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The trend toward automation now includes postal operations. The auto­

matic letter sorter pictured above has been installed in the main post 

office in Washington, D. C. by Intelex Systems Incorporated; the equip­

ment was designed and manufactured by Bell Telephone Manufactur­

ing Company, Antwerp, Belgium. Operators man six positions of the 

machine, which can distribute 18 000 pieces of mail per hour to 300 
different destination bins. The operators send each letter to its proper 

destination bin by merely pressing three buttons on a keyboard corre­

sponding to a destination code. The employment of the machine doubles 

the efficiency of sorting operations over manual sorting methods. 

www.americanradiohistory.com

www.americanradiohistory.com


Centralized Supervision of a 65-Kilovolt Power Network 
By LUCIEN R. GILLON 

Compagnie Generale de Constructions Telephoniques; Paris, France 

W

ARTIME destruction stimulated a 
modernization program of the 65-
kilovolt electricity production and 

distribution system used by several coal mines 
under control of the Groupe des Houilleres du 
Bassin de Lorraine in the Lorraine region of 
France. This is the first high-voltage network 
operated by a European coal or steel pool to 
bej_successfully put under remote supervision 

prevent any power failures. The power equip­
ment and distribution system have been designed 
to ensure uninterrupted operation and where such 
might be needed, emergency installations have 
been provided. Information on the entire system 
is transmitted to supervisory operating centers at 
Saint Avoid and Petite Rosselle, from which im­
mediate action can be taken to correct any ab­
normal condition that may arise. 

1. Distribution Network 

@ CONTROL STATION 

@MINE 

The system takes power from 
the generating station at Carling 
and distributes it at 65 kilovolts 
to 19 transformer stations, the 
secondary voltages being either 
3000 or 5000 volts. There are 
two control centers, one in 
Saint A void for the western 
sector and the other in Petite 
Rosselle for the eastern sector. 
The locations of these control 
and transformer stations are 

@ COKING PLANT shown in Figure 2. 
@ CENTRAL POWER STATION The transformer stations are 

in the vicinity of the operating 
or ventilating shafts of the 
mines. As is usual, several sta-

- M INING-CLAIM LIMITS 

-- NATI ONAL RAILWAYS 

--- P R IVATE RAILWAYS 

Figure 1-Lorraine coal fields. 

through the use of telephone-type apparatus. 
From 1946 to 1954, coal production was in­

creased from 7 to 13 million tons chiefly as a 
result of increased mechanization. In addition , 
plants have been built to produce coke ap.d other 
coal derivatives that now process nearly a 
quarter of the coal production. These not only in­
creased substantially the requirements for elec­
tric power but existing transformer stations had 
to be modernized and new ones installed. The 
major facilities are shown in Figure 1 .  

The output of these mines and plants is so 
important that every effort has been made to 

tions will be supplied over a 
loop that permits power to be 

transmitted in either direction in case of a fault. 
The few stations not on these loops have du­
plicate lines to ensure continued operation. 
Power is also available from the national power 
network and arrangements are under considera­
tion for a connection to the Sarre system and 
for duplicate lines between the two control 
stations. Each transformer station has two sets 
of incoming busbars to which the transformers 
may be connected either to ensure operation 
in case of damage to part ofj the station or for 
maintenance work. 
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2. Centralized Control 

The design is based on the use of operators at 
the central control stations to decide and initiate 
changes that are effected by suitable equipment 
in the transformer stations. Previously, in-

DE V E RNEJOUL 

but great damage could result if the wrong trans­
former station should receive certain orders in­
tended for another station. Safety is therefore the 
predominant feature underlying the design of 
remote-control systems for power networks. 

ISAINT N I COLAS 

-,,,,......,_,.-£-...-..,. REUMAUX I 

0 
I 
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K I LOMETERS 
2 3 
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M I LES 

4 I I I 
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Figure 2-The heavy lines show the direct control connections between each transformer station and its 
control station. The light lines are the power-distribution circuit. 

formation was reported by operators in each 
transformer station to the central control station 
by telephone and instructions received were put 
into effect by these operators. Thus, the new 
system replaces the human operators in the 
transformer stations with apparatus for both 
reporting conditions and executing orders. 

The reporting of information and the trans­
mission of instructions over substantial distances 
immediately brings to mind the effectiveness of 
telephone switching systems for such purposes ; 
the calling of one subscriber by another is an 
exercise of remote control. The important differ­
ence is that of reliability. Wrong telephone calls 
are not serious unless there are many of them 

3. Reliability 

To 'insure reliable operation, the design must 
conform to a number of principles. 

Orders for each elementary operation must be 
confirmed and no action must be taken until the 
preceding operation has been completed cor­
rectly. This permits the system to detect ab­
normal conditions and to stop any action until 
the abnormality is corrected. 

All apparatus is to be of simple design to avoid 
malfunctioning. It must have long life, infre­
quently require servicing, and be capable of 
operating over wide ranges of input voltages and 
under varying ambient conditions. The signaling 
system or code should be simple and errorproof. 
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The geographical arrangement of the network 
made it convenient to connect each transformer 
station to its control station so that signals need 
not be relayed through tandem stations. 

4. Controlled Elements 

The types of apparatus to be controlled are 
circuit breakers, section switches, and similar 
devices that may occupy one of two positions, 
either on or off. The positions of these switches 
must be reported to the control station. In addi­
tion, information must also be supplied on faults 
such as abnormal grounding or overheating and 
these reports are either normal or fault. Thus, for 
control purposes, each of these individual ele­
ments is in effect a two-position device. 

5. Operation 

To change the operating condition of any 
equipment at one of the transformer stations, 
the operator at the control station, working from 
the control desk for that particular transformer 
station, turns a bar switch that is mounted in a 
mimic diagram and that corresponds to the 
device to be controlled. A lamp in the center of 
the bar switch then lights and the operator 
presses the button, which in tum is mounted on 
another switch. 

The order is transmitted by an individual 
relay switch associated with the button through 
a connecting relay to the coding and supervising 
equipment (Figure 3) , which performs the signal 
transmission. 

CONTROL STATION 

I I 

TRANSFORMER STATION 

I I

. EQUIPMENT FO R I N D I CATING ELEMENTS 
TO BE 

CONTROLLED 

CODING AN D 
SUPERVISING 

SWITCH 

I 
TRANSMISSION 

I CIRCUIT 

I I 

I I 

I I 

I I 

I I 

CONDI TION AND FOR 
CONTROLL ING IN D I V I DUAL \ 

. ELEMENTS 

CODING AN D 
SUPERVISING 

SWITCH 

Figure 3-Diagram of controlling and signaling system. 

! . 

I t  is therefore required to provide a system 
that will connect without error of any kind an 
indicator at the control station with the reporting 
and controlling mechanisms for the equipment 
that it represents at the transformer station. 
Regardless of the number of pieces of equipment 
that must be controlled at each transformer sta­
tion, only two pairs of wires for bidirectional 
signaling are available between that station and 
the control station. Such an arrangement is 
shown in Figure 3. 

As all the bar switches corresponding to an 
equipment in a given transformer station can be 
connected to the coding and supervising switch, 
which is connected to the transformer station by 
the transmission circuit, no further transformer­
station selection is needed. 

A calling code pulse is then automatically 
transmitted to the finder-selector switch at the 
transformer station through which the line is 
connected to the supervisory equipment asso­
ciated with the individual device to be controlled. 
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It would now be possible to order the new condi­
tion but the correctness of the connection must 
first be confirmed. This is done by having the 
connected supervisory equipment transmit its 
identifying call back to the control station. If 
this return call corresponds to 
the original call, the new order 0 1 
will be initiated by the change A 
in the bar switch from its pre-
vious position. This transmits + 
the order code to the trans- 8 o 
former station and, when the 

+ 
c 0 

4) and the other B contains the address and 
message. 

At the receiving end, the A and B signals must 
be separated from each other. This can be done 
in several ways. The A signal may be sent over 

2 3 4 5 6 7 8 9 10 

necessary operations have been 
performed, the new position will 
be reported by a supervision 
code to the control station and 
will extinguish the lamp in the 
bar switch. 

The transformer station will 
report to the control station 
any change in conditions that 

Figure 4-Sample code transmissions. A is the synchronizing signal of nega­

tive polarity. B is an address and message signal of positive polarity with the 
transmitted pulses occurring during the intervals between the A pulses. The 
first 9 pulse intervals are for the address. C differs from B only in the 10th 
pulse position, which indicates the condition of or order to the addressed 
element. 

may occur. A control contact on the equipment 
that has changed condition will initiate a call to 
the control station and through the coding and 
supervising switches, each of which actually have 
both functions , will light the lamp of the cor­
responding fault indicator on the control board. 

6. Code 

Information is transmitted by the use of a 
code in which square-wave pulses are separated 
by intervals of time approximately equal to the 
length of the pulses. Pulses are either transmitted 
or suppressed to distinguish one message or 
address from all others. 

If n is the number of time intervals reserved 
for pulses and the pulse may assume either of 2 
conditions, on or off, the possible number of 
combinations will be 2n. In this installation, 10  
time intervals are available, so  210 = 1048 pos­
sible combinations. As the message is either of 
two conditions, the code provides 9 pulse posi­
tions for 512 addresses. 

The fact that the code consists of a series of 
pulses and spaces of equal duration permits 
random disturbances to be rejected because they 
do not occur at the time intervals set by the code. 

6.1 SYNCHRONIZING 

Each transmitting station sends two signals. 
One of these is a synchronizing signal A (Figure 

one pair of wires and the B signal over another 
pair. This requires a minimum of three wires if 
earth return is not used. Another method would 
reverse the polarity of a direct current sent over 
a single pair of wires, using only one polarity of 
transmission at a time to avoid the two trans­
missions canceling each other. A third method 
would employ alternating currents of different 
frequencies. The second method is used in thiE 
installation. 

When a call is initiated at the control station, 
the first pulse of the synchronizing signal Ac iE 
transmitted to the transformer station. It cause� 
the transformer station to reply with its syn· 
chronizing signal A ti the receipt of which at thE 
control station stops the transmission of the first 
pulse of Ac. As the transformer station no longer 
receives Ac, it stops its transmission of At. Then 
now being no signal in either direction, the cyc!E 
is started over again by the transmission of Ac 
It is evident that the duration of transmission oJ 
each pulse from each station is not rigidly defined 
but will depend on the time required for thE 
equipments to respond and also on the character· 
istics of the transmission circuits. 

6.2 ADDRESS AND MESSAGE 

As already mentioned, the address and mes· 
sage , which make up signal B, are transmitted 
during 10  pulse intervals that occur between th«: 
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synchronizing pulses A .  They are distinguished 
from the synchronizing pulses by being of the 
opposite polarity. The synchronizing pulses are 
under the alternate control of both stations, the 
message of only the sending station. 

Each code group is checked to ensure that only 
one pulse is received during each of the 20 time 
intervals for the pulses for synchronizing, address, 
and message. Each group is checked for the 
proper number of synchronizing pulses. In addi­
tion, the address of the transmission must be that 
of the called device before a message will be 
accepted. These checks are made for transmis­
sions in either direction between the central 
control station and a transformer station. 

