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This I ssue in B rief 

Optical Character Readers for Automatic Docu
ment Handling in Banking Applications-The 
character readers discussed are limited to the 
10 digits and to 4 arbitrary symbols used in 
bookkeeping. 

In the reader described in detail, use is made of 
specially shaped characters that have their 
vertical strokes arranged in such a way as to 
aid machine identification without interfering 
with human reading. An enlarged optical image 
of the characters to be read is drawn at right 
angles across a row of 20 photodiodes. Only 
about 7 photodiodes operate on a character, the 
others providing for misalignment of characters 
and tilting of the document. The vertical strokes 
in the upper and lower halves of the characters 
are scanned in 5 columns to produce signals 
that identify each individual character. 

By using both visible and infrared wavelengths, 
[ull response occurs for letterpress, typewriter, 
and black lead pencil. Other markings, such 
as from fountain and ball-point pens, stamp 
pads, and color pencils do not interfere with 
the machine. 

Extensive tests were made by the German post 
office of 6 systems, 4 of which have been dis
continued to permit future testing to be con
centrated on this optical method and a magnetic 
system. 

Automatic Postal Check Handling in Germany
The Deutsche Bundespost placed an order with 
several firms for a trial installation capable of 
mechanizing the handling of 20 000 accounts 
in the postal check system, which is limited to 
the deposit, transfer, and withdrawal of funds. 

The characteristic feature of the trial installa
tion is its capability to make on-line entries for 
all debit and credit notes regardless of their 
sequence. Therefore the ER 56 Computer is 
equipped with 4 magnetic drum stores, which 
serve as account stores with an average access 
time for every account of 10 milliseconds. 

The Deutsche Bundespost has developed a new 
document for all transactions. At the bottom of 

this document there may be encoded as many as 
42 characters that can be read either mechani
cally or visually. The reader-sorter with 17 
pockets is connected to the electronic com
puter and can read the encoded documents with 
a maximum speed of 45 000 documents per 
hour. 

For printing the statements of account and 
enclosing these statements with the credit 
notes in a window envelope there has been de
veloped a special machine, the envelope stuffer. 
This machine is the most-complicated electro
mechanical equipment of the test installation 
and is also linked to the ER 56. 

Microwave Power Sources Using Solid-State 
Devices-Performance requirements are consid
ered including power output, frequency, band
width, efficiency, operating temperature range, 
and spurious output levels of discrete tones and 
of noise. These requirements depend on the 
application of the source (for example, local 
oscillator of a radio relay link, frequency-modu
lated radio altimeter, radio relay up-converter, 
or directly modulated source) . 

The simple reverse-bias theory of varactor fre
quency multiplication is discussed, followed by 
consideration of the effects of positive drive on 
power and efficiency. Practical doubler circuits 
are described, and results of typical operation 
are given. The use of a varactor for up-conver
sion depends on radio-frequency input and in
termediate-frequency drive and matching con
ditions; some typical results are given. 

Triplers have the best efficiency ; doublers and 
quadruplers have equal but lower efficiencies ; 
quintuplers are even lower than doublers. If 
doublers and/or quadruplers are used in a 
chain with triplers, the triplers should follow 
them. Doublers and quadruplers may be cas
caded in any order. Relative performance fig
ures are given for chains multiplying up to 32 
times. 

The generation of spurious tones and noise in 
multipliers is examined, and methods of meas-
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urement are described. Tunnel-diode sources 
can also be applied to low-power local oscil
lators, and an account of their uses and 
limitations is given. 

Future prospects are in the areas of increased 
povver output, efficiency, and frequency, and in 
the possible development of gallium-arsenide 
varactor diodes. 

Aerial Branching System Using lnterdigital Fil
ters-A microwave-antenna branching filter is 
described that uses coupled-transmission-line 
3-decibel couplers and interdigital filters. De
tails are given of the performance of these 
components and of a complete 4-section branch
ing filter that is suitable for use in a radio relay 
system in the 2-gigahertz band. 

Otto Scheller and the I nvention and Applica
tions of the Radio-Range Principle-Two Ger
man patents issued in 1907 and 1916 disclosed 
the principles of the four-course radio range 
and of the goniometer method of coupling 
power to the two directive antenna arrays to 
permit easy adjustment of the azimuth bearing 
of the course without the need to modify the 
antennas themselves. They included the inter
locking of the keying of the two radiators to 
give a constant equisignal indication when on 
course and, by noting whether dot keying or 
dash keying was dominant when off course, to 
determine to which side the course would be 
found. These principles are used in many 
radio navigation systems such as radio ranges, 
instrument landing or low-approach systems, 
and Consol. 

Dewline After A Decade of Field Operation and 
Maintenance-The Dewline consists of an in
tegrated chain of radar and communication 
systems extending about 6000 miles (9600 
kilometers ) from the Aleutian Islands to Ice
land. From a standing start in December, 1954, 
an operational line was made available by the 

This I ssue in Brief 

summer of 1957, despite the short summer con
struction seasons. 

Because of the crash nature of the program, 
most of the equipment did not enjoy a normal 
development period before installation and use. 
Also, the Arctic presented an unfavorable en
vironment to the outside plant and equipment. 
Finally, faulty logistics extended the length of 
failure times because parts were not available. 

Complete redundancy of the equipment enabled 
the Dewline to operate satisfactorily despite the 
initial rash of equipment outages. \i\Tith time, 
the outages were sharply reduced through 
equipment modifications, receipt of adequate in
struction manuals, use of higher-quality parts, 
improved preventive-maintenance schedules, 
and computer-controlled procurement of spare 
parts. 

The effects on system performance of adding 
the Dewdrop and Deweast links are included. 
The amount of maintenance required by each of 
the major electronic equipments used on the 
Dewline is also given. 

Estimating Voltage Surges on Buried Coaxial 
Cables Struck by Lightning-General equations 
are given for estimating the peak values of 
surges that are liable to damage the insulation 
of coaxial cables. It is shown that at the points 
where the peaks are highest the surges may be 
expressed by products of three functions, in
volving, respectively, the parameters of the 
cable under consideration, the resistivity of 
the soil in which the cable is embedded, and 
the time and characteristics of the lightning 
stroke. A set of curves representing typical con

ditions indicates the order of the peak values 
to be expected. The surges inside the coaxial 
pairs are relatively small provided that the 
dielectric outside the pairs remains intact. 
However, if this dielectric fails, the surges in
side the pairs leap in value by a factor of 10  or 
more. 
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This Issue in Brief 

Characteristics and Applications of Reed Con
tacts-Reed contacts have two long thin 
tongues of magnetic material arranged in line 
with a slight separation between them at a 
small overlap area. When subjected to a mag
netic field, the tongues attract each other, clos
ing the gap and providing electrical contact 
through the overlapped area. Mounted in a 
glass tube filled with protective gas, the contact 
unit slips into the operating coil. The small 
mass and short travel of the contacts permit 

rapid operation. 

Tests in the laboratory and experience with 

over 105 contacts in field installations since 
1959 show that representative designs operate 
for several million contact closures before any 
failures occur. The protective gas prevents 
corrosion, arcing, and burning of the contact 
areas. The contact resistance is low and un
varying even for long periods of inactivity, 
either with contacts closed and representative 
values of current flowing through them, or 
with contacts open. The insulation resistance 
for open contacts is that of the glass enclosure 
and drops to a low of 100 megohms for 90-
percent relative humidity and 40 degrees 
Celsius. 
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Recent Achievements 

ESRO 1 Satellite Under Development-The Eu
ropean Space Research Organization has as
signed prime responsibility for its ESRO 1 
satellite (Figure 1 )  to Laboratoire Central de 
Telecommunications, which will handle design, 
development, testing, and launch support. Con
traves AG of Switzerland will be a subcon
tractor and is well known for its experience in 
missile manufacture. Bell Telephone Manufac
turing Company will also serve as a subcon
tractor on tracking and guidance systems. 

The satellite will be launched in 1967 into a 
polar orbit having an apogee and a perigee of 
1 500 and 275 kilometers (932 and 171  statute 
miles) ,  respectively. It will be magnetically 
stabilized by passive means. Its purpose will 

be to collect data for about 6 months on iono
sphere conditions in the north polar region. 

Laboratoire Central de Telecommunications 

France 

Bell Telephone Manufacturing Company 

Belgium 

Satellite Sequence Programers-At the request 
of the Societe pour l':Etude et la Realisation 
d'Engins Balistiques, two program control sys
tems have been developed for the French space 
program based on the "Diamant" launching 
vehicle. 

The type-A programer shown in Figure 2 con
trols precisely the operations of the rocket that 
launches the satellite. 

Figure 1-Model of the ESRO 1 satellite being inspected by Derek Oldroyd (left) and Roger Pacault 
(center) of the European Space Research Organization and Georges Phelizon (right) of Laboratoire Central de 

Telecommunications. 
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Recent Achievements 

The type-C programer controls the equipments 
in the experimental orbiting payload used for 
checking the Diamant launcher. 

Laboratoire Central de Telecommunications 

France 

Geodetic Satellites-The United States Army 
Corps of Engineers has ordered three more 
geodetic satellites to follow the original satellite 
that has been operating in orbit beyond its 
planned life of 6 months. It is used to establish 
the precise locations of widely separated places 
on the surface of the earth. This program, 
known as SECOR for Sequential Collation of 
Range, is helping to determine the exact size 
and shape of the earth. 

The 40-pound ( 18-kilogram) satellite shown in 
Figure 3 carries a transponder that repeats 
measurement signals to ground terminals. With 
the exact positions of three terminals estab
lished, the location of an unknown fourth ter
minal can be calculated. This rectangular satel
lite circles the earth at an altitude of 600 miles 
(965 kilometers) in about a hundred minutes. 

ITT Federal Laboratories 

United States of America 

Two New Exchanges Cut Over in Paris-Mr. 
Jacques Marette, Minister of Post and Tele
communications, officiated twice in one day in 
cutting over two new telephone exchanges in 
Paris. Accompanied by the Prefect of Val de 

Figure 2-Module construction of the type-A pro
gramer, which controls the operation of the "Dia

mant" vehicle for launching satellites. 

l'Oise and high officials of his services and of 
Le Materiel Telephonique, he first inaugurated 
the new 6000-line Pentaconta crossbar exchange 
in the north of Paris at Eaubonne (Figure 4) . 
This regional center serves Eaubonne, Ermont, 
Franconville, Le Plessis Bouchard, l\fargenay, 
and Montlignon. It also works both ways with 
the 4000-line subcenter at St. Leu. 

Accompanied by high-ranking civil personali
ties and representatives of the Paris "Intra
Muros" Administration, Mr. Marette later in
augurated Villette 2 in the eastern suburb of 
Paris. This 4000-line Pentaconta crossbar ex
change serves Fantin, Les Lilas, Noisy-le-Sec, 
Romainville, Pre St. Gervais, and Bobigny. 
It shares a building with an existing 10 000-
line rotary office. 

The 10 000 lines connected to these two new 
central offices bring the Paris urban and sub
urban network to over 900 000 lines. 

Le Materiel Tetephonique 

France 

Figure 3-Geodetic satellite, still operating beyond its 
planned life in orbit, is used in an earth-mapping 

program. 

298 ELECTRICAL COMMUNICATION · Volume 40, Number 3 1965 

www.americanradiohistory.com

www.americanradiohistory.com


Pentaconta Exchange Works With Rotary in 
Spain-A recently inaugurated Pentaconta tele
phone exchange in Toledo, Spain, interworks 
with an existing 7B rotary central office with 
no modification of the latter. The new exchange 
has a final capacity of 10 000 lines and is ini
tially equipped for 1000, while the rotary ex
change serves 1900 subscribers. 

Standard E Lectrica 

Spain 

Crossbar 48 HK 800 Exchange Cut Over-A 
public telephone exchange using a new crossbar 
system designated 48 HK 800 has been cut 
over in Matzen, Lower Austria, by Otto Probst, 
Minister of Telecommunication and Transpor
tation, in the presence of Dr. Benno Schaginger, 
Director General of the Austrian posts and tele
communication administration, other high offi
cials, and a delegation of Standard Telephon 
und Telegraphen headed by F. \V. Mayer, Gen
eral Manager. 

Developed in cooperation vvith the Austrian Ad
ministration, this new system, through simpli
fication and combining of switching stages, can 
accommodate twice the number of subscribers 
in the same space used by previous designs. 
It can be expanded to meet future needs. 

Standard Telephon und Telegraphen 

Austria 

Flying Telephone Switchboard-An airborne 
electronic telephone switchboard used by the 
United States Air Force provides 4-wire toll 
quality with push-button dialing. Used for air
to-air and air-to-ground service, it provides for 
four classes of priority that are indicated by 
two prefix digits dialed from any subscriber's 
set. Provision is made for conference networks, 
intercommunication, and direct connections to 
radio and multiplex equipment. Operation is 
from the aircraft power source, supplemented 
by a self-contained standby battery. 

ITT Kellogg Communications Systems 

United States of America 
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Korea Radio Network Completed-A network 
of radio stations employing line-of-sight and 
tropospheric-scatter transmission to span some 
of the most-rugged terrain in the world has 
been completed in the Republic of Korea. The 
project included construction of buildings, 
prime power sources, radio equipment, an
tennas, voice-frequency and telegraph multiplex 
apparatus, telephones, cables, and instruction 
manuals in both English and Korean. 

The complex will serve as a separate military 
communication network and will tie existing 
Air Force radar centers into an effective warn
ing system. 

ITT Federal Laboratories 

Federal Electric Corporation 

United States of America 

Figure 4-Mr. Jacques Marette at the inauguration of 
the new Eaubonne telephone office in P aris. 
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Recent Achievements 

Cathodic Protection of Oil Storage Tanks-To 
lessen the danger of contaminating drinking 
water by oil leakage, government attention has 
been directed to the cathodic protection of all 
new oil tanks and pipe lines buried in the earth. 
A first step is to electrically insulate these struc
tures from earth and thus reduce the electro
lytic action that causes corrosion. 

Figure 5-Rectifier for cathodic protection of oil tanks. 

Figure 6-Measuring set for analyzing the electrical 
needs for cathodic protection. 

In Figure 5 is a small rectifier, providing up to 
30 milliamperes and 3 volts, to be connected 
permanently for protecting tanks large enough 
to store 100 000 liters (26 420 United States 
gallons ) of oil. 

Two measuring sets have been developed for 
analyzing the requirements of each installation. 
The instrument shown in Figure 6 permits 
measurement of the potential developed electro
lytically between the tank and a reference elec
trode of copper sulphate and copper buried in 
the earth near the tank, to determine the extent 
of protection needed. The second instrument, 
shown in Figure 7, is a power supply that can 
be adjusted to indicate the voltage and current 
needs of the installation. Both instruments are 
equipped with transistor amplifiers to minimize 
their effects on the circuits being tested. 

Standard Telephone et Radio 

Switzerland 

Figure 7-The voltage and current output of this 
power supply are adjustable to determine the electrical 

limits for cathodic protection of oil tanks. 
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Very-High-Frequency Radiotelephone Trans
ceiver-The P6 radiotelephone transceiver 
shown in Figure 8 was designed for civilian, 
maritime, and military service. It provides for 
up to 10 channels in the very-high-frequency 
band with channel widths of 20, 25, or 50 
kilohertz. 

Either a microphone-and-telephone handset or 
a combined loudspeaker and microphone may 
be had. The transistors operate from nickel
cadmium batteries and two sizes give either 
10 or 20 hours of operation before recharging. 
Both radio-frequency and audio-frequency out
puts are 0.5 watt. Temperature range is from 
-40 to +60 degrees Celsius. An adjustable 
squelch circuit and one or two calling tones are 
provided. 

The transceiver is fully waterproof and weighs 
less than 1 kilogram ( 2.2 pounds ) .  I ts dimen
sions are 225 by 85 by 38 millimeters (8.9 by 
3.3 by 1 . 5  inches ) .  

Standard Electric 

Denmark 

Videx Image Converter-The Videx system 
transmits a television-type picture over a con
ventional telephone channel on a slow-scan 
basis for reproduction on a 5-inch ( 127-milli
rneter) display tube. The picture may be re
tained for long periods of time or erased at will. 

A Videx image converter now enables several 
standard television monitors with screens up to 
27 inches ( 686 millimeters ) to reproduce these 
pictures. This increase in display area makes 
Videx useful for large photographs, weather 
maps, advertisements, and printed material. 

A further development permits picture signals 
at radar weather stations to be sent over tele
phone lines for similar reproduction on large 
television monitors. Transmission is continuous 
and the received picture follows changes as they 
occur. If the receiver, who may be in the local 
weather station, wishes to discuss the display 
with the originating radar operator, the display 
will automatically be frozen for as long as 1 5  

ELECTRICAL COMMUNICATION · Volume 40, Number 3 
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minutes at the time their telephone conversa
tion begins. 

ITT Industrial Laboratories 

United States of America 

Television Channel-Translator Transmitter-To 
extend the coverage of a television transmitter, 
its signal may be received and translated for 
transmission on another channel so as not to 
interfere with the original signal. 

The prototype unit of Figure 9 was demon
strated to British broadcasting authorities on 
signals in Band 3 ( 1 79 to 215  megahertz ) us
ing British standards. The 405-line picture was 

Figure 8-Very-high-frequency radiotelephone trans
ceiver for civilian, maritime, and military service. 
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Recent Achievements 

Figure 9-Laboratory model of solid-state transmitter 
section of a television signal translator. 

transmitted with pos1t1ve modulation, and the 
sound used amplitude modulation on a carrier 
level 6 decibels below the peak vision level. 

The composite sound-and-vision modulation 
was supplied to the transmitter at the receiver 
intermediate frequency in the 30-to-40-mega
hertz range with a peak vision signal level of 
6 milliwatts. After amplification to 750 milli
watts the signal was translated to the new 
channel in an up-converter consisting of a 
varactor diode pumped at a level of 16 watts 

from a crystal-controlled local oscillator. The 
upper sideband for the new channel was se
lected by a 4-section lumped-constant filter that 
suitably attenuated the intermediate, pump, and 

Figure 10-Test chart of signal translated from channel 9 to channel 12. 
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lower-sideband outputs. The peak vision output 
power was 2 watts with response within 0.5 
decibel over the 5-megahertz bandwidth. 

In the demonstration a normal test pattern m 
channel 9 ( 193 megahertz) was translated to 
channel 12  (208 megahertz) and produced the 
display given in Figure 10. 

Power consumption of the transmitter was 40 
watts at 28 direct volts. 

Standard Telecommunication Laboratories 

United Kingdom 

Capacitor and Ribbon Microphones-The 4126 
capacitor microphone in Figure 1 1  includes an 
integral amplifier using a field-effect tran
sistor. Just over 2 inches ( 50 millimeters ) long, 
it is particularly suited to in-shot television 
work. It can have either a cardioid or circular 
directivity pattern. With the cardioid pattern 
and maximum pick-up in line with the main 
axis, the microphone is ideal for an individual 
performer. 

The 4119 ribbon microphone, tubular in 
shape, has a narrow-cardioid directivity pat-

Figure 1 1-This miniature capacitor microphone, con
taining a transistor amplifier in the case, is  designed 

for television broadcasting. 
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tern and is intended to be held close to the 
mouth of the performer. A spherical woven 
wire wind shield is provided. Its tubular bass 
chamber serves also as a convenient handle. 

Standard Telephones and Cables 

United Kingdom 

Data Communication System GH-201-The 
GH-201 shown in Figure 12 is a flexible data 
system for operation between various kinds of 
data sources and sinks such as paper tape, 
punched cards, magnetic tape, printed copy, 

and other media. It will handle characters of 
8 bits at speeds as high as 200 characters per 
second. It may operate on-line with computers. 
The GH-201A can use communication-type 
paper tape with 4, 5, 6, 7, or 8 channels at 
speeds up to 1 33! characters per second. 

A 2-wire line is required for either switched 
telephone networks or private lines. The ter
minals can be arranged for 1 -way or reversible 
1 -way transmission. 

Error detection takes place at the receive end 
and a correction is made by retransmission. To 
ensure clean output, only characters found free 
of error are released from the receiver. The 
send terminal can make a continuous parity 
check if the input data includes parity bits. 

The system conforms mechanically to the stand
ard equipment practice for ITT Europe and 

Figure 12-Data communication system type GH-201. 
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Recent Achievements 

electrically to the recommendations of the Co
mite Consultatif International Telegraphique et 
Telephonique. 

Standard Radio f1 Telefon 

Sweden 

Data Modem GH-2002-The GH-2002 is a fre
quency-modulated modem for data transmission 
in the serial mode over telephone channels. 
Asynchronous operation may be at any speed 
up to 1200 bits per second. Synchronous op
eration is crystal controlled at either 600 or 
1200 bits per second. A supervisory channel at 
75 bits per second facilitates transmission of 
supervisory signals in the backward direction. 

Three versions are available. The G H-2002A 
is for reversible 1-way transmission over 
switched telephone networks or 2-wire private 
lines. The G H-2002B provides for simultaneous 
2-way working over 4-wire lines and reversible 
1 -way transmission over 2-wire lines. The 
GH-2002C is for way stations multipled over 
a 4-wire private line. Way stations can trans
mit to the master station one at a time and all 
way stations receive simultaneously from the 
master station. 

Remotely controlled equalizers to compensate 
for envelope delay are available for use with 
error-detecting systems. The modem can be 
mounted in a desk-top cabinet as shown in Fig
ure 13 or in a 19-inch ( 483-millimeter) rack 

Figure 13-Data transmission modem GH-2002. 

conforming mechanically to the standard equip
ment practice for ITT Europe and electrically 
to recommendations of the Comite Consultatif 
International Telegraphique et Telephonique. 

Standard Radio f1 Telefon 

Sweden 

Data Modem GH-4002-The GH-4002 modem 
of Figure 14 is intended for data transmission 
over switched telephone networks. Parallel
mode transmission permits the design of a 

relatively inexpensive send terminal so that the 
system is particularly suitable if a large num
ber of send terminals are transmitting sequen
tially to a central receive terminal. 

The modem will transmit 75 characters per 
second, each of 8 bits. Timing information is 
normally transmitted simultaneously with the 
data over a specially designed timing channel. 
A supervisory channel enables the receive ter
minal to send amplitude- or frequency-modu
lated answer-back signals to the transmit 
terminal. 

Frequency coding is of the 4-out-of-16 type. 
The modulators generate 4 tones simultane
ously, one from each of 4 groups of 4 fre
quencies. 

The receive terminal provides for binary-coded 
output and can be adapted for other codes by 
replacing subunits. Return-to-zero coding with 
an at-rest condition between characters is par
ticularly interesting for transmission rates not 
exceeding 20 characters per second. The timing 

Figure 14--Data transmission modem GH-4002. 
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information can then be extracted from the 
received data, making the timing channel un
necessary. 

A variety of input and output media may be used. 
The modem can be adapted to manual keyboard 
operation and to punched-tape and punched
card machines using character-by-character 
operation. 

The modems are normally housed in desk-type 
cabinets but can be mounted on 19-inch ( 483-
millimeter) racks. Mechanical construction is 
in accord with the standard equipment practice 
for ITT Europe. 

Standard Radio f1 Telefon 

Sweden 

Tacan Computer for Off-Track Navigation
The normal bearing information derived from 
the AN/ ARN-21 Tacan equipment is often 
used to actuate a left-right indicator for hom
ing on the beacon transmitter. 

The computer in the rectangular case in Figure 
1 5  permits not only the simple homing opera
tion, but by using both bearing and distance 
information provides for lateral straight courses 
with the beacon transmitter to the left or to 
the right of the course and for circular paths 
orbiting the beacon either clockwise or counter
clockwise. Flight tests have shown accuracy 
of course to be within 1 nautical mile ( 1 .85 
kilometers ) out to distances of 80 nautical miles 
( 148 kilometers ) from the beacon. The com-

Figure 15-The computer in the rectangular case op
erates on the bearing and distance information pro
vided by Tacan navigation equipment. It permits 
straight courses past the beacon or orbits around the 
beacon by observing the left-right deviation indication 

on the instrument at the right. 

Recent Achievements 

puter weighs less than 0.9 kilogram (2 pounds) 
and is 125 by 5 5  by 75 millimeters ( 5  by 2.2 
by 3 inches) in size. 

Le Materiel Telepbonique 

France 

Inorganic Film Deposition-Glassy and amor
phous film may be deposited on glass, plastic, 
and metal by a vapor-phase process using a 
glow discharge induced by a radio-frequency 
field. Heat has normally been used to energize 
the gas molecules to produce this kind of chemi
cal reaction. 

As shown in Figure 16, the gases are separately 
metered into a quartz reaction tube, which is 
continuously evacuated to a pressure of about 
0 .1  torr. The radio-frequency generator can be 
coupled to the gas stream by either inductance 
or capacitance. Deposition occurs on the sub
strate in the glow discharge at a rate of 2 to 10 
microns per hour. As the reaction vessel re
mains cold and contains only the substrate and 
active gases, contamination is avoided. 

Amorphous layers of silicon nitride have been 
deposited from mixtures of silane and anhy
drous ammonia. If deposited at room tempera
ture these layers are hard and electrically 
insulating. If deposited at or subsequently 
heated to 400 degrees Celsius, they become 

GAS 

A 
GAS 

B 

'------'/ 
MANOMETER 

' 
TO VACUUM PUMP 

LOW-POWER 
RADIO

FREQUENCY 

GENERATOR 

1 MEGA
HERTZ 

Figure 16-Apparatus for vapor deposition of glassy 
layers using radio-frequency glow discharge. 
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Recent Achievements 

extremely hard, scratch resistant, and chemi
cally inert, with a dielectric constant between 
8.6 and 9.4 and a dielectric strength in excess 
of 5 X 106 volts per centimeter. The refractive 
index is 2. 1 .  

Adherent amorphous layers o f  silicon, silicon 
dioxide, silicon carbide, and metallic molyb
denum have also been formed by the same 
technique. The large range of possible vapor
phase reactions offers an alternative to the con
ventional vacuum evaporation, and possible ap
plications include a wide field of surface pro
tection as well as the obvious electrical uses for 
capacitor dielectrics, insulating glassy layers, 
and metallic conducting paths. 

Standard Telecommunication Laboratories 

United Kingdom 

Centralized Control of Protection Switching 
for Television Networks-As shown in Figure 
1 7, a central control station is connected via 
4-wire voice-frequency channels to the tele
vision broadcast stations in a network that han
dles, in this example, three different programs 
simultaneously. Each program is distributed to 

TELEVISION P ROGRAMS 
1 2 3 

PROGRAM INPUT 
RELAY STATION 

OPERATE 

RADIO RELAY 

BROADCAST AND 
RELAY STAT ION 

� 
4-WIRE 

VOICE-FREQUENCY 
CONNEC TIONS 

CENTRAL 
CONTROL 

WITH 
MOSAIC 

DISPLAY 

Figure 17-Central control of a television broadcast 
network. 

the desired broadcast stations by one or more 
radio links having only one common standby 
equipment for emergency service associated 
with all branches of the regular channels in 
the whole television network. 

The operating conditions for receiver input, 
intermediate-frequency output, pilot, and sound 
carrier levels are checked at each terminal 
broadcast station and are reported to the 
switching logic of the station. Failure indica
tions are automatically identified as either 
equipment or transmission faults and are indi
cated to the central control station in a 2-out
of-n frequency code. 

The control station first checks to see if the 
standby channel is available, commands the in
put terminal to transmit over the free standby 
in parallel to the regular channel, and on 
confirmation from the terminal station that 
the standby channel is providing the signal, 
then institutes the full changeover to the 
standby system. If more different program 
channels need standby facilities than exist, a 
decision as to which will be given preference is 
made by the central-control operator. 

·when a fault condition disappears, the return 
from standby to normal operation is made auto
matically by the terminal station. By a mosaic 
mimic display, central control always is in
formed of all operating conditions in the whole 
network. 

Standard Elektrik Lorenz 

Germany 

Gal lium-Arsenide Laser Operates Continuously 
at 71 Degrees Kelvin-Lasers with and without 
end-cavity reflectors have been produced that 
will operate continuously at the temperature of 
liquid nitrogen (77 degrees Kelvin) . The di
mensions of the laser die are 0.5 millimeter by 
either 0.2 or 0.1 millimeter. 

It was found necessary to clamp the laser die 
in a heat sink in the form of a copper pincer as 
shown in Figure 18. Coatings of indium be-
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tween the die and the copper ensure good 

thermal contact. 

A typical continuous-laser threshold value is 
900 milliamperes, corresponding to a current 
density of 900 amperes per square centimeter, 
but it has been found possible to increase the 
current density above threshold by factors of 
3 or 4, giving power outputs in excess of 500 
milliwatts. 

Standard Telecommunication Laboratories 

United Kingdom 

Transportable Microwave Radio Terminal, 
AN /T RC-7 7 2-Transportable terminals or re
peaters shown in Figure 19 for tropospheric
scatter and line-of-sight operation in the 2-, 5-, 
or 8-megahertz bands have been delivered to 
the United States Army Electronics Command. 
Transmitting and receiving equipment, two de
mountable paraboloidal antennas, and a shelter 
are transported in two light trucks each towing 
a small trailer containing the primary power 

Figure 18-Copper pincer heat sink for gallium
arsenide die used as a laser. 

Recent Achievements 

sources. The station can be on the air 30 min
utes after arrival at a site. 

Except for a 1 -kilowatt klystron power tube, 
solid-state active components are used through
out. A frequency synthesizer provides output 
frequencies at 1 -megahertz intervals through 
each band. Provision is made for 300 frequency
division telephone channels and for teleprinter 
and data transmission from standard military 
and commercial sources. The system will also 
work with tactical pulse-code-modulation 
equipment. 

In the receiver, a tunnel-diode amplifier gives 
a noise figure of 4.5 decibels, which increases 
to 9.5 decibels if the amplifier is bypassed. 

The two demountable paraboloidal antennas are 
10 feet ( 3 meters) in diameter and may be 

used for either angle or space diversity with 
predetection combining in a squelched linear 
adder. Beam broadening and increased receiver 
sensitivity may be employed for rapid signal 
acquisition. 

ITT Federal Laboratories 

United States of America 

Figure 19-The AN/TRC-112 may be set up for 
operation within a half hour after reaching a site. 

The entire equipment is stowed in the two trucks for 
transportation and two small trailers (not shown) 

carry the primary power source. 
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Recent Achievements 

Digital Motors-Bidirectional pulse-operated 
magnetically detented motors suitable for con
trol systems, data processing, and computer 
interface applications have recently become 
available. A wide range of torque, speed, and 
accuracy requirements can be met. They fea
ture controlled speed, immediate reversal, no 
brushes, no drift, and minimum overshoot. 
Compensation networks or feedback are not 
required. 

The motor and its plug-in printed-circuit con
troller are shown in Figure 20. 

Automatic Development Corporation, 

a division of Barton Instrument Corporation 

United States of America 

Figure 20-Bidirectional pulse-operated magnetically 
detented control motor. 

Figure 21-Semipermanent store using capacitance 
coupling at the crosspoints. 

Semipermanent Store-The device shown in 
Figure 21 is basically an array of printed
circuit row and column wires. Binary informa
tion is stored at those crosspoints the capaci
tance of which has been increased by the inser
tion of plates. A read pulse applied to a given 
row will produce output at all capacitance
coupled columns. The active crosspoints for a 
given row can be changed simply by withdraw
ing its 20-bit code strip for replacement by 
another. 

A maximum capacity of 5000 words of 60 bits 
each equals 300 000 bits. The volume is 1 .35  
cubic centimeters (0.08 cubic inch) per bit 
including the access selector. A reading speed 
of 250 kilohertz or 4 microseconds per reading 
with random access makes the store useful for 
class-of-line and line-number translation in 
telephone switching systems, for program stor
age in data processing, and for price lists in 
mail-order or similar businesses. 

Bell Telephone Manufacturing Company 

Belgium 

Carbathene, a New Copolymer-Ziegler cataly
sis has been used in a low-cost process to pre
pare a new copolymer of ethylene and N-vinyl 
carbazole. The material is a high-molecular
weight linear thermoplastic. Compared with 
present high-density polythene, this low-density 
polythene shows slightly better unoriented ten
sile strength, greatly reduced stress cracking 
in solvents, greater stability of form at ele
vated temperature, enhanced resistance to re
peated flexing, and lower coefficient of friction. 

Moulding and extrusion are possible only above 
180 degrees Celsius, as carbathene is still form 
stable above the phase transition temperature 
of 140 degrees Celsius. For this reason, its melt 
flow index cannot be determined with a con
ventional polythene grader. Crosslinking by 
chemicals or irradiation is also possible, al
though consequent changes in properties have 
not yet been evaluated. 

Electrical properties are similar to conventional 
polythene. The pure polymer resists oxidation 
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sufficiently to obviate the need for antioxidants, 
which tend to degrade electrical performance. 

As shown in Figure 22, carbathene may be 
substituted for crosslinked polythene to insu
late electrical conductors. The heat of soldering 
such conductors does not cause run-back of the 
insulation. Its high resistivity and low losses 
make it suitable for many electrical applications. 
Its temperature stability and resistance to stress 
cracking and fatigue recommend it for chemical 
and other pipework. 

Standard Telecommunication Laboratories 

United Kingdom 

Remote Control and Indication for Augsburg 
Power Plant-Installation of Telepuls 10 re
mote control and indication equipment * has 
completed the first stage in centralizing opera
tion of the Augsburg city power system. 

