The resulting
system has been designated as Type WN.
In this arrangement only two of the side-
band selecting filters have 3000-cycle
band width, and moreover they occur at
the lowest frequency positions in the sys-
tem. At subsequent modulation points
the filters select groups of 2, 4, 8, or 16
bands. A geometric progression in filter
band widths is the result, with an approxi-
mately constant ratio between band width
and location of the band in the 150-kilo-
cycle spectrum. Details of this system are
shown in Figure 1. As the figure shows,
only six different frequency bands in
various parallel arrangements are re-
quired to yield a total of 32 voice bands.

All the filters have relatively wide pass
bands in terms of the ratio of upper cut-
off to lower cutoff. This ratio is roughly
two in all six bands. For instance, the
lowest frequency filter of the series has a
lower cutoff of 3600 cycles and an upper
cutoff of 7100 cycles, and the highest fre-
quency filter has a lower cutoff of 76,200
cycles and an upper cutoff of 152,000
cycles.

Figure 1 shows the useful signal fre-
quencies as distinguished from the cutoff
frequencies, and it may be observed that
it is never necessary to filter out fre-
quencies less than 5.5 per cent away from
the signal. Since the various 3000-cycle
bands must be suitable for facsimile or
speech transmission, a signhal-to-noise ratio
of 50 db or more is desirable and that
value is realized throughout the system.
It may be accomplished by a combination
of two filters or a combination of modu-
lator balance and filter attenuation, but
the end result is interference 50 db below
the signal.

In the design of the filters, the number
of inductive elements was kept at a mini-
mum since coils usually require more
space and are more expensive than ca-
pacitors. This principle was applied most
intensively to the lower frequency bands
since they account for the major share

FILTERS FOR RADIO TERMINALS

of cost and space in the system. It proved
to be possible to develop the required
discrimination with five coils and a some-
what greater number of capacitors in
each of the three lower frequency bands.
The higher frequency filters were per-
mitted more coils, since used in much
smaller quantity.
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Figure 2. Successive stages in design of
typical filter

Typical Filter

As an example of these filters, consider
the filter shown schematically in various
stages of development in Figure 2 and in-
dicated by the numbers 3.9-6.9 in Figure 1.
It follows a balanced modulator fed with
a 7200-cycle square wave carrier fre-
quency and a 300 to 3300-cycle signal
band. It must deliver the first order lower
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sideband of that modulation (3900 to 6900
cycles), with the upper sideband, signal
leak and higher order modulation pro-
ducts suppressed far enough to result in
a 50-db signal-to-noise ratio. Since the
balance of the modulator may be de-
pended on for 30-db suppression of the
signal leak, the filter needs to supply only
20-db attenuation at frequencies less than
the useful signal band; however, it must
supply the full 50 db unaided at the upper
sideband frequencies. Since the carrier
is a square wave, the third order products
(3¢ +s) are only about 10 db below the
useful signal level and the filter must
supply 40-db attenuation. It is evident
that if efficient use of filter elements is to
be had, a quite disymmetrical filter char-
acteristic is required and most of the
m-derivation peaks need to be on the high
frequency side. The resulting measured
attenuation curve is shown together with
the straight line curve of requirements

in Figure 3.
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The various stages of development from
the design schematic to the final bal-
anced network are shown in Figure 2.
There are a number of steps in the selec-
tion of the component filter sections, and
in the transformation from the design
schematic to the final form which may be
of interest, since many filter design
sources do not list them. In order to pro-
vide a basis for discussion the filter sec-
tions considered, together with their
m-derivations and design formulas, are
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given in Figure 10 of Appendix 1. In the
notation of Figure 10, the filter shown in
Figure 2 is made up of five half-sections
of Type 3B2, two half-sections of Type
3C1, and one half-section of Type 3B with
m-values as shown in the first schematic
of Figure 2.

Both the 3B2 and 3C1 half-sections con-
sist of three capacitors and one coil, and
provide one peak of attenuation which
meets the requirement of minimum induc-
tive elements and permits independent
assignment of peak attenuation frequen-
cies. One peak of attenuation can be real-
ized for every coil in a band-pass filter
and they may be assigned at will on either
side of the pass band. (In this filter, one
of the peaks is at infinite frequency.) The
selection of m-values and section types
was done by trial and error to fit the re-
quired attenuation characteristic with the
minimum number of coils, all the section
types of Figure 10 being considered.