The elapsed time from depressing the push 
button in the bar switch on the control desk to 
the extinction of the lamp, which signifies that 
the order has been filled, but not including the 
time required to change the condition of the 
individual element in the transformer station, is 
between 2 and 3 seconds. 

7. Transmission Circuits 

The maximum distance between a control 
station and transformer station is 1 7  kilometers 
(10.6 miles). This permits the use of 24-volt 
direct-current signaling. 

The power lines, some of which operate at 220 
kilovolts, may under fault conditions induce 
substantial voltages in the signaling circuits, 
which are in some cases quite close to the power 
lines. To protect against these conditions, the 
tr.ansmission relays are tested to insure that they 
will withstand 10 kilovolts between coils, con­
tacts, and ground. The power supplies for the 
transmission system are insulated to withstand 
10  kilovolts to ground. One supply is installed at 
each central control station. Relays and a power 
supply may be seen in Figure 5. 

8. Design uf Equipment 

The equipment is of the all-relay type. The 
supervisory apparatus for each individual ele­
ment in a transformer station is mounted on a 
removable base that can be replaced by personnel 
having limited skills. Repairs and adjustments 
can then be made by trained workers in a repair 
shop. Each unit is protected by a dust cover. 

Figure 5-Cabinet mounting signaling relays and power 
supply, all of which are insulated to withstand 10-kilovolt 
faults. 
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8.1 STATION CAPACITIES 

Table 1 gives the number of individual devices 
that must be controlled and the number on which 
reports of condition may be required. It will be 
noted that Saint Charles 4 is partly controlled 
from each of the central control stations. 

TABLE 1 

INDIVIDUAL ELEMENTS REQUIRING CONTROL 
AND REPORTS OF CONDITIONS 

Individual Individual 

Transformer Stations 
Elements Elements on 

to be Which Reports 
Controlled Are Made 

Syn these* 24 7 1  
Barrois 7 36 
Houve 1 1 2  45 

Houve 2 1 2  42 
de Vernejoul* 2 1  49 
Faulquemont* 19 45 

Folschviller 10 4 1  
Hombourg 1 0  4 1  
Sainte Fontaine 1 2  47 

Merlebach* 4 1  49 
Reumaux 2 6  36 
Saint Nicolas 2 6  36 

Saint Charles 4 West 1 5  38 
Saint Charles 4 East* 2 5  56 
Wendel 3* 39 49 

Saint Charles 1,2 1 4  49 
Simon 1,2* 49 7 1  
Simon 3 1 0  39 

Simon 4 1 1  30 
Marienau* 39 46 

* Maximum capacity is 1 2 8  individual elements. All 
others have maximum capacities of 64 individual elements. 

The types of controls and of reports on condi­
tions that may occur in the transformer stations 
are as follows. 

CONTROLS AND POSITION REPORTS 

Line cutoff switches 
Busbar cutoff switches 
Ground cutoff switches 
Line-protecting circuit breakers 
Transformer-protecting circuit breakers 
Voltage and current measurements 
Unlocking of protective devices. 

FAULT REPORTS 

Line release for current overload 
Line release for interphase fault 
Line release for phase-to-ground fault 
Transformer release for current overload 

Transformer high-temperature alarm 
Transformer release for overheating 
Transformer Buchholz alarm 
Transformer Buchholz release 
Air-blower failure 
Air-compressor failure 
Air-compressor overheating 
Excessive pressure from air compressor 
Inadequate pressure from air compressor 
Circuit breaker locked for lack of air pressure 
Failure of section direct current 
Failure of general direct current 
Failure of low-voltage alternating current 
Opening of station doors 
Local controlled stations 
Remote measurement fault 
Wiring trouble 
Remote-control trouble 
Standard equipments are available for 14, 32, 

64, and 128 individual elements. Immediate and 
possible future requirements of transformer 
stations resulted in the choice of either 64 or 128 

elements as shown in Table 1. Figure 6 shows an 
installation for 128 individual elements. The 
cabinet at the right will accommodate up to 50 

terminal relays ; only the number required for the 
particular transformer station is installed. Others 
may be added as needed. 

8.2 INSULATION OF EQUIPMENT 

Telephone-type equipment designed for opera­
tion on 24 volts would normally be designed to 
withstand a test at 500 root-mean-square volts 
to ground. To permit the use of this equipment 
in an installation such as this, it is only necessary 
that the equipment associated directly with the 
lines subjected to the effects of the power circuits 
have increased insulation. 

There are two points at which the supervisory 
equipment may be exposed to higher voltages 
derived from the power system. One is where the 
supervisory equipment is connected to the cir­
cuits that control the power apparatus. The 
contacts of these relays have been insulated to 
withstand 2000 volts to ground. The other is 
where the supervisory equipment is connected to 
the lines that connect it to the control stations. 
Here the relay coils and contacts are insulated to 
withstand 10 kilovolts to ground and to each 
other. 
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Figure 6-Typical transformer-station installation. The cabinet doors and the covers for the relay groups have 
been removed. The cabinet at the right will accommodate 50 relays. 

8.3 INSTALLATION AND TESTING 

To simplify the installation of supervisory 
equipment, the design permits it to be tested 

completely within the transformer station and 
independently of the control station. The con­
nections between the wiring to the controlling 
mechanisms that operate on the power equip­

ment are made through removable U-shaped 

connectors to the circuits leading to the control 

station. The removal of the connector will isolate 
the individual element in the transformer station 
from all other circuits and permit testing in 
either direction. 

The female contacts into which the U-shaped 
connectors are plugged are arranged in a stand­
ard pattern so that a test set may be plugged in 

to replace the U connector. For an individual 
element that requires reports on its conditions 
as well as control of its adjusting equipment, the 
test set provides the following facilities. 

A. Check of the continuity of the circuits set up 
by the control station to open the individual 

element. This is indicated by two signal lamps. 

B. Check of the continuity of the circuits set up 
by the control stations to close the individual 

element. This is indicated by two signal lamps. 

C. A cutoff and changeover switch on the test set 

that replaces the contacts of the transformer 
station power apparatus that reports its condi­

tion to the control station. It may be adjusted 
to report either of the two possible conditions. 
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Figure 7-Control desk at Petite Rosselle. 

All the circuits may be checked with this test 
set before cutover, which is instituted by insert­
ing the U-shaped connecting links. 

In case of trouble , the faulty circuit can be 
quickly identified by using the test set regardless 
of whether the fault may be in the transformer 
station or in the circuits between it and the 
control station. 

9. Control-Station Desks 

Great emphasis is placed on reducing the size 
of the components mounted on the control­
station desks so as to permit the operator to have 
immediate access to the largest number of equip­
ment controls. The desk of the control station at 
Petite Rosselle is shown in Figure 7 .  

9 . 1  SWITCHES AND LAMPS 

Three components have been designed into a 
miniature unit referred to as a tum-and-push 

button. It is made up of a position key in the 
form of a bar switch, control push button, and 
indicator lamp. The push button has to be large 
enough to be found quickly and pressed by the 
operator without danger of its being mistaken 
for an adjacent unit. Inserted in the mimic dia­
gram of the power system, the bar-switch posi­
tion key may be turned to indicate the desired 
condition of the individual element in the trans­
former station that it represents. The push 
button mounted in the center of the position key 
has a Plexiglas window through which the in­
dicator lamp shines. 

9.2 FAULT INDICATORS 

The fault indicators that identify the various 
messages are photographic films mounted in 
Plexiglas frames and illuminated from behind. 
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Figure 8-Control-desk fault indicators. 

They are shown in Figure 8. The lamps are 
mounted on removable bars for convenience in 
replacing them. The films also may be readily 
replaced. 

9.3 DESKS 

Each control desk is an independent unit that 
controls one transformer station. The units are 
mounted next to each other to preserve the con­
tinuity of the mimic diagram of that part of the 
system under the supervision of the particular 
control station. 

The slanting panel of each desk, as shown in 
Figure 9, mounts the turn- and push-button 
units for the individual elements of that trans­
former station . They are arranged as parts of 
the mimic diagram and are mounted on standard­
sized panels to allow for modification and ex­
pansion. These 200-millimeter (7 .9-inch) square 
panels are perforated to mount any of the 

Figure 9-Typical control desks. Each desk is for one 

transformer station and the control units are mounted as 

parts of the mimic diagram. 
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standard units that make up the mimic diagram. 
They are not changed when modifying the 
diagram. Front panels are provided for each 
type of unit and also carry the corresponding 
mimic-diagram markings. 

The desk top is pivoted and may be held open 
by springs to permit inspection, servicing, and 
replacement of indicating lamps. The vertical 
panel behind the sloping desk top support the 
fault indicators shown in Figure 8 and the 
measuring instruments. A removable cover gives 
access to the back of the desk and to the con­
necting cables. 

10. Recorder 

The various types of faults and alarms are 
reported by the illumination of the corresponding 
indicator on the vertical panel at the back of the 
control desk. This lamp is extinguished when the 
fault is corrected. Records are required of the 
occurrence and correction of some of these faults 
and alarms such as those for the air blowers, air 
compressors, and the opening and closing of the 
doors of the transformer station. 

To avoid the necessity of providing a separate 

recorder for each device and operating it con­
stantly, an arrangement has been developed 
whereby any fault to be recorded sets a common 

mechanism in operation. The recorder hunts 
over the circuits until it finds the one indicating 
a fault, notes which circuit it is, the time the 
fault appeared, and the time it disappeared. 
This information is recorded on tape by a stand­
ard teleprinter of the type shown in Figure 10. 

11. Telemetering 

It is important for the control operation to 
know under certain conditions such things as the 
voltages, active and reactive powers on the 
transformer-station lines, and current supplied 
by the transformers. These values may be re­
quested by the operator and will be transmitted 
to the control station and indicated on the 
measuring instruments mounted on the vertical 
panel with the fault indicators. 

12. Conclusion 

This installation uses about 10 000 relays for 
the supervision of some 1300 individual elements 
in the 20 transformer stations. Normally, each 
transformer station requires a team of 3 operators 
or 60 persons in all. A central control station 
with a mimic diagram and connecting telephone 
lines to each transformer station would also be 
required. 

Remote control has eliminated the need for 
transformer-station personnel ; 
a crew of 4 control operators 
is able to supervise the low­
voltage as well as the high-volt­
age systems. The supervisory 
methods are such that they could 
be extended to many other 
equipments, such as pumps, 
ventilators, and elevators and 
would require connecting lines 
equivalent only to poor-quality 
telephone channels. 

Figure 10-Teleprinter used for recording faults. 

The use of telephone-type 
equipment, the reliability of 
which has been well established, 
permits great flexibility in de­
sign, small size, low power con­
sumption, and operation over 
distances of several hundreds 
of kilometers to provide full 
supervision of a great variety 
of equipment. 
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Telegraph Relays with Built-In Radio­
lnterf ere nee Suppressors 

IS WELL KNOWN, the square-wave 
voltage normally transmitted by the 
armature of a polarized relay reproduc­

ing telegraph signals is rich in harmonics extend­
ing well into the radio-frequency range. For 
example, the Fourier analysis of a 25-cycle-per­
second square-wave signal of 80 volts peak 
(that is, a continuously repeated polar signal of 
alternate 1 -unit marks and 1-unit spaces at SO 
bauds from a telegraph battery of 80-0-80 volts) ,  
shows that this signal contains voltages of ap­
proximately 85 to 5000 microvolts in the fre­
quency band 30 megacycles to 500 kilocycles 
per second. This is quite an appreciable signal 
strength to a radio receiver and consequently, 
when telegraph and radio equipments are used 
in close proximity, it is desirable to suppress the 
radio frequencies without materially deteriorat­
ing the effective squareness of the signal as far 
as the telegraph equipment is concerned. 