Two transformer stations are each connected by 
3 voice-frequency telegraph channels through 
Zllif 5 time-division-multiplex equipment, which 
permits simultaneous transmission of 5 meter
ing indications over each channel. Transmission 
is protected by 2 standby channels. Each sta
tion may receive 100 different commands and 
transmit 1 30 indications to the central control 
office. 

Standard Elektrik Lorenz 

Germany 

Thyristor Control Units-The single-phase and 
3-phase control units shown in Figure 23 pro
vide firing pulses under controlled delay to the 
gates of thyristors in power supplies to control 
output current and voltage. 

The units have self-contained power supplies, 
fast time response, and will control thyristors 

* K. Bartels, "Telepuls and FMX Modular Electro
mechanical and Electronic Remote Control," Electrical 
Communication, volume 38, number 4, pages 487-494; 
1963. 
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down to 2 percent of maximum output voltage. 
A square-wave firing signal gives full control 
for inductive circuits and the pulse height is 
unaffected by mains voltage changes from + 20 
to - SO percent. 

Standard Telephones and Cables 

United Kingdom 

Submarine Cable Between Hong Kong and Aus
tra lia-The second stage of Seacom, the South
east-Asia section of the round-the-world tele
phone cable, is now under way. Nearly 200 
undersea repeaters and equalizers, 1800 nauti
cal miles ( 3350 kilometers) of submarine co
axial cable, and large quantities of shore-based 
power supplies and other equipment are being 
manufactured. The cable will link Hong Kong, 
Guam, Madang in New Guinea, and Cairns in 
Australia. At Guam it will connect with the 
cable between Japan and the United States, 
which was placed in service in 1964. 

Standard Telephones and Cables 

United Kingdom 

Figure 22-Miniature coaxial cable insulated with 
carbathene. On soldering the conductors there is no 

run-back of the insulation. 

Figure 23-Single-phase and 3-phase thyristor control 
units. 
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Recent Achievements 

Fast Analog-to-Digital Encoder-A laboratory 
model of the encoder shown in Figure 24 will 
sample analog signals between 0 and 4 volts at 
a rate of 1 .25 megahertz and distinguish among 
512  amplitude levels to produce a 9-bit output 
for each sample. This is more than 10 megabits 
per second. The sampling time is 70 nanosec
onds and the total encoding time per sample is 
0.8 microsecond. 

The binary output of each sample is available 
in either series form or in parallel for 0.8 
microsecond. A complementary decoder oper
ates in 0.2 microsecond per sample and the 
overall accuracy is within ±0.5  level. The en
coder uses 140 transistors and 250 diodes. It 
weighs 5 kilograms ( 1 1  pounds ) .  

Laboratoire Central de Telecommunications 

France 

Data System for Aerial Photography-Data sys
tems are being furnished to the United States 
Navy for use in its aerial reconnaissance pho
tography to electronically imprint on each pho
tograph such significant factors as the time and 
altitude at the moment the picture was taken. 

ITT Federal Laboratories 

United States of America 

Figure 24--Analog-to-digital encoder, which samples 
at a 1.25-megahertz rate for 512 levels and produces 

9-bit codes. 

"British Admiral" Radio Instal lation-The main 
radio installation on the new 100 000-ton 
tanker, "British Admiral," recently launched at 
the Vickers-Armstrong yard in Barrow-in
Furness, includes the latest ST 1200 marine 
radio transmitter, which is suitable for tele
graph, telephone, and data transmission in the 
medium- and high-frequency bands. 

Standard Telephones and Cables 

United Kingdom 

Double-Ended Noise Generator-A double
ended noise generator for the 90-to-140-giga
hertz range employs a neon gas-discharge tube 
in RG-138/U waveguide with TRG-714 con
nectors. The tube fires at 1200 volts and oper
ates at 200 volts and 50 milliamperes. The noise 
figure is 18 ±0. 5  decibels. 

ITT Electron Tube Division 

United States of America 

High-Repetition-Rate Laser-The laser head 
shown in Figure 25 was demonstrated at the 
1964 Paris exhibition of the Societe Frarn;aise 
de Physique. A useful repetition rate higher 
than 1 pulse per second provides burst outputs 
of 10 joules or peak power of 10 megawatts in 
Q-switched mode of operation accomplished by 
use of a rotating prism. 

Figure 25-Ruby laser giving peak power bursts of 
10 megawatts at 1-second intervals. 
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A ruby crystal 125 millimeters ( 5 inches) long 
by 10 millimeters (0.4 inch) in diameter was 
pumped optically. Both the crystal and heli
coidal pump tube were water cooled to extend 
the life of the ruby. 

The beam divergence of less than 5 milliradians 
and high peak power make the unit particularly 
adaptable to optical ranging, tracking, welding, 
metal removal, photochemical reactions, et 
cetera, 

Labor:atoire Centr:al de Telecommunications 

France 

London Airport Telephone Switchboard-A pri
vate automatic branch telephone exchange cut 
over at London Airport has 120 lines to the 
local central office and 140 lines to the various 
airlines, other airports, and the Ministry of 
Aviation. A special cordless manual switch
board, independent of the automatic installation, 
provides service lines in the event of an emer
gency. 

Standard Telephones and Cables 

United Kingdom 

Power Unit for Logic Systems-A power-supply 
unit for operating digital logic systems provides 
two output voltages. A positive output adjust
able between 20.6 and 27.6 volts supplies 1 
ampere and a negative output between 5.0 and 
7.0 volts supplies 0.5 ampere. 

The maximum ripple at full load is 1 millivolt. 
Up to the full load and with an input voltage 
variation of 20 percent, the nominal 24- and 
6-volt outputs are maintained within 250 and 
60 millivolts, respectively. 

Recent Achievements 

Figure 26-Digital circuit module in potted form. 

Input may be between 210 and 250 volts at 50 
or 60 hertz. Under operating conditions the 
permissible variation is ±25 volts. Maximum 
input is 75 volt-amperes. The units meet the 
mechanical equipment practices of ITT Europe. 

Standard Telephones and Cables 

United Kingdom 

Digital Circuit Modules-In a new series of 
digital modules, the lOA are open and the 
10B (Figure 26) are potted. They are suitable 
for decision logic in control systems and arith
metic logic in data-handling equipment, includ
ing the peripheral circuits. Intended for opera
tions up to 10 kilohertz, they have high im
munity to noise and a designed life of not less 
than 20 years. Ambient temperature may be 
between -10 and + 70 degrees Celsius. 

Standard Telephones and Cables 

United Kingdom 
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Optica l Character Readers for Automatic Document 

H and l ing in Banking Appl ications 

W. D I ETRICH 
Standard Elektrik Lorenz AG ; Stuttgart, Germany 

Character readers are machines that recognize 
characters, primarily printed numerals and 
letters. A description of the methods and de
vices used for reading code combinations 
(punched-card and punched-tape equipment) or 
sensing stroke markings is beyond the scope of 
this paper. Compared with code readers, char
acter readers offer the advantage of being able 
to read the same characters man reads. 

Developments beyond the stage of fundamental 
research and directed at producing marketable 
equipment started about 10 years ago. They 
were enhanced by technological advances and 
growth of the economy. Technologically, the 
character reader incorporates the essential fea
tures of both electronic computers and code 
readers. Like the electronic computer, its reali
zation became feasible only after the invention 
of the transistor. Underlying the demand for 
character readers are economic considerations. 
First, these machines allow automatic handling 
of original documents without requiring these 
documents to be duplicated or punched. Second, 
the number of documents to be processed has 
increased >vith economic growth to such an 
extent that manual processing has become prob
lematic. Last but not least, character readers 

MAG N ETIC TYPE FACE E 13 8 
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MAGNETIC TYPE FACE SIEMAG 

Figure 1-Stylized numerals. 

have processing speeds closer to those of elec
tronic computers than other conventional input 
machines achieve, and consequently allow better 
use of computer time. 

While these considerations apply to many ap
plications of character readers, there are two 
additional factors in their favor, particularly in 
banking systems : Daily accounting is desired 
if possible and the number of characters can be 
limited to 10 numerals and a few symbols. 
This limitation means lower equipment cost 
and higher reliability compared with systems 
that also require recognition of letters. It is 
therefore not surprising that the manufacturers 
of character-recognition equipment concen
trated their efforts primarily on meeting the 
requirements in banking applications. As a 
result of these efforts, there are now available 
a variety of character readers that operate on 
very-differeut principles. 

1 .  Comparison of Man and Machine 

Before discussing character readers and their 
features, it appears advisable to outline the 
limits of their abilities and to draw some con
clusions therefrom. 

Anyone seeing a machine in operation for the 
first time will be disappointed by its "stu
pidity." The machine will often reject as un
readable characters that man reads easily with
out noticing any irregularity. Such incapability 
is inherent in all machines substituting for parts 
of the human organism, but we usually are not 
aware of it in machines we use in everyday 
life. (Whoever would want to cross a potato 
field in a car-which substitutes for our legs
or expect it to climb stairs ? )  The relatively 
low recognition capability of the character 
reader becomes understandable if we consider 
man's "expenditure" for the reading process. 
Brain-cell functions are sufficiently well known 
today for us to simulate them electronically. 
Science is further able to approximate the num
ber of cells. A rough calculation shows that 
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man's expenditure for storing and recogmzmg 
characters is 105 to 106 times greater than that 
of the machine. 

Since nature has been generous to man, though 
not lavish, the large difference must result in 
a very-much-smaller recognition capability of 
the machine, especially since the machine is 
also required to read much faster and more 
reliably than man. 

2. Reading Methods 

For an appraisal of the various reading meth
ods known, the following characteristics must 
be investigated. 

Type face 
Number of characters 
Reading speed 
Printing specifications 
Reliability 
Legibility to man 
Sensitivity to interference 
Expense 
Protection from forgery 

Taking into account the difficulties described 
earlier, the following compromise has been 
worked out : To attain high reliability and 
reading speed at tolerable cost, a special type 
face must be used as well as a limited number 
of characters and close printing tolerances. 
This compromise on requirements holds true 
primarily for banking applications. In other 
fields, the factors are to be accentuated slightly 
differently. 

Four reading methods designed on this concept, 
but distinctively different in some ways, are 
being offered to the user. Other character
recognition methods developed for similar ap
plications can only be referenced here, for ex
ample those used for reading and carrying over 
balances on Zeiss-Ikon account cards [ 1 ,  2 ] , 
or the various document readers produced by 
Farrington for application to fields other than 
banking. These readers are used for accounting 
in public utilities, insurance companies, and 
commercial organizations [ 3, 4] . 

Optical Character Readers for Document Handling 

2.1  TYPE FACES 
Figure 1 shows only the numerals of four type 
faces drawn to the same scale, while Table 1 
contains further specifications of the reading 
methods. It is typical of the present trend in 
industry that the four reading methods are 
based on fundamentally different approaches, 
having in common merely the objective to pro
vide in the characters some coding that will 
facilitate reading by machine. 

The Siemag type face uses external coding, that 
is, the machine reads a bar code provided above 
and below Arabic numerals. The bar code is 
placed on the same printing hammer with the 
corresponding Arabic numeral. The other three 
type faces have internal coding ( the code to be 
recognized by the machine is contained in the 
shape of the numerals) .  

Using the numeral 8 as an example, Figure 2 
illustrates how humans and machines "see" the 
same character. It further shows the typical 
voltage waveform produced during scanning 
and passed to the recognition circuits. It is note
worthy that an analog waveform is obtained in 
the case of the type face E 13 B, while the 

A B c 

£ 13 8  � 
CMC T 11 111 11 11 111 11 JUlJUlJlJUl 1 111 1 

Ill 

8 I I  _IL_fL_ CZ 13 I I _lL_Jl_ 

r ·  
1 1 1  I J1IULJL 

SIEMAG 080 
I I _Jl___Jl_____ 

Figure 2-U sing the numeral 8 as an example, A and 
B show how it looks to the man and to the machine, 
respectively. Column C shows the voltage waveforms 

derived from the numeral. 
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Optical Character Readers for Document Handling 

square-wave pulses of the other methods indi
cate digital evaluation. For analog evaluation, 
the vertical stroke length is decisive. A good 
printing quality is therefore required to ensure 
reliable distinction of stroke lengths. The digital 
methods test merely whether or not there is a 
stroke in the respective position. Such yes-or-no 
information is easier to detect and process. 

Note that none of the four methods makes use 
of all information contained in the shape of 
the characters ( column B of Figure 2 ) .  Of 
the many character readers developed for type 
face E 13 B, only the one produced by Inter
national Business Machines works on the basis 
of area resolution (not shown here ) ,  register
ing-though only in rough outline-the entire 
shape of the character. This capability increases 
the equipment cost, however. 

The stylized characters may raise the question 
why no method based on conventional type faces 
has been mentioned here. This question is justi
fied, especially since readers for conventional 
characters are available and many laboratories 
and organizations are working to improve them. 
However, even considering the inevitable higher 
equipment cost, these readers are unable to meet 
banking-application requirements with respect 
to reliability and reading speed. For this appli
cation, only the four type faces shown in Figure 
1 are being considered. The situation may 
change in the future, but we may assume that 
character readers for stylized type faces will 
continue to be more advantageous in banking 
applications since they will also be improved. 

A similar situation is encountered in handwrit
ing readers, models of which have already been 
demonstrated in the United States. These ma
chines are not suited for banking application 
despite their use of numerals and symbols that 
must meet certain requirements with regard to 
shape. Their reliability and reading speed are 
insufficient and, although able to read some 
handwriting, they cannot recognize printed 
characters. 

2.2 NUMBER OF CHARACTERS 
All reading methods have been developed for 
the ten numerals and for four symbols. Two of 
the type faces ( CMC 7 and Siemag) may be 
expanded to include printed letters. 

2.3 READING SPEED 

Referring to Table 1 ,  Siemag is  the only slow 
system. Having a processing speed as low as 
320 characters per second and simple document 
conveying facilities with only a few pockets, 
this equipment is especially suited for small
scale banking automation. 

The other methods shown in Table 1 are ap
plied only in conjunction with high-capacity 
sorting machines provided with 12 or 1 3  sort
ing pockets and especially developed for large
scale banking automation. The difference in 
achievable speed is due to the fact that Siemag 
characters allow very-little vertical misalign
ment (refer to Table 1 ) ,  which causes diffi
culties with fast document transport. In addi
tion, the sorting machines used by the other 
companies are obtained from the United States 
where the huge volume of banking documents 
handled creates the need for high-capacity 
systems. 

On the European continent, organizations 
branch out so widely and their document vol
ume differs so much that both small and large 
processing systems must be offered. A large 
system denotes a sorter with about. 12 pockets 
and a speed of 10  or more documents per sec
ond. The price, w-hich ranges up to $100 000, is 
too expensive for small institutions. Cost can 

be essentially reduced, however, by using a 
document conveying system having only 2 or 3 
sorting pockets and a speed of 1 to 3 documents 
per second. 

Type faces CMC 7 and CZ 13 presently seem 
equally well suited for low and high reading 
speeds. 
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Optical Character Readers for Document Handling 

2.4 PRINTING SPECIFICATIONS 

Table 1 contains some important printing speci
fications for the various type faces, as well as 
worst-case tolerances. Since the complete speci
fications are considerably more extensive and 
parts of them have been disclosed merely as 
provisional data, it is recommended to contact 
the respective manufacturers concerning par
ticular questions. It should be noted further 

that the data given apply only to the image of 
the characters printed on the document. The 
reading equipment must therefore allow greater 
tolerances (particularly in vertical misalign
ment and skew) ,  which depend on the type of 
conveying facility used. 

Compared with the others, the Siemag type face 
has very-high characters but at the same time 
narrow vertical-misalignment limits. This is 

TABLE 1 

STYLIZED TYPE FACES FOR MACHINE READING OF DOCUMENTS 

Detection 

Manufacturer 

Number of characters 

Reading speed : 

Documents per second 

Characters per second 

Printing specifications : 

Character height in millimeters 
(inches) 

Stroke width in millimeters 
(inches) 

Stroke width tolerance in milli
meters (inches) 

Vertical misalignment of charac
ters in millimeters (inches) 

Admissible character skew in 
degrees 

Pitch in characters per millimeter 
(per inch) 

Reliability (according to tests by 
Posts, Telegraphs, and Tele
phones Administrations) : 

Rejects per 1000 characters 

Reading errors per 1 million 
characters 

E 13 B 

magnetic 

International Business 
Machines, Burroughs, 
National Cash Regis
ter, and International 
Computers and 
Tabulators 

Type Faces 

CMC 7 Siemag 

magnetic magnetic 

Compagnie des Siemag 
Machines 
Bull 

10 numerals and 4 symbols (control signs) 

letters possible letters possible 

12 .5  to 25  

1 250 to 3200 

2 .97 (0. 12)  

0.33 (0.013) ; 0.66 
(0.026) ; 1 .32 (0.05) 

±0.08 (0.003) 

±0.18  (0.007) for adja
cent cha.racters ; 
± 1 .50 (0.06) for 
printing fields 

± 1 .5 

0.31 (8) 

0 .51  to 0. 72 

2.2 to 5 1 . 5  

,,. 2 5  ,,. 3  

,,.3200 ,,.320 

3 . 1 7  (0. 1 3) 6.50 (0.26) 

0 . 15  (0.006) 0 . 15  (0.006) 

±0.02 (0.001 )  ±0.05 (0.002) 

± 1 .6 (0.07) ±0.6 (0.02) 

± 1 .5 ±2 

0.3 1 (8) 0.31 (8) 

0.26 

0.65 
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due to the external coding that permits, on the 
other hand, a simple and reliable reading 
method to be used. Concerning stroke width and 
admissible tolerances, CZ 13 is closest to con
ventional office machines. Moreover, it is the 
only one of these four type faces allowing a 
pitch of as many as 10  characters per inch ( 4 
per centimeter) .  This is significant because 
most typewriters have this pitch and a larger 
number of characters can be printed on a docu
ment of given size. For example, on a document 
6 X 4 inches ( 1 5  by 10 centimeters) in size 
(DIN A 6) ,  approximately 53 characters can 
be printed on one line, compared with only 42 
characters with a pitch of 8 characters per inch. 

2.5 RELIABILITY 

In banking, the most-important criterion for 
appraising a reading method is its reliability. 
Normally, it is difficult to obtain dependable in
formation since realistic experiments are costly 
and time consuming. Moreover, the causes for 
errors are so manifold that, for example, the 
results obtained in the United States for E 13 B 
and in France for CMC 7 cannot be used to 
compare these two type faces, as interesting 
as these results might be for the organizations 
concerned. 

Section 5 discusses in detail the only experi
ments carried out thus far that are suitable for 
comparison and the results of which have been 
made public. 

2.6 LEGIBILITY TO MAN 

More or less, all stylized characters disturb 
man's artistic sense. Since all judgements in 
this direction are subjective, every reader must 
form his own opinion. 

However, there is also a realistic aspect to legi
bility for humans. In the course of further 
automation, they will have to recognize stylized 
characters as quickly and reliably as conven
tional characters, if possible. In this respect dif-

ferences may exist between the type faces shown. 
Comparison tests, which are very difficult since 
they involve human factors, are being carried 
out in Europe but results are not yet available. 

2.7 SENSITIVITY AGAINST INTERFERENCES 

One of the advantages claimed for magnetic 
reading methods is their insensitivity to inter
ferences ( color of paper, nonmagnetic printing 
inks, signatures, smudges, et cetera) .  This 
argument induced the banking institutions in 
the United States to decide in favor of a mag
netic type face about 9 years ago. 

Although this argument was correct, it did not 
consider all the facts. Because of abrasion of 
the pa.per-manufacturing machines, for ex
ample, the paper contains small iron particles 
that normally cannot be detected by humans but 
are large enough to disturb the magnetic reader. 
On the other hand, a photoelectric reading 
method for type face CZ 13 that uses infrared 
in addition to the visible light waves has been 
demonstrated to be insensitive to a fairly good 
extent to the above-mentioned interferences. 
For details refer to Section 3.  

2.8 EXPENSE 

A further important aspect to be considered in 
comparing magnetic and optical reading meth
ods is the question of fixed and operating 
expense. 

Manufacturers thus far have not quoted definite 
prices for character readers but the following 
estimate is valid on the basis of the reading 
method used : The Standard Elektrik Lorenz 
reader for CZ 13 is more expensive than the 
readers for the other methods indicated in 
Figure 2, but less expensive than the Interna
tional Business Machines reader for E 13 B, 
which works on the principle of area resolution. 

With respect to printing, the cost factor tends 
to favor the optical method. The keyboard 
printers recommended by E 13 B manufacturers 
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are special designs that cost more than the 
equipment used for the other methods. 

·with regard to the sorting machines, costs of 
the three high-speed methods do not differ. 

An estimate of variable expense has been pre
pared for a large postal check office [ 5 ] . A 
comparison of carbon-tape expense for 500 000 
documents showed a saving of $200 for the 
optical method over the magnetic methods. 
Estimates of the Swiss Postal Department led 
to similar results. 

Variable cost depends also on the reliability of 
the system, since documents not correctly 
processed by the machine require additional 
handling by skilled personnel. 

2.9 PROTECTION FROM FORGERY 

The danger of a character being altered so 
that man sees a different character than does 
the machine is least when the machine sees the 
character in the same way that man sees it. 
None of the four methods discussed is fully able 
to meet this requirement, but the optical one 
comes closest. An investigation of forgery pro
tection offered by the various type faces has 
been made public recently [6] . The reference 
mentions a single case of forgery of the type 
face CMC 7. However, no practical and com
parable experiences with forgery have been ac
cumulated thus far. These studies are more or 
less theoretical considerations, since the people 
professionally interested in this question shun 
publicity. Compared with other problems, how
ever, forgery is of minor importance. 

3. Character Reader of Standard Elektrik 

Loren% 

The reading method we have developed illus
trates how the stringent requirements of charac
ter recognition can be satisfied with the aid 
of stylized characters and a suitably designed 
reader. 

Optical Character Readers for Document Handling 

3 . 1  TYPE FACE CZ 13 

The main consideration in the choice of type 
face and degree of character stylization is that 
the characters should allow simple and reliable 
machine scanning and recognition. Economical 
printing methods and legibility to humans are 
additional conditions to be met. 

In addition to the ten numerals of CZ 13, three 
special symbols used as control signs for 
bookkeeping purposes are shown on the upper 
document in Figure 3. Figure 4 shows a con
struction grid consisting of ten vertical stroke 

Figure 3-The upper document is typical of those used 
in the postal check system ; the lower document has 

skewed and misaligned characters. 

5 CO L U M N S  

A C E G I 

8 D F H J 
A 

5 COLU M N S  

I I I I I 

B 
Figure 4-Coding of CZ 13 characters. A shows the 
construction grid, which contains 10 vertical lines. B 

shows numerals 0 and 1 superimposed on the grid. 
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elements A through J. All characters are con
structed into this grid in the manner shown in 
Figure 4B for numerals 0 and 1. Table 2 con
tains the coding scheme for the numerals. 

The code has been so chosen that the characters 
differ from each other by as many stroke ele
ments as possible. The differentiation or Ham
ming distance between any pair of numerals 
can be easily determined by placing the respec
tive numerals one atop the other and counting 
the stroke elements they do not have in com
mon. In the case of the numerals 0 and 1 
shown in Figure 4, the difference is 5 elements. 
From the ten numerals, 45 such pairs can be 
formed that will differ by four stroke elements 
on the average and by two stroke elements in 
the worst case. This represents a satisfactory 
safety margin, since at least two stroke elements 
must be wrong in a particular way before the 
machine will mistake one character for another. 

----- PHOTODI ODE ----
.,._ __ I N CA N DESCENT LAMP ---

; H 
w � 80 l-----1----1---lf---.f---+---1--�___,,rl G 
w F 
� E � 
w 60 1------,,,__-+--H-+-il7"'+---+---t---t-�:-I 
� D 
� � 40 1----t-+-l--l--f--�-tt---+---+---+----+---t _J u_ w tr 

Figure 5-Spectral reflectance of various elements 
referred to white Bristol board as 100 percent. 

A = black printing ink and typewriter with (carbon) 
paper ribbon 

B = typewriter with black fabric ribbon 
C = black lead pencil 
D = spirit copy "Ormig," dark 
E = green lead pencil 
F = dark-blue office stamp 
G = ball point and fountain pens 
H = gray paper 

3.2 OPTICAL SCANNING 

The physical basis and the advantages of a 
scanning method using infrared as well as visi
ble light waves are indicated in Figure 5. The 
relative reflectance of some printing inks and 
colors is plotted as a function of the wavelength 
of the radiation. White Bristol board is used as 
100-percent-white reference ; thus the curves 
illustrate operating conditions. It is obvious that 
if in addition to the visible range ( 4000 to 7500 
angstrom units ) the infrared range of waves 
up to 17 000 angstrom units is used, the charac
ter reader will distinguish much easier between 
interference produced by elements of curves E 
through H and those characters having a re
flectance similar to curves A and B .  It is 
evident that in the infrared range these inter
ferences reflect almost as much light as does 
white paper, while printing inks remain black. 

The application of this method requires that 
the light source and detector both be capable 
of operating in the visible and infrared ranges 
-a requirement satisfactorily met by the in
candescent lamp and the germanium photo
diode. The spectral range of the light of an 
incandescent lamp and the sensitivity range of 
the germanium photodiode are indicated at the 
top of Figure 5 .  Compared with the alternative 
of using a cathode-ray tube as light source and 
a photomultiplier as transducer, the incandes-

TABLE 2 

CODING OF CZ 13 NUMERALS IN A GRID 
CONSISTING OF TEN STROKE ELEMENTS 

A TO J ( 1  = BLACK, 0 = WHITE) 

Stroke Elements 
Numeral 

A B c D E F G H I J 
---

0 0 0 1 1 0 0 0 0 1 1 

1 0 0 0 0 1 1 0 0 0 1 

2 0 1 0 0 0 0 0 0 1 0 

3 0 0 0 1 0 0 1 0 0 1 

4 0 0 0 0 1 0 0 0 1 1 
5 0 0 1 0 0 0 0 0 0 1 
6 1 1 0 0 0 0 0 0 0 1 

7 1 0 0 0 0 1 0 0 1 0 

8 0 1 1 0 0 0 1 0 0 1 

9 1 0 0 0 0 0 0 0 1 1 
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cent lamp and the germanium photodiode have 
the virtues of simplicity and economy. 

Gray paper (curve H) shows characteristics 
typical of bad paper. Its gray color causes a 
decrease of reflectance in the visible range, yet 
in the infrared range it is almost as bright as 
white paper. Thus, a wide variety of light 
colors of paper can be tolerated. 

On the other hand, Figure 5 also shows some 
limitations of the scanning method. Curve C 
(graphite pencil) is too close to those of the 
printing inks. Heavy black pencil lines, there
fore, will interfere with the scanning operation. 
Spirit copies are not sufficiently black to be 
clearly distinguished from interferences. How
ever, the first carbon copies of documents as 
well as xerographic copies are sufficiently black 
for machine reading. This opens fields of appli
cation unsuitable for magnetic methods. 

In general, use of the infrared range makes 
interferences from fountain and ball-point 
pens, colored pencils, office stamps, colored 
paper, and finger smudges tolerable, while 
materials containing carbon or graphite have 
a reflectance similar to printing inks and thus 
cause trouble. The quantitative influence of 
interferences is explained in Section 3.4.3 with 
the aid of an example. 

3 .3 BASIC READING METHOD 

The documents are mechanically drawn from a 
stack and move past the reading station hori
zontally, parallel to the printed line. An optical 
system proj ects the image of the character from 

BLACK-WHITE DETECTOR 

the illuminated character field onto photodiodes. 
\Vhile passing the reading station, the character 
is scanned from right to left. The photodiodes 
of the scanning device (Figure 6) deliver 
pulses the time sequence of which depends on 
the position of the stroke elements within the 
construction grid. The association of these 
pulses with the corresponding black or white 
values of the stroke elements is ensured by the 
clock, which counts the 5 columns of the char
acter field. Black information is supplied to two 
shift registers that shift under the control of the 
clock pulses. In the case of the numeral 1, for 
example, register stages E, F, and J are marked 
black (refer to Table 2 ) . Subsequent AND gates 
identify the character on the basis of the infor
mation stored in the registers. 

This simple system operates reliably and fast 
as long as printing quality is good and only 
small vertical misalignment of characters is en
countered, as is the case with accounting ma
chines provided with automatic account card 
feeders. Scanning of the characters in only two 
traces is insufficient, however, if there are voids, 
spots, or smudges in the character image, or if 
the characters are so misaligned that any of 
the horizontal strokes of the numeral 1, for 
instance, is detected by either photodiode of 
Figure 6. 

N onnal documents are printed by several dis
tinctively different printing devices and are 
transported and sorted by high-speed sorters. 
As a consequence, it is not possible to hold the 
characters within narrow printing and misalign
ment tolerances. For this reason, a vertical row 
of photodiodes is used. 

A C E G I 

Figure 6-Basic read
ing method. 

BLACK-WHITE DETECTOR B D F H ti 
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3.4 TECHNICAL DESIGN 

3.4. l Scanning 

The photodiodes are arranged in a vertical row, 
parallel to the vertical stroke elements ( Figure 
7 ) .  The character to be read is magnified by an 
optical system so that one vertical stroke ele
ment is projected onto, say, three adjacent 
photodiodes. A horizontal element of maximum 
stroke width will then cover not more than one 
photodiode. Three adjacent photodiodes are 
connected via three resistors to point D. The 

voltage at D is then proportional to the photo
diode surface covered by black stroke elements 
and it is at least three times as large for a verti
cal stroke element (for example, column 1 of 
the numeral 0 )  as for a horizontal element 
(columns 2 and 3)  . The worst-case voltage 
ratio is 3 :  1 ,  large enough to be quantized 
reliably as black or white at the following thresh
old detector even if interferences of the de
scribed types (for example, a white void in a 
black stroke element or a black spot in a white 
element) are present. 

S CA N N I N G  A N D  B L A C K-W H I T E  DETECTION 

COLU M N  
5 4 3 2 1 

I I I I I 

MOVEMENT OF 
THE CHARACTER 

The length of the photodiode bank shown in 
Figure 7 can be adapted to operational require
ments based on the vertical misalignment of 
characters met in service. The character reader 
contains a sufficient number of photodiodes to 
accommodate a vertical printing misalignment 
of ±1 .5  millimeters ( ±0.06 inch) ,  and in addi
tion + 2 millimeters ( +0.08 inch) for the docu
ment transport. The cost of the scanning device 
increases in proportion to the number of photo
diodes. However, the expenditure for digital 
circuits to store and recognize the scanned char
acter represents a major part of equipment cost 
and in this design is independent of the number 
of photodiodes. 

Since in the CZ 13 characters the essential in
formation is contained in the vertical strokes, 
the scanning method accentuates the vertical 
and suppresses the horizontal stroke elements. 
Neglecting the horizontal elements reduces the 
number of circuits, for to detect horizontal 
strokes in addition to the vertical strokes would 
require considerably higher resolution, that is, a 

STORAGE EVALUATION 

STROKE 
LENGTH 

R E LATIVE 

RECOG N I T I O N  

STR O K E-LENGTH 
STORAGE 

5 4 3 2 1 

LEVEL OF I �_.,_,.L,-'-..,---1..,.-J'--, 
STROKE 

ELEMENT 5 4 3 2 
LEVEL 

STO R A G E  

O U T P U T  

0 
L 
c 
Ci 
If 
5 
Ei 
7 
8 
g 
REJ ECT 

STORAGE S H I FT COUNT 

320 

c::::::::J 
P H OTO 
D I O DES 

I I I 
CLOCK P U LSES 

Figure 7-Block diagram of character reader. 
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larger number of scanning tracks with corre
sponding digital circuits. 

3.4.2 Storage and Evaluation 

The scanning device is followed by the digital 
circuits that store and recognize the characters 
(Figure 7) . The store consists of only one shift 
register, which accepts and centers the black
white information a column at a time. During 
centering, all scanned information is shifted to 
a prescribed section of the register, independent 
of the vertical location of the character. The 
stroke length evaluation circuits are connected 
to this part of the shift register to analyze each 
column for long stroke, short stroke, no stroke, 
or not recognized ( reject ) .  For the 5 columns 
stored in binary form, this information consists 
of 10 bits. 

The level or vertical position of the stroke 
element in the first column is registered relative 
to a suitably chosen reference level, and the 
levels of the other columns are then compared 
to it. This comparison tells whether the stroke 
elements in columns 2, 3, 4, or 5 are higher, 
lower, or equal in level to the stroke element 
of each preceding column. This indicates 
whether the short strokes are in the upper or 
lower halves of the character. For four com
parisons, this information consists of 8 bits. 
The information "no stroke" is evaluated as 
equal level. 

The 10 + 8 = 18 bits clearly define all charac
ters. This compares favorably with the 100 
bits required for area storage of a character, 
with 7 photodiodes assumed for a character 
height and 20 diodes in the row. This substan
tial data reduction not only justifies the ex
pense for the shift register and the control cir
cuits, but also allows extremely simple logic 
decision circuits to be used for recognizing a 
character from evaluation of the strokes and 
the levels. 