The section junctions on each side of the
3C1 section may at first sight appear to be
mismatched, but according to Figure 10
the mid-shunt surge impedance of Type
3B2 and the mid-series surge impedance
of Type 3C1 differ only by the constant
factor (1 + f, f,)* and can therefore be
perfectly matched by a suitable choice of
impedance level in the 3C1 section, or by
use of the “ideal transformer” technique
as outlined in Appendix Il

In the WN System filter selected for de-
tailed description, several capacitances are
larger than is desired for economic appli-
cation of mica capacitors at a 600-ohm
impedance level. To reduce these capaci-
tances, an ideal transformer was applied
at four places (shown by the brackets in
the second schematic of Figure 2), using
the formulas of Appendix II. The result
is shown in the third schematic of Figure 2
and was sufficient to reduce the capaci-
tances to satisfactory values while leaving
the terminal characteristic impedances
unchanged.

The final form is shown in the fourth
and last schematic of Figure 2, and is ob-
tained from the third by converting a T of
capacitors into a 1l and balancing the cir-
cuit against longitudinal disturbances.
The three parallel resonant circuits in the

OCTOBER 1948



series branches of the design schematic
are not treated alike in the final schematic.
The method using three windings on a
common core as in the m — .75 section is
preferable from balance and manufactur-
ing standpoints, but introduces four times
the leakage reactance in the series branch.
This unwanted leakage inductance tends
to reduce the attenuation when series
resonant, which effect can be shifted to
about twice the frequency by the method
used on the m — .4 and m — .55 sections.
The effect can be eliminated entirely by
applying the tuning capacitor to both
halves of the series coil, but that did not
prove to be necessary in this case. An
alternative procedure would be to increase
the amount of interleaving of the wind-
ings, but that is always inconvenient for
the manufacturer.

The input and output impedances of a
filter are always important in determining
the flatness of the attenuation-frequency
characteristic in the pass band, and in five
of the six frequency bands an m-derived
characteristic impedance (m — .5) is ob-
tained at the line end by the fractional
end branch termination required for sat-
isfactory paralleling, and described in
subsequent paragraphs. The sixth filter
obtains a similar result illustrated in
curve G of Figure 4.

For the higher frequency bands, a con-
ventional six-element symmetrical m-de-
rived section (m — .55 or .63) is used at
the set end, but for the lower frequency
bands the limitation on coils caused the
use of less uniform impedances such as
those described by the equation for Z,; of
3B2 in Figure 10. In the case of the filter
of Figure 2, the set-end impedance is Z.;
of 3B2 with m — .75, which is similar to
the familiar constant K impedance with
which it is identical if m — 1.

Modifications for Paralleling

Having secured a satisfactory attenuation
characteristic for the individual filters, it
remains to make sure that the performance
is not degraded when they are paralleled in
service. Fortunately, it is possible to make
the parelleling filters improve the per-
formance of the one being measured, as
has been well described in the literature,?
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so that only a brief sketch of the method is
appropriate here. The basic principle
states that a constant (or nearly constant)
resistance in series with a reactance of
similar or smaller magnitude results in a
susceptance-frequency characteristic of
negative slope which can be used to
resonate or cancel a conventional sus-
ceptance, not at a single frequency, but
over a band of frequencies. That is, each
of a group of parallel connected filters
can be made to have a negative slope sus-
ceptance in its pass band where its surge
impedance is resistive, but will retain a
positive slope susceptance outside the pass
band. The combination of these positive
and negative slope susceptances produces
a kind of antiresonance in the pass band of
each filter, leaving the real part of the
input impedance unshunted by the paral-
leling filters. Mathematically this inverted
susceptance arises from the negative sign
on the right-hand half of the following
equation whenever R is large enough to
hold the magnitude of the denominator
substantially constant.

1 R . X 1)
R+iX (RE+ X% ! (R*+X?)

A graphical representation of the ad-
mittance of a single filter is shown in
Figure 4 for three cases; the added react-
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Figure 4. Negative slope susceptance in a
filter pass band
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ance series resonant at the lower cutoff,
mid-band and upper cutoff frequencies,
respectively.