The basic circuit for such a suppressor (devel­
oped by Standard Telephones and Cables, 
Limited, of London, England) is a low-pass 
filter and the circuit used is shown in Figure 1 ;  
it is intended primarily for relays transmitting 
polar (double-current) signals. The resistors Rl 

, -----, I L1 I I R1 _c--t 
I c5 I I C1 C3 

I I I 
C2 

R2 

I L2 

C4 

R3 

C6 

C7 

R4 

RELAY L _____ --1-covER 

LPR1 

TELEGRAPH 
BATTERY 

SEND 

LPR2 

Figure 1-Schematic diagram of the interference suppres­
sor. Rl = R2 = 1000 ohms. Cl through CS = 0.01 micro­
farad. Li = L2 = 1 millihenry. The usual spark-suppressor 
circuit consists of RJ = R4 = 1 500 ohms and C6 = C7 

= 0.5 microfarad. LPRJ and LPR2 are protective lamps. 

and R2 are to reduce the surge currents that 
occur when capacitors Cl and C2 discharge 
through the relay contacts and which would 
otherwise cause contact sparking. It should be 
stressed that the suppressor supplements the 
normal spark-quench circuit and is not intended 

Type-242/LWA/JA suppressor. 

to replace it. The spark-quench circuit itself will 
give some radio-interference suppression, chiefly 
at the lower end of the frequency spectrum. The 
coils are "Carbonyl" dust-cored toroids and are 
capable of withstanding the full fault current 
should a ground or a short-circuit occur. 

The components for the suppressor unit are 
encapsulated in "Stantelene V," which is a plas­
ticized expoxy-type resin, so as to form a rigid 
assembly whose overall dimensions can be con­
trolled . The assembly can then be mounted and 
wired within the relay cover right up against 
the interfering source , j ust where it ought to be. 
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Type-4191 relay fitted with 242/LWA/JA suppressor. 

Two forms of suppressor are made; one for a 
"Standard" 4191-type relay in which all com­
ponents for the suppressor are moulded into one 
unit (coded 242-LWA-JA) and mounted at the 
back of the relay framework; the other for the 
"Standard" 4192-type relay in which space is 
more restricted and the components are there­
fore moulded into two equal lUlits (coded 242-
L WA-4A) , one unit being mounted on each side 
of the relay framework (the 5th capacitor is 
wired on separately) . With each type of sup­
pressor, the units are within the relay covers and 

Length Width 

the rigidity of the mouldings and of the wires is 
sufficient to keep them in position without having 
to add fixing holes and screws. 

These suppressors, when assembled within the 
relay framework, give a suppression of at least 
SO decibels in the range 0.5 to 30 megacycles per 
second when measured directly at the base of the 

relay; panel wiring and panel dust-covers will 
give a further improvement in suppression. 

The sizes and weights of the suppressor units 
are : 

Thickness Weight 

Inches Centimeters Inches Centimeters Inches Centimeters Ounces Grams 
-----

242-LWA-JA 1 . 562 3.96 1 .87  5 4.76 0.265 0.67 0.780 22.2 
242-LWA-4A 1 .375 3.49 0.875 2 . 2 2  0.25 0.63 0.3 8 . 7  
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Gain Equalization of Linear Servomechanisms 

that Solve Nonlinear Equations 

By GUY E. ADAMS 
Farnsworth Electronics Company, a division of International Telephone and Telegraph Corporation; Fort Wayne, Indiana 

L

EAR servomechanisms are frequently 
used to solve nonlinear equations. Gain 
equalization of the servomechanism loop 

may be required to achieve adequate accuracy 
and stability. This paper presents a method 
wherein the error equation is differentiated with 
respect to the output rotation to determine the 
required gain equalization function. Several ex­
amples of the application of this method are 
given. The method is also applied to a multiple­
loop system that solves three nonlinear 
equations. 

Servomechanisms are used to solve linear 
equations in most of the applications. In such 
cases, it is desired that the input and the con­
trolled output be equal or vary according to a 
constant relation ; that is, the steady-state out­
put may be described by multiplying the input 
by a constant. The basic open-loop servo­
mechanism is considered to be linear. 

Servomechanisms may also be used to solve 
continuous single-valued nonlinear equations. 
The closed-loop servomechanism becomes non­
linear even though the basic open-loop system 
is linear ; in this paper the open-loop system is 
treated as being linear and damped sufficiently 
for stability at the nominal gain-equalized 
sensitivity. The servomechanisms referenced by 
this paper may contain the nonlinear element as 
any part of the loop; however, in equation­
solving systems, the computing element may 
be considered to be either the error-sensing 
device or part of the feedback path. Gain­
equalization methods described by this paper 
apply equally well when the nonlinear device is 
part of the forward path; however, the forward­
path location generally corresponds to an un­
desirable system characteristic. 

Ct will be shown that the nonlinear-equation­
solving servomechanism has variable loop gain, 

which may result in inconsistent or variable 
system performance. If the amplifier gain is 
adjusted for some average value, the loop gain 
at one extreme of the range may be too high and 
the gain at the other too low. The well-known 
effects of too-high gain are various forms of 
instability such as: 

A. Oscillation or limit cycles. 

B. Gear chatter. 

C. Hum caused by resolution limitations in the 
follow-up member. 

D. Excessive amplification of noise and dis­
turbance signals. 

E. Excessive power consumption. 

Too-low gain may result in sluggishness and 
inaccurate follow-up. Conditionally stable servo­
mechanisms are especially susceptible to gain 
variations. 

I. Theory of Gain Equalization 

Gain equalization is a solution for the un­
desirable effects of variable loop gain. The 
method described in this paper utilizes the 
derivative with respect to the output of the 
input-output-error equation to equalize the 
servomechanism loop gain. The gain is equalized 
by a controller gain function that is approxi­
mately proportional to the reciprocal 1/ (dE/ dOo) 
of the error sensitivity. 

The gain error in using the reciprocal error 
sensitivity function is generally small in practical 
cases because the variations in output position 
of the servomechanism about the required 
position are small. The derivative dE/ dOo may 
be approximated accurately by the ratio b.E/ b.Oo 
in such cases. 
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The amount o(gain variation that is tolerable 
without gain equalization is beyond the scope of 
this paper. Generally, gain equalization would 
be used only where loop-gain variations were 
fairly high, say 10 decibels or more. 

Figure !-Servomecha­
nism with gain equalizer 
for solving nonli near 
equations. 

For A, 
R»Rp 
e = E - XOo 

= error-detector 
equation 

= computer equation 

jde'/dOol =EA 

ForB, 

= gain-equalized 
error-detector 
sensitivity. 

.' - + A, 
•/2 - 1 + A,x 

= + l when A 2x » 1 x 
a.1 = de _ _!'__ = 1 
d00 d00 e/2 " 

x 

dx 

ERROR-DETECT! NG 
OR 

COMPUTING DEVICE 
E=f(x,80) 

' I DIFFERENCE 4. DEVICE 
I 
I I 

ERROR DETECTOR 

dE 
Sf(x,80) d80 

SBo 
+ U(x,80)dx 

Sx 

The gain equivalent circuit of Figure 1A is 
shown in Figure 1B ,  which represents the 
system for small values of error, small changes in 
input, and small changes in output. This circuit 
may be obtained by using the following deriva-

EXTERNAL 
CONTROL 

\ 
BASIC OPEN­

CONTROLLED 
VARIABLE 

=Bo 

LOOP SERVO- l---4t---+-P> 
MECHANISM 

KG(S) 

GA I N- CONTROLLED 
AMPLIFIER 

I 
dE /d80 

OUTPUT 
CONTROL 

A. BASIC SYSTEM 

dE 

EXTERNAL 
CONTROL 

BASIC OPEN­
LOOP SERVO­

CONTROLLED 
VARIABLE 
d80 

M EC HAN I SM 1----<111----1--
KG ( S) 

OUTPUT CONTROL 

d80 

8. GAIN-EQUIVALENT SYSTEM 

The basic scheme of nonlinear-equation solving 
and gain equalization is illustrated by the servo­
mechanisms of Figure 1 .  The error detector in 
Figure 1A produces an error e that is a desired 
function of the input variable x and the con­
trolled variable Oo. A gain-controlled amplifier 
accepts the error voltage e and produces a gain­
equalized error voltage e' that is a linear function 
of Oo. The equalized error voltage is applied to 
the input of an ordinary open-loop system. The 
gain-controlled amplifier has a gain proportional 
to 1/ (de/dOo) . The gain might be controlled by 
the output position, or by an external means 
that is some function of the input variable, or by 
both of these. 

tion: Assume that (1) 111 functional notation 
describes the input, output, and error relations 
of the system. 

€ = j (x,Oo) . ( 1 )  

Differentiating (1) ,  

d = of (x,Oo) 
de + of (x,Oo) 

d 
€ 080 ° ox 

x. (2) 

The differential error relation can be represented 
by the error detector in Figure lB. The differ­
ential input dx is amplified by of (x,Oo)/ox in a 
fictitious amplifier and is then applied to a 
difference device. The incremental output, d80 
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is amplified by af (x,(J0)/o00 in a second fictitious 
amplifier and is applied to the same difference 
device. The differential error de is applied to the 
gain-equalizing amplifier. The error sensitivity 
is of(x,Bo)/oBo and is independent of the magni­
tude of dx. The equation for de',  the error with 
gain equalization, is 

The equation is solved when e = 0; the output 
rotation is the reciprocal of the input voltage : 

B0 = - E/x. (5) 
The error sensitivity may be found by differ­
entiating (4) with respect to B0• 

d I de 
e = 

de/dB0 
Since the input is not a function of the output 
rotation, (6) simplifies to 

= dBo + [of(x,Bo)/ox]dx 
of(x,Bo)/oBo 

. de/dB0 = - X. (7) 

Equation (3) shows that the gain has been 
equalized because de'/dB0 = 1 with dx = O; it 
also shows that the change in output dOa as a 
result of an input dx is the same as without the 
equalizing network. 

The desired relation for error sensitivity is ob­
tained by substituting the value for x from (5): 

de/d00 = - E/Oo• (8) 
The required gain-equalizing function becomes 

l/(de/dB0) = - Bo/E. (9) The remainder of this paper is devoted to 
demonstrating how this method of gain equaliza­
tion has been applied to several different servo­
mechanisms that solve nonlinear equations, so 
that the rather-wide range of application from 
simple to moderately difficult problems can be 
demonstrated. 

The gain-equalizing circuit consists of an 
isolation amplifier having a gain of 2A and a 
linear voltage divider positioned by the output 
shaft. The voltage-divider output is a voltage 
proportional to B0 as required by (9) .  The over-all 
gain of the error detector and the gain-equalizing 
circuit for a small variation in output is 

2. Reciprocal Computor 

A diagram of a gain-equalized servomechanism 
to provide a rotation that is the reciprocal of the 
input command is shown in Figure 2. The 
equation for the error e is 

e = E - XBo. (4) 

which is the product of the error-detector 
sensitivity and the gain of the equalizing circuit. 
Equation (10) shows that the loop gain has been 
linearized since an error variation and an output 
variation differ only by a multiplying constant. 