3.4.3 Optical Scanning Results 

The following example illustrates the advantages 
of optical scanning in the infrared spectral 

Optical Character Readers for Document Handling 

range. The scanning signals have been recorded 
for the numeral 0 beneath the stamp on the 
right-hand side of the upper document in Fig
ure 3. Oscillograms A, B, and C in Figure 8 
indicate the output voltages of photodiodes A, 
B, and C of Figure 7. The wide pulse from 
diode A is caused by the upper horizontal 
stroke of the 0. Curve D of Figure 8 shows 
the summing voltage, measured at point D of 
Figure 7, while curve E shows the timing pulses 
that associate the voltage response with the 5 
coding columns. 

The dark-blue stamp causes only the small in
terference marked by arrows and in no way 
prevents correct recognition of the character. 
If only visible light were used for scanning, the 
signal effected by this stamp would be almost 
as strong as the character signals. 

The reading machine accepts wide tolerances 
of the printing and transport equipment, as 
illustrated by the lower document in Figure 3, 

Figure 8-Scanning oscillograms. Curves A through 
C indicate the output voltages of 3 photodiodes, curve 
D indicates the summing voltage, and curve E the 

timing pulses for the 5 scanning columns. 
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Figure 9-Standard Elektrik Lorenz document encoder. 

Figure 10-0lympia accounting machine. 

Figure 1 1-International Business Machines electric 
typewriter with CZ 13 characters. 

which contains skewed and vertically mis
aligned characters. 

4. Machine Concept 

To use the character reader, printing machines 
as well as machines for transporting, sorting, 
and stacking the documents must be provided. 
A selection of printers for type face CZ 13 is 
described in the following section. The printers 
have been tested in field operation. The encoder 
shown in Figure 9 has been developed for the 
German postal check system. It permits extensive 
programs for automatic printing of fixed and 
preselected data and is equipped with auto
matic document input and output facilities, a list 
printer, and punched-tape verification of the 
data keyed in [7 ] . Figure 10 shows an account
ing machine with carbon-tape transport and in
sertion pocket. The electric typewriter shown in 
Figure 1 1  is a standard design. \Vhile the ac
counting machine allows some programing with 
the aid of special bars, the relatively inexpensive 
typewriter can be used advantageously as a 
general code printer for special purposes or in 
small installations. 

A sorter unit used for the transportation of 
documents is shown in Figure 12. It is equipped 
with 1 2  pockets, 10 of them being used for the 
individual numerals, one for special purposes, 
and one for rejects. The machine feeds docu
ments at a rate of 12.5 documents per second 
with a conveyor speed of 3.8 meters per second. 

The box on the rear left side in Figure 12 ac
commodates the lamp and the scanning device 
for the optical reader. Since the machine was 
originally designed for magnetic scanning, the 
lamp and scanning device were fitted to it later. 
The unit may also be attached to sorting ma
chines of other manufacture. Figure 13  shows 
part of the character-reader rack. 

The machines just described have been supplied 
to the Deutsche Bundespost in 1963 and 1964 
as part of the Standard Elektrik Lorenz pilot 
system for automatic postal check handling. The 
system includes five encoding sets (Figure 9) , 
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two sorters with CZ 13 character readers, the 
ER 56 electronic computer with magnetic 
drums to store the data of 20 000 postal check 
accounts, a high-speed printer for producing 
the daily statements, a special-inquiry set, and 
machinery for stuffing documents into envelopes 

[7, 8] . 

5. Test Results 

To confirm the suitability of the reading method 
and machine design, the character reader has 
been subjected to extensive tests. It is very 
difficult, as mentioned earlier, to obtain depend
able data on the most-important property of the 
machine, namely its reliability. In addition to 
technical properties of the reader, test results 
also reflect the printing quality, the paper qual-

Figure 12-National Cash Register sorter with control 
panel, document feeder (right) ,  first stacker (front) ,  

and some documents being processed. 

Optical Character Readers for Document Hand ling 

ity, and the mechanical reliability of the sort
ing machine. For this reason, the tests must 
be conducted in compliance with precisely de
fined specifications, and all faults must be 
carefully analyzed to obtain usable results. 

The Deutche Bundespost deserves credit for 
being the first neutral and independent organi
zation to carry out large-scale tests on type 
faces E 13 B, CMC 7, and CZ 13 under the 
same conditions. The test results permit a com
parison of these methods as well as conclusions 
regarding their future application in postal 
check service. The tests included printers, 
sorters, and character readers, that is, a ma
chine configuration that may be used also for 
other banking organizations. For the type face 
E 13 B, equipment from four different manufac
turers was tested ; for both CMC 7 and CZ 13, 
one reader and one sorter were tested. 

Figure 13-Printed cards partly withdrawn from 
character reader. 
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A first report of the Deutsche Bundespost has 
been published on the conditions and the execu
tion of the test [9] . A second report describes 
and analyzes the results obtained for magnetic 
type faces E 13 B and CM C 7 as well as for 
optical type face CZ 13. This report serves as 
a basis for the following data. Further details 
are given in the literature [ 10, 1 1 ] .  
The test results are broken down by rej ects and 
reading ( substitution) errors, the former de
noting that the character reader was able to 
detect information but failed to identify it as 
a numeral or special symbol. In these cases, 
the document is rejected by the machine and 
passed automatically to the reject pocket, from 
which it is removed for manual processing. A 
reading error ( substitution error or wrong 
recognition) means that the character reader 
mistook one character for another. The docu
ment then passes to the wrong sorting pocket, 
and in most cases an incorrect entry is made, 
which is particularly troublesome in banking 
applications. Therefore, reading errors should 
not occur at all, if possible, or at least be con
siderably rarer than rejects. Organizational 
procedures beyond the scope of character recog
nition may be used to discover reading errors 
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Figure 14-Reject rates per 1000 characters read, for 
six reader-sorters. Refer to Tables 3 and 4. 

in time. For example, a check digit could be 
formed from the account number or amount 
and printed on the document. The computer 
checks the digit sum total and rejects the docu
ment if a mistake is detected. 

5 . 1  REJECTS 

Similar to the procedure practiced in some 
places in the United States, documents rejected 
during the first reading were processed by the 
sorter twice more to exclude accidents, such 
as documents in skewed position or wrong side 
up. The final rejects after the third pass ( 18 700 
documents rej ected out of 1 769 000) were then 
checked for causes of rejection [ 9] . The reject 
rates for letterpress and keyboard printing are 
given in Tables 3 and 4, broken down by the 
main causes. The sums of these two tables are 
charted in Figure 14, which also shows the 
average for letterpress and keyboard printing. 

While Figure 14 shows all rejects, Figure 1 5  
indicates merely the reject rates significant for 
comparing reading methods, that is, the data in 
Tables 3 and 4 after we subtract the errors 
attributed to "sorter mechanism" and "operator 
mistakes," which obviously have no bearing on 
the accuracy of the reading method. The aver-
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Figure 15-Reject rates per 1000 characters read, for 
six reader-sorters. The data in the bar graphs include 
only those rej ects that are significant for comparing 

readers. 
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age rates shown as bar graphs in Figure 15 are 
given numerically under "Reliability" m 

Table 1 .  

for the six different reading and sorting ma
chines tested. 

5 .3 DrscussroN OF TEST RESULTS 
5.2 READING ERRORS 
The significance of reading errors has already 
been discussed. Table 5 shows the test results 

The test results for the CZ 13 reading method 
were definitely better than those obtained for 
the other methods. In field operation higher 

TABLE 3 

REJECT RATES IN PERCENT FOR LETTERPRESS PER 1000 CHARACTERS READ 

Type Faces 
E 13 B GdC 7 CZ 13 

Reader-sorter ( 1 )  (2) (3) (4) (5) (6) 
Reject causes : 

Letterpress 0.419 0.140 0.432 0.741 0.018 0.012 
Sorter mechanism 0.223 0.854 0.267 0.029 0.008 0.014 
Character reader 0.016 0.014 0 .133 0.307 0.002 0.002 
Paper 0.014 0.087 0.052 0 .212  0.02 1 0.001 
Operator mistakes 0.003 0.024 0.024 0.068 0.004 0.043 

Totals 0.675 1 . 1 19 0.908 1 .357 0.053 0.072 

TABLE 4 

REJECT RATES IN PERCENT FOR KEYBOARD-CONTROLLED PRINTERS PER 1000 CHARACTERS READ 

Reader-sorter 
Reject causes : 

Keyboard printer 
Sorter mechanism 
Character reader 
Paper 
Operator mistakes 

Totals 

Reader-sorter 
Reading errors 

Type Faces 
E 13 B 

(1) (2) (3) (4) 

0.602 0 .554 0.390 0.4 1 1  
0.061 0.034 0. 103 0.014 
0.022 0.01 1 0.095 0.082 
0.0 1 7  0.057 0.076 0.091 
0.050 0.067 0.052 0.050 

0. 752 0. 723 0.716 0.648 

TABLE 5 

READING ERRORS PER 1 MILLION CHARACTERS 

(1 ) 
2.20 

(2) 
14 .12  

E 1 3  B 

(3) 
1 1 .58 

Type Faces 

(4) 
5 1 .46 
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CMC 7 

(5) 

0.499 
0.035 
0.004 
0.035 
0 .124 

0.697 

CMC 7 

(5) 
0.65 

CZ 13 

(6) 

0.103 
0.025 
0.001 
0.003 
0.042 

0 . 1 74 

CZ 13 

(6) 
1 .25 
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reject and error rates must be expected than 
obtained in these tests, within which only clean 
documents not handled by the public were 
processed and only a limited number of ma
chines were used, under control of qualified 
postal personnel. On the other hand, the re
stricted but well-defined test conditions of the 
Deutsche Bundespost allow a more-critical 
comparison of the reading methods. 

After evaluating the results, the Bundespost 
discontinued tests on type face E 13 B, while 
further tests are scheduled for CMC 7 and 
CZ 13. 

Results have been received from the United 
States on type face E 13 B in field operation. 
In part, these results are substantially worse 
than those obtained during the Bundespost 
tests. However, it is not certain that similar 
results would be obtained during practical oper
ation in the German postal check system, for 
conditions are quite different in the United 
States and in many cases less favorable. 

6. Conclusions 

The present state of the art can make optical 
character readers largely insensitive to interfer
ences on the document. Parallel scanning 
of the characters further permits such high 
reading speed that the character reader may be 
used in conjunction with fast sorting equip
ment, which thus far has been reserved for 
magnetic character recognition. With respect to 
economy and choice of printing methods, optical 
character recognition has always been superior 
to magnetic methods. A number of conventional 
printing methods have proved suitable. 

The objective is an optical reading method that 
can process documents printed with ordinary 
inks. Stylized characters may be included to 
achieve high reliability and overall economy. 
In this respect, some users tend to consider 
magnetic-ink systems as an intermediate state. 
The future will show whether they are right. 
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Automatic Postal Check Hand ling in Germany 

K.-H. KLON N E  
Standard Elektrik Lorenz AG ; Stuttgart, Germany 

As in most European countries, financial trans
actions in Germany are mainly carried out by 
ordinary banks, savings and clearing ( endorse
ment) banks, and postal check offices. 

The German postal check service is limited to 
the transfer of money, whereas credit allowance 
and other banking transactions are carried out 
by ordinary banks as well as by savings banks 
and clearinghouses. Despite these limitations, 
transactions within the German postal check 
service have grown to a considerable extent 
since its beginning in 1909. 

The widespread network of more than 30 000 
post offices and paying-in and paying-out offices 
contributed considerably to this volume. At 
present the Deutsche Bundespost has 13 postal 
check offices of various sizes with 2 million 
accounts and more than 4 million entries per 
day. 

The main operations within the postal check 
service are : transfer from one account to an
other, cash payments to and from postal check 
accounts, and execution of permanent orders. 
These operations are so well coordinated that 
it is almost impossible to overdraw a postal 
check account. 

In view of the large volume of business, the 
Deutsche Bundespost decided to mechanize 
the postal check service, which heretofore de-

pended mainly on manual operations. Before all 
13 postal check offices could be reorganized, 
new equipment and techniques had to be tested 
thoroughly. This is why Standard Elektrik 
Lorenz, among other firms, received an order 
from the Deutsche Bundespost for a complete 
postal check trial installation for 20 000 ac
counts. This system, installed in Nuremberg 
and turned over to the Bundespost in Septem
ber 1964, is described in the following sections. 

1 .  Requirements 

The Bundespost required automatic handling of 
the original documents from account entries 
through stuffing envelopes for mailing to the 
customer. Electronic data processing was re
quired, but punched cards and tape could not 
be used as booking elements. 

1 . 1  DOCUMENTS 

In the present system, each transaction uses a 
document divided into the three following parts : 

(A) The main slip, which is kept at the postal 
check office after processing ; 

(B) The debit slip, which goes to the debited 
customer ; and 

(C) The credit slip, which goes to the credited 
customer. 

Figure 1-New postal check document. The front is encoded with CZ 13 type face and the back with machine
readable endorsement stamp as a receipt for crediting as well as debiting. 
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For the new system, the single document shown 
in Figure 1 has been developed. It is 148 by 102 
millimeters ( 5.8 by 4 inches )  in size. The debit 
slip is replaced by a notation on the statement 
of account, similar to present bank transactions. 
In the future it is planned to use microfilms to 
record all transactions. This will permit the 
original document to be given to the credited 
customer. 

At the bottom of the new document there may 
be encoded as many as 42 characters, which can 
be read either mechanically or visually. In prin
ciple, all known type faces can be used. For the 
present trial operation, however, the Bundes
post has chosen CMC 7 as a magnetic type face 
and CZ 13 as an optical type face. The final 
choice will be made after all the test results 
have been evaluated. 

1 .2 OPERATION 
The operation of the trial installation required 
thorough study of the present postal check serv
ice as 'vVell as evaluation of data systems pres
ently available. 

In the present service, all incoming documents 
are first sorted manually according to debit 
account numbers. These accounts are then 
debited using simple accounting machines. At 
the same time, the debit is charged against the 
balance of the last statement of each account to 
produce a new statement of account. 

The documents are again sorted manually ac
cording to credit account numbers. These 
accounts are then credited and new statements 
of account are prepared for them. Each account
ing unit works with certain customers and 
maintains an account file covering address, ac
count balance, blocking notes, list of signatories, 
et cetera. Every entry is reviewed by a second 
person. Finally, the statements of account as 
well as the respective documents are manually 
stuffed in preaddressed envelopes. 

For customers who frequently receive credit 
or debit notes, special lists are prepared by 

Automatic Postal Check Handling in Germany 

adding machines. Only the total is indicated in 
the statement of account. 

For check cashing and counter service at indi
vidual postal check offices and their distant 
branch offices, the checks presented for accept
ance must be forwarded as soon as possible to 
the respective accounting unit to avoid any 
impermissible cash disbursements. This pro
cedure, however, causes some delay in check 
cashing and counter service. 

In reorganizing the service, the following oper
ations are to be mechanized : entry of credits 
and debits ; account information for check cash
ing and counter service ; sorting of documents 
and data ; compiling and printing of special 
lists ; printing of statements of account and at
taching the respective documents as well as 
stuffing both into envelopes ; and computing of 
balances. 

In addition to the above requirements, it i s  
imperative that all operations necessary for 
20 000 postal check accounts be carried out 
daily between 6 in the morning and 6 at night. 
All orders must also be processed without first 
being sorted by account numbers. This on-line 
processing 1s one of the most-important 
features. 

2. Equipment of Trial I nstal lation 

2.1 ELECTRONIC COMPUTER ER 56 

The ER 56 electronic computer shown in Fig
ure 2 includes operating and extra stores as 
well as periphery devices. 

A core store with a capacity of 25 200 digits 
serves as an operating store. Four magnetic
drum stores, each having a capacity of 84 000 
digits, supplement the core store and also serve 
as account stores. 

The average access time for each of the mag
netic-drum stores is 10 milliseconds. Additional 
storage is provided by 8 magnetic tapes, which 
are also connected to the core store. They 
process data at a speed of 2.5 milliseconds per 
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bit and a density of approximately 10 characters 
per millimeter ( 254 per inch) .  

A punched-tape input device with a speed of 400 
characters per second has been linked to the 
computer. In addition, a punched-card input 
has been connected to the core store and 
processes up to 400 cards per minute. This 
machine mainly processes alphanumeric data. 
An extremely fast printer is used that can pro
cess up to 63 thousand 80-digit lines per hour. 

The data stored in the computer is accessible 
by means of a special inquiry device. 

2.2 READER-SORTER 

A reader-sorter with 17 pockets, an endorsing 
device, and an endorsing-stamp recognition 
device is provided for processing the new docu
ments. This reader-sorter, which is connected to 
the electronic computer, can read the encoded 
CZ 13 optical characters on the documents with 
a maximum speed of 45 000 documents per 

hour. The computer controls the distribution to 
the 17 pockets after electronically processing all 
read-in document data in less than 80 milli
seconds. 

The endorsing-stamp device puts on the back 
of each document a stamp that is legible to the 
machine. This stamp device is also controlled 
by the computer. The stamp consists of a bar 
pattern that is distinguishable from other 
stamps or contamination. 

2.3 DOCUMENT SORTER 

The document sorter is composed of the same 
units as the reader-sorter but contains only 12 
pockets and no endorsing-stamp device. This 
machine ordinarily sorts the documents inde
pendently of the electronic computer. If the 
reader-sorter breaks down, however, the docu
ment sorter can be connected to the ER 56 as a 
substitute. 

Figure 2-Electronic computer ER 56. 
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2.4 ENVELOPE STUFFER 

The envelope stuffer is the most-complicated 
electromechanical equipment of the test instal
lation. Like the reader-sorter, it is also con
nected to the ER 56 and includes a document 
reader as well as a document feeder in the 
input. The document feeder is linked with a 
document stacker that can stack up to 10 docu
ments, which are transported to the envelope 
stuffer. At the same time this machine receives 
the statements of account from the high-speed 
printer. The statements are cut away from the 
paper roll, turned and folded to proper size, 
and joined with their respective document 
stacks. The statements of account and the docu
ment stacks are then stuffed in window en
velopes. The envelopes are sealed and stacked 
in one of the 5 pockets of the machine. 

The main problem in developing the envelope 
stuffer was the variable number of credit notes 
as well as the variable printing time per state
ment of account. The envelopes must be stuffed 
in conformance with these 2 parameters with 
the additional guarantee that documents are 
always properly inserted with their respective 
statements of account. This problem has been 
satisfactorily solved by an electronic control 
system that synchronizes the mechanical opera
tion. The calculated efficiency of the envelope 
stuffer mainly depends on the speed of the 
printer, which varies from 0.9 to 1 .3  seconds 
per statement of account. 

2.5 PREPARATION STATIONS 

Documents are encoded mechanically as well as 
visually at the preparation stations. Two sta
tions comprise an encoding unit. At one station 
the document information to be encoded is 
keyed in and punched on a tape that is read at 
the encoding station, shown in Figure 3. The 
characters are printed only if the keyed-in and 
the punched data correspond. The document is 
printed automatically by putting it into the 
opening provided. 

The encoding station also contains a printer 
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data. Without keying-in, the operator initiates 
the automatic encoding of data that are the 
same for a large number of documents (for 
example, the date of entry and the kind of 
document) .  The encoded documents are auto
matically transported to a special stacker pocket. 
The encoding station also includes an account
ing device that adds and records all keyed-in 
amounts. 

3. Trial I nstallation 

Figure 4 depicts the total operation in a Ger
man postal check service trial installation. 

3 . 1  DOCUMENT ENCODING 

For security, the individual documents are en
coded in 2 steps at 2 different preparation 
stations. To simplify the encoding, data that are 
known when the documents are issued are 
printed in advance using a type face legible to 
the machine. Examples of such data are : ac
count check digit, account number and postal 
check office number of the customer, as well as 
the sheet number and serial number of the form 
being used. Tapes punched at the first prepara
tion station are attached to their respective 
documents and then transported to the encoding 
station. After confirmation of the encoded docu
ments by means of the control list, which was 

that can be set manually for encoding fixed Figure 3-Postal check encoding station. 
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prepared at the same time as the punched tape, 
the documents are ready for further processing. 

3 .2 ON-LINE ENTRY OF AccouNTS 

3.2.1 Entries via Documents 

A characteristic feature of the trial installation 
is its capability to make on-line entries for all 
debit and credit notes regardless of their 
sequence. 

W I R E  
TRANSFERS 

CAS H I ER'S 
CH ECKS 

ACCOUNT I N FOR MATION A N D  
OUTSI DE: T R A N S A CT I O N S  

For transfer orders ,that require a debit as 
well as a credit entry in the accounts of the 
trial installation, the entries may be made on 
line. 

The reader-sorter reads the document informa
tion into the computer. The sequence of opera
tions is shown in Figure 5. The entire process 
is completed within 80 milliseconds. Data such 
as the account number, account check digit, 
credit balance, and possibly blocking notes 
necessary for accounting purposes, are stored 

POSTAL 
CHECK 

CLEA R I NG
HOUSES 

POSTAL 
CHECK 

OFFICES 
POST 

OFFI C E S  

,- - - - - - - - - - - - 1 

I ..-----------______, I I I 
STAT ION FOR OUTS I DE I I 

__ T_R_AN_s_Ac_T_1_o_N_s ___ __ _J vA L 1 DAT 1 N G  AN D E N co D 1 N G  

I ,--
1 I I 
I I 
I I 
I 
I I I I 

D E B I T  A N D / OR 
�� I C R E D I T  ACCO U N T  -----------------11"1 REA D I N G  A N D  P R EL I M I N A RY SOR T I N G  

I N  FO R M ATION I 
DEBIT N OT I C E S  

SORT I N G  

TAPE W I TH OLD 
C U STO M ER DATA 

C O M P UTER 

TAPE W I TH N EW 
CUSTO M E R  DATA 

PAY M E NT 
TICK ETS 

M A N UAL 
HAN D L I N G  

POSTAL 
C H ECK  
OFF ICE 

I 
I I I 
I I 
I 
I I I 

L _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _J 
POSTAL C H EC K  

CUSTO M E R S  
POSTAL 
C H EC K  

OFFI C E S  
POST 

OFF I C E S  

Figure 4-Total operation of the German Postal Check Service trial installation. The heavy lines represent signal 

data flow, while the others represent document flow. 
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( 1 )  documents without credit 

( 1 )  documents not in proper form 

in the magnetic drums. At the end of the en
tire entry process the magnetic drums cover the 
latest balances of account. These are used for 

control before being printed on the statements 
of account and are therefore transferred to mag
netic tape. 

( 4) credit notes of the 4 largest postal check 
customers for whose transactions special 
lists must be prepared 

After the reading and entry processes are 
finished, the reader-sorter stacks the documents 
into 16  of the 17 pockets as follows. 

( 1 )  credit notes of the other big postal check 
customers who also receive special lists 

( 4) credit notes for dispatch of statements 
of account 

1�;-���--1 I COM PUTE;----------------1 
I I I CON F I R M S  I 
I R EADS D O C U M ENTS l--+---1 - I N FO R M ATION READ NOT R ECOG N I Z E D  I 

II RECOG N I Z ES N E E D  FOR 
I 

C O N F I R M S  N E E D  FOR ALREADY ENTERED l DEBIT O R  C R E D I T  S TA M P  DEB I T  O R  C R E D I T  STAMP I I I I I N FO R M AT I O N  F R O M  I I "" "'""" 

I 
II 

CO N FI R M S  W R O N G  I AC C O U N T  N U M BER ACCO U NT N U M B ER 

I I �Cf) I I COMPUTES CHARGES 

§ I 
I F  N E C E S S A R Y  

:s I I 
-' 

D E B I TS F O R  STOPS C H ECK BECAUSE O F  I � I A P P L I C A B L E  NOTES I N S U FF I C I E N T  F U N D S  
m I 

II C R ED I TS FOR I I A P P L I C ABLE N O TES BLOC K S  A C CO U N T  

I I I \ o�:d � � � F��;�6T Accou NT ENTRY M A D E  

I I I 
I
I T R A N S FERS DATA TO I ACCOUNT STORES A N D  TAP E S  

I I , ,�i':i �iz:�i, 1 I .��;;;�1;��·��:-, i 
L _ _ _ _ _ _ � L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 

Figure 5-Sequence of operations in reader-sorter and computer for making entries to accounts. 
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( 1 )  documents to be sent to other post 
offices 

( 1 )  documents with erroneously encoded 
account check digit 

( 1 )  documents that need manual handling 

( 1 )  documents with blocking notes 

( 1 )  documents rejected for technical reasons. 

All data received by the computer during the 
electronic entry of accounts are converted to 
the following magnetic tapes. 

( 1 )  for all processes (program tape) 

( 1 )  for all received credits 

( 1 )  for all received debits 

( 1 )  for all unsettled documents (cases) 

( 1 )  for all special-list data. 

3 .2.2 Entries and Information via Inquiry Unit 

The inquiry unit is used for entering accounts 
of cashier's checks and wire transfers of credits 
without documents as well as for account in
formation and modification of blocking notes. 
After keying in the respective account number 
and operating a programing key, the new bal
ance of the requested account is printed out. 
A second keying in of the amount and a corre
sponding account-entry key correct the account 
store. 

As a receipt for the account entry, the request 
data are printed out by the inquiry unit. These 
entries and information are automatically han
dled on line with other operations, 

3 .3 SORTING 

3.3 .1  Credit N ates 

Credit notes that must be sent to the credit 
receiver together with special lists and state
ments of account must be sorted according to 
credit account numbers. Only after the docu
ments are sorted can the special lists and state
ments of account be printed. The sorting ma
chine is used for these processes also, operating 

independently of the computer and in parallel 
with the electronic sorting of magnetic-tape 
data. 

3.3.2 B-Docimients 

All debit processes or B-documents (documents 
to be credited to the other 12  postal check 
offices) must be sorted. This operation may be 
performed by the reader-sorter in one sorting 
process or by the sorter in t\vo processes. In the 
trial installation this process can only be simu
lated, as no exchange of documents with other 
postal check offices is planned at present and 
for the near future. 

3.3.3 Magnetic-Tape Data 

Before compiling the data of statements of ac
count, the debit data converted to the magnetic 
tapes during entry of accounts must be sorted 
according to debit account numbers. As already 
mentioned, the computer can sort these data in 
parallel with the document sorting. 

3.4 PROCESSING STATEME::-<TS OF ACCOUNT 

The documents sorted by debit account numbers 
and credit account numbers are necessary for 
preparing statements of account. Further, with 
this operation the addresses of postal check 
customers and balances of their latest state
ments of account must be added. The last
mentioned data are stored on the so-called 
customer tape. 

At the beginning of this process the sorted 
documents go to the envelope stuffer ( see Fig
ure 6) . The high-speed line printer connected 
to the computer is now prepared for coordinated 
operation with the envelope stuffer. This is 
automatically controlled by the computer. 

Figure 7 shows the individual steps. The sort
ing machine takes the sorted credit notes from 
the stack and reads the data from the notes into 
the computer. All documents necessary for the 
statements of account are collected in the 
stacker. In addition, the computer receives the 
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latest credit balances of the respective accounts 
from the magnetic drum, the credit balances of 
the day before from the customer old tape, 
and all the day's debits from the debit tape. By 
means of the new credit data and the credit 
balance of the day before, the computer ascer
tains the new credit balance and compares it 
\vith the drum credit balance converted by on
line entry. If both agree the statement of ac
count is presented via the high-speed line 
printer ; at the same time the new credit balance 
is converted to the customer new tape. The 
program tape supplies postal data necessary for 
dispatch, mainly the name and address of the 
customer. 

The printed statement of account is separated 
from the paper roll, turned, and folded, the 
respective credit notes are attached, and all are 
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automatically stuffed into a window envelope. 
The sealed envelope is then conveyed to one of 
the five pockets of the stacker. One pocket re
ceives all statements of account rejected for 
errors ; these are handled manually. 

4. Conclusions 

The on-line concept of entering accounts and 
the automatic stuffing of statements of account 
into envelopes are especially important to the 
future mechanization of the automatic postal 
check service. The on-line entry of all docu
ments by their sequence of arrival in the postal 
check office is advantageous because the trans
fer documents may be credited and debited in 
one operation without re-sorting. Furthermore, 
encoding and entry are carried out in parallel 

Figure 6-View of trial installation. The envelope stuffer and line printer are at left foreground and the stamping 
device for sealed letters is at right foreground. The document sorter equipped with 12 pockets and the reader-sorter 

equipped with 17 pockets are in the background. 
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and more time is thus available for encoding. 
This results in a considerable reduction of en
coding units and personnel. 

Before the advantages in techniques and or
ganization could be proved by this trial instal
lation, considerable planning plus programing 
of approximately 30 000 instructions were 
necessary. The Deutsche Bundespost shared in 
this work, which lasted more than 3 years 
and was completed in September 1964. 

The Bundespost now is in a position to evaluate 

and improve the new processes and to carry 
out capability and reliability tests. Furthermore, 
the ease of programing the system will be very 
valuable in preparing statistical material as a 

basis for planning further mechanization of all 
postal check offices. 

To provide for future integration of a mecha
nized postal check service into the overall auto
mation of the entire postal senrice, it is planned 
to equip the envelope-stuffing system with extra 
units. An additional function will be to print 
the mail area code number on the envelopes in 
a machine-readable way. This will result in 
faster mail distribution. Furthermore, a dated 
postage stamp ( franking notice) will be auto
matically printed on each envelope. 

To fully mechanize postal check operations, 
which are now done mainly by hand, much time 
will be required to complete the preparatory 
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OF ACCO U N T  
COMPUTED STAT EM ENTS 

OF ACC O U N T  

T A P E  WITH N EW 
CUSTO M E R  DATA 

I I I 
- -· _ _ _ _ _ _ _  _J I 

L _ _ _  _ 

STAT E M E NTS O F  
ACCO U N T  P R I N T E D  

DOC U M E NTS MATED W I TH TH EIR 
STATEMENTS OF ACC O U N T  l'lt------1 

STATEM ENTS O F ACC O U N T  
CUT, TURN ED, A N D  FOLD E D  

S T U F F E D  I N  E N VELO P E S  

E N V ELOPES S EA L E D  

O U T P U T  

4 D I R EC TI O N S  

COPI E S  O F  STAT E M E N T S  
O F  ACCO U NT 

Figure 7-Handling of documents after they are validated and encoded. The heavy lines represent 
signal data flow, while the others represent document flow. 
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phase. This trial installation is one step along 
the path to completion. 

Since this paper was prepared, the Deutsche 
Bundespost has decided that later it will modify 
the optical readers in the N urernberg test instal
lation for the O CR-A type face. This is an 
international standard [ 12]  and, being very 
similar to the CZ 13, the same performance 
features are shared by the two faces. 
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Mic rowave Power Sou rces U sing Solid-State Devices ':' 

L. LEWIN 
Standard Telecom m u n i cation Laboratories Limited ; Harlow, Essex, England 

J. PAI N E  
Standard Telephones and Cables Lim ited ; St. Mary C ray, Kent, England 

Introduction 

The past few years have seen the replacement 
of valves of low to medium power by solid
state sources, either varactor chains or tunnel
diode oscillators. The requirements for these 
sources depend very much on their proposed 
use and on their power, noise, bandwidth , and 
other properties. 

1 .  Examples of Specifications 

In the baseband and intermediate-frequency 
circuits of radio-link equipments, the use of 
transistors permits a reduction in equipment 
volume, maintenance costs, and power con
sumption, plus an increase in reliability. To 
carry this trend further and replace the valves 
in the radio equipment by solid-state devices 
requires the development of microwave power 
sources of appropriate performance, together 
with some changes in equipment design to 
avoid the need for a direct relationship be
tween the solid-state source and the valve 
source it replaces. For example , the introduc
tion of an input radio-frequency parametric 
or tunnel-diode amplifier of lower noise figure 
eases the transmitted power requirement. 

The local-oscillator power in a heterodyne 
microwave repeater for 1800-channel capa
bility, in which a traveling-wave tube is re
tained to provide the output power of 10 
watts, is required to be from 2 to 3 milliwatts 
for the input mixer and about 40 milliwatts 
for the output mixer, at fixed frequencies 
within the International Radio Consulta
tive Committee bands from 3 · 8 to 4 · 2 and 
from 5 · 9  to 6 · 4  gigahertz, with a stability of 
± 100 kilohertz. It is also required that any 
incidental frequency modulation produce no 
more than 10 picowatts of psophometrically 

* Presented at 1 1 th International Congress on Elec
tronics, Rome, Italy ; 22-26 June 1964. 

weighted noise power in any of the baseband 
channels between 300 kilohertz and 8 · 2 mega
hertz after demodulation . If this is considered 
to be due to a spectrum of white noise, un
correlated on either side of the local-oscillator 
frequency, of power density N per 4-kilohertz 
bandwidth, the carrier-power-to-noise-ratio 
requirement in decibels can be written 

where 

p 
80 - W +  (FM) N -

W = psophometric weighting allowance 

= 3 · 6 decibels 

(FM) = frequency-modulation disadvantage 
factor 

= 20 1 ( baseband frequency ) 
og 

root-mean-square deviation 

where the deviation corresponds to 1 milliwatt 
referred to a point of zero reference level at 
this baseband frequency. 

Hence 

(P/N) > 107 · 7  decibels at 8 · 2  megahertz 
> 107 · 4  decibels at 5 · 0  megahertz 
> 102 · 6 decibels at 2 · 0 megahertz 
> 97 · 2 decibels at 1 · 0 megahertz 
> 86 · 9 decibels at 0 · 3 megahertz. 