Ths sum of the six susceptances in the
signal bands of these filters has been cal-
culated to be less than 50 per cent of the
line conductance, and similarly a de-
parture of 25 per cent is calculated for the
conductance. It is recognized that smaller
tolerances than these can be obtained by
more complex susceptance annulling net-
works, but it is believed that a good eco-
nomic compromise has been reached. The
added series-resonant series branch is in-
cluded in the schematics of Figure 2, al-
though not mentioned in the discussion
of that figure. for the sake of clarity.
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Figure 5. Measured attenuation of six WN
System filters

Measured Attenuation

The most important parts of the meas-
ured attenuation curves of the six filters
are shown in Figure 5. The combined ef-
fects of dissipation and imperfect termina-
tion are about one db at the edge of the
signal spectrum in all the filters, and any
departure from a smooth curve in the
central part of the pass band is less than
one-tenth db. The result is 32 voice bands
in a frequency spectrum of 143.4-kc band
width or 4,480 cycles per 3000-cycle band,
a spectrum efficiency of 67 per cent. Two
filters assembled on a double deck rack
panel are shown in Figure 7.

There are a few narrow band filters in
the WN System, used to select pilot tones
and oscillator harmonics. that are of
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Figure 6. Measured attenuation of 151.2-ke
filter

slightly unusual construction. They are
made of 3C sections, mid-shunt termi-
nated, and therefore must be connected to
a common source or load in series rather
than in parallel. This arrangement is
used to avoid the high-inductance series
branch coils with their troublesome low Q
and humidity coefficients, and at the same
time have a convenient inductive imped-
ance transformation to obtain the most
reasonable capacitances in the rest of the
filter. Figure 6 shows the measured at-
tenuation of such a filter centered on
151.2 ke and with a nominal band width
of 1200 cycles.

Coils and Capacitors

Of the available coils, the ones most
suited to this work use a shell-type dust
core with a heavy copper shield illustrated
by Figure 8. They provide a @ as shown
in the shaded area of Figure 9, the varia-
tion at any one frequency depending on
nearness to self-resonant frequency, wire
diameter and copper space factor. They
have adequate stability when subjected
to varying temperature and signal levels.
The temperature coefficient of inductance
is approximately plus fifty parts per mil-
lion per degree centigrade, and the total
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Figure 7. Typical assembly—two filters on double deck rack panel

change of inductance with flux density
reaches one part per thousand only at
levels well above the operating point. The
change of @ with level is much greater,
but of less importance since it is effective
only at the “corners” of the propagation
characteristic and any changes at normal
signal levels are too small to measure.

Figure 8. Parts of coil ready for assembly
and completed coil with associated
capacitors

FILTERS FOR RADIO TERMINALS
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Figure 9. Coil reactance—resistance ratios
realized in WN filters

The coils are easily manufactured with
an inductance tolerance of plus or minus
two per cent. Only a small percentage of
rejects is found and those outside induct-
ance limits are easily adjusted to the
required value by air gap spacers.

The capacitors used are the usual com-
mercial mica capacitors in sizes from
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0.00015 microfarad to 0.07 microfarad with
an average of 0.02. They are given an
aging treatment by means of temperature
cycles and selected in groups of three or
less to values accurate to plus or minus
one per cent. This requirement is placed
on capacitors not associated with a peak
of attenuation, and a corresponding re-
quirement of one-half per cent of speci-
fied frequency is placed on the frequency
of attenuation peaks. (The oscillator used
for adjustment is required to be accurate
to one-tenth per cent in order not to con-
tribute important errors to the meas-
urements.)

APPENDIX 1

Three-Element Filter Sections and
Their m-Derivations

The four well-known three-element fil-
ter sections®* are shown in Figure 10,
each grouped with its two m-derivations
and with formulas for element values,
dissipationless apparent propagation con-
stant and surge or image impedance. This
grouping of the sections is chosen to em-
phasize the m-derived relation between
sections such as 3B and 3Bl. frequently
obscure in the literature, and to place on
an equal basis the alternative m-deriva-
tion, such as 3B2, usually missing from
tables of filter design formulas. This omis-
sion probably results from the rapidly
varying surge impedance-frequency char-
acteristic which, with a few exceptions,
limits their use to the body of the com-
posite filter.