ERROR ---- EQUALIZ I N G --t•_..•._ -- SERVO-I GAI N- I BAS I C  � 
DETECTOR " 

C I RCU I T  MECHA N ISM 

x=I N PUT 
VOLTAGE r---------r-----1 

/ L I N EAR / I JI- VOLTAGE JI-- I / DIVI DE R  / I / - / 
/ R / I 

E:= REFERENCE 
VOLTAGE 

BAS I C  OPEN­
LOOP SERVO­
M ECHANI SM-

KG(S) 

A. DIV I D I N G  S ERVOMECHANISM 
W I T H  GAIN EQUALI ZER 

I 
I 

_j_ _+ .. 
CONTROLLED 
VAR IABLE=Bo 

E/2 

DIFFERENTIAL 
AMPLIFI ER 1 

8. ALTERNATIVE G A I N­
EOU A LIZER FEEDBACK 

AMPLI F I E R  

Figure 2-Gain-equalized servomechanism for determination of  reciprocals. 
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I f  a certain value of combined error-detector 
and gain-equalizer sensitivity is desired, it may 
be calculated using (10): In  this case, the 
required Ar is 

Ar = (de'/d80)/E. ( 1 1 )  

I f  a voltage-divider rotation proportional to 
the input x is available, the sensitivity of the 
gain-equalizing circuit can be controlled as a 
function of the input. Referring to (7) , the 
gain can be controlled by a factor proportional 
to 1/x and the alternative gain-equalizing circuit 
of Figure 2B (a high-gain feedback amplifier) 
may be used. 

3. Arc-Tangent Computer 

A second example of gain equalization is used 
m a servomechanism that provides a rotation 

ating (12) .  The sensitivity becomes, treating x 
and y as constants, 

de/d80 = - Ey sin 80 - Ex cos 80. (14) 

By the use of a trignometric identity, (14) may 
be written as 

de/d8o = - Ex/cos 80. (15)  

The gain required from the equalizing circuit is  
proportional to 

1/(de/d8o) = - (cos 80)/Ex. (16) 

The gain-equalizing amplifier of Figure 3 has 
the required gain function. An amplifier having 
a feedback factor proportional to x, which is 
obtained by using a l inear voltage divider and 
an x rotation, provides a gain at its output of 
1/x. The output of the amplifier is applied to a 

ER ROR GAI N  EQUALIZER ___ __. 
DETECTOR (COS 80)/x 

y-b-
LINEAR 
VOLTAGE 
D IVI DER 

-E 

E 

DIFFEREN TIAL H I GH-GAIN 
AMPLIFIER 1 AMPLIFI ER 

Bo BAS I C  
SERVO­

M ECHAN I S M  KG(S) tt1 C��:LLED 
VAR I ABLE 

L I N EAR 
VOLTAGE 
DIVI DER 

I I I I I 
SMALL I I 

'\. R I Bo I 
''-----+---.=.....!.-- .... 1--.....J 

Figure 3-Gain equalization of servomechanism for computing tan-1 (y/x) . 

f = Ey cos Oo - Ex sin Oo and (J0 = tan-1 2' / ]-H>o. 
X E=0 -90 

proportional to tan-1 (y/x), Figure 3 .  The 
equation for the error voltage is 

cosine voltage divider positioned by the servo­
mechanism output shaft. The gain of the entire 
equalizing circuit is the quantity - (cos 80)/x. 

e = E (y cos 80 - x sin 80) , ( 12 )  

where x and y are fractional parts of  E. 
This equation can be solved for the output 

rotation 80 when the error becomes zero. 

Bo = tan-1 (y/x). (13) 

The circuit and servomechanism have several 
limitations. The maximum gain of the feedback 
amplifier is A, although infinite gain is required in 
(16) for x = 0. A small resistor can be used in 
series with the cosine voltage divider to prevent 
the gain from becoming zero at the ±90-degree 

The error sensitivity may be found by differenti- positions ; the servomechanism could become 
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"stuck" at these positions if precautions were not 
taken. 

applied to control the output of the power-supply 
circuit, which furnishes the voltage-divider 
voltage E. Voltage E is controlled so that the 
quantity E (x2 + y2)�� from the resolver remains 
constant ; the principle of operation is similar to 
automatic gain control. This circuit has the 
disadvantage that the error sensitivity E would 
generally be considerably less than that of 
Figure 3 because of power output limitations of 

It can be shown that (13) also can be written 
dE/d00 = E (x2 + y2)Y2. ( 1 7) 

A voltage proportional to this quantity can be 
obtained from the output winding on the resolver 
in quadrature with the error-voltage winding. 
The alternating voltage so obtained can be 

I· ERROR 
DETECTOR 

APPROXI MATE GAI N -
EQUALIZATI ON CI RCU I T---.i---- BASI C  SERVOM ECHA N I S M  

+E/2 

-E/2 

E 

r� CATHODE­
FOLLOWER 

/ E' 

•' 

KG(S) 

A. GAI N -EQUALIZED SERVOMECHA N I S M  

Bo-f-+ 
I Bo 
I RE I 

L _____ _r�_J 
8. H IGH -GAIN FEEDBACK AMPLIFI E R  

Figure 4-Diagram o f  square-root computer. I n  B, 

RE + Ra/2 - 002 /2 

OoR1 
where 
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the gain-controlled power supply and power 
dissipation limitations of the X and Y input 
voltage dividers. It can be shown that the error 
voltage sensitivity at the equalized output in 
Figure 3 is higher by a factor 1/  (x2 + y2)Yfmin 
than that using the gain-controlled alternating­
current power supply. 

4. Square-Root Computer 

The third example of gain equalization is that 
required by a servomechanism providing a 
rotation proportional to the square root of the 
sum of the squares of the input variables. The 
system of Figure 4 extracts the square root of the 
sum of two squares. 

The impedance of the X element is 

Zx = (R1 + x) (Rp1 + r1 - x) 
(18) 

(R1 + Rp1 + r1) 

Let 
Ri = Rp1 + x; (19) 

then, 
Zx = (R12 - x2)/2R1 } (20) 

= Ri/2 - x2/2R1. 

If the corresponding relation is true in the Y 
and () elements, the error voltage e is 

In (20), it may be seen that a typical element 
Z,, consists of a constant resistance and a variable 
resistance. Assuming x, y, (), and e are zero, the 
constant resistances must have the relation 

Substituting in (21),  the error becomes 

E = 
_ E (Zx+Zy - RE -R3/2+0N2R3) 

Zx+Zy+RE+R3/2 -0N2R3 

The error sensitivity is 

(23) 

the error sensitivity simplifies to 

dE (E/2)0o/R3 
dOo 

= -
RE + R3/2 - ON2R3

. (26) 

Equation (23) is an approximation because of 
the balance condition assumed in obtaining (26) 
from (24), but it is sufficiently accurate for 
gain-equalization purposes. 

The equation shows that the error sensitivity 
is directly proportional to ()0 and inversely 
proportional to a parabolic function of 00• The 
sensitivity becomes zero for 00 = 0. The variation 
in the denominator may be comparatively small ,  
because Oo is always less than R3. 

The inverse function, (27), is needed for gain 
equalization. 

The high-gain feedback amplifier circuit of 
Figure 4B provides a close approximation to 
(2 7) .  A feedback resistance identical with the 
() and RE elements of the error detector can be 
used to supply the term in the numerator. A 
cathode-follower and a voltage divider having a 
resistance proportional to ()0 are the input 
elements. The cathode-follower is needed to 
provide a low output impedance for R1; the 
additional series resistance in the form of 
amplifier output impedence is a source of 
maccuracy. 

The approximate gain-equalization circuit 
shown in Figure 4A provides circuit simplification 
by linearizing the numerator. Linearization as 
used in one application caused a maximum gain 
error of about - 2.5 decibels. In  this case, 
relative circuit values were 

R3 = 1 .07 Rp3 

Y3 = 0.07 Rp3 

RE = 0.225 Rp3· 

!!:.!.__ = _ E[ (Zx+Zy+RE+R3/2 - 0a2/2R3) (Oo/R3) + (Zx+Zy - RE-R3/2+0a2/2R3)(0o/R3) ]} 
d{)o (Zx+Zy+ RE+ RJ/2 - {)o2 /2R3)2 

2E (Oo/R3) (Zx+Zy) 
(24) 

Recalling that at balance, 

(25) 
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Linearization was accomplished by fitting to the 
end points of the numerator function. The re­
quired gain equalization becomes 

1 
d�fdeo 

2Rpa(0.225 +0.535 - eN2. 14) 
Eeo/1 .07 

2Rpa (O. 76 - 0.466()0) 
Eeo/1 .07 

The curves shown in Figure 5 show the theo­
retically exact and the approximate values of 
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Figure 5-Gain-equalization curve. 

,, 
' 

9 10 

gain equalization required. The dotted line 
indicates the measured divergence of the equaliz­
ing circuit from the theoretically approximate 
curve using an amplifier having an open-loop 
gain of about 75 decibels. In this case, the gain 
was limited by the output impedance of the 
cathode-follower. The maximum gain ratio 
(maximum gain/minimum gain) of the closed­
loop amplifier was 200 : 1 .  

Another method that has been used for gain 
equalization of the computer in Figure 4 is to 
control the magnitude of the computer supply 
voltage. A characteristic of this method is that 

the computer supply voltage (having the same 
form as Figure 5) is required to be small over 
most of the range of operation to prevent exces­
sive power dissipation in the computer elements 
near the zero end of the range. Several dis­
advantages result : 

A. Low error sensitivity requires a higher-gain 
amplifier. 

B. Complicated balanced-to-ground computer 
power supply circuits are required. 

C. Power-supply balance poses a problem, par­
ticularly during high slewing rates near the zero 
end of the range. 

5. Discussions on Simple Systems 

The method outlined for determining error­
sensitivity and gain-equalization requirements 
generally produces satisfactory results. In each 
of the three foregoing servomechanism com­
puters, the gain-equalization circuits produced 
the desired results ; that is, frequency response, 
degree of stability, and angular accuracy were 

- found to remain constant over the range of 
operation except as noted where extremely high 
gain was required from the gain-equalization 
circuit. In reviewing the method of determining 
error sensitivity and of using the reciprocal error­
sensitivity function for gain equalization, one 
sees that the function deo/d/ in Figure 1 B  is a 
constant ; therefore, positional accuracy and 
stability are constant. On the other hand, if gain 
equalization is not applied, the positional 
accuracy, assuming a small amount of static 
friction, is proportional to the reciprocal of the 
error sensitivity. 