Since the effective frequency deviation is 
directly proportional to the multiplication 
factor .M, these noise-margin requirements be
come more severe by 20 log M decibels if 
referred to preceding points in a multiplier 
chain. 

For a 960-channel system it becomes feasible 
to replace the traveling-wave tube by a 
varactor-multiplier chain that supplies an up
converter producing a sideband output power 
of 1 watt. In this case a local-oscillator power 
of 2 · 5 watts is required and the corresponding 
noise margins , allowing for a 0 decibels relative 
1 milliwatt referred to a point of zero reference 
level deviation of 200 kilohertz root-mean-
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square and the appropriate International 
Radio Consultative Committee pre-emphasis 
characteristic, become 

(P / N) > 98 · 7 decibels at 4 · 188 megahertz 
> 97 · 8 decibels at 2 · 0 megahertz 
> 93 · 7 decibels at 1 · 0 megahertz 
> 83 · 8 decibels at 0 · 3 megahertz. 

To ease the selectivity requirements on the 
multiplier circuits and on any subsequent 
filters used to suppress spurious output fre
quencies , the crystal-oscillator frequency and 
overall multiplication factor should be chosen 
so that the unwanted sideband tones do not 
fall at spacings simply related to the inter
mediate frequency. Thus for a range of local
oscillator frequencies from S · 87 to 6 · 47 giga
hertz, a multiplication factor of 128 requires 
a crystal-frequency (Jc) range of 4S · 9 to SO · 6 
megahertz, which is suitably spaced from 70 
and 3S megahertz. This permits the spurious 
margin of f10 ± fc to be about SO decibels less 
severe than if fc had fallen in the range from 
62 to 78 megahertz. 

The transfer characteristic curve , from the 
input of the inter mediate-frequency driver 
amplifier to the sideband output of the up
converter , is required to have a 0 · 2S-decibel
down bandwidth of not less than 20 megahertz. 

Another possible application of solid-state 
microwave power sources is in a transmitter 
unit for a frequency-modulated radio altim
eter. In this case an output power of about 0 · S 
to 1 watt at 4 gigahertz is adequate, but 
provision must be made to sweep the trans
mitter frequency over a band of 100 megahertz 
at a frequency of a few hundred hertz. This 
requires that the multiplier chain have a 
dynamic bandwidth of the order of at least 3 
per cent. 

Radio-link equipments are often required to 
operate over a room ambient temperature 
range of 0 lo SO degrees Celsius and relative 
humidity of up to 8S per cent. The correspond
ing figures for an altimeter transmitter may 

Microwave Sources Using Solid-State Devices 

higher limit is more significant because of over
heating of transistors and varactors , with 
consequent loss of power and failure. 

2. Basic Theory of Varactor C ircuits 

Most solid-state microwave sources that 
develop more than a few milliwatts depend 
for their operation on the voltage-variable 
capacitor or varactor diode, for which the 
capacitance Cv at reverse bias voltage V is 
related to the zero bias capacitance Co by 

C. = Co/ ( V  - ¢)1/n (1) 

where cJ> is the contact potential of the diode, 
which is usually of the order of 0 · S to 1 · 0 volt, 
and n is a constant that depends on the diode 
construction. Thus n = 2 for an abrupt junc
tion and n = 3 for the graded type. 

The varactor diode is generally used in a 
circuit of the type shown in Figure 1 .  Here the 
varactor current is provided by a number of 
branch circuits, each containing filters that 
have zero loss at the angular frequencies 
indicated and infinite loss at all other 
frequencies. 

.L 
T 

be - SS to + 70 degrees Celsius. Usually the Figure 1-Typical varactor-diode circuit. 

ELECTRICAL COMMUN ICATION • Volume 40, Number 3 • 1 965 339 

www.americanradiohistory.com

www.americanradiohistory.com


Microwave Sources Using Sol id-State Devices 

The varactor current is therefore 
m 

£ = L I, sin (w,t + Or) (2)  

and the charge q is  given by 

q = f idt = q - � I, cos (w,t + 0,) (3) 
1 w, 

where q is the mean charge. 

If we consider the abrupt-junction varactor, 
(1) may be written 

(4) 

if V » cf>, and hence the charge is 

q = f C.d V = 2 Co rm. (5) 

It follows that q = 2 C0Vi-:! where V is the volt
age across the varactor corresponding to the 
mean charge. 
From (3) and (5) the varactor voltage is 

11 -
1 

- 4Co2 

J m I } 2 
X l 2 Co VY:! - L _.:: COS (wrt + Or) . 

l Wr 
(6) 

The power input Pr to the varactor due to the 
flow of current Ir at an angular frequency wr 
is therefore 

W {211"/W • Pr = 2 11" } 0 
Vlr sm (w,t + O,)dt (7) 

where w/27r is the fundamental frequency of 
the system .  

2 . 1  FREQUENCY DOUBLER 

If we put m = 2, then w2 = 2w1 . If E2 = 0 ,  
Figure 1 reduces to the doubler circuit. 
In this case, (7) gives Pi, the input power to 
the doubler, as 

If we set 01 = 0, P1 is a maximum if 02 = - r./2 .  
That is 

The power input P2 to the doubler at 2w1 is 
I12I2 . P2 = 1 6C . 2 sm (02 - 201) = - P1• (8) 

o"W1 

Thus, the varactor diode behaves as a power 
source P2 at 2w1.  

Examination of (6) shows that the varactor 
has a mean input capacitance C = Co V-H. 
If the varactor is driven over the entire 
reverse-bias region ,  V = Vi/ 4 as the charge 
waveform is symmetrical about q and the 
mean capacitance is then 

(9) 
The results obtained above are for operation 
of a loss-free varactor ; however, the practical 
varactor is not loss-free but has a series re
sistance R8• The quality of a varactor is fre
quently expressed in terms of the cut-off 
frequency we/2r., defined as the frequency at 
which the Q = 1 for a stated reverse voltage. 

Thus, at the breakdown voltage Vb, the series 
. 

R 
1 resistance s = -C . 

We b 

The efficiency 17 of a doubler circuit having a 
conversion resistance Re and a load resistor 
R2 is 

11 
= 

Re . R2 
(lO) 

Re + R. R2 + R. 

and for high efficiency 
1 

From (8) , the power delivered to the load 
circuit comprising R2 + Rs is 
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for R2 » R •. Hence 

and 

But 

Therefore 
1 ( 1 1 )  

which is maximized when R2 = 2Rc. 

This result corresponds to 

12 = 11 (Rc/R2) 1l2 = 112-112. 

Substituting for 12 in (3) ,  and for the condition 
V = Vi/4 gives 

qmax = 2 Co Vbl/Z 
11 Co Vb112 - -
W 1 

X (cos w1t + 
2 : 2112 sin 2w1t) . 

Solving for 11 gives 

From (8) 

Thus 

211211 
1 6 Co2w 12 ' 

( 12) 

( 13) 

Substituting R2 = 2R0 and ( 13) into ( 10) 
gives 

1 

This is plotted in Figure 2 .  

Microwave Sources Using Solid-State Devices 

From (12)  and (8) the power-handling ca
pacity is 

p w1Cb Vi2 
- 0 · 1 7J C V 2 (14) 1 = 

1 6  x 21/2 ( 1 · 1 77) 3 - 1 b b .  

2.2 TRIPLERS AND QUADRUPLERS 
If we impose the conditions m = 3 ,  w2 = 2w1 , 
WB = 3w1, and E2 = EB = R2 = 0, then Figure 
1 corresponds to a frequency tripler. Equation 
(7) then gives 

1112 
C I ) P1 = 16Co2w12 . 11 + lo 3 

for 82 = - 7r/2 and 83 = - 7r. 

11212 + 111213 __ O P2 = - ---1 6 Co2w12 24Co2w12 

From (15)  it is evident that a current 12 must 
be permitted to flow through the varactor to 

(/) .J w ID u w Cl 
'.'= 
(/) 

O · I  

(/) 1 ·0-+-------..+--+----r-------l g 
z 0 
Vl a:: w 
> z 
0 (.) 

2 

6 
8 

I0·0-1--�--�--'---'-4-----'------1.-"'--� 2 4 6 8 2 4 6 8 10 1 00 1000 
fco/fin 

Figure 2-Conversion loss in varactor frequency 
doubler. fco = cut-off frequency and fin = input fre

q uency to doubler. 
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obtain an output at 3w1• An idler circuit is 
therefore necessary to provide a suitable path 
for 12• 
If wa = 4wi ,  the circuit will operate as a 
quadrupler without requiring additional idler 
circuits. 

3 .  Practical Performance of Varactor 

M ultiplier Chains 

3 . 1  TRANSISTOR POWER SOURCES 
The power sources used to drive frequency
multiplier chains usually comprise low-power 
oscillators, buffer stages, and power output 

100 

(f) I-I-<( 
:;:; 
:':: a: w 10 :;:; 0 [l_ I-::J [l_ 
I-
::J 
0 

8 
6 

• DPT 685 4 
• 2 x DPT2600 

• 2 x DPT 657 2 • 2 x DPT657 

8 
6 
4 

2 

2 4 6 8  2 4 6 8  10 100 • 1 000 
OUTPUT FREQU ENCY IN M EG A H E R T Z  

Figure 3-Rated power output of various transistors as 
a function of frequency. 

I N PUT 10 WATTS 

amplifiers to provide the appropriate output 
level. Research is directed toward generating 
higher output powers at the highest possible 
frequency, to reduce the multiplication factors 
required in multiplier chains and also the 
problems of spurious outputs at unwanted 
harmonics. 
The present situation is summarized in 
Figure 3, which illustrates manufacturer's 
claims regarding thf' power output character
istics of a number of transistors , together with 
some experimental results. 

1008 6 
4 
2 

(f) I-I- 10 <( 
:;:; 8 
:':: 6 
a: 4 w 
:;:; 
0 2 [l_ 
I-::J 1 ·0 [l_ I- 8 ::J 6 0 4 

2 
0·1 

10 2 

a, 

D 

A 

4 6 8 2 4 6 8 2 4 6 8 100 1000 10000 
OUTPUT FREQ U ENCY I N  M EGAHERTZ 

Figure 4-Performance of varactor multiplier chains. 
A = 4 X 4, B = 2 X 3 X 3, C = doublers, D = 

doublers, E = quadrupler, F = 3 X 4 X 4, 
G = 3 X 2 X 2 X 2, H = doublers. 

OUTPUT 
1 WATT 

�(67)------ ( 1 34l---- (268l----(536 l--l-•-(1072)+(2144)+(4288)---l 
Figure 5-Varactor multiplier chain of doublers represented by curve D of Figure 4. Frequencies in megahertz are 

in parentheses. 
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3.2 VARACTOR MULTIPLIER CHAINS 

The performance of a number of multiplier 
chains is indicated in Figure 4. It is seen that 
doublers and triplers are usually employed for 
the high-power applications , as the dissipation 
per varactor is then minimized, whilst quad
ruplers are used for lower-power generation. 

The power-handling capacity of the varactor 
diode is frequently limited by the need to 
restrict the voltage swing to the re\ erse-bias 
region rather than by dissipation in the series 
resistance R.. It has been found experimen
tally, however, that the power-handling 
capacity is considerably improved by taking 
advantage of the charge storage effects ob
tained by driving the varactor voltage into the 
conducting region for part of the input cycle. 
The main result of operation in the forward
bias region is a reduction in the input im
pedance of the varactor ; both the conversion 
resistance and the mean series reactance are 
considerably reduced. 

The conversion resistance Re of a varactor 
operating as a doubler under conditions of 
forward drive is approximately equal to R2, 
and is usually of the order of 1/ (30w1Cb) . Sub-

Microwave Sources Using Sol id-State Devices 

stituting these values into (10) gives the curve 
labeled Forward-Drive Operation in Figure 2 .  
Although the efficiency i s  lower than for 
reverse-bias operation, the power-handling 
capacity may be increased by up to 30 times. 
The conversion resistance is sensibly inde
pendent of input power level, whilst the mean 
input capacitance is a function of power level 
and is usually much higher than the zero-bias 
capacitance. 

3 .3  BANDWIDTH AND METHODS OF CASCADING 

MULTIPLIERS 

The varactors in a multiplier chain are usually 
coupled by 8 double-tuned transformers to 
provide a reasonable compromise between 
bandwidth and the suppression of unwanted 
harmonics. The double-tuned transformers, 
which may employ inductance or capacitance 
coupling, also provide the impedance trans
formation required to couple the various 
stages. 

The circuit arrangement of the multiplier 
chain of the unit labeled D in Figure 4 is shown 
in Figure 5. Figure 6 is a photograph of the 

Figure 6-Varactor multiplier chain. The scale is in inches. 
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same unit, which requires a direct-current 
input of about 20 watts. If the efficiency per 
stage is high, a multiplier chain behaves sub
stantially as if composed of pure reactances , 
and the overall bandwidth is only slightly 
smaller than that of any one stage. The band
width of the coupling network depends on 
the loaded Q of the circuits, but the range of 
loaded Q values that may be used is limited by 
the varactor itself to a minimum of 1 to 3 
(depending on power level) . 

There is no upper limit to the loaded Q factors 
of the coupling networks, provided that the 
circuit loss can be tolerated and that the pass 
band is stable with respect to temperature 
fluctuations , ageing, et cetera. 

3.4 TEMPERATURE AND STABILITY 

The efficiency of the varactor falls as the 
operating temperature increases. The loss of a 
typical chain may increase by as much as 0 · 5 
to 1 · 0 decibel for a rise of 50 degrees Celsius 
above normal operating temperature. 

It will be seen from Figure 5 that all the 
varactors are self-biased. The bias resistors 
stabilize the input-level-to-output-level char
acteristic of the varactor and alleviate the 
hysteresis effects that otherwise occur. 

1 5  1500 

I N P U T  POW E R  IN M I LLIWATTS 

Figure 7-Up-converter characteristics. 

4. Up-Converter 

The up-converter is essentially a variable
capacitance mixer that provides an amplified 
upper-sideband output. 

Thus if we put m = 3 ,  W3 = wr + w2,  and 
E3 = 0 in Figure 1 ,  the circuit corresponds to 
a shunt-connected up-converter. Equation (7) 
then gives 

Jrfd3 Pr = ���---� 8Co2w2 (wr + w2) 

I1fd3 

if 82  - 83 = 7r/2.  

From the above equations , it  is  seen that 

P1 + P2 + P3 = 0. ( 16) 

Also 

(17)  

Equation (17)  is  the Manley-Rowe equation 
and shows that 

Thus if P1 is a low-level angle-modulated 
signal input, if P2 is a "pump" supply, and if 
P3 is the upper-sideband output, then P3 is an 
angle-modulated signal that has the same 
modulation index as P1 but is changed in 
frequency from w1 to w1 + w2 and amplified by 
a factor w3/w1, the increased output power 
being supplied by the pump source. 

As in frequency multipliers, the series resist
ance of the varactor reduces the overall effi
ciency ; the performance of an experimental 
unit is shown in Figure 7. This unit translates 
a signal input at 70 megahertz 1:lP to 4 giga
hertz. The input impedance is also a function 
of power level, the variation of Q with input 
power being indicated in Figure 7 .  
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5. M ultipliers Using H igher M ultiplication 

Ratios 

If multiplying from a frequency fin to fout 
(integrally related) , one has in principle the 
choice of using a single high harmonic or of 
using a chain of doublers, triplers, or other 
multipliers including mixed chains. 

Sometimes the form will be decided by the 
integers involved, but since the usual problem 
is to achieve a given frequency fout with a 
certain range of fin, there will be some choice 
of multipliers to meet the conditions. From the 
point of view of efficiency, what is the best 
form of multiplier to use ? 

The efficiency of a single stage can be written 
approximately as 

T/ = ?jo (l - ctnfin/ fco) ( 19) 

where 'f/o depends on circuit losses, fco is the 
varactor cut-off frequency, n is the multiplica
tion ratio, and a is an empirical coefficient. 
This equation only holds for fco/ fin > 100, 

fz w 
u 
u... u... w 0 

Microwave Sources Using Sol id-State Devices 

but a modified form has a wider range of 
validity. 

T/ = T/O exp ( - ctnfin/ fco) • (20) 

Circuit losses are often negligible. In what 
follows we shall ignore the factor no and con
centrate on the effect of the diode. 

The effect of two multipliers in tandem is 
easily calculated. Thus a doubler followed by 
a tripler will have an exponent in the efficiency 
equation of (a2 + 2as)fin/ fco, whilst a tripler 
followed by a doubler has an exponent 
(as + 3a2)fin/ fco· (This assumes that diodes 
with the same cut-off frequency are used.) It 
can be seen that though they constitute a X 6 

multiplier in both cases, the efficiencies are not 
the same. 

The a factor multiplying fin/ fco determines 
the total efficiency. For a range of multipliers 
this coefficient (deduced from Radio Corpora
tion of America figures) is as follows. (It is 
plotted against n in Figure 8 . )  

� 4ooi--������t--�����----,J.L-�-,.Z..:.:::..:.::.__�1--�����_J Figure 8-Efficiency 
coefticien t as a function 
of harmonic multiple. 

<t 
fz w z 
0 Q_ x w 

2 0�0������;1;:;--�����--::1������_L.�����__J 10 20 30 40 
H A R M O N I C  M U LT I P L E  n 
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1\1ultipliers 

Stages Total Coefficient a 
Figure of 

Merit 

X 2 2 20 · 8  1 
X3 3 34 · 8  0 · 836 
X 4  4 62 · 5  1 
X 2 X2 4 62 · 4  1 
X S  s 92 . 9 1 · 12 
X2 X3 6 90 · 4  0 · 87 
X3 X2 6 97 · 2  0 · 935 
X4 X 2  8 146 1 
X3 X3 9 139 0 · 836 
X 2 X S  1 0  207 1 · 103 
X S  X 2  1 0  197 1 · 0S2 
X4 X3 12 202 0 · 88 
X3 X4 12 222 0 · 971  
X3 XS 1 5  316 1 · 072 
XS X 3  1S 267 0 · 916 
X 4  X4 16 312 1 
X 2 X4 X3 24 424 0 · 887 
X3 X2 X4 24 472 0 · 99 
X3 X 3 X 3  27  452 0 · 836 
XS X2 X3 30 54S 0 · 904 
X 2 X4 X4 32 64S 1 

A figure of merit can be arrived at as follows : 
If m doublers are used in tandem, the com
bined efficiency for a common varactor cut-off 
frequency is 

'f/m = exp { - 0:2fin ( 1 + 2 + 22 • •  · +  2m-1)/fco l 
= exp { - a2fin (2m - 1 )/  fco }  
= exp { - a2 Cf out - fin)/ fco }  

a form not dependent explicitly on m. 

If  the same output frequency is achieved by 
some other multiplication process, a figure of 
merit can be defined by dividing the second 

en ::: � 200 
« z  
O: <i:  175 ::J cr:  =' N 
::< I- 150 er: z w  - r  1 25 cr: q:  W e>  s: w 100 o ::;;; n. ' !; 8  75 

n. 0 
50 I- '1" ::i z  

o - 25 
10 

. . . .. . 
· :·. 

!·· ... .... 
. . . . . . 

-::.. : 
· · :" 

·. 

2 4 6 8 
1 00 

2 

C U T-OFF FREQU ENCY fco I N  G I GA H E R T Z  

Figure 9-Power output at  4000 megahertz as  a func
tion of cut-off frequency for a quintupler. The input was 

500 milliwatts at 800 megahertz. 

exponent by a2 (fout - fin)/ fco· The smaller 
this figure of merit, the more efficient the 
device. 

Since the efficiency of a quadrupler and two 
doublers is seen to be (fortuitously) the same, 
the figure of merit of doublers and/or quad
ruplers in tandem is always unity. The figure 
of merit of a tripler is 0 · 836, the best of any 
combination, and hence a string of triplers is 
potentially the most-efficient way of reaching 
a given high frequency. Since the deleterious 
effect of a finite cut-off frequency is always 
most severe on the last stage, combinations 
involving triplers are always more efficient 
if the triplers come last. Experimental evi
dence to date is not sufficient to indicate 
whether the circuit losses associated with 
triplers outweigh this advantage in compari
son with doublers or quadruplers. 

In practice, diode parameters other than 
cut-off frequency can affect the efficiency, such 
as capacitance or the index in the voltage
capacitance law. Variations in output, for a 
fixed circuit, of up to 4 times can be met by 
changing diodes of the same cut-off frequency. 
Figure 9 shows the results obtained with a 
quintupler circuit in which two tuning ele
ments were adjusted for each new diode. The 
form of circuit is shown in Figure 10,  which 
is an octupler multiplier. The input of ap
proximately 800 megahertz passes through a 
coaxial low-pass filter with a cut-off frequency 
of 1200 megahertz to a coaxial member that 
mounts the varactor. The varactor is probe 
coupled to the appropriate size of waveguide 
in which the wanted harmonic is selected by a 
band-pass filter. For fifth-harmonic outputs in 
the 4-gigahertz range, the waveguide has 
internal dimensions of 2 · 000 X 0 · 667 inches 
(5 · 080 X 1 · 694 centimetres) ; for eighth-har
monic outputs in the 6-gigahertz range, the 
internal dimensions are 1 · 372  X 0 · 622 inches 
(3 · 485 X 1 · 580 centimetres) .  The perform
ance is optimized by choosing the spacing of 
the filters and the varactor from the coaxial 
j unction. One set of these spacings is sufficient 
to cover the 4-gigahertz range for the fifth 
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harmonic, but five sets are required to cover 
the 6-gigahertz range at the eighth harmonic. 

Using the same type of varactor to generate 
the eighth harmonic gives a trend rather more 
than twice as steep with respect to cut-off fre
quency, with a mean value of 12  decibels of 
conversion loss for a cut-off frequency of lOO 
gigahertz. 

For high harmonic numbers the step-recovery 
diode, with an empirical loss law of 1/n, seems 
efficient for low powers. For example, a Hew
lett-Packard device multiplies from 100 mega
hertz to 2000 megahertz with a 4-milliwatt 
output and a 10-decibel loss, of which 3 
decibels is estimated to be circuit loss. 

6. Noise 

The frequency-modulated-noise performance 
of local-oscillator sources for an 1800-channel 
system in the 6-gigahertz band was measured 
using a super-high-frequency receiver with a 
noise figure of 9 decibels, a demodulator, and a 
selective baseband-level meter with a band
width of 4 kilohertz. The residual noise was 
first determined with the two microwave fre-

B E R Y LL I U M  OX I D E 
0.040 I N C f:l (O.I CENTI M ETER ) TH I C K  

VA RACTO R CAP��_j��ft8. 
VARACTOR ---171-i 

O UTPUT 
6400 M EGAH ERTZ 
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quencies supplied from H-wave valve oscilla
tors V265A/1M. This residual noise was 
demonstrated to be due to the demodulator 
by adding an invar wavemeter-type filter of 
±0 · 8-megahertz bandwidth to each of the 
oscillators and finding no change in the base
band noise. One valve oscillator was then re
placed by the solid-state source and the noise 
contribution of the latter was calculated from 
the change in baseband noise level. 

For greater resolution, as for example when 
examining the noise contributed by the output 
octupler alone, the frequency-modulated noise 
was enhanced by using a double-heterodyne 
receiver including a X 64 multiplier chain. As 
shown in Figure 1 1 ,  the octupler under test 
was driven from a crystal oscillator followed 
by a X 18 valve multiplier to obtain about 800 
megahertz. After being multiplied 8 times in 
the octupler under test, the output frequency 
was mixed to about 67 megahertz. A similar 
multiplier and octupler were used for the 
mixing and were followed by a narrow-band 
3-section invar microwave filter to remove 
their noise contribution above 0 · 5 megahertz. 
The 4-gigahertz output from the X 64 multi
plier in the receiver was mixed to 70 megahertz 

1200-M EGAH E R TZ-CUTOFF 

COAX I A L  I N P U T  
800 M EGAHERTZ--

--. 

C OA X I A L  
S T U B  TU N ER S  

3-SECTION LOW- PASS F I LTER 

POLYTETRAFLUOROETH Y L E N E  WRAPPI N G  

Figure 1 0---,--0ctupler multiplier. 
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using a CV2190 valve oscillator and then de
modulated. The frequency-modulated re
sponse of the double-heterodyne receiver was 
calibrated by a radio-link modulator and 
transmitter substituted for the octupler under 
test, and although restricted by the bandwidth 
of the X64 multiplier , the receiver gave in
creased resolution up to 4 megahertz. This 
arrangement proved most useful for examining 
the effect of circuit changes since most trouble 
was experienced with noise at around 2 · 0 
megahertz. 

Figure 1 2  shows the block diagram and noise 
performance of a radio-link transmitter com
prising four units : an oscillator unit delivering 
50 milliwatts at 50 megahertz, a driver unit 
including a varactor doubler and filter with 
output of 3 · 5 watts at 100 megahertz, a 
multiplier unit consisting of a quadrupler and 
doubler, and an octupler delivering 40 milli
watts at 6 · 4 gigahertz. 

7. Tunnel-Diode Generators 

A recent paper [1] describes the present and 
expected performance from tunnel-diode oscil
lators in which the diode constitutes the 
negative-resistance element of a simple tuned 
circuit in the form of a microwave cavity. 
Table 1 gives the best performance of present 
devices. I t  is seen that powers suitable for 

CRYSTA L 
OSC I L LATOR 

CRYSTA L  
OSCI LLAT O R  

( 6260· 0 1 ) 

+17 +6 
DEC I BELS 
REFERRED 
TO 1 M I LLI-

WATT 

M U LT I PLI E R  
U N DE R  T E S T  

(6193· 136) 

local-oscillator use are obtainable up to about 
10 gigahertz. Although not given in the table, 
the powers obtainable below 1 gigahertz begin 
to be suitable for low-power radio transmitters. 

An upper limit on future performance is 
estimated as 5 milliwatts at 30 gigahertz, with 
perhaps 70 microwatts at 140 gigahertz ; peak 
j unction currents are require<l of about 1Q5 
amperes per square centimetre and a line 
characteristic impedance of 1 ohm. 

TABLE 1 

PRESENT PERFORMANCE OF TUNNEL-DIODE 
GENERATORS 

Frequency in 
Gigahertz 

2 · 8 
1 0  

1 · 6 
6 

1 7  
50 
90 

Power in 
Microwatts 

700 
200 

1 5  000 
4 000 

50 
2 5  

2 

8 .  Future Prospects 

Wafer Material 

Germanium 
Germanium 
Gallium-arsenide 
Gallium-arsenide 
p-type gallium-arsenide 
n-type gallium-arsenide 
n-type gallium-arsenide 

Improvements can be foreseen in the direc
tions of higher power, higher frequency, 
broader bandwidths, and simpler construction. 
The improvements will come from (A) im
proved circuits, (B) improved devices, and 
( C) new devices. 

(66·874) ( 4279·9 1 )  

(4209·9 1 )  'U 1----� 

(70) 
DEMODU LATOR 

S ELEC T I V E  
BAS EBAND

L E V E L  M ET E R  
±2- K I LO H E R T Z  

BANDWI DTH 

Figure 1 1-Circuit for measuring baseband noise in the octupler. The numbers within parentheses are in megahertz. 
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In the now-conventional doubler chains, the 
circuit loss is small compared with the diode 
loss and not much improvement is anticipated 
at the lower frequencies, though the micro
wave doublers have a little in hand. In going 
from 2 to 4 gigahertz, a loss of some 2 · 5 deci
bels is encountered ; about 0 · 5 decibel of this 
is circuit loss in strip line. This loss is halved 
for a good coaxial or waveguide design. Rafuse 
[2] describes a quadrupler from 5 · 5 to 22 
gigahertz with an output of  50 milliwatts , in 
which the use of waveguide and coaxial 
circuits and balanced gallium-arsenide varac
tors results in a conversion loss of 7 · 3 decibels, 
of which about 2 decibels is circuit loss. 

The use of triplers instead of doublers promises 
a potential saving of 16 per cent, and circuit 
designs that benefit from this can be expected. 

The use of higher multiplication numbers, 
either with varactor diodes or with step
recovery diodes, promises useful local-oscil
lator powers up to 30 gigahertz. If accurate 
control of the frequency is not important, a 
similar power can be foreseen for tunnel-diode 
sources. These may also give powers in 

Microwave Sources Using Solid-State Devices 

hundreds of milliwatts in the very-high-fre
quency and lower super-high-frequency bands. 

Transistor development is proceeding in two 
directions. Four watts at 500 megahertz is now 
possible, permitting the initiation of chains at 
this frequency with a consequent reduction of 
multiplier phase noise. Within a year or two 
1 · 5  watts at 1 · 5  gigahertz is expected . On the 
other hand , high-power transistors giving up 
to 50 watts at 100 megahertz are now feasible, 
and 100 watts can be expected in a year or two. 
Collector efficiencies of 70 to 80 per cent are 
possible, and still-higher efficiencies have been 
achieved on single samples. Thus simplified 
circuits that start at high frequencies can be 
anticipated, or alternatively, high-power cir
cuits that use triplers or quadruplers in tan
dem. At 4 gigahertz, 3 to 4 watts is now 
feasible, and perhaps 10 watts may be ex
pected within a year. 

Still-further improvement can be expected 
after the full potentialities of gallium-arsenide 
are realized. Figure 13 shows the resistivity of 
gallium-arsenide and of silicon as a function 
of carrier concentration. Much the same diode 
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Figure 1 2-Block diagram of multiplier chain plus curves of baseband noise in decibels referred to a deviation of 200 
kilohertz root-mean-square. Curve A represents the noise spectrum that will produce 10 picowatts of noise in an 1800-
channel system. Curve B shows the measured noise of the multiplier chain plus the measuring circuit, curve C the 

noise of the measuring circuit, and curve D the noise of the multiplier chain. 
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Figure 14-Theoretical maximum cut-off frequency as 
a function of breakdown voltage for gallium-arsenide 
(broken curve) and for silicon (solid curve) diodes. 
Experimental points for gallium-arsenide diodes (tri-

angles) and for silicon diodes (circles) are also given. 

capacitance and breakdown voltage can be 
expected, whilst the higher mobility of 
gallium-arsenide (about 5 to 10 times) should 
permit much-lower series resistance or higher 
cut-off frequencies if techniques can be de
veloped to control the contact resistance at a 
sufficiently low level. Figure 14 shows the 
theoretical curves and experimental points for 
silicon and gallium-arsenide diodes. It is seen 
that the latter material has exceeded the 
capability of silicon, although there is still a 
factor of about 3 to be gained before it reaches 
its theoretical limit. 

A further improvement with gallium-arsenide 
comes from its increased energy gap, permit
ting operation at higher temperatures. A 
maximum junction temperature of 1 75 degrees 
Celsius for silicon compares with 300 degrees 
Celsius for gallium-arsenide, although low
melting-point solders limit this at the moment 
to 220 degrees Celsius. An improvement in 
operating temperature of 1 · 3 to 1 · 5  can be 
expected, and with an improvement of 5 times 
in cut-off frequency, a power-handling ca
pacity of 7 · 5 times can be expected compared 
with current silicon devices. The performance 
of an existing doubler chain and a possible 
chain using gallium-arsenide diodes is shown 
in Table 2. 

With the full development of these devices, 
powers of 50 to 100 watts at 4 gigahertz may 
be foreseen. 

TABLE 2 

COMPARISON IN PERFORMANCE BETWEEN EXISTING 
DOUBLER CHAIN AND POSSIBLE 

GALLIUM-ARSENIDE CHAIN 

Input-Output Existing-Chain 
Gallium-

Multiplying Frequencies in Loss Per Stage 
Arsenide-Chain 

Factor Megahertz in Decibels 
Loss Per Stage 

in Decibels 

2 1 00-200 0 · 8  0 · 35 
2 200-400 1 · 2  0 · 5  
2 400-800 1 · 5 0 · 65 
2 800-1600 1 · 7 0 · 7  
2 1600-3200 2 · 2 0 · 9  

32 1 00-3200 7 . 4 3 · 1  
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At these power levels modulation may be a 
problem, since an up-converter would need up 
to several watts of drive power. For a broad
band signal the requirements of intermediate
frequency amplifiers in terms of signal lin
earity, amplitude-to-phase conversion, tem
perature response, et cetera, can be very 
severe , and it is not clear whether the neces
sary powers will always be forthcoming. 
l\/Ioreover, a good varactor diode and its 
circuit do not isolate one frequency from 
another and this could be an embarrassment, 
with mismatches and other impedance varia
tions thrown back into the intermediate
frequency circuit. We can therefore anticipate 
efforts to effect direct modulation and also 
wider bandwidths. Currently bandwidths of 
10 to 20 per cent can be achieved and up to 
an octave have been recorded. Beyond this, 
difficulty may be expected with leak-through 
of unwanted frequencies, although possibly 
triplers may be able to overcome this. 

Finally, we would mention the solid-state 
source investigated by Gunn [3] and others . 
A thin semiconductor disc has ohmic contacts 
on its sides, and a high-intensity pulse is 
applied . The material breaks into oscillation 

L. Lewin was born in 1919 at Southend-on
Sea, England. He joined Standard Telecom
munication Laboratories in 1 946 and in 1962 
became assistant manager of the Transmission 
Systems Division, being in charge of develop
ment of microwave systems. 