All formulas for element values are
given for half sections rather than full
sections, since it has been the author’s
experience that half sections are the build-
ing blocks used by the designer. The half-
section element equations always contain
27 in the denominator while the full-sec-
tion formulas have either = or 4x. (The
27 would disappear if angular velocity was
used instead of frequency.) The apparent
propagation constant, \/ZY, for the half
section is identical with the full section

parameter \/Z,/4Z, of Guillemin® and
Shea* . The square root is shown since the
real propagation constant, #, is approxi-
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mately equal to \V/ZY to the degree that
# approximates sinh 6.

The three element branches have been
transformed to that canonical form exhib-
iting the peak forming elements as simple
series resonant or parallel resonant ele-
ments, for convenience in testing or
trouble shooting. Some of the formulas
are more complicated when so trans-
formed, but not prohibitively so. Con-
venient tables® are available to aid in
evaluating the equations.

The element and surge impedance for-
mulas are given for a one-ohm filter since
some economy of design effort may be
realized in that way. It is understood that
all inductances are to be multiplied by
and all capacitances are to be divided by
the nominal circuit impedance at the end
of the design work. The symbols are
largely self-explanatory but for complete-
ness the following list is given.

f; — Lower cutoff frequency.
f. — Upper cutoff frequency.
f. — Frequency of peak attenuation.
Z,, — Mid-series surge impedance.
Z,,» — Mid-shunt surge impedance.
m and B — Design parameters related to f,.

It may be observed from the formulas
of Figure 10 that as m varies from one to
zero the m-derived surge impedance
varies between limits defined by the two
surge impedances of the prototype. A
more nearly constant result can be ob-
tained from such sections as 3A2 and 3B1
than from 3A1 and 3B2.

APPENDIX N

Ideal Transformers

The following method for using ideal
transformers has been found convenient
as it avoids consideration of negative ele-
ments and provides a useful tool for
changing impedance levels in an otherwise
completed filter design. It is similar to
the discussion of pages 135-6 of Refer-
ence 4.

To avoid having to reverse mentally the
direction of a schematic diagram in which
a transformation is desired, four ideal
transformers as in Figure 11 can be intro-
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duced, and then in any application only
the one needed retained. and the other
three caused to vanish by making their
turn ratios unity. If the two schematics
of Figure 11 are to be equivalent then
their impedance matrices” must be equal.
term for term,

Z,+Z. B C

Z. g
Az A TF ¢z p 2
= (2)
B " c Z,+ Z,
A% BZ b Z D

which leads to the following equations

Zy Zy
ABCD

Z,/Z,— AC/BD (3)
1 + Zl,/Z-_n =1 + Z;;"’Z.| (4)
As an example, suppose it is desired to
introduce an ideal transformer as in Fig-
ure 12. The turn ratios A. C and D will

be unity. B will equal 1 -+ 1.5/0.5 or 4, and
the second schematic is equivalent to the

Zy
3k -
tA i'B
Z3
Za
CiA Dt

Figure 11. Equivalent L networks using
ideal transformenrs

first. It should be noted that after the
transformer is introduced. the series im-
pedance is always on the high impedance
side of the circuit, or in other words the
configuration of the circuit determines
whether the ideal transformer will step
up or step down. A, B. C and D are
either unity or greater than unity.

Suf
I5pf 1~
Z, Z, B2Z,
—> - -
B
375uf 125 uf
-~

Zq 16Z

—_— —

Figure 12. Example of ideal transformer use
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The Transistor

CROIA D

The appearance in July of a new ampli-
fying element called “the transistor”, was
of extreme interest to all communication
engineers, many of whom are already en-
gaged in active experimentation with the
device. The Bell Laboratories, which orig-
inally announced this development, were
swamped with inquiries, and quickly ar-
ranged demonstrations and lectures which
have been attended by members of the
Radio Manufacturers Association and by
engineers from various branches of the
telegraph, telephone, radio and television
industries. Interest has been so keen in
this revolutionary discovery, perhaps the
most important to the art since the intro-
duction of the grid to the vacuum tube,
that technical magazines have delayed
publication to include the story.