These methods have been applied successfully 
to a variety of simple servomechanism computers 
that solved trigonometric, logarithmic, and alge­
braic equations. In  addition, a multiple-loop 
nonlinear computer has been gain equalized, but 
with less-satisfactory results. The principal 
problem in gain equalizing a multiple-loop non­
linear servomechanism is that equalization can 
be applied as a general rule only to the error­
vol tage path of each system and not to principal 
data-transmission paths ; therefore, other ex­
pedients may have to be employed to secure 
stability. 
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· Feedback amplifier gain-equalizing methods 
are often superior to other methods because : 

A. The signal level at the output is generally 
higher. 

B. Accurate elements may be used to control the 
gam. 

C. Gain-equalization accuracy is high. 

D. Method is probably simpler than other 
methods. 

6. Multiple-Loop Nonlinear Computer 

The multiple-loop nonlinear computer, Figure 
6, was built for the purpose of finding the hypot­
enuse of a solid triangle and two of the asso­
ciated angles. I t  contained three servomech­
anisms that solved three nonlinear equations. 
The purpose of presenting this system is to 
indicate the problems encountered in trying to 
gain equalize a multiple-loop nonlinear computer 
and to demonstrate the method used. Gain 
equalization was needed for high positional 
accuracy over the operating range. 

--+-- HORIZONTA L  
PLA NE 

Figure 7-Vector diagram. 

Referring to Figure 7, the equations solved, 
written to indicate the error, were 

x - () cos a cos {3 = E9 (29) 

y - () sin a = Ea (30) 

z - () cos a sin {3 = Efl. (31)  

The inputs to the equations are the quantities x, 
y, and z. The servomechanism outputs are fJ, a, 

and {3. It  may be seen that in general, a, {3, and fJ 
all respond to any input of x, y, or z. Therefore 
the error sensitivity of the fJ servomechanism, 
for example, involves a and {3 in addition to (). 
But a and {3 are time functions. Consideration 
must be given both to the gains as determined 
from the foregoing equations and to the stability. 

The procedure used is first to find the deriva­
tives in (26) , (27 ) ,  and (28) from which a gain 
equivalent circuit can be made. The equivalent 
circuit is studied to determine what steps are nec­
essary for gain equalization and system stability. 

The first step in obtaining the equivalent 
circuit is to trace out and understand the basic 
operation of the computer. Considering first 
the primary signal path, a voltage proportional 
to the rotation () is obtained from the () servo­
mechanism and applied to a linear voltage 
divider, the output of which is an alternating 
voltage proportional to fJ. The fJ voltage is applied 
by isolation amplifier Ai to resolver 1, which is 
positioned by the a servomechanism at angle a. 

The outputs are voltages fJ cos a and () sin a. 

The fJ cos a voltage is applied to isolation 
amplifier A 2. The output of A2 is applied to 
resolver 2, which is positioned at angle {3 by the 
{3 servomechanism. The voltages appearing at 
the resolver output windings are () cos a cos {3 and 
() cos a sin {3. 

Voltages proportional to x and () cos a cos {3 
are subtracted at the input to the fJ servo­
mechanism by the two adding resistors to form 
the error voltage e9. The () servomechanism 
maintains the error voltage E9 at zero by con­
trolling the fJ quantity in the fJ cos a cos {3 
voltage from resolver 2. 

The a servomechanism operates similarly. 
The input y and the feedback quantity, fJ sin a 

from resolver 1, are subtracted by two adding 
resistors to form the error voltage Ea· The a 

servomechanism positions resolver 1 to control 
the magnitude of () sin a. Equation (30) is 
thereby solved. 

The {3 servomechanism solves (31 ) .  The input 
to the {3 servomechanism is voltage z, and the 
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feedback quantity is volt­
age 0 cos a sin {3. These 
two voltages are sub­
tracted by the adding 
resistors to form error volt­
age E13. The f3 servomech­
anism positions resolver 
2 to maintain Ef3 at zero. 

Circuits for gain equali­
zation and damping will 
be described after consider­
ation of gain equalization 
requirements. 

Taking the derivatives 
of (29) , (30) , and (31 ) ,  
one obtains 

dEe = dx - COS a COS {3 d0 

+ e sin a cos f3 da 

+ 0 cos a sin f3 d{3 (32) 

dEa = dy - sin a de 

- cos a da (33) 

d EfJ = dz - cos a sin f3 dO 

+ 0 sin a sin f3 da 

- 0 cos a cos f3 df3. (34) 

Equations (32) , (33 ) ,  
and (34) , with the aid of 
Figure 7, may be combined 
as an equivalent circuit, 
Figure 8A. The individual 
servomechanisms of Fig­
ure 8A are gain equalized 
within themselves by as­
suming that the feedback 
paths from the other  
servomechanisms are  
opened. 

Referring to the gain­
equalized 0 servomechan­
ism, which has a feedback 
factor cos a cos (3 within 
the error detector , the 
zero-frequency output­
input response is 
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KG(s)o 
cos a cos (3 

KG(s)o 1 + (3 cos a cos (3 cos a cos 
KG(s)o 

cos a cos (3 
1 + KG(s)o = 1/ (cos a cos (3)/w = 0. 

(35) 

The loop gain, before gain equalization, is 
proportional to cos a cos (3 if it is assumed that 
the other servomechanisms are disabled. This 
may be determined by inspection of (32) in 
which dx, da, and d(3 would become zero. The 
reciprocal of this function is 1/ (cos a cos /3) , the 
required gain-equalization function. 

In the 0 servomechanism loop, the gain 
equalization is provided by feedback around a 

A 
dx 

+ 

+ 

KG(5)8 
COS0tCOS,B 
l + KG( S)8 

8 S I N aCOS.B 

B 
-dO 

+da 

(30) and (31) . The responses are 

KG(s)a 
0 cos a 

1 + KG(s)a - 1/ (0 cos a)/w = 0, 

KG(s)p 

(36) 

0 cos a cos (3 
1 + KG(s)p 1/ (0 cos a cos (3)/w = 0. 

(37) 

The gain-equalization factors, as determined 
from (33) and (34) , are included in (36) and (37) .  
The factors are the reciprocals of  the error 
sensitivities, 1/ (0 cos a) for the a servomechanism 
and 1/ (8 cos a cos /3) for the f3 servomechanism, 
with the other servomechanisms disabled in each 
case. I n  the a system, the feedback factor is 
obtained by using a high-gain amplifier and feed-

S I N  o: 
KG(S)a 
8Cc5Sil 

l + KG(S)o: 

c 
+da 

-de COSa S I N i!l  

8 COSaSI NB +d.B 

E 

KG (S)B 
ecosacos.e 
l + KG(S l.B 

,.__--! - 8 S I N c< SI N .B  

dz 

8. FIRST S IMPLIFI ED GAI N-EQUIVAL E N T  CIRCUI T 

Figure SB. 

high-gain amplifier. The feedback factor cos a 
cos (3 is obtained from resolvers 3 and 4. The 
induction generator (tachometer) , the output of 
which is in series with the output of resolver 4, 
provides variable damping proportional to 
1 / (cos a cos (3) . The need for this is explained 
later. In this instance it is intended that KG(s)o 
represent an undamped open-loop servomech­
anism. 

The output-input responses of the a and (3 
servomechanisms are similarly determined from 

back proportional to 0 cos a from resolver 5 and 
voltage divider 2. Similarly in the {3 system, 
requiring a feedback factor 0 cos a cos (3, the 
feedback is obtained using resolvers 6 and 7 and 
voltage divider 3. The outputs of the tachometers 
are connected in the feedback loop in a manner 
such that the damping gain is proportional to 
1/cos a for the a system and 1/ (cos a cos (3) for 
the (3 servomechanism. (This is true because at 
the point of application of the tachometric 
feedback, the equalizing voltage divider is in 
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the forward path and the equalizing resolvers are 
in the feedback path.) 

The gain equalization and stability of the 
entire system may be studied by considering 
Figure SB in which each circuit of Figure SA has 
been combined into a single transfer function. 
Studying the zero-frequency response and sta­
bility of the system can be done with the aid of 
Figure SB and (32 ) , (33) , and (34) . Expressions 
for zero-frequency gain can be found that may be 
converted simply into time functions when 
frequency response is studied. 

The gain of parallel paths (BD + BCD) in 
series with path DE is 
gain (BD + BDC)DE 

( • (3 + 8 sin2 a sin (3 ) cos a sm 8 cos a 

X 8 cos a sin (3 (3S) 8 cos a cos (3 
sin (3 (cos2 a + sin2 a) sin (3 

= x --

sin2 (3 
cos a cos (3 

cos a cos (3" 

The gain of path B CE is 

. (BCE) sin a 8 sin a cos (3} gam = 8 cos a 

= sin2 a cos f3_ 
cos a 

(39) 

The entire system loop gain is that of path AB 
in series with parallel paths [ (BD + B CD)DE 
+ BCE]. 

System gain = ( sin2 (3 + sin2 a cos (3 ) 
cos a cos (3 cos a 

1 x ---­cos a cos (3 
tan2 (3 + sin2 a 

cos2 a 

= sec2 a tan2 (3 + tan2 a. 

(40) 

Equation (40) indicates that the system gain is 
infinite for a or (3 = ± 90 degrees ; this is not true 
because the gain of each servomechanism is 
zero at these points due to limited equalizer gain. 
The system gain actually reaches some maximum 
as a and (3 tend to ±90 degrees, but becomes 

zero at ±90 degrees. However, the zero-frequency 
loop gain is negative for all loops ; this may be 
seen from Figure SB in which the sign of all 
quantities is indicated. For example, a negative 
change ( - d8) at point B results in positive 
quantities arriving at A to compensate the 
change. 

The system stability may now be considered. 
Assume the angle (3 is zero as a result of the z 
input being zero. The system gain from (40) is 

gain = tan2 a. (41 ) 

This quantity becomes very high as a tends to 
±90 degrees because of the gain equalization. 
Consider a viscous-damped second-order servo­
mechanism. The output-input ratio at the 
natural frequency is 

80 ( . ) 1 I 900 B· JWN = 2c ---- · 
' 

(42) 

The servomechanisms in Figure 6 have vari­
able damping such that for the three servo­
mechanisms the damping factors are 

Ce = c/(cos a cos (3) 

c,, = c/cos a 

c13 = 1/(cos a cos (3) . 

(43) 

(44) 

(45) 

The loop gain at the natural frequency is of 
interest in (41 ) .  Since the total phase shift of the 
8 and a servomechanisms is - lSO degrees, WN 
would be the frequency at which the system 
would oscillate. Considering (41 ) ,  (42) , (43) , and 
(44) , equation (41 ) may be rewritten 

gain 8,, = tan2 a · (1/2ce) · (1/2ca) / - 1 S0° 
= (sin2 a)/4c2 / - 1S0°. 

(46) 

Equation (46) shows that for c > 0.5 the system 
is stable for a = ± 90 degrees since the gain is 
less than unity. 

Similarly if a is zero, the gain using variable 
damping is 

gain (81(3) = (sin2 .B)/4c2 / - 1S0°. (47) 

The path ABCDE is closed during combined 
input conditions. This path has three servo­
mechanisms in series and hence represents the 
most-unstable situation. Ignoring other paths, 
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the direct-current gain is 

ain (ABCDE) = sin2 a sin2 {3 } g cos2 a cos2 {3 
= tan2 a tan2 {3. 