Mr. Lewin is an Associate Member of the 
Institution of Electrical Engineers. He has 
received 33 patents , and has published more 
than 60 technical papers, mainly on micro
waves and antennas, in addition to two 
technical books. In 1961 he received two 
awards for a paper published in the Institute 
of Radio Engineers Transactions on Micro
wave Theory and Techniques, one of which, 
the \V. R. G. Baker prize, was for the best 
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in the microwave band. Powers up to hundreds 
of milliwatts and frequencies up to 10 giga
hertz are considered possible. The mechanism 
is not now fully understood , but the frequency 
is connected with the inverse thickness of the 
sample via the electron transit time. If it can 
be controlled this promises to be a useful 
device for medium power levels. 
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S. W. CON N I NG 
Standard Telephones and Cables Pty. Lim ited ; Sydney, Australia 

1 .  Introduction 

In multi-channel microwave radio relay 
systems, several transmitters and receivers 
frequently share the same aerial for reasons of 
economy, and the various signals are separated 
by a branching filter or multiplexer. A simple 
branching filter for two radio-frequency 
channels (diplexer) consists of two band-pass 
filters connected to a Y junction by short 
sections of transmission line, the lengths of 
which are chosen to give a good impedance 
match at the frequencies involved. Similar ar
rangements for four or more radio-frequency 
channels are unwieldy and difficult to set up, 
however, and branching filters using hybrid 
junctions have been widely used in such cases. 

Several waveguide filters of this type have 
been described previously, and these have 
proved very satisfactory for the 4- and 7-giga
hertz bands, but at lower frequencies their 
large size is a disadvantage. The 2-gigahertz 
branching filter described in this paper uses 
coupled-transmission-line 3-decibel hybrids 
and interdigital filters, and these permit a 
design that is much-more compact than would 
have been possible in waveguide, yet had 
comparable performance. 

2. Operation of Branching Filter 

The manner in which the branching filter 
separates the radio-frequency signals may be 
understood by reference to Figure 1 ,  which 
shows one section of the filter. Signals from the 
aerial entering the left-hand hybrid at port 1 
divide into two equal parts , which pass 
through the band-pass filters F and recombine 
in the right-hand hybrid if they fall within 
the filter pass band. Otherwise they are re
flected and emerge at port 2 of the left-hand 
hybrid , to which is connected a chain of 
similar sections. 

In the same way, the signal from a transmitter, 
connected to port 3 of one of the filter sections, 
emerges at port 1 and propagates up the aerial 
feeder after reflection in any intervening 

filter sections. A desirable feature of this type 
of filter is that transmitter breakthrough to 
the receivers, which occurs along a path like 
that between ports 2 and 3, is governed by the 
hybrid directivity as well as the insertion 
loss of the filters F at the transmitter fre
quency, and so is typically about 30 decibels 
below the level obtained in Y-junction di
plexers using similar band-pass filters. 

Figure 1A shows a branching-filter section 
using in-phase hybrids such as the magic-T, 
in which equality of power division is guaran
teed by the symmetry of the junction. It is 
necessary to insert an additional quarter
wavelength of line as shown to obtain the 
correct phase relationship between the re
flected waves, and this is frequency-sensitive. 
Furthermore, both coaxial [1]  and waveguide 
in-phase hybrids are difficult to match over a 
broad band. 

In Figure 1B the phase-quadrature hybrid, 
typified by the waveguide short-slot junction 
[2] and the coupled strip-transmission-line 
3-decibel couplers [3], provides outputs that 
are in quadrature at all frequencies, and 
broad-band matching is readily achieved. 
Although the power-division ratio (coupling 
coefficient) changes with frequency, it can be 
kept within close limits over a fairly broad 
band. 

It is well known that multiple reflections in 
the aerial feeder give rise to phase distortion 
in multi-channel frequency-modulated signals. 
Consequently it was necessary to design the 
branching filter to have a low reflection, and 
a voltage standing-wave ratio averaging 
better than 1 · 1 over the band from 1 · 7 to 2 · 3 
gigahertz was desirable, and this has been 
achieved for a 4-section branching filter. 

The overall voltage standing-wave ratio of the 
branching filter depends mainly on that of the 
hybrids,  since residual reflections of the band
pass-filter pairs, if they are identical and 
identically tuned, cancel at the hybrid input 
port,  and the reflected wave emerging at the 
conjugate port can be absorbed by a resistive 
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termination at the end of the chain of branch
ing-filter sections. 

3. Theory of 3 -Decibel Coupler 

In this section we investigate the performance 
of an imperfect 3-decibel coupler, using the 
scattering-matrix formalism [4]. The ampli
tudes a,. and br of the incident and outgoing 
waves at an n-port j unction satisfy a linear 
relationship 

b = Sa. (1 )  

If the junction is  reciprocal , the scattering 
matrix S is symmetric,  and if it is lossless, 
S is unitary. 

S*S = I. (2) 

The scattering matrix of an ideal directional 
coupler 

( 0 0 a j(3 
s 

lj; 

0 j{3 a (3) 
j(3 0 0 
a 0 0 

where (3 = (1 - a2) 72 is the coupling coeffi
cient, and the zero elements indicate the 
perfect match and directivity. An imperfect 
coupler has the scattering matrix 

s (4) 
'Y -jo a j(3 I 

-jo 'Y j(3 -:, I a j(3 'Y 
j(3 a -jo 

111 which, by suitable choice of reference 
planes, a and /3 can be made real and positive. 
Expansion of the unitary condition (2) gives 
a/ - (30 = 0 ;  in particular, for a 3-decibel 
coupler (hybrid) ,  ·; = o,  and so the return 
loss equals the coupling between conjugate 
ports. 
Now suppose that ports 3 and 4, which we 
represent by subscript b, are connected to a 
2-port network with scattering matrix S1• We 
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can partition (4) so that (1)  becomes 

( �: ) = ( �:: ! �:: ) . ( :: ) (5) 

and, since the waves incident on S1 are out
going from S and vice versa, we have 

(6) 

Eliminating b b from (5) and (6) we find that 
ba = { Saa + SabS1 (I - SbbS1)-1Sba } aa (7) 

= S2aa, say. 

If ports 3 and 4 are terminated by open
circuited lines of electrical length 0 (represent
ing detuned filters) , we have 

S1  = e-2iel. 
Substituting this in (7) , and neglecting 
squares and products of the small quantities /, 
o,  and a - (3,  we obtain after some manip
ulation 

(8) 

so that the reflection coefficient is a maximum 
when 0 = mr or {n + (1 /2) } 1r, according as 
a2 - (32 and 'Y have the same or opposite signs, 
and equals J a2 - (32 J + 21. 

Thus to ensure, for instance, a reflection 
coefficient for one filter section not exceeding 
0 · 04 (voltage s tanding-wave ratio = 1 · 08) ,  

B 

2 

Figure 1-Diagrams of branching-filter sections. A uses 
in-phase hybrids and B uses phase-quadrature hybrids. 
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we may make [ 'Y [ S 0 · 0 1 ; 
[ 
a2 - 132 [ S 0 · 02 ; 

then the coupling must be between 2 · 92 and 
3 · 1 0  decibels. 
The coupled-transmission-line directional 
coupler has scattering-matrix elements [SJ 

( 1  - k2)Yz 
a = ( 1  - k2) Yz cos () + j sin () (9) 

.13 = 
jk sin () 

J ( 1  - k2)Yz cos () + j sin () (10) 

where () is the electrical length of the coupled 
region and k the coupling coefficient at the 
design centre frequency at which () = ( 1 /2)7r. 
Putting k2 = O · S l we find that [ 13

[
2 = 0 · 49 

for () = 73 · S and lOS · S degrees, so that the 
coupling can be kept between the above 
limits over a 0 · 7-gigahertz bandwidth centred 
on 2 · 0 gigahertz. 

4. Design of 3 -Decibel Coupler 

Since the mismatch of strip-transmission-line 
directional couplers and other components is 
normally too great for the application en
visaged, it was decided to use a double-ground
plane slab-line construction, with conductors 
in the form of rectangular or round bars. 
These can be fabricated more accurately than 
strip-transmission-line couplers, and the re-

A1fiii&JI 
B 

,d;o� 
D 0�35 (5·969) 

j��i! 0·036 (0·914) 
Figure 2-A is the cross-section of a 3-decibel coupler ; 
B shows the dimensions in inches (millimetres) of the 

coupled transmission lines. 

flections at discontinuities are smaller and 
more-easily compensated. 
The configuration adopted is shown in Figure 
2. The mid-band coupling coefficient and the 
characteristic impedance of the coupler may 
be expressed in terms of the even- and odd
mode characteristic impedances, Zoe and Z00, 
of the coupled region [SJ. 

k = (Zoe - Zoo) / (Zoe + Zoo) 
Zo = (ZocZoo) Yz. 

( 1 1 )  
(12)  

In particular, for a SO-ohm 3-decibel coupler, 
Zoe = 1 20 · 7 1  ohms, and Zoo = 20 · 7 1 ohms. 
Zoe is half the characteristic impedance of the 
two bars connected in parallel , which can be 
determined accurately from the formulae 
given by Bates [61, since the gap between the 
bars has a negligible effect on Zoe· The gap 
appropriate to the chosen Zoo was estimated 
from Cohn's results [7,  8], but some empirical 
adjustment was necessary since the ground
plane spacing is of the same order of magni
tude as the length of the coupled region, and 
the distortion of the fields near the ends 
affects the coupling appreciably. 
The spacing between the bars is accurately 
maintained by Rexolite spacers at the ends, 
through which pass nylon screws. These 
spacers also locate the bars centrally between 
the ground planes. The dimensions of the steps 
at the ends of the bars and of the gap between 

� '.'.] 3· 1 - w a:' � �  3·0 
:::i u 
8 � 2·9 

A 

F R E Q U E N CY I N  G I G A H E R T Z  

Figure 3-Measured performance of a 3-decibel coupler. 
The voltage standing-wave ratio is shown in curve B 
with detuned filters on two ports and in curve C with 

three ports terminated in matched loads. 
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them were adjusted until a good match and 
the correct coupling were obtained. The meas
ured performance of one of these couplers is 
shown in Figure 3 .  

The most-critical dimension of  the 3-decibel 
coupler is of course the spacing s between the 
bars, and the effect of small errors can be 
estimated from ( 1 1 )  and ( 12) .  If  w is the 
width of the bars, we evidently have 

Zoo = 188 · 3  
w/s + 2C/Eo 

where C is that part of the capacitance be
tween the bars associated with the field 
exterior to the gap. Hence 

dZoo 1 88 · 3w/s2 
dS (w/s + 2C/Eo)2 

and from ( 1 1 ) and ( 12) 

dk 2Zoe dZoo 
ds (Zoe + Zoo)2 dS 

dZo 
<ls 

188 · 3 (Zoe + Zo0)2s2 ( Zo, )% dZoo = _ ZoZooW 
Zoo ds 188 · 3s2 

since dZoJds may be neglected. 
Substituting k2 = 1/2 and the values of w and 
s (Figure 2) we obtain 

dk - = 5 · 0 ·  
ds ' 

dZo = 1000 ds 
and an error of 0 · 001 inch (0 · 025 millimetre) 

Figure 4-Interdigital filter. 

Aerial B ranching Using l nterdigital Filters 

in s causes an error of 1 ohm in Zo (voltage 
standing-wave ratio 1 · 02) and 0 · 005 in k 
(0 · 06 decibel) . 

5. I nterdigital Filters 
The band-pass filters are 4-resonator inter
digital structures (Figure 4) between parallel 
ground planes spaced ! inch ( 1 9  · 05 milli
metres) apart. This type of construction is 
more compact and gives more-reproducible 
results than does a conventional loop- or iris
coupled coaxial-resonator design, though of 
course accurate machining of the filter parts is 
necessary to obtain the required performance. 
The filters were designed, using the procedure 
described by M atthaei [9], to have a Che
bishev response with 0 · 01-decibel pass-band 
tolerance (maximum voltage standing-wave 
ratio 1 · 1 ) and a half-power bandwidth of 2 
per cent. A tuning range of 0 · 2 gigahertz was 
obtained by adjusting the loading capacitances 
at the ends of the resonator bars with tuning 
screws. To cover the whole band from 1 · 7  to 
2 · 3 gigahertz, three types of filter were made, 
with side-wall spacing of one quarter-wave
length at 1 · 8, 2 · 0, and 2 · 2 gigahertz. 
The measured voltage standing-wave ratio 
and insertion-loss characteristics of these 
filters were in good agreement with the 

(/) ...J w ID 
u w 0 
== 
(/) (/) 0 ...J 
z 0 
;::: D:'. w (/) 
== 

60 
55 

1 5  
1 0  
5 

1 ·98 2·00 2·02 2·04 2·06 2·08 
FREQUENCY I N  G I G A H ERTZ 

Figure 5-Measured and calculated insertion loss as a 
function of frequency. The mid-pass-band loss is about 

0 · 4  decibel. 
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theoretical values ; some typical results are 
shown in Figure 5 .  The mid-pass-band 
insertion loss was about 0 · 4 decibel. 

6. Branching- Filter Performance 

The 3-decibel couplers and interdigital filters 
were designed so that they could be bolted 
together without intervening connectors and 
cables, which would of course have consider
ably increased the overall voltage standing
wave ratio. One section of the branching filter 
is shown in Figure 6, and it will be seen that 
further sections can be bolted directly to it 
after removal of the connectors. 
A 4-section filter was built up in this way ; it 
was found that the reflections from individual 

sections were in phase at the input near 1 · 9  
gigahertz, but the resulting mismatch (voltage 
standing-wave ratio) was reduced to below 
1 · 15 over the whole band by introducing 
compensating discontinuities at the j unctions 
between sections (Figure 7) .  

6. 1 TUNING PROCEDURE 
Another 3-decibel coupler of the type de
scribed was modified by adding matching 
screws so that a very-high directivity could be 
obtained, and this served as a reflectometer 
for tuning purposes. The tuning procedure 
used is a modification of that described by 
Alstadter and Houseman [10] and depends on 
the fact that, as each successive resonator of a 

Figure 6-Section of branching filter. 
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band-pass filter is tuned, the phase of the 
reflection changes by 7r. vVith an input signal 
at one of the required tune frequencies, the 
reftectometer is first adjusted for maximum 
directivity with matched terminations on two 
ports and then one of these ports is connected to 
the branching-filter input. Commencing with 
all filters detuned, the first resonator of one of 
the filters is tuned to resonance by adj usting 
the tuning screw for maximum reftectometer 
output, and then the first resonator of the 
other filter of the pair is tuned for minimum 
reftectometer output. The other resonators of 
the filter pair are tuned in the same manner, 
and then the procedure is repeated for the 
other sections of the branching filter. 
The voltage standing-wave ratio of the 4-

section filter, with all sections aligned by this 
method, is shown in Figure 7. The oscillations 
in the pass-band regions represent the Che
bishev ripple of the interdigital filters and 
indicate that the filter pairs are not tuned to 
precisely the same frequencies. Further im
provement in the voltage standing-wave ratio 
could probably be achieved by using a sweep 
generator for alignment. 

7. Conclusion 

An aerial branching system has been devel
oped for the band from 1 · 7 to 2 · 3 gigahertz 
using interdigital band-pass filters and coupled-

Aerial Branching Using lnterdigital Filters 

transmission-line hybrids. Despite its much
smaller size, performance is equal to that of 
similar waveguide systems and is adequate 
for large-capacity radio relay links. 
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Otto Scheller and the I nvention and Appl ications 
of the Radio-Range Principle 

ROBERT I .  COL IN 
ITT Federal Laboratories ; N utley, New J ersey 

Otto Scheller, born in 1876 in Germany, was a 
pioneer in aeronautic navigational electronics 
long before there was such a thing as aeronau
tic navigational electronics. The explanation 
of that paradoxical statement is a story over
due to be told. 

Among the tens of thousands of patents issued 
all over the world in any one year, only a few, 
if any, represent contributions of the highest 
order in respect to novelty and usefulness. As 
a further generality, one is on quite-safe ground 
in estimating that the originality and technical 
value of a patent is in inverse proportion to the 
bulk of the patent document. A very-long 
patent with complex diagrams and with text 
that is difficult to translate into plain English 
by one not versed in patent language is apt to 
consist of minor embroidery or improvement 
on old ideas. The inventor and his patent at
torney are trying to wring every possible claim 
out of something that just gets by the legal 
definition of what is patentable. On the other 
hand, a truly great and novel idea is apt to be 
describable in brief and clear text and simple 
diagrams. 

The subject of this article, Otto Scheller and 
his first-rank contributions to the art of radio 
navigation, could serve as a classic example of 
the (perhaps risky ! )  generalities mentioned 
above. The story illustrates another aspect that 
may characterize a great invention or discovery. 
That is, a major invention may go unrecognized 
initially because it was made far in advance of 
its time. The legal patent validity may expire 
before the idea is put to practical application, 
and by that time the world may have forgotten 
who the inventor was. It is an object of this 
article to draw attention to that lapse in the 
case of Otto Scheller and his original concep
tion of the radio-range principle, a basic prin
ciple that has found extensive application to 
radio navigation systems from 1930 to the 
present time. 

The principle in question is that of delineating 
one or more fixed paths in space for the non-

visual guidance of vehicles by radio means, by 
the following technique : A simple on-course 
equisignal indication is created by suitable mod
ulation of two or more antenna arrays that pro
duce radiation lobes intersecting along the de
sired course direction. This principle will be 
recognized as exactly that of the four-course 
radio range, the first systematic air navigation 
aid installed on a wide scale ; it is a basic 
principle of later variants such as the visual
aural range, the localizer and glide-slope por
tions of instrument landing systems, and Sonne 
or Consol. It is also a principle that has been 
extensively applied to radio compasses, direc
tion finders, and radar. 

Otto Scheller presented his idea to the world 
in 1907. That was only a short time after the 
birth of the airplane ; for that matter, it was not 
long after the birth of wireless. Commercial air 
transport was then a thing of the future 
(around the 1920' s) ; hence the need for air 
navigation aids, and the practical application 
of Scheller's idea to fulfill that need, awaited the 
passage of many years. But that time did come. 
Before discussing Scheller's inventions, how
ever, a brief biographical sketch follows [ 1 ] .  

Otto Scheller was born on 6 June 1876 in 
Blankenstein in the province of Thuringia, Ger
many. His education in mechanical and elec
trical engineering began in 1896 at the Berlin 
Technische Hochschule. A well-known scientist 
in early wireless, Professor Slaby, steered young 
Scheller into the then-new field of radio. Radio 
became Scheller' s principal and intensive field 
of activity throughout his life. He began his 
professional career as an engineer with the 
Allgemeine Elektricitats-Gesellschaft ( AEG ) ,  
working o n  the design and construction of the 
earliest commercial radio stations in Germany. 
He traveled on behalf of AEG-Telefunken to 
Mexico and the United States to install a num
ber of radio stations. 

In 1906 Scheller became technical manager of 
the Amalgamated Radio Telegraph Company of 
London. Here he worked on the practical 
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exploitation of Poulsen's invention of an im
proved process to generate continuous-wave 
radio oscillations by means of the electric arc. 

At about that time the Poulsen patent rights 
were acquired in Germany by the firm of C. 
Lorenz (presently known as Standard Elektrik 
Lorenz, principal German member of the Inter
national Telephone and Telegraph Corpora
tion) . * Scheller joined the Lorenz organization, 
remaining with it for the major part of his 
professional career. At Lorenz, Scheller ini
tially continued his work on the Poulsen arc 
with W. Hahnemann, who later became well
known for his contributions to radio direction 
finders and instrument landing systems. Scheller 
patented an important technique for improving 
Poulsen arc operation, involving the operation 
of the arc in a hydrogen atmosphere obtained 
by the use of alcohol. 

In 191 1 Scheller became technical manager of 
the radio division of Lorenz. In that capacity 
for rnany years he was prolific in important con
tributions ranging over the whole field of radio. 
He worked in such areas as the Goldschmidt 
mechanical high-frequency continuous-wave 
generator, radio-frequency measurement tech
niques, antenna design, electroacoustics, and 
even television. He was also responsible for 
inspiring and guiding a future generation of 
engineers who contributed greatly to the new 
art of radio and to the commercial successes 
of Lorenz. 

Scheller retired from the Lorenz organization 
in 1924 but continued his active interest and 
contributions to radio. In his later years he de-

* It is interesting to note that the acquisition of the 
same Poulsen arc patent rights in the United States 
by C. F. Elwell in 1909 led to the founding in Palo 
Alto, California, of the Federal Telegraph Company, 
ancestor of the present ITT Federal Laboratories, 
which is the principal United States member of the 
International Telephone and Telegraph Corporation. 
Another historic link between ITT Federal Labora
tories and Lorenz arose much later, around 1937, when 
the former became a principal developer and manu
facturer of instrument landing systems, an outgrowth 
of the Scheller invention to be described. 

velope<l a technical interest in exploitation of 
wind power and obtained a number of patents 
in that field. From 1907 to 1940 Scheller ac
cumulated over 1 10 patents, most of them in 
the field of radio. He acquired the status of 
a "grand old man of radio" in Germany, and 
died in Berlin on 14 April 1948 at the age of 
71 years. 

Among Scheller's multitudinous patents are 
two, dating to 1907 and 1916, respectively, that 
represent outstanding contributions to the art 
of radio navigation and are the main subject 
of this article. 

Reproduced herewith as Figure 1 is the com
plete German patent 201 496 issued to Otto 
Scheller on 17 March 1907. A present-day en
gineer, studying that patent, might well bear in 
mind the rudimentary state of the art of radio 
and especially of the art of radio navigation at 
that time. The patent consists of one small 
page of text and two simple diagrams. On in
spection, one quickly recognizes not only the 
heart but even many of the details of the four
course radio range as it exists today. A trans
lation into English of the text follows. 

Wireless Course I ndicator and Telegraph 

In all prior systems of directed wireless teleg
raphy using interference effects among a plur
ality of transmitters, it has always been the case 
that in no direction is a sharply pronounced 
line produced that could be used by some 
distant mobile receiving station as a position 
marker. 

And yet, the production of such sharply deter
mined lines, which could be easily located even 
in poor weather or visibility, would be very 
desirable for the marking off of ships' tracks. 

This invention produces such lines in this man
ner : two directional transmitters of equal in
tensity and wavelength A1-A2 and B1-B2, (Fig
ure 1 )  are oriented at an angle to each other, 
and transmit signals alternately. 

If the angle is chosen properly, the line of equal 
intensity for mobile stations is easy to recognize 
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and is very sharp. Suppose, for example, the 
transmitter A1-A2 sends out short dashes and 
the transmitter B1-B2 sends out longer dashes, 
and specifically in a manner such that always 
one or the other transmitter is radiating, then 
the following effect results : A mobile receiving 
station that happens to cross the line of equal 
intensity will detect in its telephone receiver a 
steady sound ; but as soon as the mobile receiver 
moves away even slightly from the marked 
line, the telephone reception changes immedi
ately into separate signals of varying intensity. 
According to whether the one or the other kind 
of signal is stronger, one can determine on 
·which side of the marked line one happens to be 
located, since one will know the general direc
tion of the transmitting station. 

Figure 2 represents the intensity diagram of 
tv;o such transmitters, from which one can di-
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rectly read off the great difference in intensity 
between the two transmissions that arises if the 
receiver is not on the marked line. 

By means of a fixed receiving station located 
on the line to be marked, for example at the 
rear of the transmitting station, it is easy to 
monitor the direction of the marked line 
constantly. 

If it is not desired to have any rearward effect 
of the transmitters, then one can, in place of the 
illustrated arrangement, set up transmitters that 
have a single direction of radiation. 

If one adjusts the intensity of one or both 
transmitters, one can in this manner shift at 
will the direction of the equisignal (course di
rection) line. By means of corresponding com
binations of different signals and different in
tensities, it is possible, moreover, with only one 

M 20 1496. 

Figure I-Copy of German patent 201 496 issued on 17 March 1907 describing equisignal radio range. 
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transmitting station, to set up a plurality of 
sharply characterized course lines. 

Patent Claims : 

1 .  Wireless course indicator and telegraph in 
which two transmitters for directional teleg
raphy stand at an angle to each other, for the 
purpose of producing a line of equal intensity 
from both transmitters in common. 

2. vVireless course indicator and telegraph, ac
cording to claim 1 ,  in which the equisignal line 

Zu dcr Patcntschrift 299753 

Fig. I .  

A 
• 

Fig. 2. 

Figure 2-Drawing from German patent 299 753 issued 
on 9 January 1916 showing use of goniometer for 

coupling power to a pair of directive antennas. 

may be shifted at will by adjusting the intensity 
of one or both transmitters. 

3. vVireless course indicator and telegraph, in 
which by means of alternating variation in 
intensity of one or both transmitters, a plurality 
of equisignal position lines may be established 
at the same time. 

The quoted text, which could not be improved 
on for clarity, conciseness, perspicuity, and com
pleteness, is a classic. In discussing the potential 
use of his invention, Scheller of course refers to 

navigation of marine vessels, because in 1907 
only science fiction could have entertained the 
notion of thousands of great superswift com
mercial airliners transporting passengers, mail, 
and freight between cities and across continents 
and oceans throughout the world. The 1907 
Scheller patent clearly and specifically covers 
practically all of the basic features of the radio 
ranges that are in operation today . 

(A) The fundamental principle of creating two 
intersecting radiation patterns by arranging two 
directive antenna arrays at an angle with respect 
to each other (a  principle applied also to instru
ment landing systems and other systems) .  

(B) The fundamental principle of exciting the 
two directional radiations in rapid alternation, 
supplied from a common transmitter, so that 
the relative strengths of the received signals 
could be compared (a  principle applied also to 
early types of instrument landing systems and 
to Consol) .  

(C) Keying the individual radiations with dis
tinctive Morse code dots and dashes for simple 
aural recognition of the individual radiations 
at the' receiving end. 

(D) So interlocking the keying cycle that along 
the on-course line, where the lobes intersect and 
hence the two alternately radiated signals have 
equal strength, the signals merge into a con
tinuous tone. This is the familiar aural equi
signal indication. 

(E) Position of the vehicle to the left or the 
right of the on-course line is revealed in a 
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simple aural manner by recognition of the 
prevailing stronger dot or dash signals heard. 

(F) Possibility of shifting the four equisignal 
courses by changing the relative amounts of 
power supplied alternately to the two antenna 
arrays. This shifts the direction along which 
the lobes intersect (a principle applied in pres
ent radio range stations ) .  

(G) The possibility, even, of cyclically adjust
ing the power to the two antenna arrays to 
establish a larger number of available equisignal 
courses from one set of antenna arrays. ( This 
technique is not applied to four-course ranges, 
but the idea uncannily foreshadows a technique 
used in the Sonne or Consol system, a multi
course radio range system developed by Lorenz 
during the second World \Var. ) 

(H) Provision for continuous monitoring of the 
stability of the on-course direction by setting up 
a receiver at a fixed location nearby. ( Monitor
ing is considered a sine qua n o n  in all ground
based radio navigation systems today. ) 

It is also worthy of note that the diagram in 
Scheller's 1907 patent indicates antennas that 
are in the form of vertical radiating elements. 
\i\fhen the radio range was reborn in the 1920's 
in the United States and equipments ·were first 
installed along airways in the 1930's, huge loop 
antennas were used. Later the loops were super
seded by vertical Adcock antennas, much as 
pictured in Scheller's 1907 diagram. Note also 
Scheller's remark that "If it is not desired to 
have any rearward effect of the transmitters, 
then one can, in place of the illustrated arrange
ment, set up transmitters that have a single 
direction of radiation." Such a principle is ap
plied through the use of special antenna ele
ments (reflectors and directors ) in modern in
strument landing systems and other systems, 
where only one (but a sharp ) course is 
required. 

All in all, a modern-day engineer cannot help 
marveling at the clarity, brilliance, completeness 
-and also the practicality and usefulness as 
subsequent history has proved-of Scheller's 

Otto Schel ler, I nventor of the Radio Range 

1907 conception. Only two technical features of 
present-day four-course ranges are not covered 
in the 1907 patent. One is the simultaneous 
voice feature ; but that is strictly speaking a 
communication adjunct to the basic navigation 
function. The other feature is the facility for 
convenient alignment of the equisignal direc
tions without need to move the antennas, 
through introduction of a special means for 
coupling the transmitter to the antennas. \Vith 
respect to that feature, however, Scheller also 
first showed the way in his patent of 1916. 

German patent 299 753 was issued on 9 J anu
ary 1916 to Otto Scheller and assigned to C. 
Lorenz. In that patent, the diagram of ·which is 
herewith reproduced as Figure 2, Scheller sup
plies radio-frequency energy to the antennas 
through an adjustable cross-coil inductive coup
ling arrangement. The device is now referred 
to as a "goniometer" or "radio goniometer" 
and has many applications in radio navigation. 
( Scheller did not invent the goniometer itself ; 
that device had been proposed and used earlier 
in connection ·with radio direction finders [ 2 J ) . 

An English translation of only the "Claims" 
portion of Scheller's 1916 patent follows. 

1. \Vireless course indicator and telegraph with 
two directional transmitters at an angle, so 
arranged that coupling coils are applied, and 
these are alternately switched on and can be 
rotated with respect to each other. 

2. Modification of the course indicator accord
ing to Claim 1 ,  in such a manner that the t\vo 
alternately switched coupling coils are arranged 
to be rotatable in common. 

3. \i\fireless course indicator and telegraph ac
cording to Claims 1 and 2, arranged in such a 
manner that the two coupling coils may be 
rotated both with respect to each other as well 
as in common, to the end that both the sharp
ness and the direction of the equisignal courses 
may be adjusted. 

The application of the goniometer to the radio
range system, in exactly the way proposed by 
Scheller in 1916, has been a feature of the 
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existing four-course-range system since its in
ception before 1927. It makes possible a great 
practical convenience. Radio-range antennas are 
permanently installed because of their consider
able size and spacing. ·without moving the 
antennas, adjustment of the goniometer enables 
the equisignal courses to be aligned along oper
ationally desired directions, or to be aligned 
later if the airway pattern is to be changed after 
initial installation of the station. Rotating the 
four courses bodily by the 1916 goniometer 
technique of Scheller, plus shifting the courses 
with respect to each other by the intensity
variation technique as Scheller proposed in 
1907, together provide a great degree of flexi
bility in alignment of the four courses. This 
flexibility is widely used, as a glance at present
day air navigation charts of four-course-range 
airways in the United States will show. 

Scheller also points out that the goniometer 
makes it possible to alter the sensitivity or 
"sharpness" of the equisignal indication, by 
shifting the point at which the lobes intersect 
to regions at which the "slope," or azimuth
rate-of-change of signal strength, is most suit
able. These various possibilities foreshadow the 
techniques used in instrument landing systems 
and in other systems to adjust sensitivities, di
rections, minor lobes, et cetera. 

It is understandable that Scheller's two basic 
patents did not initially arouse much excite
ment, being far in advance of their time. Ships 
did not have any pressing need for radio navi
gation facilities and aviation was in an early 
stage. However, some early tests of the Schel
ler proposal of 1907 were made by Lorenz and 
by the German Navy, and these demonstrated 
the practicality of the principle [ 3 ] . In 191 1 
Professor Kiebitz, at first not aware of Schel
ler's prior work, proposed a similar scheme. 
Before and during the early part of the first 
World \Var, experiments with the system were 
performed for marine guidance but no opera
tional installations were made [ 3, 4] . Tests with 
airplanes in Germany first took place toward 
the end of the first World \Var, as before that 

time the German military appeared to show no 
interest in the possibilities of radio navigation 
for aircraft. In those tests, errors were found to 
be produced because of directional effects of the 
receiving antenna on the airplane [ 3 ] . (That 
troublesome effect was the subject of consider
able research effort in the United States, begin
ning in the late 1920's, which were the early 
days of radio-range development in that coun
try [ 5 ]  ) .  

After the first ·world \Var there began the 
spectacular rise in development of aviation, 
highlighted by headline-making long-distance 
flights and by the crude beginning of scheduled 
passenger and mail transport services. For such 
services to operate on a systematic basis, all
weather and all-visibility navigation aids were 
pressing needs. Hence, and especially in the 
United States where intercity distances are 
greater than in Europe, an intensive search be
gan for suitable radio navigation aids for 
aircraft. 

Rotatable-loop direction finders had been 
known since the early days of radio, and in fact 
were introduced for ship and shore use even at 
the time of the first vVorld \i\Tar. Experiments 
with the derivative airborne radio compass had 
also been made, but not until about 1940 did a 
practical equipment for airborne use become 
perfected in the form of the automatic radio 
direction finder [ 6 ]  . Airborne direction-finder 
devices are very useful for "homing" flights ; 
and together with the magnetic compass are 
usable also for position fixing. However, they 
indicate bearings relative to the momentary di
rection of the fore-and-aft axis of the airplane, 
hence they have the disadvantage that they do 
not establish fixed predetermined geographical 
paths that a vehicle can follow [7] . Technology 
had progressed sufficiently for the application of 
Scheller's 1907 proposal, but it still lay buried 
in the German patent office. 