Our Editorial Committee knows that
readers of the REviEw will welcome a
brief descriptive statement based on the
findings of engineers in our laboratories,
who recognize the wide application the
transistor may find in the design of new

Figure 1. The transistor. shown twice
actual size

THE TRANSISTOR

electronic telegraph equipment. The tran-
sistor, like most great discoveries, is a
very simple device; one may even be
crudely assembled from materials easily
obtainable. The basic element is a ger-
manium crystal mounted with two “cat
whiskers” about two-thousandths of an
inch apart; a very compact arrangement,
as shown in the accompanying photo-
graph, Figure, 1. This assembly, when

INPUT

EMTTER\) /- COLLECTOR
CRYSTAL
~—BASE
+ - + -
———i---l|

Figure 2.

OuUTPUT

Transistor amplifier circuit

connected into the circuit shown in Fig-
ure 2, will provide an amplifier witha gain
of about 20 decibels. A power handling
capacity of -+ 10 dhm, ten milliwatts,
is readily attained. Tandem stages may be
used to increase gain and push-pull ar-
rangements to increase available power
as with vacuum tubes. But the transistor
has no vacuum, hence no glass bulb to
break or leak, and no heater, hence no
delay in starting due to thermal lag.
Both input and output capacitances are
low and the device is useful up into the
high radio frequencies. It can, of course,
also be used as an oscillator over the
same range.

Although a satisfying explanation of
why the transistor works gets one in-
volved in electron physics. an explanation
of how it works is quite simple. It is well
known that in the familiar germanium
crystal rectifier, voltage applied to the cat-
whisker contact in the “forward direc-
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tion” (plus to the whisker) will cause
appreciable current to flow, while voltage
similarly applied in the “back direction”,
even though considerably greater, will
cause the flow of only a very small cur-
rent. The discovery leading to the devel-
opment of the transistor was that if two
cat whiskers are placed very close to-
gether, connected respectively to appro-
priate sources of forward and back volt-
ages, current flow into the crystal in the
forward direction will produce an ap-

the external circuits as indicated by the
transformers in Figure 2. Experimental
transistors have been made in Western
Union laboratories with a wide variety of
impedances, covering a range of about
ten to one. The first commercial product
will no doubt be standardized on one or
two nominal impedances.

It is now too early to say just where the
transistor will fit into our electronics
equipment, but there is little doubt that
it will find application. The unusual im-

proximately equal current in the back
voltage circuit. Using the terminology of
Figure 2, the “emitter” current serves to
control the “collector” current in a man-
ner somewhat analogous to the grid-plate
circuit control in a conventional triode
vacuum tube. As opposed to familiar char-
acteristics of the vacuum tube, however,
the input circuit of the transistor is of low
impedance compared to the output cir-
cuit, the ratio being 100 to 1 or more. Am-
plification takes place, therefore, when
these impedances are properly matched to

pedance characteristics alone make direct
substitution for vacuum tubes imprac-
ticable. We can be sure, however, that
soon after sufficient quantities of tran-
sistors are made available to our elez-
tronics and circuit engineers, they will
appear in new equipment designs. The ab-
sence of the heater battery requirement
and the presumed long life (single con-
tact crystal rectifiers remain stable in-
definitely), seem to indicate first applica-
tion in specialized equipment where these
advantages have unique value.

FOR “his development of a dry electrosensitive re-
cording blank which can be stored and handled like
ordinary paper . . . and which can be permanently
marked by simple means”, Raleigh J. Wise, Telefax
Research Engineer of the Western Union Telegraph
Company, has been awarded the Longstreth Medal
of the Franklin Institute. This Medal, presentation
of which takes place October 20, 1948, was estab-
lished in 1890 “for the encouragement of invention
and in recognition of meritorious work in science
and the industrial arts”, in memory of Edward Long-
streth, a prominent Philadelphia industrialist and
a member of the Board of Managers of the Institute.

When informed of the award, Mr. Wise said,
“While my work on this highly successful research
project has brought me great personal satisfaction,
others have contributed vital improvements in for-
mulation and processing that have made ‘Teledeltos’
recording paper a standard material for science and
industry today”. He named particularly Curt E.
Mobius, Physical and Chemical Research Engineer,
and Bernard L. Kline, Chemist, remarking, “research
in Western Union is seldom if ever a one-man job”.
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