(48) 

Here as before the loop gain tends to a maximum, 
being limited by the servomechanism gain of 
zero at ±90 degrees. If the damping term c of 
each loop is increased to 0. 707 or more, the 
frequency of greatest gain is zero and the 
minimum loop gain is 

gain (ABCDE)max = sin2 a sin2 {3 cos a. (49) 

The maximum value of (49) is 0.577 occurring 
for a = 55 degrees and {3 = 90 degrees. 

The computer as first constructed was un­
stable in ranges greater than a or {3 = 45 to 60 
degrees. Instability was characterized by large, 
fairly low-frequency oscillations. This was due 
in part to velocity saturation of the B servo­
mechanism. Application of variable damping 
permitted increases of a and/or {3 to 70 or 75 
degrees before instability would occur. The loop 
gain with, say, {3 = 0 is proportional to tan2 a, 

which was increased by factors ranging from 
2.5 : 1 to 14 : 1 by use of variable damping. Over­
damping in individual servomechanisms, al-

though not desirable, generally was not serious 
because a, {3, were usually small quantities in the 
intended application of the system. 

7. Symbols Used 

A = gain 
c = damping factor 

E = reference voltage 
KG(s) = basic open-loop servomechanism trans­

fer function 
R = resistance 

RP = voltage-divider resistance 
s = Laplace transform variable 
x = input variable 
y = input variable 
z = input variable 
a = output rotation 
{3 = output rotation 
e = error produced by error detector 

e' = error produced by gain equalizing 
circuit 

Bi = input rotation 
B0 = output rotation 
Bo = rotation as fractional portion of total 

resistance. 
Subscripts o and i refer to output and input, 

respectively. 
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Compandor System Z6NC for Short-Haul Carrier Telephony * 

By L. CHRISTIANSEN, F. BUCHHOLTZ, and W. ZAISER 
Standard Central Laboratories; a division o.f Standard Elcktrik A .G. (now Standard Elektrik Lorenz A .G.) ; 

Stuttgart, Germany 

E

LECTRICAL and constructional details 
of the Z6NC system are briefly described. 
Based on diagrams, the description gives 

the special features of the Z6NC system : com­
pandor properties ; effect of compressed, normal , 
and expanded speech on crosstalk ;  level control ; 
and other features. In conclusion, the most-im­
portant system properties for application to cable 
and open wire line are given. 

Six telephone calls can be transmitted on a 
two-wire system by the Z6NC compandor 
carrier-telephone system. Each channel has its 
own compandor, improving transmission quality 
by lessening the effects of noise and crosstalk. 
Net loss stability is better than that specified by 
recommendations of the Comite Consultatif 
International Telephonique since automatic level 
control is incorporated in each channel. The sys­
tem permits transmission of dialing or metering 
pulses with small time delay and low distortion. 
Considerable simplification in design is obtained 
by utilization of the compandor, which also per­
mits simultaneous carrier transmission on both 
side and phantom circuits. In addition to the 
usual application to cables, the system can be 
applied to open wire lines since automatic level 
control is provided in both channel and group 
equipments and in the repeaters. 

1. Introduction 

The Z6NC carrier system may be regarded as 
a further development of the Z6NT system in­
troduced in 1952 ,1 which also transmits six 
carrier-frequency calls on a two-wire line in 
deloaded or nonloaded symmetrical-core cable 
and is designed primarily for the lower network, 
the arrangement of lines between the end office 

* Reprinted from FTZ, volume 8, pages 502-5 1 1 ; 
September, 1955. 

1 L .  Christiansen, "N ahverkehrs-Sechskanal-Tragerfre­
quenz-System Z6NT," SEG-Nachrichten, volume 2, pages 
4-12 ; 1953. 

and the primary center. However, the newer 
system is further suitable for application to open 
wire lines or aerial cables. 

There are three points in which the Z6NC 
system is superior to the older system. These are : 

A. Improved signal-to-noise ratio. 

B. Incorporates signal tr:ansmission circuits. 

C. Greater stability of net loss. 

Development of the Z6NC was carried out 
with close adherence to specifications for short­
haul systems issued by the Deutsche Bundespost. 

2. Circuit Applications 

The introduction of a compandor2 permits 
telephone operation under very-unfavorable 
noise and crosstalk conditions. M oreover, the 
compandor with its improvement of signal-to­
noise ratio by 2 .6  nepers* enables simultaneous 
use of the side and phantom circuits of star­
twisted and multiple-twin cables enabling trans­
mission of 18 calls on a quad. Even in marginal 
cases, simultaneous utilization of side and 
phantom circuits can be secured by inexpensive 
phase shifters inserted in the carrier generator at 
the terminal.3 Crosstalk compensation in lines 
with normal crosstalk, even in lines of older 
types, is unnecessary. 

The system carries signals with satisfactory 
speech immunity, permitting transmission of 
dialing and metering pulses during conversation. 
Due to level control , the signal distortion is at a 
mm1mum. 

The automatic level regulation for each chan­
nel maintains the specified toll-circuit net loss 
despite attenuation variations of ± 1 neper. 

2 M. J anke, E. Prenzel, and W. Speer, " Dynamikpresser 
und -dehner fiir Fernsprechverbindugen," FTZ, volume 6, 
pages 459-469 ; October, 1953. 

* 1 neper = 8.686 decibels. 
3 W. Hofmann, "Nebensprechausgleich bei Zweiseiten­

bandsystemen," FTZ, volume 8, pages 555-558 ; October, 
1955. 
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In addition to the level regulation of each 
channel, level regulation for the over-all group 
can be switched in. This permits utilization of 
the system over open wire lines with or without 
cable lead-ins or over aerial cables. In these cases, 
attenuation variations of up to approximately 4 
nepers at the highest frequency can be compen­
sated. The compandor also permits utilization 
of open wire lines with a high amount of inter­
fering noise (for instance, interfering radio trans-

Compatibility with Z6N, Z12N, and Z12K 

systems operated on adjacent circuits, for in­
stance in the same cable, is easily established by 
shifting the lower transmission band by 2 kilo­
cycles per second. The carrier frequencies of the 
Z6NC system then coincide with the zero fre­
quencies of the other systems. 

The equipment is produced in the new me­
chanical design of the Deutsche Bundespost with 
plug-in panels. 

CHA N N E L  
N U M B ER 

TER M I NAL A 
2 3 4 5 6 

16 24 32 40 48 56 
(14) (22) (30) (38) (46) (54) 

TER M I NA L  B 
6 5 4 3 2 

3. Electrical Details 

CARRI ER 
I N  K ILO­
CYCLES lLll.<:lll�lLlLlL 

1 2  60 
( 10) (58) 

VOICE­
FREQU ENCY 
CHANNELS 

6 
5 
4 
3 
2 
I 

76 

80 88 96 104 1 12  120 

124 

l CARR I E R  FR EQUENCY 
t SIGNAL FREQUENCY 

..:1 VOICE-FREQUENCY CHANNEL t CAR R I ER FREQUENCY 
!::>. ..:1 WITH SIDEBANDS 

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 1 20 128 1 36 
FREQUENCY IN K I LOCYCLES 

Figure I-Modulation scheme. Substitution of the 136-kilocycle group con­
version carrier by 134 kilocycles drops the lower hand by 2 kilocycles for 
compatability with other systems. 

3 . 1  TERMINAL EQUIPMENT 

3.1 .1 Modulation Scheme 

Figure 1 shows the modula­
tion scheme of the transmitting 
terminals. Voice-frequency chan­
nels 1 through 6 and the ac­
companying signal frequencies 
are modulated with carriers of 
80 through 120 kilocycles and 
thus appear in the desired fre­
quency band at terminal B. The 
group carrier frequency of 136 
or 134 kilocycles translates the 
high band into the desired low­
frequency band for terminal A .  

Channel demodulation as well 
as channel modulation is done 
in the 80-to-120-kilocycle band. 
At the receiver, the individual 
carrier-frequency channels are 
separated by simple band-pass 
filters, amplified, and demodu­
lated by ful l-wave rectifica­
tion. 

3.1.2 Transmitting and Receiving 
Paths 

mitters) . It  may be stressed here that no special 
rearrangement within the system is necessary for 
application to open wire lines ; it is ready for 
operation after changing a few connections. 

Automatic level regulation or, if necessary, 
group frogging can be applied in Z6NC repeaters 
that are suitable both for cable and open wire 
operation. 

The transmitting and receiving paths are 
shown in Figure 2 .  Only the essential points of 
these circuits will be pointed out here. A dynamic 
compressor is located at the channel input and a 
dynamic expander at the output. These form the 
previously mentioned compandor. The signal and 
speech circuits are combined before channel mod­
ulation. The filter usually found in the output 
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circuit of the channel modulator has been 
omitted owing to sufficient decoupling and to the 
action of the compandor. The signal modulator 
passes the signal frequency of 3. 7 kilocycles when 
the signal input conductor is grounded. The 
signal spectrum generated by this .keying is 

amplifier. ( If  necessary, the level of the trans­
mitted high band can be increased to 1 .5  ± 0.3 
nepers.) 

The receiving carrier level must be between 
+ 0.5 and - 8.6 nepers at 1 20 kilocycles. In 
the receiving path, iiie incoming frequency band 

,---- --------------1 
VOI C E  

I N  

SIGNAL 
IN 

. 

o---.i COMPRESSOR 

SIGNAL 
MODULATOR 

3.7 

LOW -PASS 
FI LTER 

3.4 

BAN D- PASS 
Fl LTER 

3.7 

COMBINER CHANNEL 
MODULATOR 

1 20 

I 
I 
I 
I 
I 

VOICE 
OUT 

LOW- PASS CHANNEL CHAN N EL BAND- PASS I 
EXPANDER FI LTER DEMODU - A M PLI F I ER F I LTER 

I 3.4 LATOR 1 20 I 
I I 
I · SIGNAL BAND-PASS I 

S I G N A L  --1 - DEMODU- FI LTER C H A N N E L 1 CON V E RTER 1 20 I OUT LA TOR 3.7 

L _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _  � 

limited by the band-pass filter. The channel 
modulator output contains the carrier frequency 
plus all sidebands produced by the voice and 
signal frequencies. The depth of modulation of 
the carrier is about 35 to 45 percent for both the 
signal and speech currents when zero level (1  
milliwatt in 600 ohms) is  applied to the channel 
input. 