As sometimes happens, great new ideas can 
occur to different people independently. In 1920 
P. D. Lowell of the United States Bureau of 
Standards conceived ideas similar to those of 
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Scheller. During 1921-1923 F. M.  Engel and 
F. \V. Dunmore of the Bureau staff first con
verted Lowell's suggestions to practice in work 
performed on behalf of the United States Army 
Air Service [8] . The work was then carried 
on for the Army Air Service by the Signal 
Corps Aircraft Radio Laboratory at McCook 
Field, Dayton, Ohio (predecessor of the pres
ent ·wright-Patterson Air Force complex) .  
Engel, of the Bureau staff, initiated that pro
gram of radio-range development. It was then 
carried forward by W. H. Murphy and E. J. 
Wolfe [9, 10] . Murphy reintroduced the idea 
of using a goniometer exactly as proposed in 
Scheller's 1916 patent. Development for the Air 
Service was advanced during 1924-1929 to the 
point of construction of operational equipment 
by C. C. Shangraw [ 1 1 , 12] . 

During 1926-1934 the Bureau of Standards re
sumed its work on the radio range, this time for 
the Aeronautics Branch of the Department of 
Commerce (predecessor of the Civil Aeronau
tics Administration and the Federal Aviation 
Agency) .  Associated in these efforts were H. 
Pratt, J. H.  Dellinger, and H.  Diamond. The 
Bureau installed its first operational radio 
ranges on civil airways during 1926-1927, at 
College Park, Maryland, and Bellefonte, Penn
sylvania [ 13-17 ] . 

A culmination of all the early efforts on radio
range development in the United States took 
place in 1927. In June of that year Hegen
berger and Maitland of the United States Army 
made an epochal long-distance overwater flight. 
They flew from San Francisco to Hawaii, a 
destination that was not a huge continent but a 
small island 2400 miles distant in the middle of 
the ocean. Their perfect pinpoint navigation was 
made possible by the use of signals from two 
terminal-point radio-range stations built and in
stalled for the purpose by C. C. Shangraw [ 18] . 
In July and August of the same year, additional 
flights made use of the · same radio-range 
stations. 

These successful demonstrations by the Army, 
together with the success of the initial civil 
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range installations, provided the impetus that 
ushered in an era of wide-scale installation of 
four-course radio ranges for both civil and mili
tary use in the United States. This era began in 
the early 1930's and reached its peak in 1949. 
The civil ranges formed a system of city-to-city 
airways, which eventually formed links in a 
country-wide system of continental air routes. 
This was the first systematic radio navigation 
system for aviation installed on a wide scale. 
It contributed immeasurably to the emergence 
of instrument flying as a regular and indispen
sable procedure by United States civil airlines. 

The radio-range system permitted flights in 
poor weather conditions and at night over long 
distances, and it was an important factor in the 
spectacular development of civil air transport in 
the United States between 1930 and 1950. The 
radio range ( in contradistinction to airborne 
radio compasses and automatic direction find
ers) was the first system permitting establish
ment of fixed geographical paths that aircraft 
could follow in a positive and reliable manner. 
Because aircraft flying by radio range signals 
can be relied on to be on the assigned or re
ported paths (within the accuracy of the sys
tem ) ,  the radio ranges also made possible the 
beginning of systematic air-traffic control. The 
utility of the radio-range system for air naviga
tion and traffic control was improved through 
the installation of marker beacons at selected 
points along airways. These markers permitted 
periodic position fixes to be made, by producing 
a simple airborne indication as the airplane 
passed directly overhead. 

In 1949 a high-water mark of 390 operational 
civil radio ranges in the United States, serving 
over 60 000 miles (97 000 kilometers ) of fed
eral airways, was attained [ 19] . It has been 
estimated that more than 600 four-course radio 
ranges have been installed all over the vvorld. 
Since about 1950, the United States medium
frequency aural four-course radio ranges have 
been supplemented with or replaced by more
modern types of radio navigation aids, such as 
the very-high-frequency omnidirectional range, 
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Tacan, and V ortac. The latter two also estab
lish fixed tracks and operate at very- or ultra
high frequencies that provide certain propaga
tion advantages ; they present indications vis
ually on a meter and provide full 360-degree 
selection of tracks [ 19] . 

Yet some 300 four-course radio ranges are still 
in operation in the United States. Despite cer
tain superiorities of the more-modern aids, the 
four-course range has a unique advantage. That 
is, no special airborne receiver or instrumenta
tion is required. All that the airplane requires is 
a simple communication receiver and head
phones-the minimum radio equipment that an 
airplane would carry anyway. This feature en
dears the radio-range system especially to op
erators of small aircraft, which are equipped 
with the minimum of radio apparatus to save 
weight, space, and expense. The existing four
course ranges also provide an emergency navi
gation facility to larger aircraft that carry mod
ern radio equipments. Scheller himself had 
drawn attention to the outstanding feature of 
the aural radio range in the following words 
published in 1929 [ 3 ] . 

"The airplane carries no equipment that is diffi
cult to service, takes up a lot of space, weighs 
a great deal, and is expenshre ; all heavy and 
complex equipment is exclusively at the beacon 
on solid ground, which eases the problem of 
servicing and maintenance. vVith respect to 
simplicity and operational reliability, the system 
described should be far superior to all existing 
systems ; airways that are provided with this 
system should be flyable with safety even at 
night and in fog and under all weather con
ditions." 

The words quoted (in translation) have a ring 
that is uncannily modern, being reminiscent of 
statements of requirements and reports of eval
uations that have been issued in great numbers 
by committees and agencies concerned with 
planning navigation aids. 

The fruits of Scheller's 1907 idea are not 
limited to the four-course range. In addition to 
airways navigation facilities, aviation requires 

an all-weather landing or approach facility. 
Only two on-course paths are required, one in 
azimuth and one in sloping elevation, but these 
must have very-great sharpness. The idea oc
curred both to workers at Lorenz and at the 
Bureau of Standards that the Scheller principle 
of a cross-lobe equisignal radio path might be 
used for instrument approach. Early experi
ments were performed at the Bureau, at first 
using medium frequencies as in the radio 
ranges. At Lorenz, Hahnemann and Krarnar 
proposed that the instrument landing system 
(as it was later called) should operate at higher 
frequencies, in the very-high-frequency range. 
This permits greater course sharpness, smaller 
antenna size, and has several propagational 
advantages [ 4, 20, 2 1 ] .  

The Lorenz proposal led to development of 
equipment and to 40 installations of the so
called "Lorenz System" at airports throughout 
Europe by 1937. It also led to development and 
installations by the British affiliate of the Inter
national Telephone and Telegraph Corporation, 
Standard Telephones and Cables, of their sys
tem known as "Standard Beam Approach," in 
England during the second World War. In early 
instrument landing systems, the feature of aural 
indication of the equisignal localizer course was 
retained, much as in Scheller's 1907 patent. 

In 1937, at the invitation of the Civil Aero
nautics Administration, a complete Lorenz 
system was brought to Indianapolis, Indiana, 
for demonstration and evaluation. The Admin
istration selected the basic principle of the 
Lorenz system for further refinement and de
velopment in the United States by the Inter
national Telephone and Telegraph Corporation. 
With the addition of an equisignal-type glide
slope, a number of civil installations were built 
for the Civil Aeronautics Administration, and 
were referred to initially as the "International 
Telephone System" or the "ITT Landing Sys
tem." Mobile military models, known as the 
SCS-51, were also built by ITT Federal Lab
oratories, and saw service throughout the world 
during and after the second 'lv orld vVar. The 
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basic features of those systems led to the present 
specifications that were made international 
standards by the International Civil Aviation 
Organization in 1949 [21 ] .  

There are over 200 civil installations of instru
ment landing systems in the United States and 
approximately 500 military and civil installa
tions in the \vorld [ 19] . In present systems the 
indications to the pilot are presented visually on 
a cross-pointer meter. This meter is actuated by 
simultaneous but distinctive audio-frequency 
modulations imposed on the radio signals 
radiated by the ground antennas. However, the 
crossed-lobe equisignal principle first stated by 
Scheller in 1907 is still the basis of instrument 
landing systems and has been applied to both 
the localizer and the glide-slope portions of the 
system [21 ] .  Thus Scheller's 1907 principle 
continues to find great application even to to
day's j et age. 

Although the 1907 invention was far ahead of 
its time, Scheller's life span permitted him to 
witness some measure of the great practical use 
made of it by aviation, directly in the form of 
the radio range and indirectly in the form of 
instrument landing systems and other systems. 
After learning of the Hegenberger-Maitland 
flight in 1927, Scheller published an article in 
1929 on the radio range [3 ] . In this, he re
called his early proposals of 1907 and 1916 ; he 
reviewed the earliest tests of the principle both 
in Germany and by the Bureau of Standards ; 
and he described the striking use made of the 
system in the Hegenberger flight. Both Kiebitz 
in Germany and Lowell in the United States 
learned, after their own work had started, of 
the prior publications by Scheller. For that 
reason these men did not apply for patents on 
the radio range. 

In the 1929 article, Scheller appraised the 
potentiality of the radio-range principle in the 
words quoted earlier in this paper. That ap
praisal, made in 1929, has been borne out by 
the history of aeronautical navigation elec
tronics from 1930 to the present. Although the 
world at large may not be generally aware of 

Otto Scheller, Inventor of the Radio Range 

the fact, the familiar beeps listened to by count
less pilots along airways the world over and the 
familiar cross-pointer needle watched by pilots 
during instrument approaches, constitute aural 
and visual testimonials to the brilliance, fore
sight, and practical applicability of the principle 
conceived by Otto Scheller back in 1907. 
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Dewline After a Decade of Field Operation 

and Maintenance •:• 

WILLIAM G. DONALDSON 
Federal Electric Corporation ; Paramus, New J ersey 

1 .  Introduction 

The name Dewline is simply a short way of 
saying "Distant Early-\i\Tarning Line." It is 
the land-based portion of the early-warning 
system controlled by the United States Air 
Force and consists of an integrated chain of 
radar and communication systems stretching 
about 6000 miles (9600 kilometers) from the 

* Presented at the 8th International Convention on 
Military Electronics, Institute of Electrical and Elec
tronics Engineers, vVashington, District of Columbia ; 
14 September 1 964. 

Aleutian Islands to the west coast of Iceland. 
It is almost entirely within the Arctic Circle, 
except for the Aleutian portion. Two Dewline 
sites are located on the Greenland icecap with 
more than 1 .5  miles (2.4 kilometers ) of solid 
ice beneath them. The purpose of the Dewline 
is to provide the North American continent 
with the earliest possible warning of the ap
proach of airborne objects over polar regions. 

This paper discusses the construction and sub
sequent operation and maintenance of the most
northerly portions of the Dewline between the 

Figure 1-Dewline is the northernmost of the warning lines shown. 

ELECTRICAL COMMUNICATION • Volume 40, Number 3 · 1 965 369 

www.americanradiohistory.com

www.americanradiohistory.com


Dewl ine After a Decade of Operation 

northwest coast of Alaska (Dewmain) and Ice
land ( Deweast) .  The Aleutian portion (Dew
west) is not covered specifically although most 
of its parameters are similar. 

2. History 

The Dewline was conceived in 1952 by a group 
of our nation's foremost scientists. This group 
was called the Summer Study Group and was 
sponsored by the Massachusetts Institute of 
Technology Lincoln Laboratories. The group 
recommended the construction of a distant 
early-warning line much as it is now (Figure 1 ) .  

The Dewline was born in the cornfields of 
Illinois where the first prototype was installed in 
1953. Since that time the Dewline has grown 
from a few trial sites built in 1954 near Barter 
Island, Alaska, to a very-complex system 6000 
miles (9600 kilometers) long. Initial responsi
bility for the construction was assigned to the 
American Telephone and Telegraph Company, 
which turned management of the design and 
construction over to its Western Electric Com
pany. 

During the fall of 1952 and throughout 1953, 
prototype buildings and antennas multiplied 
around the radome at sites near Streator, Illi
nois (Figure 2 ) ,  and at Barter Island, Alaska. 

Figure 2-Dewline test site near Streator, Illinois. 

While the experimental designs of buildings 
and electronic systems have not been retained, 
the trial installation did answer the question of 
feasibility. It also supplied the necessary experi
mental background for the ultimate design of 
all facilities, including plans for manpm,·er, 
transportation, and supply. 

It was known that the designs of detection and 
radio communication then current were not 
suitable to Arctic weather and atmospheric 
phenomena. Likewise, logistics problems as
sumed greatly added importance and made it 
mandatory that the Dewline operate with 
severely reduced manpower compared with 
military standards. 

In December of 1954, the letter contract was 
released to begin construction of the Dewline, 
extending from Cape Lisburne, Alaska, above 
the Arctic Circle, and terminating at Cape 
Dyer on the east coast of Baffin Island, Canada. 
Target date for an operational line was the 
summer of 1957. It was apparent immediately 
that with but two short summer arctic construc
tion seasons, the permanent quarters (with 
heat, water, and electricity) had to be ready for 
the first installation of electronic gear before the 
end of the second summer in 1956. The saga 
of how more than SO isolated and desolate sites 
were simultaneously constructed within this 
short period has been fully covered in many 
publications. From a standing start in Decem
ber, 1954, to an ultimate peak of 25 000 people, 
men of countless skills were transported to the 
arctic wastes, sheltered, fed, and supplied with 
tools, machines, and materials to build houses, 
water and oil tanks, towers, roads, airfields, 
hangers, warehouses, antennas, et cetera. Oper
ations necessarily were telescoped and design 
and construction of the many facilities pro
ceeded concurrently. There wasn't time for a 
development period. The electronic equipment 
and the new buildings and outside plant were 
constructed directly from breadboards. It was 
recognized that many design problems would 
be encountered during operation and mainte
nance of the systems. 
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In April of 1956, Federal Electric Corporation 
was named the prime operation and mainte
nance contractor of the Dewline. During the 
following months of May, June, and July, the 
Dewline training center was started. Many 
thousands of technical personnel have passed 
through this training center to help operate and 
maintain the system. Meamvhile, the construc
tion, design, and installation of equipment were 
proceeding. Sites v;ere selected, surveyed, and 
laid out consistent with exacting criteria ; this 
was done mostly while temperatures were regis
tered at the bottom of thermometers and often 
with snows measuring 10 to 20 feet in depth. 
There could be no guesswork on the proper 
siting, as the radar coverage and the new 
tropospheric-scatter communication system 
called for exact and critical selection of sites. 
Military and civilian airlifts and sealifts em
bracing the volume and sizes of cargo and 

':.'.·1'-::. WATERWAYS 

Dewline After a Decade of Operation 

distances not heretofore dreamed of were de
vised and carried out in the dead of arctic 
winter. Every item that man would need to 
enable him to live and work in the Arctic had 
to be purchased and transported to barren and 
almost-inaccessible locations. Then equipment 
had to be assembled and put into operation 
under the severest weather conditions. Survey 
teams traveled more than 1 million miles 
( 1 600 000 kilometers ) to select Dew line sites 
and access routes and obtained more than 
80 000 photographs for their part of siting and 
mapping. Existing maps were not accurate 
enough for the siting work. 

More than 1 13 400 purchase orders were is
sued to 4651  companies in the United States 
and Canada. 459 900 tons ( 417 million kilo
grams ) of materials and supplies were delivered 
by aircraft, naval convoy, caterpillar trains, and 

Figure 3-Sealift routes. 
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barges. 58 000 aircraft flights carried 1 10 mil
lion ton-miles of materials and supplies. During 
the first two summer seasons, the military sea 
transport service used hundreds of vessels (Fig
ure 3 )  to deliver these thousands of tons of 
cargo to beaches and waters for which there 
were no navigational charts. As expected, sum
mer seasons were too short to complete all the 
work. The men dug and hauled gravel, erected 
steel, and poured concrete in the arctic winter 
as well as the summer. 75 million gallons 
( 284 000 000 liters ) of petroleum, oil, and 
lubricant were shipped to the Dewline. More 
than half of this was delivered in approximately 
1 million drums and the balance by tankers. 

More than 9 600 000 cubic yards (7 300 000 
cubic meters ) of gravel were used in Dew line 
construction, enough to build an 18-foot ( 5.5-
meter) road 1 foot ( 0.3 meter) thick from New 
York to San Francisco. At many sites no gravel 
deposit existed and all roads, pads, and air
strips were built of rockcrusher gravel. Stocks 
of spare parts covering 33 000 separate line 
items were established at Dewline stations and 
bases. 

The permanent quarters to house the delicate 
and complicated electronic gear were ready as 
required. Installation and test were started on 
the intricate detection and communication sys
tem, most of which was newly designed. Over 1 
million formal tests were performed, some re
quiring as much as 7 weeks each. 

As can be seen in Figure 1 ,  by far the largest 
part of the Dewline is on Canadian soil. A con
struction of this magnitude, with its great 
masses of personnel and movement of cargo, 
would have been impossible without the historic 
cooperation, trust, and understanding of 
Canadian government agencies and Canadian 
citizens as well. The fact that this whole coop
erative undertaking was completed without a 
single incident being referred to diplomatic 
sources in either country stands as a monument 
to good international relations. 

Federal Electric Corporation took over the 
operation and maintenance of the Dewline in 
July of 1957, after 1 5  months of preparation. 
We were faced with the maintenance and opera
tion of a complex military system with a supply 
line that extended up to 10 000 miles ( 16 000 
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kilometers) .  Ahead were many problems not 
normally encountered by operation and mainte
nance personnel. Because of the urgency most 
of the electronic equipment did not enjoy a 
normal development period before installation 
and use. Some of the operation and maintenance 
problems faced by technicians were the result of 
design deficiencies. This meant that problems 
normally encountered and remedied during the 
development period now had to be solved dur
ing the initial period of operation, with no per
missible diminution of operational reliability. 
Many modifications were necessary before the 
electronic equipment, building, and outside 
equipment could cope with the still-strange 
environment. 

3. Operation and Maintenance Phase 

The original Dewline consisted of three types 
of stations-main, auxiliary, and intermediate. 

Dewl ine After a Decade of Operation 

The mam station is the hub of a sector that 
includes auxiliary and intermediate stations. 
The only military personnel on the Dewline are 
at main stations, which are approximately 500 
miles apart. These personnel receive the surveil
lance information, interpret it, and send it rear
ward to the North American Air Defense Com
mand. Figure 4 shows the layout of electronic 
equipment for main, auxiliary, and intermediate 
stations. 

At the main stations (Figure 5 )  are the largest 
airstrips, the biggest fuel tanks, and the greatest 
numbers of men. The main station as originally 
designed has two trains of buildings, each com
posed of 25 to 30 modules joined together. It 
has facilities for surveillance detection, lateral 
communication, and rearward communication. 

The auxiliary stations ( Figure 6 ) ,  of which 
there are 27 approximately 100 miles apart on 
Dewmain and Deweast, are similar to the main 

Figure 5-Main station Dye. 
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Figure 6--Typical auxiliary station. 

stations except that auxiliary sites do not have 
the rearward reporting facility. 

The intermediate stations ( Figure 7) lay half
way or approximately 50 miles between aux
iliary stations and consisted of only a doppler 
radar transmitter and a very-high-frequency 
communication facility. The intermediate sta
tions were maintained by a crew of 3 to 5 in
cluding Eskimos. These stations have recently 
been deactivated because of changes in opera
tional requirements. 

As the first year of operation and maintenance 
of the Dewline began in the summer of 1957, 
several major problem areas immediately arose. 

(A) Much of the initial equipment failed to 
meet test specifications, and some 60 unsatis
factory reports were submitted on the various 
units. The installation contractor stayed on to 
help modify the equipment to correct deficiencies, 
and also to technically re-evaluate the Dewline. 
This imposed a very-heavy workload on station 
personnel to support the installation contractor 
and made it difficult to conduct normal opera-

tions while modifications to the equipment were 
being made. 

(B) Vvhen the Dewline became operational, 
few of the required technical orders and tech
nical manuals were available. The illustrated 
parts breakdowns were particularly deficient. 
Thus it was practically impossible for techni
cians to identify and order required parts by 
proper designations. The full complement of 
manuals were not received for approximately 1 
year ; these did not include the installer's modi
fications and contained numerous errors. This 
problem was solved by issuing temporary "pink 
sheets" until the normal Air Force procedures 
could effect changes to the manuals. 

(C) The logistic support of the Dewline was 
originally planned to be done by the United 
States Air Force depot at Ladd Air Force Base 
in Fairbanks, Alaska. This arrangement pro
duced a severe bottleneck in technical supplies 
so that by May of 1958, 36 equipment outages 
were reported daily because personnel were 
awaiting parts. At this point the Air Force 
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Figure 7-Typical intermediate station. 

authorized us to introduce our central-control
point concept. This called for removal of a 
major part of the workload of logistics support 
from Air Force depots by researching and 
machine-processing requisitions at our project 
headquarters in Paramus, New Jersey. Under 
this concept the situation changed from the 
point where Wright Air Force Base had re
ceived approximately 20 000 requisitions and 
had serviced 33 percent to where in early 1960 
there were only 5 or 6 equipment outages per 
day reported. 

(D) To complicate the logistics support, part
failure rates on numerous components exceeded 
by many times the failure rates that had been 
programed for. Many of the failures were due 
to design faults that would normally have been 
solved during a development period. An exten
sive and exhaustive engineering effort was made 
to revievv the failure rates and determine the 
proper corrections. An average of 60 modifica
tions per equipment type were necessary to 

ELECTRICAL COMMU N ICATION Volume 40, Number 3 

bring the failure rates within a reasonable and 
manageable range. 

Figure 8 shows the reduction of equipment out
ages with time. The sharp reduction from the 
fourth quarter of 1957 to the second quarter of 
1958 was due to the installation of modifica
tions, the receipt of adequate instruction man
uals, the improvement of performance of parts 
as a result of modifications, and the formulation 
of adequate preventive-maintenance schedules. 

Further improvement from the fourth quarter 
of 1958 to the second quarter of 1959 was due 
mostly to the improvement resulting from the 
central-control-point concept. Of all the out
ages indicated, the FPS-23 and the FRC-45 
equipments usually were responsible for be
tween 60 and 80 percent. This seems to have 
been caused by inadequate depot stockage and 
the inclusion in these equipments of unique 
components that were hard to procure. 

Fortunately the equipment outages did not 
affect the operation of the Dewline as a system, 
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because of 100-percent redundancy. The ability 
to transfer immediately to spare equipment as
sured a fairly high operational status in the 
early days. Figure 9 clearly shows the high 

degree of equipment availability. This situation 
has since been improved by publishing mainte
nance handbooks that are accurate condensa
tions of the more-massive technical orders. 

TABLE 1 

ANALYSIS OF PART REPLACEMENTS BY PART TYPE GROUP ON AN/FPS-23, AN/FPS-19, AN/FRC-45V, 
AN /FRC-39A (V) , AND IS-101 EQUIPMENTS OVER 6-MONTH PERIOD 

Total Replacements Percent of Total Replacements by Equipment 

Part Type Group 

FPS-23 FPS 19 1 FRC-
IS-101 

FRC- Com-
FPS-23 FPS-19 

FRC-

Tubes 973 
Resistors 38 
Capacitors 26 
Relays 19  
Coils 2 
Transformers 19  
Motors 41 
Switches 2 
Crystals 3 1  
Lamps 36 
Transistors -
Miscel laneous 76 

-
4SV --- ---

3042 2 1 72 
93 144 
38 25  
75  9 

5 1 
1 7  3 
12  2 

8 4 
103 23 

54 133 
- -
34 74 

1351 
36 
41 

4 
1 3  
18  

1 
1 

62 
57  
-
62 

39A (V) bined 45V 

682 8220 77.0 87.4 83.9 
49 360 3.0 2.7 5.6 
10 140 2 . 1  1 . 1  1 .0  
1 1  1 1 8  1 .5  2 .2  0.3 

6 2 7  0.2 0 . 1  0.0 
6 63 1.5 0 .5 0. 1 
8 64 3 .3  0.3 0 . 1  
8 23 0.2 0.2 0.1 

74 293 2.4 3 .0 0.9 
1 1  291 2.8 1 . 5  5 . 1  
11  1 1  - - -

283 529 6.0 1 .0  2.9 --- ---- --- --- --- --- --- --- ---
Parts Totals 1263 3481 2590 1646 1 1 59 10 139 100.0 100.0 100.0 
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Figure 9-1f i ss ion
equipment availability. 
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Dewline After a Decade of Operation 

In the fall of 1960, Project Dewdrop was added 
to the Dewline. Project Dewdrop is a 1 -hop 
broad-band tropospheric-scatter system stretch
ing 691 miles from Thule Air Force Base to the 
Dewline at Cape Dyer (Figure 10) . Because of 
the new FRC-47 equipment we again suffered 
initial equipment and parts problems. 

Figure 1 1  shows the apparent impact of the 
FRC-47 (Dewdrop) equipment when it was in
cluded in our reporting system in December 
1960. In the initial operating quarter, 700 hours 
of circuit outage were suffered by this system. 
Problem areas connected with Dewdrop have 
largely been solved. Also indicated are the ef
fects of adding Dev1east in the fall of 1961 and 
of an unusually severe ice storm during the 
winter of 1962. 

As the years of Dewline operation progressed, 
new concepts in operation and maintenance of 
complex systems were evolved. The following 
represent some of the highlights of the decade 
of operation. 

CAPE 
DYER 

GREEN LA N D  

(A) Tables 1 and 2 indicate the maintenance 
required on the Dewline. Table 1 shows typical 
parts consumption during preventive and cor
rective maintenance on prime mission equip
ment of a typical 6-month period. As might be 
expected, tubes account for the great majority 

Figure 10-Dewdrop link from Thule Air Force Base 
to the Dewline at Cape Dyer. 
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of replacements. Table 2 indicates the average 
hours spent on the Dewline for preventive and 
corrective maintenance repairs. It can be seen 
from these tables which equipments require the 
most attention. From tables such as these and 
from other studies, we learn where to apply 
the most engineering effort to improve main
tainability and reliability. 

TABLE 2 
ANALYSIS OF CORRECTIVE AND PREVENTIVE 

MAINTENANCE 

Equipment 

AN/FPS-1 9  
AN /FPS-23 {FPR-2 

FPT-4 
AN/FRC-45V 
IS-101  
AN/GPX-26 
AN/FSA- 1 4  
A N  /FRC-39A (V) 

Total 

Average 
Monthly 

Corrective 
J\1aintenance 

In Hours 

1 12 . 1  
20.4 
49.8 
77.4 
86.5 
14.8 
24.9 

272 .8  
658.7  

Average 
Monthly 

Preventive Total 
il-'.laintenance 

In Hours 

142 . 2  254.3 
1 2 1 . 5  1 4 1 . 9  

4 2 . 8  92.6 
335 .4 4 1 2 .8 

4 1 . 5  1 2 8.0 
2 5 . 7  40. 5  
10.4 35.3  

1 45 . 7  4 1 8 . 5  
865 .2  1 523.9 

(B) In 1958, during the peak of the sun-spot 
cycle, our ionospheric-scatter system (IS-101 ) 
was subject to many back-scatter multipath 
propagation problems. These affected our time
division-multiplex equipment to the extent that 
we had to devise a frequency-stepping anti
multipath modification. This proved to be a 
highly satisfactory solution. 

(C) A fair amount of anomalous refractive
index gradients have been observed in the 
Arctic. These atmospheric phenomena, which 
are not observed as frequently in the more
temperate regions, have caused both enhance
ment and degradation of the performance of 
the communication and radar equipment. The 
operators have learned to adjust and operate 
through these phenomena. Particularly prob
lems were experienced with our FPS-23 dop
pler radar system. 

(D) Our experience in the general field of 
operation and maintenance in the remote Arctic 
regions indicates that system engineering should 

call for highly conservative designs of antennas 
and outside plant equipment. One of the largest 
antennas on the Dewline is the IS-101 corner 
reflector, which consists of many towers with 
a wire configuration. There have been cases of 
a complete reflector assembly collapsing from 
the weight of ice. It also has been our experi
ence that electronic equipment not subject to 
outside environmental conditions has been 
greatly overdesigned for safety, and that much 
economy can be realized by reducing these 
safety factors. 

\Ve have covered in these short paragraphs 
approximately 10 years of operation and main
tenance of a very-complex system. There have 
been many papers and reports on individual 
systems in the Dewline complex. This paper 
summarizes many additional papers on this 
subject and on other activities of the Dewline. 
A list of references is attached for the con
venience of the reader who desires more-de
tailed and more-specific information. 

4. Future Potential of the Dewline 

Figure 12 reflects the addition of the Deweast 
extension from Cape Dyer to Iceland in October 
1961 and shows the vast potential of the Dew
line for present and future aerospace activities. 
Some of the possible future uses of the Dewline 
for aerospace activities follow. 

(A) In its present configuration the Dewline 
can be used as a vital east-west communication 
network for exchanging data with polar-orbit 
satellites and for intertheater applications. 

(B) Because of its location in the Arctic where 
there is relative freedom from atmospheric and 
man-made noises, many of the De¥.rline sites 
are ideally situated for experimental programs 
in aerospace communication and telemetry. Al
though the Dewline was designed primarily for 
air-breathing vehicles, it can be readily adapted 
to support the various aerospace sciences and 
offers a vast network of operational systems 
and facilities for future use. 
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5. Summary 

As mentioned previously, there was no develop
ment period of consequence for the electronic 
equipments used on the Dewline. The equip
ments were constructed directly from bread
boards. As was expected, many design problems 
·were encountered during the initial operation 
and maintenance period. 

Our operational and maintenance problems 
would have been significantly fewer if greater 
reliability and more maintainability design fea
tures had been built into the equipment. During 
the early years of our operation and maintenance 
responsibility, however, many recommendations 
affecting reliability and maintainability were 
made through effective use of failure reports 
and analyses, and these eventually resulted in 
el1nipment design modifications. Modifications 

Dewline After a Decade of Operation 

have ranged from the introduction of rugged 
tubes to completely new circuit designs. 

Because of these and other modifications, en
gineers had to monitor the effect of the modifi
cations long after the system-engineering phase 
of the program was over. Although this pro
cedure was costly and created an extremely 
heavy workload, it resulted in the Dewline's 
high level of performance. We have come to 
appreciate, during the initial operation and 
maintenance period of the weapons system, the 
importance of effective installation-engineering 
and implementation procedures. The importance 
is most-vividly borne out by the fact that dur
ing the preoperational phase of the Dewline, 
over 1 million formal tests were required to 
prove out the system, and almost 400 techni
cians per year had to be trained to operate and 

�LOWKN I FE 

I 
I I 

TO N O RTH A M E R I CAN 
A I R  DE FEN SE COM M A N D  

Figure 12-Principal existing broad-band communication systems in  northern North America. 
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maintain the vast array of communication and 
detection equipment. We have since used this 
experience in the implementation of many com
munication systems, both in the United States 
and abroad. 
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Estimating Voltage Su rges on Bu ried Coaxial 
Cables Struck by Lightning 

JOHN KEMP 
Standard Telecom m u n i cation Laboratories Limited ; Harlow, Essex, England 

1 .  Introduction 

Special devices are usually provided in the 
repeaters of transistor coaxial systems to pro
tect against lightning surges propagated along 
the cable. However effective these devices may 
be in protecting the repeaters and ancillary 
equipments, they afford no protection to the 
cable. To reduce the risk of arcs caused by 
surges in the cable that could burn the insula
tion or fuse conductors, additional protective 
measures are needed in the construction of the 
cable itself. The smaller the cable, the greater 
is this need. This study gives special atten-

· ion to cables containing only a few, say 4,  
6,  or 8 coaxial pairs of 1 · 2/ 4 · 4 millimetres 
(0 · 047/0 · 1 74 inch) and associated service 
pa1rs. 

2. Analytical Approach 

By reason of symmetry, the coaxial pairs in 
such cables are all equally subjected to the 
effect of lightning that strikes the cable. I n  
consequence, we may confine ourselves to a 
single coaxial pair. On this basis, equations 
have been derived using the same method 
that E. D .  Sunde has used for calculating 
lightning surges along cables with uniformly 
distributed parameters [1]. In coaxial cable 
systems the uniformity of the cable circuits 
is disturbed by the presence of repeaters. 
Thus the capacitances existing between re
peaters and their housings, augmented in 
some cases by other capacitances, are intro
duced into the circui t formed by the sheath 
and the coaxial outer conductor. Likewise, 
power-separating filters and power equipments 
are introduced into the low-frequency circuit 
formed by the outer and inner conductors of 
a coaxial pair. The capacitance of a repeater 
to its housing and the surge impedance of the 
power equipment are generally so small that 
they have no significant effect on the circuit 
parameters. On the other hand , it may be 
necessary to allow for the effects of power-

separating filters and any other components 
that are added in particular repeater designs. 
There appear to be three ways to take account 
of these additional elements : (A) to treat them 
as irregularities in otherwise uniform trans
mission lines, (B) to regard them as uniformly 
distributed over the repeater sections, and (C) 
to ignore them altogether, at least if they are 
relatively small. 
Investigation of the first of these alternatives 
has led to great analytical complications that 
make it doubtful whether any practical use 
could be made of an exact solution, even if it 
could be stated explicitly. Moreover, since 
only an estimate of the order of magnitude of 
these surges is required, the study of this 
alternative has not been pursued further. 
There remain the second and third approaches, 
to each of which the equations appropriate to 
uniform transmission lines are applicable. In 
calculating the parameters of the equivalent 
uniform transmission lines, no account has 
been taken of inductance. Consequently, volt
age surges inside the coaxial pairs are under
estimated. However, this error is not con
sidered to be significant. 
There are three types of surge that are of 
interest. A surge of the first type appears be
tween the metallic cable sheath and a coaxial 
outer conductor, or between the cable sheath 
and an interstice conductor. A surge of the 
second type appears between the coaxial inner 
and outer conductors, so long as the dielectric 
between sheath and ou ter conductor remains 
intact at the point of entry. If this dielectric 
breaks down, then a surge of the third type 
appears between the coaxial inner and outer 
conductors. The three types are hereafter 
referred to as V, V, and V1, respectively. The 
object of the study is to express these surges 
in terms of the characteristics of the cable 
system, the soil resistivity, and the character
istics of the lightning current. The results are 
recorded in the Appendix. 
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Lightning Surges on Buried Coaxial Cable 

3. Discussion of Results 

The general equations ( 1 ) ,  (2) ,  and (3) express 
the values of the respective surges at any 
point along the cable and at any moment of 
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RESISTI V I TY OF S O I L  I N  OHM-M ETRES 

Figure 1-Peaks of surges at point of entry. The resist
ance of the cable sheath = 1 ohm per kilometre, the 
peak of lightning current = 1 kiloampere, and the rise 
and decay times of the lightning current = 7 · 5 and 65 
microseconds respectively. 