The six channels, decoupled by attenuators, 
are merged before group translation. The low­
pass filter at the converter input attenuates the 
higher-order modulation products to a sufficiently 
low value. The group modulator translates the 
high band into the low band. The individual 
carriers at the output of the directional filter have 
a power level of 0.5 neper, variable by ± 0.3 
neper in steps of 0 .1  neper in the transmitting 

TO CHANN ELS 2 THROUGH { 6 CONVE RTERS ----

(16 to 1 24 kilocycles in the case shown in Figure 
2) is applied to an equalizer, pad, and receiving 
preamplifier so that all carrier levels are of equal 
magnitude. Due to ' the double-sideband trans­
mission, the requirement of accurate equaliza­
tion is not too stringent here. The main receiving 
amplifier next in line has a gain independent of 
frequency and a low internal resistance ; the in­
coming carrier levels can be measured at its 
output, where a jack is provided. The indi­
vidual channels are separated by band-pass 
filters ; the only constructional units in which 
the channels differ. The channel amplifier is 
automatically gain-regulated , this regulation re­
sponding to the magnitude of the carrier level. 
The carrier is demodulated next. The direct 
current obtained from the channel demodulator 
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has a magnitude dependant on the carrier level ; 
it operates a control relay indicating absence of 
carrier or any other discontinuity in the trans­
mission path. The (compressed) voice-frequency 
band obtained by demodulation is applied via a 
low-pass filter to the expander, where the dy-

the carrier frequencies of 80 to 1 20 kilocycles 
required for channel modulation. The oscillator 
generating 3. 7 kilocycles for a signal modulator 
has no crystal. The group carrier frequency of 
136 (or 134) kilocycles is again obtained from a 
crystal oscillator, the change from 136 to 134 - - - - - - -- - - - - -. -------1 

LOW- LOW-

c 

PASS B B TRANSMITTING A PASS I FI LTER AM PLI FI ER FILTER 
124 A A B 60 
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( 1 34)  I 
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w z 
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Figure 2-Block diagram of Z6NC terminal equipment. The unlabeled numbers indicate frequencies in kilocycles. 
Connections A are made when the low band is transmitted and the high band received, and B are made when the high 
band is transmitted and the low band received. 

namic range is enlarged. The output amplitude of 
the speech channel can be varied by a control in 
the expander. The range of this adjustment is 
± 0.35 neper, the adjustment being stepless. If 
a signal is sent from the far-end terminal station, 
the incoming signal current passes successively 
through the signal band-pass filter, a rectifier 
demodulator circuit, and is finally applied to a 
polarized relay ; the contact of the latter grounds 
the output signal conductor. 

Measurements of the channel modulator can 
be taken by connecting the test pad in the group 
converter. 

For the transmission of voice-frequency carrier 
telegraph, the compandor is rendered ineffective 
by simple switching means. 

3 . 1 .3 Carrier Generator 

The fundamental frequency, produced by an 
8-kilocycle crystal oscillator, is converted into a 
pulse train supplying, through band-pass filters, 

kilocycles being accomplished by exchanging 
crystals. The carrier-supply capacity is so di­
mensioned that four terminal stations making up 
one bay can be furnished with the carrier voltages 
required. The group carrier generator can also 
supply energy for 8 repeaters that can be ac­
commodated in a bay of the same size. 
3.1.4 Power Supply and Tube Complement 

The power for a complete bay with . four 
terminal stations is supplied by the mains or 
partly by batteries. The power supply unit is 
therefore included in the bay ; its power con­
sumption amounts to approximately 670 volt­
amperes. The tube complement for four terminals 
including carrier power supply consists of 97 
tubes (C3m pentodes with a guaranteed life of 
10 000 hours of operation) . 

3 .2  REPEATER 

The Z6NC repeater is provided for amplifica­
tion of the 1 2-to-60- (or 10-to-58-) and 76-to-
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1 24-kilocycle frequency bands, transmitted in 
two-wire operation. To avoid feedback of cross­
talk through other circuits, the incoming trans­
mission bands are interchanged at the repeater 
output. The frequency-dependent attenuation of 
short-haul cables up to values of 8.3 nepers at 
1 24 kilocycles (corresponding to 33 kilometers, 
or 2 1  miles of 1 .4-millimeter copper conductor) 
can be compensated by the repeater. The equip­
ment can be operated as a two-wire repeater 
without group frogging also, and can operate as a 
four-wire repeater with or without frogging. 

In Figure 3, the incoming band is equalized by 
an equalizer, pad, and preamplifier. Subse­
quently, the band is translated. The band thus 
obtained is amplified in the main amplifier with a 
large amount of feedback and appears across the 
toll line via the low- or high-pass part of the out­
put directional filter and the toll-line transformer. 

The directional filter, equalizer, pad, and re­
ceiving preamplifier are identical with the corre­
sponding units of the terminal equipment. 
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4. 1�1echanical Construction 

The Z6NC system is mounted in exchangeable 
plug-in panels in bays with lock and key accord­
ing to the mechanical design of the Deutsche 
Bundespost. 

The standard bay generally takes four com­
plete terminal equipments each comprising three 
channel-converter panels (for two channels each) 
and a group-converter panel. The carrier sup­
ply consists of one panel and a unit accomo­
dated on the operator's board. This, as well as the 
panel with heater-power and signaling-current 
supply and the panel with the plate-current 
(B+)  supply, are provided centrally and are so 
dimensioned that a fully equipped bay with four 
terminals can be supplied with power. 

Figure 4 shows an opened cabinet with 24 
channels. The bay is so wired that terminals 
alone or repeaters alone or both arbitrarily mixed 
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can be accommodated. When fully equipped, the 
bay will take 8 repeaters. 

Constructional details of the channel modu­
lator panel are shown in Figure 5. The photo­
graph shows the complete panel and several 
subunits. 

The control j ack strips of the panels comprise 
level and other measuring jacks and circuit­
breaker plugs. Signals indicate any breakdown of 
operational voltages, fuses, or tubes. 

The bav is about 2600 millimeters (102 
inches) hi�h,  600 millimeters (24 inches) wide, 
and 222 millimeters (9 inches) deep. The weight 
of a fully equipped bay is about 330 kilograms 
(726 pounds) . If only one or two Z6NC terminals 
or repeaters are required for the completion of a 
line thev can be mounted in a halfbay 1500 
millimet�rs (59 inches) high, with width and 
depth as for the normal bay. The weight of the 
halfbay is about 180 kilograms (396 pounds) . 

UP TRANSLAT ION  

£RATION 

H IGH-PASS 
FI LTER 

5. Technical Innovations 

5 . 1  CoMPANDOR 
5.1 .1  General 

The introduction of compandors in various 
international systems (for instance, the �VJ , 45A , 
ON, and 0 systems) aims at improvement of 
transmission properties without substantially 
increasing the cost. 

Various publications2 •4 •5 contain detailed de­
scriptions of the effect of the compandor, its 
properties, and its performance when handling 
speech or sinusoidal signals. 

In the following, an attemp t  is , made to 
describe briefly the most important properties of 
such equipment. 

The two components of the compandor ; that 
is, the compressor and the expander ; are electri­
cally so designed that no difference in the speech 

4 R. S. Caruthers, "N-1 Carrier System," Bell System 
Technical Journal, volume 30, pages 5-3? ; Januar-y:, 195 1. 

s G. Hassler, "Sprachiibertragung m1t Dynam1kkom­
pression," FTZ, volume 12 ,  pages 659-664 ; December, 
1954. 
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Figure 3-Block diagram of Z6NC repeater. Group­

frequency translation is provided and the repeater is 
capable of both 2- and 4-wire operation. The unlabeled 
numbers indicate frequencies in kilocycles. 
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34 

Figure 4-Front view of Z6NC bay equipped with 
4-terminal equipment. 

signals between the system input and output can 
subjectively be found. 

Even when 10 compandors are connected in 
series, the loss of speech quality is not deleterious. 
The intelligibility at the output of a system de­
pends both on the noise component superimposed 
on syllabic speech and on the noise level during 
the intersyllabic periods. Both of these conditions 
are affected advantageously by the compandor. 

During conversation, the compressor em­
phasizes low-volume syllables. Hence, trans­
mission on the toll line is done at a higher average 
level ; the low-volume syllables ride above the 
noise level in which they would be drowned in a 
similar system without a compandor. This alone 
leads to speech of better quality. 

Between speech intervals, the expander causes 
considerable suppression of interfering noise 
(standard value of about 2 .6 nepers) ; speech 
following a quiet interval thus becomes more 
intelligible due to a peculiarity of the human ear, 
which adapts itself to higher sensitivity during a 
quiet interval. 

With respect to equipment design, the fol­
lowing advantages are obtained by the use of 
the compandor : Lower requirements on linearity 
of amplifiers and modulators. Reduced require­
ments with respect to the blocking properties of 

filters in speech and sig­
nal circuits. Elimination 
of channel transmitting 
filters. M ore compact 
construction because of 
the reduced danger of 
mutual interference be­
tween components. 

5 . 1 .2 Electrical Character­

istics of Compandor 

Figure 5-Channel converter panel with subassemblies. 

The block diagram of 
Figure 6 shows the 
action of  the compressor 
and expander with the 
characteristics below. 
The expander character­
istic is used directly to 
derive the value of the 
expander gain (Figure 
7) ,  which depends on the 
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noise level. Due to the germanium diodes em­
ployed in compressor and expander, the char­
acteristics are to a small degree dependent on 
temperature. A large portion of the development 
work was devoted to this problem. No noticeable 
change of the characteristics described is caused 
by ambient temperatures of + 10  to + 35 
degrees centigrade. 

The stability of short-haul systems depends 
on the maintenance of a defined net loss. Since 
the net loss in a compandor system depends 
somewhat on the input signal amplitude, an 
increase of net loss will be observed at the edges 
of the channel transmission band (frequency 
dependence) and with decreasing signal am­
plitudes (amplitude dependence) . Figure 8 shows 
typical amplitude dependence for a compressor­
expander system. These properties result, for the 
case of nonmodulated carriers and at the rated 
noise level, in an important improvement of the 
singing margin as shown in Figure 9. 

A typical median characteristic of the fre­
quency-dependent net loss for 1 2  channels in 
both transmission directions, measured with the 
nominal level, is plotted in Figure 10. �'\ctual 
conditions are much-more favorable because the 
effective control current for compressors and 
expanders is determined by the total energy 
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Figure 7-Expander gain characteristic. The dashed 
lines show the limit set by noise. 

COMPR ESSOR TRA N S M I SS ION 
SYSTEM 

EX PA N D E R  

s, ADJUSTABLE­
LOSS PAD 

Sc 
A M  PLI Fl ER 1-111,_. .... ,__ __ 

+1  

� 
...J 0 
ct 
z l!> -I iii 
Cl w (f) -2 (f)lfl w a:: a:: w 
��-3 
oz 
L>z 
8 - -4 
f-
f-
::!: 
(f) 
z ct a:: f-

-6 

VOLTAGE­
SEN S I T I V E  
FEEDBACK 

C I R C U I T  

-5  -4 -3  -2  -I 0 + I  
I N PUT S I G NAL S i  I N  N EPERS 

VOLTAGE­
SENSITIVE 
FEEDBACK 

C I R C U I T  

AM PLI F I ER 

..
.--....----.----.----.--...--..,.--...,----.---. + 1  � w a. w 

0 z 
z 
�u 
...J ct 
z l!> 
(f) 

l---+---+---+-�:---l----'"""=-""'lc---+---1

-3 � 
(f) (f) w a:: a. ::!: 0 (..) 
Cl w 
> 
w (..) w 

...__...._ _ _._ _ _._ _ __. __ .___....__.....__ ....... _ _,-7 a:: 
+I 0 -I -2 -3 -4 -5 -6 -7 -8 

OUTPUT S I G N A L  S0 I N  N EPERS 

Figure 6-The compandor circuit and its characteristics with respect to relative zero level. 
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concentration of human speech in the range from 
500 to 1000 cycles. Therefore, the net-loss varia­
tions to be expected are within 20 percent of the 
tolerance specification of the Comite Consultatif 
International Telephonique. 