V (0, tp.,k) occurs between sheath and coaxial outer con
ductor ; V (0, tpcak) occurs between coaxial inner and 
outer conductors (the insulation between outer con
ductor and sheath remaining intact) ; and Vi (0, tpeak) 

occurs between coaxial inner and outer conductors (the 
insulation between outer conductor and sheath having 

broken down) . 

time. It can be shown that in all three cases 
the surges are highest at the point of entry 
and, for the present purpose, attention may be 
confined to the surges as they appear at this 
point. As shown by (lA) , (2A) , and (3A) , the 
forms of the equations now admit of consider
able simplification, each being expressible as a 
product of three functions. The first of these 
functions depends only on the parameters of 
the cable and is thus a constant for any given 
cable. The second function depends only on 
the soil resistivity, and the third depends only 
on the time and the characteristics of the 
lightning stroke considered. Moreover, this 
third function is the same for all three types 
of surge. 
It follows that all surges have the same shape 
and that their peaks occur at the same moment 
of time. The time of special interest is that 
associated with their peaks. Confining atten
tion to this moment, it is seen that the light
ning function is also reduced to a constan t ;  
hence the peaks of all three surges vary only 
with the resistivity. This dependence is illus
trated for a typical case in Figure 1. The solid 
lines refer to the peaks calculated without 
regard to the components at repeater points ; 
the dashed lines refer to peaks calculated on 
the assumption that these components are 
uniformly distributed over the cable section. 
It is seen that, by either method, the results 
are of the same order of magnitude. In the case 
of surges between sheath and outer conductor, 
the solid and dashed lines practically coincide. 
The cable constants used in Figure 1 ·were 
taken from measurements made on a cable 
containing four small-diameter coaxial pairs 
and on repeaters designed for a 300-channel 
coaxial system conforming to recommenda
tions of the Comite Consultatif International 
Telegraphique et Telephonique. Equations 
(lA) , (2A) , and (3A) contain the sheath 
resistance Rs as a common factor. It is con
venient, therefore, to normalize this resistance 
in Figure 1 to 1 ohm per kilometre, which is a 
value within the range realized in practice. 
The resistance of the sheath thus affords a 
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means of controlling, at least in some measure, 
the peaks of all three surges. 
The third function in ( lA) , (2A) , and (3A) 

implies a lightning current of any given peak 
value and any given rise and decay times. A 

peak value of 1 kiloampere and rise and decay 
times of 7 · 5 and 65 microseconds have been 
assumed for Figure 1 .  Rise and decay times 
of this order are generally regarded as repre
sentative of the average form of stroke. 
Using the above-mentioned values, the third 
function has a maximum value of about 6 at 
the point of entry. For other current peaks the 
values given by the curves must be adj usted 
proportionally. For instance, for a stroke of 
100 kiloamperes in a region of soil resistivity 
of 3000 ohm-metres, the full lines would give V 
as 20 000 volts, V as 480 volts, and V 1 as 8000 

volts. These figures are rough estimates of the 
peaks that may be expected if the sheath re
sistance is 1 ohm per kilometre. They are 
directly proportional to the sheath resistance. 
The peak values of 480 and 8000 volts that 
appear inside the coaxial pair, with and with
out adequate insulation between the cable 
core and sheath, emphasize the considerable 
importance of the role played by the dielectric 
strength of this insulation. 

4. Reference 

1 .  E. D. Sunde, "Lightning Protection of 
Buried Toll Cable , ' '  Bell System Technical 
Journal, volume 24, pages 253-300 ; April 
1945. 

5. Appendix 

5 . 1  EQl'ATIONS OF VOLTAGE SURGES 

5 . 1 . 1  Symbols 

x = distance along cable from point of 
entry of stroke current in metres 

Lightning Surges on Buried Coaxial Cable 

t ,  r = time in seconds 
p = resistivity of earth in ohm-metres 
µ = permeability of earth in henries per 

metre 
Rs = resistance of cable sheath in ohms 

per metre 
R, C = resistance in ohms per metre and 

capacitance in farads per metre of 
the transmission line or equivalent 
uniform transmission line formed 
by the sheath and the coaxial outer 
conductor 

R, C = resistance in ohms per metre and 
capacitance in farads per metre of 
the transmission line or equivalen t 
uniform transmission line formed 
by the coaxial outer and inner 
conductors 

J (t) = stroke current in amperes in light
ning channel at the point of entry. 

µ a = -
2p 

47T10-7 
2p 

/3 = R C ;  S = RC 

J" t e-u2/4r 
g (<T, t) = 0 J(t - r) (7TT)Y2 d r  

<T = variable o f  position denoting aHx, 
f3Y2x, or S}'iix as required 

V(x, t) = voltage surge along circuit formed 
by the sheath and the coaxial outer 
conductor in volts 

V (x, t) = voltage surge along circuit formed 
by the coaxial inner and outer con
ductors, inner and outer conductors 
being insulated from the sheath, in 
volts 

V1 (x, t) = voltage surge along circuit formed 
by the coaxial inner and outer con
ductors, the coaxial outer con
ductor being in contact with the 
sheath at the point of entry and the 
inner conductor being insulated 
from the outer conductor and 
sheath, in volts 
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Lightning Surges on Buried Coaxial Cable 

5 . 1 .2 General Equations Applicable at any 
Position 

V (x, t) = 
2 (::__ 

{3) 
X {(3Y.g ((3Y.x, t) -aY.g (aY.x, t) J 

V
- ( · t) = R. (R - R.)G_ {

_
Sv. ((3

-
Y. t) x ,  

2 (a -{3) : {3 - a g x,  

aY. (3Y. - -- - g (aY.x, t) - --- g (SY.x, t) 
/3-a /3 - /3  

(3Y. } + 
S-!3 

g (f3Y.x, t) 

- ( · 
)

- R. (R -R.) C { SY. -l4 ) V1 x, t - 2 (a-{3) S - a  
g ({3 x ,  t 

aY. ( aS) Y. -
- --- g (aY.x, t) - - g ((3Y.x , t) 

{3 - a  [3Y. ([3-{3) 

(1 )  

(2) 

(aB)Y. , l + f3Y. (S - f3) g (BAx, t) .
J 

(3) 

John Kemp received a diploma in electrical 
engineering in 1921 from the Imperial College 
of Science and Technology in London. He then 
joined the International Western Electric 
Company and, after training in the United 
States in the Bell System cable factories and 
laboratories, he assisted in introducing into 
Europe the loaded long-distance telephone 
cable developed in the United States. 

Since 1946 Mr. Kemp has been a member of 
the senior technical staff of Standard Tele-

5 . 1 .3 Equations Applicable at Point of Entry 

If in the above equations x is made equal to 
zero , if the terms that are insignificant under 
the conditions that occur in practice are 
dropped, and if a, {3, and S are replaced by the 
quantities they represent, the following forms 
are obtained. 

V(O, t) 

V (O, t) 

Rs " X (0 ) 
(87r10-7)Y. X P' " g ' t  

R. (R - R.) C 
47r10-1 { (RC)Yi + (RC)Y2 } 

X p X g (O, t) 

R. (R - R.) C'A 

( lA) 

(2A) 

(87r10-1)Y.RY2 { (RC)Y. + (RC)Y2 )  
X pY. X g (O ,  t) . (3A) 

Although these equations are approximations 
they differ from the exact equations ( 1 ) ,  
(2) , and (3) only by amounts that are insignifi
cant. They are therefore convenient working 
equations. 

communication Laboratories, engaged chiefly 
with inductive coordination of communication 
and power lines and with the protection of 
communication cables against lightning. 

Since 1935 he is a Member of the Institution 
of Electrical Engineers. He has published 
several papers on waveguides. He has served 
for many years on several study groups of the 
Comite Consultatif International Telegraphi
que et Telephonique. 
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Characteristics and Applications of Reed Contacts 

H. RENSCH 
Standard Elektrik Lorenz AG ; Stuttgart, Germany 

1 .  Description 

The reed contact is an electromagnetic com
ponent [ 1 ]  primarily used in relays and 
switches. With conventional relay types, the 
electromagnetic circuit actuates mechanical 
parts that in turn operate the contacts of the 
circuit to be controlled. Hence, the life of such 
components depends not only on the wear of 
contacts, which is a function of current to be 
interrupted and type of load, but also on the 
wear of the associated mechanical parts. 
Furthermore, the masses of the mechanical 
parts may also importantly determine the short
est possible switching times. 

Figure 1 shows the reed contact that is the 
basic element of an electromagnetic relay. The 
contact comprises two magnetic tongues hermet
ically sealed in a glass tube filled with protective 
gases. In a magnetic field, the tongues attract 
each other and make contact. Thus they com
bine both magnetic and electric functions. No 
other moving mechanical parts are used. In 
addition, hermetic sealing of the contacts offers 
substantial advantages over the nonprotected 
contacts of conventional relays. For instance, 
reliable contact operation is assured even after 
long idle periods and for small loads such as in 
transistor circuits. Moreover, manufacture of 
reed contacts can be largely automated to 
achieve utmost reliability and low cost. The 
switching times of the reed contact are ex-

-------- "' 50 ------

W I DTH O F  G LASS 
TO N G U E  T U B E  

I 
1 1  

CONTACT -1 '4--- 0VERLAP O F  TON GU ES 
TON G U E  I I 

T H I C K N ESS 
O F  TO N G U E  

Figure 1-Herkon contact. Dimensions are given 
in millimeters. 
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tremely short as only very-small masses are 
moved for short distances. Also, no mainte
nance is required. 

Using these reed contacts, a variety of re
lays can be designed [2] .  Figure 2 shows relays 
for printed-circuit boards and for mounting 
strips. If only a few relays are connected to 
electronic components, they may be fitted on 
printed-circuit boards using the flow-soldering 
technique suitable for the other components. 
However, if relays are the predominant com
ponents or if large relay groups can be formed 
without difficulty, mounting strips are preferred 
[ 3, 4] . As shown in Figure 2, the relay coils 
are fitted into simple U-shaped mounting strips 
that also form part of the magnetic circuit. 

Figure 3 shows two specially designed relays. 
The upper relay is for a very-low operate 
power. The contact tongues are coupled as 
closely as possible to the iron circuit. 

Figure 3B shows a relay with a permanent 
magnet that holds the contacts closed when no 
current is flowing in the coil. If the coil is ener
gized, however, the contact breaks. This is a 
normally closed or break-contact relay. This 
type of relay is manufactured with one or two 
sets of contacts, the operating characteristics of 
which would still be within reasonable toler
ances. Also, contact sets with or without a 
magnet in the same coil form are available. 
However, close operating tolerances may 

Figure 2 -Relays for printed-circuit boards are at the 
top and for mounting strips at the bottom. 
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present difficulties, the solution to which may 
partly require closer mechanical tolerances of 
the contacts. If the permanent magnet is ad
justed so that it cannot close the contact by 
itself but can hold an already closed contact in 
the make condition, a pulse-operated latching 
relay is obtained. In this case also, careful 
studies of tolerances are mandatory. 

2. Reliability 

Before discussing the reliability of reed con
tacts, some clear definitions are required. The 
end of life of a contact may result from a variety 
of changes in properties, depending on the type 
of circuit in which the component is used. 

(A) Contact sticks or welds. 

(B) Contact resistance increases. 

(C) Release excitation changes beyond a given 
value. 

(D) Operate energization changes beyond a 
given value. 

·while (A) represents an unquestionable fail
ure, the influence of effects (B) ,  (C) , and (D) 
obviously depends on the types of circuit used. 
By including adequate safety margins for the 
energize and hold currents as well as adequate 
circuit resistance, a failure in operation can be 
avoided. The following discussion will be limited 

A 

B /- - - - -- ---........ 
: 

i . 

i � ,_¢_,::_·-_···· .·:::: .. _·_.,=--__ _ s_V�: C:L--------------�J J 

Figure 3-Herkon relays. A is the sensitive type, 
while B is the break-contact type. 

to sticking and welding caused by contact 
erosion. 

Component reliability is usually expressed as 
the number of failures per component-hour. For 
example, a rate of lQ-7 failure per component
hour means that in an equipment containing 
104 components of the type concerned, a failure 
of the equipment must be expected every 103 
hours. However, if 106 such components were 
contained in the equipment, a failure would 
have to be expected every 10 hours, beginning 
from the moment the equipment is put in 
operation. 

A corresponding failure rate for contacts as a 
function of the number of contact operations 
should be defined. Such a definition would show 
in principle that failures can happen at any 
early time if enough components are involved. 
Does this view meet the practical conditions ? 

The use of a constant failure rate is justified 
only if, beginning from the moment the equip
ment is put in operation, various disturbing in
fluences are exerted at random. The effects of 
these influences, however, must not depend on 
time. Basically, influences of wear cannot there
fore be considered to be the cause of failures de
fined by the failure rate, because wear of compo
nents begins with a normally constant effect 
right after the equipment has been put in oper
ation. However, as the components have been 
designed for a specified life, wear is unable to 
cause the end of life immediately at the begin
ning of the life tests if the contacts have been 
properly checked during manufacture. 

Processes such as corrosion and the absorption 
of humidity that lead to breakdowns basically 
have no constant wearing influence on the life 
of components to justify a constant failure rate 
[ 5 ] .  Also, if these processes continue at a 
uniform speed (corrosion of metal at coil taps 
or at capacitor foils, ingress of humidity 
through very-small leaks) ,  they will not be 
effective in causing failures until a certain zero 
time elapses after the start of the test, during 
which time they cause practically no failures 
[6] . 
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The length of such a zero time, however, de
pends on the design of the components, the 
ability to test their critical properties, and the 
conscientiousness of the manufacturer. Such a 
time without failures can be assumed for reed 
contacts if manufacture and testing are under 
adequate control. In this respect, significant 
variations may be found among reed con
tacts of various manufacturers. Even if an 
accelerated life test reveals no differences be
tween the reed contacts of two manufacturers, 
the test result may be quite different after sev
eral years of storage ; contacts showing small 
leaks may then have different properties as a 
result of the ingress of oxygen. The customer 
therefore finds it very hard to get a clear picture 
of the behavior of a reed contact unless he is 
given further reliable data on long-time storage 
of contacts, plus information on the number of 
contact operations to be expected at a definite 
load. Since a large number of contacts must be 
tested to obtain clear information, and as this 
information certainly must be backed by con
tinual supervision of contacts already operating 
in the field, all the data given in this paper are 
necessarily limited to contacts of type H 80 
manufactured by Standard Elektrik Lorenz. 
In this designation, the number indicates the 
approximate overall length in millimeters of 
the contact unit. 

To reduce the time and cost of testing, the 
failurefree period was determined in only one 
experiment, which lasted for several years. 
More than 1 500 contacts were tested continu
ously at 25 operations per second with an in
ductive load on direct current of 30 milli
amperes and 60 volts. Every contact was 
supervised during each operation to detect 
whether it had released within 5 milliseconds 
after interruption of the coil current. If the re
sult was negative, this was taken as the end of 
contact life. Figure 4 represents on a Gaussian 
scale the total percent of contact failures as a 
function of the number of operations shown on 
a logarithmic scale. Within the range of wear, it 
is obvious that the results of the life test cor
respond extremely well with the Gaussian dis-
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tribution above about 6 X 106 operations. For 
a confidence level of 90 percent, the departure 
at the lower end of the curve is well within 
the rules of statistics. Below about 6 X 106 
operations, practically no failures are expected. 

Figure 4 confirms by test the existence of the 
failurefree period. For this test, samples were 
also selected from the time manufacture of con
tacts was started a few years ago, although the 
production process had not then been optimized. 
A curve for contacts manufactured today would, 
of course, give more-favorable results. Figure 
4 shows that for the specified load it would be 
useless to define a failure rate if fewer than 
about 6 >< 106 operations are involved, since 
practically no failures occur in this area. For, 
say, 10-10 failure per contact operation, this 
would result in a contact failure every 105 
operations for a system equipped with 105 con
tacts. This is impossible, however, according 
to Figure 4. Hence, the only correct method of 
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predetermining the contact behavior in a certain 
circuit is to use a failure curve according to Fig
ure 4. Using this curve, applicable of course only 
for a specified load, the risk the user takes under 
the statements of warranty is clearly defined. 
Thus, knowing the number of equipments, the 
number of contacts contained in each equip
ment, the costs, and the maintenance that can 
be provided, designs can be made for different 
numbers of operations without contact failures. 
As can be derived from the above, the lowest 
possible risk exists for the user if the contact 
load is chosen so that the number of operations 
to be warranted is still within the failurefree 
period. This number of contact operations with
out any failures increases as the load is re
duced. \Afith a sufficiently small load, no upper 
limit of failurefree operations appears to exist, 
as recent investigations have shown. Needless 
to say, the so-called failurefree area represents 
in general only a zone of considerably fewer 
failures since, for example, mechanical damage 
during or after assembly will no doubt result 
in failures or disturbances that cannot be repre
sented in the Gaussian distribution or in other 
predictions. 

Long-term reliability of H 80 Herkon relays 
has also been proved by experience. Since 
1959, more than 105 contacts have been used 
by the German Post Office in toll dialing sys
tems (translators) and have proved to be 
extremely reliable in operation. In addition, 
several hundreds of thousands of contacts have 
been operating since July 1963 in the quasi
electronic experimental exchange HE 60 in 
Stuttgart with the same high reliability, and 
for telemetering data transmission a large num
ber of contacts have been in operation for years 
carrying out 30 to 1 50 million operations 
annually. 

3. General Properties 

It is, of course, impossible to work out such 
detailed statistics as represented in Figure 4 
for every case of possible application. As a 
consequence, engineers usually depend on inter-

polations and extrapolations of values obtained 
from tests using smaller test lots under different 
loads. 

In the following paragraphs, more life test data 
on H 80 contacts with gold diffused contact area 
are discussed. 

There is a variety of general characteristics 
in which contacts produced under various con
ditions may differ substantially. 

As mentioned earlier, Herkon contacts can be 
used for switching very-low voltages and cur
rents without difficulty even after long idle 
periods. This was demonstrated in a test with 
100 contacts, the contact resistance being tested 
with an electromotive force of only 500 micro
volts and a direct current of 1 milliampere im
mediately after the first operation was made 
following an idle period of one year. Even after 
this period, the resistance of all 100 contacts 
was still below 40 milliohms. 

Another test with 10 contacts stored at 1 50 de
grees Celsius for more than two years without 
operation likewise revealed no noticeable 
changes of contact resistance. During this lab
oratory test, one solder lug of each contact was 
loaded with a 100-gram weight applied in the 
vertical direction to the plane of the contact 
tongue to find whether a flow of glass would 
cause changes of magnetic data. The result 
showed that all changes were below 3 percent. 
\rVithin the admissible operating temperatures 
it can be taken for granted that, for instance, 

permanent forces of such size caused by wiring 
will have no effect on the relay data. 

Due to the diffusion technique employed, 
reed contacts that have been closed for a while 
may not release (cold diffusion) .  To test for 
this fault, groups of 20 permanently closed con
tacts carried currents of 1 ampere, 100 milli
amperes, and 20 milliamperes during a 6-month 
period, while another 700 contacts were stored 
in closed condition for several months with no 
load applied. It was found that no contact had 
suffered changes in its magnetic characteristics 
even for the first contact release after storage. 
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TABLE 1 

I NSULATION RESISTANCE IN MEGOHMS AS A FUNCTION OF RELATIVE Hu�1!DITY AND TEMPERATURE 

Temperature in 
Degrees Celsius 

30 50 

25 > 3  x 105 > 5  x 104 
40 >3 x 105 > 104 

In addition, the dangers of corrosion were 
studied. Tests performed with 20 contacts re
vealed that corrosion does not j eopardize the 
contact seals. Contacts were exposed for 18 
months to a program of 8 hours at 40 degrees 
Celsius and 100 percent relative air humidity 
dev;ed, followed by 1 6  hours at 20 degrees 
Celsius and 60 to 70 percent relative air humid
ity according to German Industrial Standard 
DIN-50017. No changes of contact resistance 
were found. The solder lugs were completely 
rusted through, but operational reliability was 
fully maintained. 

Fina!Jy, under certain circumstances, some 
properties can be unfavorable since a Herkon 
contact, just as any other type of contact, has 
only a limited field of application. As the con
tact is fitted with a glass tube, the effect of the 
relative humidity of the air on insulation must 
necessarily be considered. Table 1 gives some 
essential data ; the insulation resistance, con
trary to the behavior of many other insulating 
materials, adapts itself within seconds to chang
ing air humidity. It was found that 95 percent 
of the values were above those given in the 
table. 

Since the influence of temperature is less than 
the influence of relative humidity, more-favor
able insulation values can be obtained by pre
heating in extremely humid rooms. 

When switching very-low currents and volt
ages, it should be noted that the closing of the 
contact may produce an alternating voltage of 
20 millivolts maximum at about 20 kilohertz, 
decaying to zero within 1 to 2 milliseconds ; this 
is probably caused by magnetostriction effects. 

Relative Humidity in Percent 

70 80 90 

2 x 103 4 x 102 2 x 10' 
103 1.5 x 102 102 

If the contact itself in closed condition is cap
able of carrying currents of more than 1 
ampere, limits are nevertheless set by the re
sultant heating within the contact area ; with a 
steady current of 1 ampere, a temperature rise 
of 1 5  degrees Celsius (measured at the glass 
tube) occurs, while a steady current of 5 
amperes causes a temperature rise of 80 degrees 
Celsius. 

If the reed contact is to be used for switching 
high-frequency currents, attention should be 
given to the skin effect, which may cause a 
contact resistance of 1 ohm at 1 megahertz. 
However, frequencies of up to 50 megahertz 
can be switched and still-higher frequencies 
can be handled by applying, for instance, a 
silver coating to the contact tongues. 

If inadmissibly high currents are switched, the 
contacts can stick immediately or after a fe-w 
operations. Also, short-time current peaks (for 
example caused by charging and discharging 
capacitors, or by switching currents for filament 
lamps) may have this effect. With the H 80 
unit, current peaks of about 3 amperes should 
not be exceeded during the switching operation. 
When charging or discharging capacitors 
(without resistor) ,  the energy switched must 
not exceed about 10-5 joule. The risk to the con
tacts in capacitor charging and discharging can 
be considerably reduced by connecting in series 
a small inductance of between 20 and 200 
microhenries, according to the capacitance, or 
an ohmic resistance if admissible. 

Current peaks that make contacts stick may also 
be caused by wiring. If, for example, a large 
number of resistors are to be connected over 
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long wires or cables, either star connection as 
in Figure SA or ring connection as in SB may 
be used. For the star connection, a switching op
eration occurs on each wire lv . . . , ln. The 
initial current depends on the characteristic 
impedance of each line and on the number of 
lines. As the impedance of the line system is not 
matched at the far end, a full reflection is 
frequently returned to the switching point. At 
the beginning, the reflection amplitude is inde
pendent of the steady-state current, which con
tinues after reflections have died down. In 
customary wiring, the characteristic impedance 
is normally between SO and 100 ohms. For 
instance, with an impedance Z == 60 ohms, a 
voltage E = 60 volts, and 10 elements star 
connected over lines and cables of sufficient 
length, an initial peak current of 10 amperes is 
obtained, which is very likely to cause a weld
ing of contacts. However, if ring-type wiring is 
used, only a single transmission line contributes 
to the impedance and greatly reduces the transi
ent. The contact is then not in danger of weld
ing. Finally, it should be noted that with a reed 
contact having the normal length of 80 milli
meters, no interruption due to contact bounce 
occurs for at least 2 microseconds after the first 
operation of the contact. Therefore, efforts 
should be made to ensure that the reflections 
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A · · ·E 
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E E·n I=z-=(-�) 1/2 
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Figure 5-Influence of wiring on initial current. A is 
the star type and B the ring type of wiring. 

will have died down within this time. If neces
sary, the current peaks can be sufficiently flat
tened by means of a small series inductance. 

4. Contact Behavior U nder Different Loads 

Based on a test with 80 contacts that were 
switched for more than 4 X 109 times without 
load, it can be considered proved that no 
mechanical wear occurs, as the operate and re
lease values of the contacts underwent no sys
tematic changes during the test. Variations did 

not exceed 8 percent. 

Figure 6 gives life-test data on + groups of 
H 80 contacts. The load conditions were as 
follows. 

(A) 60 volts direct current, Herkon relays of 
different sizes ( 2 to 1 1  contacts ) ,  no spark 
quench, magnetic energy from 0. 1 to l millijoule 
according to number of contacts, 25 operations 
per second, 9S contacts. 

(B) 60 volts direct current, 100 milliamperes, 
resistance load, 50 operations per second, 3 1 0  

contacts. 

(C) 60 volts direct current, 300 milliamperes, 
resistance load, 50 operations per second, 40 
contacts. 

(D) 60 volts direct current, 30 milliamperes, 
resistance load, 50 operations per second, 40 
contacts. 

For a direct current of 1 ampere at 60 volts 
and a resistance load, failures do not start be
fore about 106 operations, while for the same 
conditions at 24 volts failures occur after about 
SO X 106 operations. 

Whereas earliest failures for the conditions of 
Curve A of Figure 6, without spark quench, 
may occur after about 8 X 106 operations, fail
ures among 20 contacts with spark quench 
(varistor plus capacitor) were not observed 
until after 195, 213, 391 ,  and 558 X 106 oper
ations. The remainder of the contacts continue 
to operate satisfactorily and have reached a 
present high of 750 X 106 operations. 

390 ELECTRICAL COMMUNICATION · Volume 40, Number 3 1 965 

www.americanradiohistory.com

www.americanradiohistory.com


·when a flat relay having 1000 ohms, 14 000 
turns, was used as load at 60 volts direct cur
rent, the first failures, without spark quench, 
occurred after about 5 X 106 operations. With 
spark quench (resistor plus capacitor) and a 
test carried out with 10 contacts, failures oc
curred only after 314 and 680 X 106 operations. 
The remaining contacts continue to operate 
without disturbance and have now completed 
900 X 106 operations. 

The spark quench should limit the impulse volt
age to not more than 200 volts, while the short
circuit current from the spark quench through 
the closing contacts should not exceed 100 milli
amperes if possible. 

If operations without current are made (close 
contact, apply current ; switch off current, 
break contact) ,  many more operations can be 
performed compared with operations under 
load. This was verified by a test with 20 con
tacts at 160 milliamperes. The test was discon
tinued after more than 600 X 106 operations 
[7 ] . Another test with 20 contacts at 2 amperes 
is continuing ; 80 X 106 operations have been 
made thus far. In both cases, not a single fail
ure caused by contact welding or sticking has 
been registered. 

vVhen operating contactors it is a favorable fac
tor that during contact bounce ( lasting about 
500 microseconds) the current is very low be
cause of the long time constant of the load ; 
practically no current flows. After the armature 
has been attracted, the current decreases, ac
cording to the type of magnetic circuit, to a 
fraction of its maximum value. As a result, 
H 80 contacts are capable of reliably operating 
for about 200 volt-amperes at 220 volts alternat
ing current several million times. 

Finally, with currents equal to or greater than 
100 milliamperes, the contact resistance nor
mally remains below 500 milliohms. This is 
adequate for such circuits, which usually are of 
low resistance. 

\Vith lower current-including no-load opera
tion-the resistance can rise to a few tens of 
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ohms, which should be taken into consideration 
when designing circuits. The number of opera
tions before the resistance rises depends on the 
type of load ; with very-low current and voltage 
(tested with 1 0  microamperes and 10 millivolts 
of direct current) ,  resistance of 1 ohm can be 
registered after several times 107 operations, 
and values of 10  ohms after several times 108 
operations. 

If reed contacts are operated by movable perma
nent magnets, or if a long release time is 
caused by, say, a delay circuit, the contact force 
may stay below the normal range for a relatively 
long time. For high load switching capacity, this 
will considerably reduce the contact life. Hence, 
in such cases H 80 contacts must not switch 
currents larger than about 200 milliamperes. 

Unfortunately, the physical and chemical 
processes in reed contact switching cannot yet 
be clearly explained to the extent that reliable 
predictions on contact behavior may be made 
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TABLE 2 
CHARACTERISTICS OF THE 4 TYPES OF RELAY COMPARED IN FIGURE 8 

Contact Air Gap in Reset Force in 
Millimeters Ponds 

H 80 0.23 2 3  
H 50 0 . 1 8  9 . 7  
H 40 0.08 2 . 7  

A 0 . 1 5  2 . 9  

without life tests, although certain pioneer work 
has been done in this field [8, 9] . From our 
experience, however, the circuits could in most 
cases be designed so that a large number of 
failurefree operations is obtained. 

5. Problems of M iniaturization 

There is considerable interest in switching very
small loads. If the contact reliability can be 
made equal to that of normal-size SO-millimeter 
contacts, a reed contact of smaller size would 
do this job. However, making reed contacts 
smaller is unlikely to reduce contact costs. The 
cost of material is rather low and, moreover, 
savings in material would be offset by a higher 
rejection rate. As a consequence, each case 
should be studied carefully to determine 
whether the tendency toward miniaturization is 
indeed technically necessary or just "en vogue." 
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Figure 7-Contact resistance o f  the H 80 Herkon relay 
as a function of contact force and of holding safety 
margin. The contact surfaces were gold diffused and 

the contact force at operate energy was 36 ponds. 

Spring Constant in Overlap in \Vire Diameter in 
Ponds per Millimeter Millimeters Millimeters 

200 1 . 2  1 . 3  
107 0.6 0.8 

84 0.6 0.55 
38 0.6 0 . 55 

In the mass production of normal-size reed con
tacts, the simplest possible form of unit parts is 
desired with respect to reliability, control of 
tolerances, and costs. This factor is even-more 
important for miniature contacts. Therefore, our 
discussion will be limited to components similar 
in shape to those in Figure 1 [ 10] . 

With the use of smaller contact sizes, lower 
forces must be expected that may lead to higher 
contact resistance. Figure 7 shows the contact 
resistance of a gold-diffused surface as a func
tion of the contact force. With forces below 
4 ponds, the resistance increases considerably. 
This means not only a higher contact resistance 
but at the same time an increase in sensitivity 
to vibrations that may modulate the resistance. 
Such vibrations can be caused by mechanical 
influences, by current peaks, and by ripples in 
the coil current, as well as by stray magnetic 
fields from adjacent components. Contact ero
sion may cause an increase in the effective air 
gap and the eroded contact particles may enter 
the contact gap. Such events tend to increase 
the contact resistance, so that a minimum con
tact force of 8 to 10  ponds should by all means 
be maintained [ 1 1 ] .  A comparison of operate 
energy and reset force for different-size reed 
contacts is shown in Figure 8 and Table 2. Due 
to saturation of the cross section of the contact 
tongues, the contact force approaches a limit as 

the energization increases. 

From the width of the air gap, length of the 
contact tongue, and its mechanical stiffness, the 
operate value is determined. Figure 8 clearly 
shows the influence exerted by the cross section 
of the tongue. The substantial differences be
tween types H 40 and A result just from the 

392 ELECTRICAL COMMUNICATION Volume 40, Number 3 1 965 

www.americanradiohistory.com

www.americanradiohistory.com


stiffness of the tongues and from the air gaps. 
Mention should be made here that the H 40 
contacts are used mostly in the United States 
and the A contacts in the United Kingdom. 
The resetting force of the contact tongues, the 
contact surface, and the air gap considerably 
influence the switching capacity of the reed 
contact. Since the Standard Elektrik Lorenz 
miniaturized Herkon contact is also applied to 
switching where definite requirements of cur
rents, voltages, and number of operations under 
load must be met, the need arises for a minimum 
resetting force of 10 ponds and an air gap of 
about 0. 1 5  millimeter. Together with these data 
and the specified material of contact tongues 
(nickel-iron, with about 53 percent of nickel) ,  
the required wire diameters can be calculated 
for the various contact lengths using the follow
ing symbols. 

la = deflection of one tongue with reed con-
tact closed 

E = Young's modulus of the material used 
L = length of tongue 
h = thickness of tongue 
b = width of tongue 

Pr = force to produce l0 for a l<:ngth L 
(resetting force) . 

P, X L3 X 4 10 = E X  b X h3 • ( 1 )  

A second equation can be derived from (A) 
the displacement of the contact zone with 
respect to the center of the glass tube , which is 
attributable to tolerances iR manufacture, and 
from (B) the fact that the tongues must not 
touch the glass tube when the contacts open. 

b = 1 . 7 (4 X !0 + 2h) . (2) 
From ( 1 )  and (2) we derive 

Ji4 + 2 x zo x h3 
= 

i . 1 s  z�: E, x v (3) 

\Vith h derived from the above equation, the 
required wire diameter can be calculated by 
(2) . Figure 9 shows the result for an air gap 
of 0. 1 5  millimeter ( l0 = 0.075 millimeter) ,  with 

Reed Contacts 

the required wire diameter represented as a 
function of the length of the moving tongue ; 
this was calculated for different resetting forces. 
The curves shown still do not include magnetic 
factors, though_ From our experience with mass 
production of reed contacts, the length of over
lap should be at least 0.5 millimeter, and con
sidering the interrelation of forces ( Figure 8 )  
i t  i s  obvious that a wire diameter of about 0.8 
millimeter is required. According to Figure 9, 
this would call for a length of about 10 milli
meters. Unfortunately, the further dimension
ing can no longer be accomplished by mere 
calculation. In particular, the susceptibility of 
reed contacts to tolerances, which decisively in
fluence the rejection rate, can be determined 
only by an empirical approach (Figures 10-12 ) .  
These figures show the operate ampere-turns 
as a function of the overlap of contact tongues, 
using air gaps of different widths. \Vith a very
srnall overlap, the required operate ampere
turns increase as magnetic saturation occurs in 
the contact area. With a very-large overlap, 
the operate ampere-turns increase because of 
the lower magnetic flux density ; a greater 
flux is required for contact operation, thus 
saturating the cross section of the wire. With 

40 

35 

(f) 30 
0 
z 0 
n. 25 
z 
w � 20 
0 "
fu 1 5  ;:: z 
8 1 0  

5 

0 

i--- H BO 

/ v-
v• I 

I ..t. = OPERATE 

J E N E R GY 

I 
I - H 50 

� i.---

' / � 

'V'_ H 40 
----

. ./ 

� --- A r-
0 20 40 60 80 100 1 20 140 160 180 200 

A M P ER E-TU R N S  

Figure 8-Contact force in ponds of  four types of  relay 
as a function of energization. Refer to Table 2. 

ELECTRICAL COMMUNICATION · Volume 40, Number 3 • 1 965 393 

www.americanradiohistory.com

www.americanradiohistory.com


Reed Contacts 

too wide an air gap, the operate ampere-turns 
increase as well, because a larger magnetic 
stray field again leads to saturation in the cross 
section of the wire and increases the energiza
tion required. 

\Vhen choosing the contact dimensions, manu
facture can be simplified by attempting to obtain 
a "nominal vvorking point" on the curves where 
the largest possible deviations from nominal can 
be tolerated, and where the operate ampere
turns will be least affected. Hence, nominal 
values at the bottoms of the curves should be 
used. For long life and high breakdown voltage, 
a wide gap is desirable. However, the curves 
show that the tolerances of too wide an air 
gap have a very-great influence on the operate 
ampere-turns. 

The influence of contact length (coupling re
luctance) can be derived from a comparison of 
the curves in Figures 10 and 1 1 . vVith a short
ened contact (Figure 1 1 )  the permissible over
lap areas are limited earlier compared with the 
contact dimensions represented in Figure 10, 
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Figure 9-Wire diameter D and thickness h of tongue 
as functions of the length L of tongue and the resetting 
force. The numbers on the curves are the resetting 
forces in ponds. E = lS X 10c ponds per square milli-

meter, and l, = 0.07S millimeter. 

and a displacement of the mmmrnm toward 
smaller overlap areas (a smaller contact area 
involves the danger of a shorter contact life) 
can be noted. Finally, the curves show that a 
shortening of contacts causes a greater depend
ence of the operate ampere-turns with respect 
to the variation of the air gap. This effect 
of contact shortening can partly be compensated 
for by slightly reducing the resetting forces. 
The curves in Figure 12 show that by choosing 
more-suitable dimensions for the tongue in 
combination with a slightly wider air gap, 
which leads to an increase in breakdown volt
age, the resetting force was lowered to a toler
able 10 ponds. Thus a considerably lower 
susceptibility to mechanical tolerances was ob-
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Figure IO-Operate energy as a function of overlap 
and air gap for the H 50 contact. Overall length was 
SS millimeters, length of measuring coil 25 millimeters, 
tongue elastic cross section 0.4 X 1.25 millimeters, and 
length of tongue 12.4 millimeters. The numbers on the 

curves are the air gaps in millimeters. 
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tainecl. which is of great importance for mass 250 

production of contacts. As a result, the dimen
sions shown in Figure 1 2  with a rated air gap 
of about 0 . 17  millimeter were taken as the basic 

dimensions for the miniature H 50 Herkon 200 

contact. 

It goes without saying that smaller reed con
tacts can also be manufactured ( Figure 1 3 ) .  
However, the interrelations shown and, as was 
proved by experiments, the strong dependence 
of useful life on the switched voltages call for 
correspondingly larger tolerances of operate 
and release ampere-turns ; they involve the risk 
of small contact forces and restrict the range 
of voltages to be switched, unless contact 
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Figure 1 1-0perate energy as a function of  overlap 
and air gap for the H 50 contact. Overall length was 
49 millimeters and all other parameters 1,vere the same 

as given in Figure 10. 
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Figure 13-Comparison of sizes of Herkon contacts. 
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operations without current are required. A con
siderable number of operations, though, can be 
obtained when switching voltages of about 24 
volts or less at corresponding normal currents. 
At 60 or more volts, however, considerable re

strictions of application must be expected 
( through use of spark-quench circuits, et 
cetera) . 

For the H 50 contact, the following approximate 
values have been obtained when tested at 25 
operations per second. 

(A) 1 ampere, 24 volts direct current, resist
ance load, first failures after 14 X 106 oper
ations. 

(B) 100 milliamperes, 60 volts direct current, 
resistance load, first failures after 1 .2  X 106 
operations. 

(C) 30 milliamperes, 60 volts direct current, 
inductance load, without spark quench, ( load 
the same as in Figure 4) , first failures after 
4.5 X 106 operations. 

(D) 60 milliamperes, 60 volts direct current, 
inductance load, flat relay, 1000 ohms, 14 000 
turns, without spark quench, first failures after 
1 .6 x 106 operations. 

Finally, mention should be made of the H 25 

contact shown in Figure 14. It has an elec
trically conductive ball of magnetic material 
that can be moved between two pairs of contact 
pins, all hermetically sealed in a glass tube. 
With an overall length of only 25 millimeters, 
this contact is intended for operation by means 
of moving magnets and is used mostly where 
slightly higher contact resistances and longer 
bounce times are of minor importance. This 
contact is extremely suitable also for mass pro

duction. Keyboards using such contacts, for 
instance, have the advantage that a suitable 
arrangement of the ring magnets permits a 

sequence of contact operations to be programed 
indefinitely. 

However, only few reliable data on the H 25 

contact behavior under different loads are avail
able thus far. Presumably more than 5 X 105 
operations at a direct current of 100 milli
amperes and 60 volts with a resistance load will 
be endured safely by this contact type. In other 
tests under smaller loads, up to 5 X 106 opera
tions have been reached. 

Development work on reed contacts described 
in this paper has demonstrated that not only 
with electromechanical parts has a reliability 
been obtained that was considered incredible 
up to now, but also that a substantial miniaturi
zation of these components has been achieved. 
Whereas some years ago there was a rather
fanatic trend toward using transistors in relay 
circuits, the development engineer now faces 
the problem of determining whether a modern 
reed component might be more economical and 
as reliable as circuits with completely electronic 
components whose dependence on temperature 
can often be neutralized only by additional 
components. 

Figure 14-Herkon H 25 relay with ball contact. 
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R. Oldenbourg, Munich and Vienna ; 1964. 

6. Borchert and Mally, "Schutzgaskontakte," 
Entwicklungsberichte der Siemens & H alske 
AG, volume 26, pages 8-12 ; December 1963. 

Reed Contacts 

7. "Herkone schalten iiber 500 Millionen mal 
fehlerfrei," SEL Nachrichten, volume 1 1 ,  num
ber 4, page 200 ; 1963. 

8. L. Borchert and L. Rau, "Die Kenngrossen 
induktiver Lastkreise fiir die Bestimmung der 
Lebensdauer von Kontakten," Archiv der elek
trischen Obertragung, volume 18, pages 60--66 ; 
1964. 

9. H. Fuhrmann, "Die Funkenli.ischung bei 
magnetischen Kontakten und die Berechnung 
der Funkenloschglieder," N achrichtentechnische 
Zeitschrift, volume 14, number 10, pages 481_:_ 
486 ; October 1961 .  

10. R .  L .  Peek, Jr., "Magnetization and Pull 
Characteristics of Mating Magnetic Reeds," 
Bell System Technical Journal, volume 40, 
number 2, pages 523-546 ; 1961 .  

1 1 .  T .  R .  Fennell, "Relationship Between Wear 
Debris and the Failure Mechanism of the Reed 
Switch," Proceedings of International Con
ference on Electromagnetic Relays, Tohoku 
University, Sendai, Japan, pages 102-107 ; 8-
1 1  October 1963. 

Heinz Rensch was born in Dresden, Germany. 
He received a degree in communication engi
neering from Professor Barkhausen's Institute 
in 1937. Since that time, he has worked for the 
International Telephone and Telegraph system 
uninterruptedly except for the war years. 

Mr. Rensch has worked extensively in radio, 
acoustics, and telephone systems and compo
nents. 
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United States Patents I ssued to I nternationa l 

Telephone and Teleg raph System; Februa ry-J uly 1 964 

Between 1 February 1964 and 31 July 1964, the 
United States Patent Office issued 92 patents 
to the International System. The names of the 
inventors, company affiliations, subjects, and 
patent nurnbers are listed below. 

H. Adelaar, Bell Telephone Manufacturing 
Company (Antwerp) ,  Crosspoint Network for 
a Time Division Multiplex Telecommunication 
System, 3 132 210. 

C. C. Anderson and R. B .  Rinehart, ITT Can
non Electric, Electrical Contact Socket and Ap
paratus and Method for Making the Same, 
3 123 429. 

J. W. Anhalt, ITT Cannon Electric, Quick 
Detachable Coupling, 3 1 33 777. 

B. E. Ash, Standard Telephones and Cables 
(London) ,  Apparatus for Manufacturing Ca
bles, 3 140 577. 

J .  A. Bandin, ITT Laboratories, Low Imped
ance Switching Circuit Utilizing Zener Diode 
Gate, 3 136 899. 

C. S. Beard and F. R. Hedger, ITT General 
Controls, Electrohydraulic Control System, 
3 120 103.  

H.  M. Bellis, E.  J. Huber, and F. E. Kolinsky, 
International Telephone and Telegraph Cor
poration, Omnidirectional Beacon Antenna 
Having Dipole Radiator and Parasitically Fed 
Horn Radiator, 3 141 169. 

F. Biagi, R. A. Morrow, and M.  Masonson, 
ITT Laboratories, Multiplex Signal Demod
ulator, 3 124 652. 

E. Eigo and P. Pleshko, ITT Laboratories, 
Logic Inverter Circuits, 3 124 704. 

B .  Blumenau, Standard Elektrik Lorenz 
( Stuttgart) ,  Combined Telephone Handset and 
Stand, Design 198 213.  

F. H.  Bray and J. M. Ridler, Standard Tele
phones and Cables ( London) , Automatic Ex
change Systems, 3 1 39 486. 

A. E. Brewster, Standard Telecommunication 
Laboratories (London) , Magnetic Information 
Storage Arrangements, 3 136 981 .  

R .  H. Canning and J .  E .  Cordner, ITT Cannon 
Electric, Force Measuring Device, 3 129 584. 

G. F. Carlson and R. M. Harmon, Jr., ITT 
Bell and Gossett, Pressurized Medium Tem
perature Hot \,Yater System, 3 134 543. 

W. F. S. Chittleburgh and E. S. Simmonds, 
Standard Telephones and Cables ( London) ,  
Multi-Frequency Signalling Receivers, 3 131  
264. 

E. Cohrt and J. E. B. Scavenius, Standard 
Electric Corporation, Transistorized Supervi
sory Circuit for Transmission Lines, 3 133 275. 

M. J. Cotterill, International Telephone and 
Telegraph Corporation, Double Side Band, 
Suppressed-Carrier, Phase Shift Type Tele
graph System, 3 141 066. 

J. R. Curran, ITT General Controls, Hydraulic 
System, 3 1 3 1  601 .  

B .  Dal Bianco and M.  Scata, Fabbrica Ap
parecchiature per Comunicazioni Elettriche 
Standard ( Milan) , Glass Sealed Reed Type 
Relay Module, 3 121 147. 

B. Dal Bianco and l\I. Scata. Fahbrica Anna
recchiature per Comunicazioni Elettriche 
Standard ( Milan) ,  Magnetic Structure for 
Reed Relays, 3 142 734. 

P. P. Danesi, Royal Electric, Electrical Ter
minal Connector, 3 140 909. 

J. I. Daspit, ITT Gilfillan, Video Data Encod
ing Circuit, 3 136 994. 

G. Davies, Standard Telephones and Cables 
(London) ,  Electrical Spring Contact Sockets, 
3 140 907. 

G. 'vV. Dean, ITT Cannon Electric, Edge Board 
Printed Circuit Type Connector, 3 133 780. 

E. C. L. deFaymoreau and J. A. Bandin, ITT 
Laboratories. Air Traffic Control System, 
3 136 991 .  
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E. C. L. deFaymoreau and M. Mandel, ITT 
Laboratories, Electronic Switching Device, 
3 124 800. 

G. G. Delplace and J. L. Huchant, Bell Tele
phone Manufacturing Company (Antwerp) ,  
Document Processing System, 3 1 36 423. 

W. Dietrich, Mix & Genest ( Stuttgart) ,  Method 
for the Automatic Recognition of Characters, 
in Particular vVriting Characters (Figures, 
Letters, and the Like) , 3 136 976. 

L. G. Fischer, ITT Laboratories, Frequency 
Translation and Compression System, 3 130 367. 

J .  Frolich, Standard Elektrik Lorenz ( Stutt
gart) ,  Frequency Control System Utilizing 
Magnetostrictive Elements, 3 136 954. 

D. B.  Gardner, ITT Bell and Gossett Hydron
ics, Anti-Slug Control for Refrigeration Cir
cuits, 3 130 558. 

G. G. Gassmann, Standard Elektrik Lorenz 
(Stuttgart ) ,  Relaxation Oscillator Employ
ing Selective and Non-Selective Feedback, 
3 141 142. 

W. L. Glomb, ITT Laboratories, Amplifier 
Control System, 3 121  844. 

F. P. Gohorel, Compagnie Generale de Con
structions Telephoniq ues ( Paris) ,  Telephonic 
Systems, 3 121 141 . 

\V. vV. Greutman, ITT Federal Laboratories, 
Balanced Gain Control Circuit, 3 141 137. 

F. S. Gutleber, ITT Federal Laboratories, 
Space Coded Linear Array Antenna, 3 1 30 410. 

V. J. Habisohn, ITT Kellogg, Electronic Bista
ble Gate Circuit, 3 1 30 326. 

V. J. Habisohn, ITT Kellogg, Communication 
Classification System, 3 130 271 .  

R .  A .  Hall, Standard Telephones and Cables 
(London) ,  Intelligence Storage Equipment, 
3 141 154. 
J. Handley, Standard Telephones and Cables 
(London) ,  Perforating Apparatus for Per
forating the Elements of a Signal Combination, 
3 136 481 .  

US Patents to ITT; February-J uly 1 964 

VI. Hauer, International Telephone and Tele
graph Corporation, High Speed Automatic 
Mail Sorting Systems, 3 140 767. 

\V. Hinz and H. Fritzsche, Standard Elektrik 
Lorenz ( Stuttgart) ,  Arrangement for Detect
ing the Stoppage of a Movable Body, 3 1 30 394. 

R. M. Hultberg, ITT Kellogg. Conference Call 
Circuit, 3 135 829. 

A. M. Ioakimidis, ITT Kellogg ,  Voltage Reg
ulator, 3 130 361 . 

L. P. Kedson, ITT Laboratories, Direct-Cou
pled Monostable Switch, 3 136 898. 

\V. Klein, Standard Elektrik Lorenz ( Stutt
gart ) ,  Paging System, 3 137 771 .  

E.  Kramar, Standard Elektrik Lorenz ( Stutt
gart) ,  Twin Beacon System, 3 130 407. 
J. P. Larkin, ITT Federal Laboratories, Ter
nary Recording and Reproducing Apparatus, 
3 133 274. 

E. R. LeClear, Capehart-Farnsworth Company, 
Pulse Amplitude Percentage Comparator Sys
tem, 3 120 630. 

D. J. Le Vine, ITT Laboratories, Microwave 
Resistance Measuring System Including Ther
moplastic Microstrip Coupler, 3 1 36 946. 

L. Lewin, Standard Telecommunication Lab
oratories ( London) ,  Waveguide Mode-Sup
pressing Filter, 3 132 3 14. 

A. Lieb, Standard Elektrik Lorenz ( Stutt
gart ) , Arrangement for Producing a Variable 
Electroluminescent Spot Subject to Position 
Control, 3 130 348. 

H. J. Lonn, ITT General Controls, Expansion 
Valve ·with Adjustable Metering Orifice, 
3 139 903. 

C. Lucanera and E. J. Annechiarico, ITT Lab
oratories, Variable Glide Slope System. 
3 136 997. 

J. V. Martens, Bell Telephone Manufacturing 
Company ( Antvverp) ,  Electrical Signalling Sys
tem, 3 140 358. 
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US Patents to ITT; February-J uly 1 964 

M. Masonson, ITT. Laboratories, Gaussian 
·waveform Generator, 3 124 678. 

G. Merz, Standard Elektrik Lorenz ( Stutt
gart) ,  Circuit Arrangement for Ferrite-Core 
Storage Devices, 3 130 391 . 

T. B .  Norling and J. E. Stewart, ITT Kellogg, 
2- or 4-Wire Telephone Set, 3 130 274. 

R. K. Orthuber and C. V. Stanley, Capehart
Farnsworth Company, Apparatus and Method 
for Detecting Overheated Journal Boxes, Re
issue 25 598 of Patent 2 856 539 issued 14 
October 1958. 

C. N. Pagano, International Telephone and 
Telegraph Corporation, Feedback Amplifier 
Gate, 3 141 136. 

E. G. Parker, ITT Laboratories, Omnirange 
Beacon Antenna, 3 136 996. 

E. G. Platt and W. K. C. Yuan, ITT Kellogg, 
Class of Service Telephone System, 3 133 1 57. 

G. Postel, Standard Elektrik Lorenz ( Stutt
gart) , Switching Device Comprising Reed 
Contacts Operated by Permanent Magnets, 
3 129 302. 

A. J. Radcliffe, Jr., ITT Kellogg, Logic Cir
cuits, 3 121 173. 

A. J. Radcliffe, Jr., ITT Kellogg, Magnetic 
Amplifier, 3 133 203. 

W. A. Ray, ITT General Controls, Coil Recti
fier Structures, 3 131  331 . 

vV. A. Ray, ITT General Controls, Alternating 
Current Solenoid Having Yieldingly Mounted 
Stop, 3 134 932. 

VI. A. Ray, ITT General Controls, Structure 
Utilizing Electric Release, 3 134 271 .  

C .  A. Richard, Jr., ITT Laboratories, Travel
ing vVave Mixer Tube With Helix Producing 
Its Own Oscillation Frequency, 3 121  818. 

E. Richert and D. Eulers, Standard Elektrik 
Lorenz (Stuttgart) ,  Arrangement for Edge
wise Conveying Systems to Separate and 
Equally Distribute Irregularly Supplied Arti
cles on Two Conveying Paths, 3 140 780. 

W. L. Sanborn and E. J. Senninger, ITT Bell 
and Gossett Hydronics, Spraying Equipment, 
3 130 909. 

P. C. Sandretto, International Telephone and 
Telegraph Corporation, Navigation System, 
3 141 167. 

W. D. Schmitz, ITT Laboratories, Printed Cir
cuit Card Rack Assembly, 3 129 991 . 

D. F. Seemann, ITT Kellogg, Electronic Line 
Circuit, 3 129 289. 

S. B. Silverschotz, ITT Laboratories, Auto
matic Mail Sorting System, 3 1 36 424. 

K. J .  Staller, ITT Laboratories, Soldering 
Iron, 3 136 878. 

A. T. Starr, Standard Telecommunication Lab
oratories (London) ,  Code Converting Ar
rangements for Pulse Code Modulation Sys
tems, 3 136 988. 

H. F. Sterling, Standard Telecommunication 
Laboratories (London) ,  Method and Appara
tus for Treating Reactive Materials, 3 140 922. 

C. E. Strong, W. L. Garfiel<l, and A. N. Law
son, Standard Telephones and Cables ( Lon
don ) ,  Radio Beacon System, 3 141 166. 

C. P. J.  Suverkropp, ITT Communications, 
Oven Apparatus for Testing Electrical Com
ponents, 3 133 180. 

J. Tannenbaum and W. S. Bartky, ITT Gen
eral Controls, Apparatus for Measuring Small 
Capacitance Valves Independent of Stray Ca
pacitance, 3 135 916. 

J. E. J. G. Toussaint, Bell Telephone Manu
facturing Company (Antwerp) ,  Electrical En
coding System, 3 136 978. 

F. J. L. Turner, B .  S. Mason, and H. G. 
Webberley, Creed & Company (London) ,  Per
forating Apparatus, 3 132 797. 

J. von Bonin, C. Lorenz ( Stuttgart) , Method 
of Producing a Solid Electrolytic Capacitor, 
3 123 394. 
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F. G. M.  Vriens, Bell Telephone Manufactur
ing Company (Antwerp ) ,  Rotating Magnetic 
Reed Switch, 3 133 173 .  

C .  L. \Vashburn, ITT Laboratories, Pulse 
Amplitude Compression System, 3 130 400. 

R. \Vetzel and D. Schenk, C. Lorenz ( Stutt
gart) ,  Synchronizing Device for Start-Stop 
Printing Telegraph Receivers, 3 121 139. 

G. N. Willis, ITT Cannon Electric, Crimping 
Tool with Full Stroke Compelling Mechanism, 
3 126 750. 

R. \V. Wilmarth, ITT Laboratories, Arrange
ment for Reducing High Voltage Breakdown 
Between Helical Windings in Traveling \Vave 
Tubes, 3 121 819. 

J. M.  Wilson, A. Radley, and E. D. Kahn, 
Standard Telecommunication Laboratories 
(London) ,  Methods of Producing Silicon of 
High Purity, 3 130 013 .  

E. P. G.  Wright, J. Rice, and D. G. N.  Hunter, 
Standard Telecommunication Laboratories 
(London) ,  Means for Recording and Modify
ing Intelligence, 3 130 300. 

E. P.  G. Wright, D. A. Weir, R. C. P. Hinton, 
and B .  Dzula, Standard Telecommunication 
Laboratories (London) ,  Buffer System for 
Transferring Data Between Two Asynchronous 
Data Stores, 3 130 387. 

Crosspoint Network for a Time Division 

M ultiplex Telecommunication System 

3 132 210 

H. Adelaar 

This is a coordinate switching network con
structed to produce a shielding effect approach
ing that of a coaxial line so crosstalk will be 
minimized on time-division pulse communica
tion links. The active crossing conductors of 
the network are separated from one another. 
A shielding conductor insulated from and paral
lel to each active conductor is positioned be
tween the crossing active conductors. 

US Patents to ITT; February-J uly 1 964 

Quick Detachable Coupling 

3 133 777 

J. W. Anhalt 

This patent discloses a quick detachable cou
pling having a latching sleeve on the plug or 
socket of the unit and a latching detent on the 
other unit to fit into an aperture of the sleeve 
in coupling position. Hollow tubular conduits 
fit around the plug and socket assemblies within 
the sleeve. They do not abut when the parts are 
coupled. Pressure on the sleeve at the spacing 
area between the conduits serves to disengage 
the sleeve and latching detent when detaching 
the coupling. 

Electrical Spring Contact Sockets 

3 140 907 

G. Davies 

A spring contact socket for a printed-circuit 
board is provided with two spring arms each 
having two projections extending toward the 
other arm. The inner projections are larger so 
that the printed-circuit board will spread the 
arms to lift the outer projections out of contact 
with the board surface. A perforation is pro
vided in the supporting base of the printed cir
cuit so that these inner projections may drop 
into it, permitting the outer projections to make 
contact with the printed circuit. 

Method for the Automatic Recognition of 

Characters, in Particular Writing Charac

ters ( Figures, Letters, and the Like ) 

3 136 976 

W. Dietrich 

This character-recognition system causes scan
ning across the character by a plurality of 
transducers to produce signals in segmental 
zones. The outputs of the transducers are cou
pled on a one-to-one basis to a first set of 
bistable devices. Bistable devices of a second 
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US Patents to ITT; February-Ju ly 1 964 

set are each coupled to a plurality of the trans
ducers. The resultant condition of the two sets 
of bistable devices after a scan provides an un
ambiguous indication of the character. 

Spraying Equipment 

3 130 909 

\V. L. Sanborn and E. J. Senninger 

This patent covers a device of the mobile 
rnotor-driven type for spraying fruit trees and 

other crops. The spray unit contains features 
that permit efficient operation using spray mix
tures that may vary from thin liquids to forms 
that approach a thick sludge-like slurry. The 
apparatus may be of relatively small size, but is 
capable of operating for long periods of time 
without refilling. 

Buffer System for Transferring Data Be

tween Two Asynchronous Data Stores 

3 1 30 387 

E. P. G. Wright, D. A. Weir, R. C. P. Hinton, 
and B. Dzula 

This is a data processing system for transferring 
data between storage units of slightly different 
rhythms. A buffer store is provided into which 
data from the slower rhythm storage unit is 
transferred by means of a synchronized counter. 
The data stored in the buffer is then transferred 
to the other storage unit under control of a 
second synchronized counter. 

Method of Producing a Solid Electrolytic 

Capacitor 

3 1 23 894 

J. von Bonin 

A method of producing a solid tantalum electro
lytic capacitor in which the tantalum body is 
anodized and coated on the face adjacent to the 
output lead with insulating material. A semi
conductor layer is then formed around the 
anodized body by immersing the body in a man
ganese II salt solution, which is reacted with 
ammonia gas, and the resultant product is then 
oxidized, the temperature being maintained be
low the melting point of the insulating material. 

Telephonic Systems 

3 121 141 

F. P. Gohorel 

This patent discloses a telephone switching sys
tem having a central exchange and a plurality 
of distant concentrators. The final selector of 
each concentrator has a local part including all 
its elements except talking wires located at the 
central exchange. The signals identifying a call
ing line are sent from the concentrators to the 
central exchange to mark the position of this 
line on the local part. Signals are then sent from 
the exchange to the concentrator for setting the 
part of the final selector located at the concen
trator to a position corresponding to the marked 
position at the exchange. 
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3Jn ;ifMemoriam 

GERHARD HAESSLER 

Gerhard Haessler was born in Grosschoenau, 
Germany, on 22 January 191 1 .  He received a 
Diplom-Ingenieur degree, Summa Cum Laude, 
from the Technische Hochschule in Dresden. 
Continuing there he then served as assistant 
to Professor H. Barkhausen at the Institute for 
Communication Technology and received a 
Doktor-Ingenieur degree with honors in 1934. 

In 1948, Dr. Haessler joined Mix and Genest 
and became chief engineer in 1950. Two years 
later as director of the Central Standard Lab
oratory he was responsible for coordination of 
all development work in the German com
panies of the International Telephone and Tele
graph Corporation. 

He was appointed technical director of Stand
ard Elektrik and of C. Lorenz and to their 
boards of management in 1956. When these two 

companies were combined in 1958 into Standard 
Elektrik Lorenz, he became director of re
search and development and a member of its 
board of management. He  became technical 
director two years later. 

In 1962 he was appointed technical director and 
vice president of ITT Europe assuming re
sponsibility for the coordination of engineering 
development work of all the European com
panies of the International Telephone and Tele
graph Corporation. 

Dr. Haessler died on 4 May 1965 at the age of 
54 years after a long illness. His broad knowl
edge of the expanding fields of telecommunica
tions and electronics was evident from the 
numerous patents issued to him and from 
papers of fundamental importance that he wrote. 
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P rincipal ITT System Prod ucts 

Communication Equipment and Systems 

automatic telephone and telegraph central of
fice switching systems . . .  private telephone and 
telegraph exchanges-PABX and PAX, elec
tromechanical and electronic . . .  carrier systems : 
telephone, telegraph, power-line, radio multi
plex . . .  long-distance dialing and signaling 
equipment . . .  automatic message accounting and 
ticketing equipment . . .  switchboards : manual 
( local, toll ) ,  dial-assistance . . .  test boards and 
desk . . .  telephones : desk, wall, pay-station, spe
cial-environment, field sets . . .  automatic an
swering and recording equipment . . .  microwave 
radio systems : line-of-sight, over-the-horizon 
. . .  teleprinters and facsimile equipment . . .  
broadcast transmitters :  AM, FM, TV . . .  studio 
equipment . . .  point-to-point radio communica
tion . . .  mobile communication : air, ground, 
marine, portable . . . closed-circuit television : in
dustrial, aircraft, nuclear radiation . . .  slow-scan 
television . . .  intercommunication, paging, and 
public-address systems . . .  submarine cable sys
tems . . .  coaxial cable systems 

Data Handling and Transmission 

data storage, transmission, display . . .  data-link 
systems . . .  railway and power control and sig
naling systems . . .  information-processing and 
document-handling systems . . .  analog-digital  
converters . . .  alarm and signaling systems . . .  
telemetering 

Navigation and Radar 

electronic navigation . . .  radar : ground and air
borne . . .  simulators : aircraft, radar . . .  antisub
marine warfare systems . . .  distance-measuring 
and bearing systems : Tacan, DMET, Vortac, 
Loran . . .  Instrument Landing Systems (ILS) 
. . .  air-traffic-control systems . . .  direction find
ers : aircraft, marine . . .  altimeters-flight sys
tems 

Space Equipment and Systems 

simulators : missile . . .  missile fuzing, launch
ing, guidance, tracking, recording, a;id control 
systems . . .  missile-range control and mstrumen-
tation . . .  electronic countermeasures . . .  power 
systems : ground-support, aircraft, spacecr�ft, 
missile . . .  ground and environmental test equip-
ment . . .  programmers, automatic . . .  infrared de-
tection and guidance equipment . . .  global and 
space communication, control, and data systems 
. . . system management : worldwide, local . . .  
ground transportable satellite tracking stations 

Commercial/I ndustrial 
Equipment and Systems 

inverters : static, high-power . . .  power-supply 
systems . . .  mail-handling systems . . .  pneumatic 
tube systems . . .  instruments : test, measuring 
. . .  oscilloscopes : large-screen, bar-graph . . .  vi
bration test equipment . . .  pumps : centrifugal, 
circulating (for domestic and industrial heat
ing) . . .  industrial heating and cooling equip
ment . . .  automatic controls, valves, instruments, 
and accessories . . .  nuclear instrumentation 

Components and Materials 

power rectifiers : selenium, silicon . . .  transis
tors . . .  diodes : signal, zener, parametric, tunnel 
. . .  semiconductor materials : germanium, sili
con, gallium arsenide . . .  picture tubes . . .  tubes : 
receiving, transmitting, rectifier, thyratron, 
image, storage, microwave, klystron, magne
tron, traveling-wave . . .  capacitors : paper, met
alized paper, electrolytic, mica, plastic film, 
tantalum . . .  ferrites . . .  magnetic cores . . .  relays : 
telephone, industrial, vacuum . . .  switches : tele
phone (including crossbar ) ,  industrial . . .  mag
netic counters . . .  magnetic amplifiers and 
systems . . .  resistors . . .  var i s tors , thermistors, 
Silistor devices . . .  quartz crystals . . .  filters : me
chanical, quartz, optical . . .  circuits : printed, 
thin-film, integrated . . .  hermetic seals . . .  photo
cells, photomultipliers, infrared detectors . . .  
antennas . . .  motors : subfractional. fractional, 
integral . . .  connectors : standard, miniature, mi-
crominiature . . .  speakers and turntables 

Cable and Wire Products 

multiconductor telephone cable . . .  telephone 
wire : bridle, distribution, drop . . .  switchboard 
and terminating cable . . .  telephone cords . . .  
submarine cable and repeaters . . . coaxial cable : 
air and solid dielectric . . . waveguides . . .  air-
craft cable . . .  power cable . . .  domestic cord sets 
. . . fuses and wiring devices . . .  wire, general
purpose 

Consumer Products 

television and radio receivers . . .  high-fidelity 
phonographs and equipment . . .  tape recorders 
. . .  microphones and loudspeakers . . . refrigera-
tors and freezers . . .  air conditioners . . .  hearing 
aids . . .  home intercommunication equipment . . .  
electrical housewares 
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Optical Character Readers for Automatic Document Handling in Banking Applications 

Automatic Postal Check Handling in Germany 

Microwave Power Sources Using Solid-State Devices 

Aerial Branching System Using lnterdigital Filters 

Otto Scheller and the Invention and Applications of the Radio-Range. Principle 

Dewline After a Decade of Field Operation and Maintenance 

Estimating Voltage Surges on Buried. Coaxial Cables Struck by Lightning 

Characteristics and Applications of Reed Contacts 
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