SIGNAL-TO-NOISE RATIO I N  NEPERS AFTER EXPAN DEi; 
( SPEECH C H A N N E L )  

0 2 3 4 5 6 7 8 9 10 

5.1 .3 Effect of Compandor on Perturbances 
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As long as the line noise equally affects both 
sidebands of the transmitted carrier, an ex­
pander gain as in Figure 7 becomes effective 
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of the noises are added, the sideband-level-to­
noise ratio on the toll line may be smaller by 
(0.35 neper + expander gain g) than the desired 
signal-to-noise ratio in the output. S I GNAL-TO - NOISE RATI O IN N EPERS 

BEFORE EXPANDER ( LI N E )  

For selective disturbers affecting one sideband 
only, the signal-to-noise ratio in the output is 
larger by (0. 7 neper + g) than the ratio on the 
line. I 

ADJUST-

-2.0 + 1.0 

Figure 1 1  is a comparison of the Z6NC, Z12N, 
Z6N, Zl2K, and Z6NT systems with respect to 
signal-to-noise ratio in the output, assuming that 
line lengths are equal and noise level is constant. 
The comparison shows in each case a gain in 
signal-to-noise ratio for the Z6NC system. In 
addition, the transmission level of the high band 
(the band of interest here) of the Z6NC system 
can be increased to about 1 .5 nepers for operation 
between two terminals ; an additional reserve is 
thus available for lines greatly affected by noise. 
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Figure 9-Loop loss as a function of noise level. Input 
and output levels in nepers are shown on the block diagram : 
Loop loss, A z  = 3 - AP nepers. 

When the crosstalk of adjacent line circuits is 
considered, a difference should be made between 
compressed and normal speech,  and between 
speech expanded and not expanded in the re­
ceiving system. Typical cases can thus be derived 
as described in the legend of Figure 12 .  

the Z6NC and some other well-known systems. 
Better intelligibility of compressed speech in­
volves an increase in crosstalk attenuation A0• 

For this effect (which depends on the degree of 
compression) various values (0.57  to 0.8 neper) 

Figure 1 2  is a comparison of crosstalk between are shown6•7  in the literature. Subjective ob-
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Figure 8-Compandor amplitude dependence. Dashed lines give the tolerance. 

6 F. S. Boxall and R. S. Caruthers, 
"Miniature Compandor for General 
Use in \Vire and Radio Communica­
tion Systems," Transactions of the 
American Institute of Electrical En­
gineers, volume 72, part 1 ,  pages 804-
81 1 ;  January, 1954. 

7 A. ]. Aikens and C. S. Thaeler, 
"Control of Noise and Crosstalk on 
Nl Carrier Systems," Transactions of 
the American Institute of Electrical 
Engineers, volume 72, part 1 ,  pages 
605-6 10 ; January, 1954. 
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servation of German talkers has 

shown that A0 with compressed 
speech must be higher by about 
0.6 neper to create the same 
crosstalk sensation as with un­
compressed (normal) speech ; this 
value was taken as the basis 
for the representations in Fig­
ure 12 . 

5.2 SIGNAL TRANSMISSION 

Figure 1 0-Net loss as a function of voice modulation frequency. The 
upper dashed line is the 40-percent tolerance of the Comite Consultatif 
International Telephonique. 

As is the case in many of the 
newer4 carrier-frequency systems, 
the_�Z6NC system transmits 
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Signal-to-Noise - (A +0.6) = ( -P n - A ) +0.8 = ( -Pn-A) +0.5 - (A +0.6) 
Ratio for 
Background - (P n +0.35) +g - (P,. +0.35) 

Noise = ( - P n - A )  = ( -P n - A )  - 0.65 

- 1 .35 +g 

= ( - P n -A ) + l.25 

A, = K1 A0 = K1 - 0.45 A , =Ki - 0. 75 A , =Ki - 1.9 

A ·  ' A ; =  ( - 1 . l +0.7) A ; =  +0. 8 - A - P; A ; =  +0.5 -A - P, A ; =  ( - 0.4 +0.7) 

Signal-to-Noise - (A +0.6) - P, +g = ( -P; - A ) +0.8 = ( - P; - A ) +0.5 - (A +0.6) -P; 
Ratio for 
Interfering = ( -P; - A )  = ( - P; -A )  - 0.3 

Signals - 1 .0+g 

= ( - P; -A ) + l.6 

A; =K2 A ; = K2 - 0.8  A ; =K2 - 1 . l  A; =K2 - 1.9 

Figure 1 1-Effective ratio A, of signal to line noise and to interfering signals for the most unfavorable channels of 4 
carrier systems operated over equal line lengths. For equal signal level and equal noise level at the systems outputs. 
m = percentage of modulation. P; is an interfering signal ; Pn is the background noise level. For Z12N, Z6N, Z12K, 
transmission loss = A (108 kilocycles). For Z6NC and Z6NT, transmission loss = A + 0.6 (120 kilocycles) all figures 
are in nepers. Expander gain g =  2.6 nepers. 
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Figures 12A and 12B-Above and on the facing page are shown a crosstalk-ratio comparison between Z6NC and other 
systems. Crosstalk attenuation Ac figures in the table are given in nepers. The relative zero level for each system is So 
I n  the sketch of compander operation at the left, normal speech in range a is of normal intelligibility ; in range b, norma. 
speech gives poorer-than-normal intelligibility. Compressed speech in range a gives better-than-normal intelligibilit) 
and gives normal intelligibility in range b. 
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Figure 12A. 

REMARKS 

I .  Due to the better intel l i­
g ib i l ity of compressed 
speech, Ac decreases sub­
jectively about 0.6 neper 

2. Same ratios apply to Z6N 

3. Z/2K with +0.5 neper carrier 
and Z6NC with reduced 
carrier (+0.2 neper) give 
same va lues 

I .  With expander gain of 2.6 
nepers, effective Ac rises 
1.4 nepers (compare S0 for 
case B }  

2. Same ratios apply to Z6N 

3. Also for Zt2K with +0.5 
neper carrier and for Z6NC 

with -0.2 neper carrier 

I .  Due to better inte l l ig ibi l i­
ty (0.6 neper ) ,  effective 
Ac rises 1.0 neper 

2. Z6NT with h i g her carrier 
( 1.3 nepers l and Z6NC 
with lower carrier (-0.1 
neper } 

I. Z6NT with h igher carrier 
( 1.3 nepers) and Z6NC with 
lower carrier (-0.1 neper ) 

In range a, 
Crossta l k  audible 
as com pressed 
speech 
I n  range b, 
Crossta l k  audible 
as normal speec� 

In range a, 
Crossta l k  audi ble 
as narmal speech 
In range b, 
Crossta l k  aud i b le 
as expanded 
speech 

In range a, 
Crossta l k  aud ib le 
as normal speech 
In ra nge b, 
Crossta l k  audi ble 
as expanded 
speech 
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dialing signals and metering pulses during con­
versation through a special path in each speech 
channel. In signal transmission of this type, the 
delay time of the signals should be very short 
and signal distortion must be kept within certain 
limits. Loud speech or disturbances such as 
whistles must not generate undesired signal 
pulses. Noise in the speech channels during 
signal transmission must be below a definite 
limit. 

In the system under discussion, the frequency 
of 3 .  7 kilocycles has been selected as the best 
compromise for out-of-band signal transmission. 
The requirements of negligible signal noise in 
speech channels, shortest signal delay times, 
and least signal distortion contradict each other ; 
any rounding-off of the transmitted signal pulses 
for noise considerations will lengthen the delay 
time. The noise-suppressing effect of the ex­
pander requires only limited rounding of the 
pulses ; this results in very-short delay times 
(less than 12  milliseconds) . The driving current 
in the signaling relay is to all practical purposes 
independent of attenuation variations on the toll 
line, these variations being reduced by a factor 
of 1 2  by the channel amplifier. For instance, 
when the attenuation of the toll line varies by 
± 1 neper, the signal distortion remains within 
± 1 millisecond with a signal pulse frequency 
of 50/50 or 20/20 milliseconds on/off ratio. 

Contact chatter of the signal relay is prevented 
by a special circuit causing an increase of relay 
current at the proper instant. 

Spurious pulses caused by loud speech or 

whistling can be avoided with proper attenuation 
characteristics of the speech-channel low-pass 
and the signal-receiver band-pass filters. In the 
case of the Z6NC system, the specifications for 
these filters could be relaxed because the speech 
levels are reduced by a ratio of about 2 by the 
compressor. The curve for speech immunity 
(Figure 13)  shows that in the most-unfavorable 
case a level of 1 .9 nepers above relative zero level 
will cause a spurious signal pulse, but only in a 
very-narrow range of 3450 to 3550 cycles. 

Dialing noise in adjacent channels with signal 
pulses of 50/50- or 20/20-milliseconds duration 
is below 0.5 millivolt measured at the system 
output ; this is equivalent to a signal-to-noise 
ratio of 8.3 nepers. When the signal-modulator in­
put is grounded, the continuous tone audible in 
the related channel is at least 7 nepers down ; 
measured by a psophometer, it is 8 .2  nepers down. 

5 .3 LEVEL REGULATION 

5.3.J Gain-Controlled Channel Amplifier 

The gain-controlled amplifier of the channel 
balances attenuation variations in carrier-fre­
quency transmission by regulating the carrier 
level. Figure 14  shows the basic circuit of the 
amplifier. The feedback to the amplifier is varied 
by the direct plate current IP flowing through 

+5  � � 
� � I'\ 
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'\ i\ i\ ' 
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Figure 13-Speech immunity of signaling path for a 
channel. Shaded area is the operating region of the signal 
receiver ; the dashed line is the specified limit. Speech im­
munity is the overload level applied to a speech channel 
at an arbitrary frequency that just fails to generate a 

spurious signal pulse. 
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a thermistor in a bridge connection. A regenera­
tive sample of the signal in the amplifier out­
put circuit is applied across the bridge and , 
depending on the bridge state of balance, a 
portion appears at the amplifier input in series 

AMPLI F I ER 

I 
_ _ _ _J 

this type and the variation of plate direct cur­
rent are shown in Figure 15 .  

5.3.2 Gain-Controlled Group Amplifier 

The channel regulation will balance all at­
tenuation variations occurring 
when the system is operated 
over cables. Additional varia­
tions that may be expected, 
for instance , on open wire lines, 
are compensated by additional 
regulation in the group ampli­
fier. A thermistor is again 
used4 as shown in Figure 16 .  
When thermistor A is  suitably 
preheated , a temperature­
change-compensated regulation 
characteristic as shown in Fig­
ure 1 7  is obtained. 

5.3.3 Interaction of Channel and 
Group Regulation 

The open wire line is so 
equalized that all 6 trans­
mitted carriers are of equal 

Figure 14-Variable-gain channel amplifier. Before start of control, 
E, = - E1 and control starts when E1 + E2 = Ea. 

magnitude at the input of 
the group amplifier with mini­
mum (fair-weather) line atten-

with input signal , e;, as eu. When the input level 
is small ,  the balance of the bridge is such that a 
regenerative voltage e, appears at the amplifier 
input, the amplifier grid bias E0 
being equal to E1 and the plate 
current at maximum. When, 

+ I  

uation (Figure 17 ,  case A) .  
The controlled-gain group amplifier then has 
gain GA and, as will be readily seen , the out­
put levels of all channels are the same (only 

(J) w a:: w c.. with increasing input and con­
sequently higher output volt­
ages, E8 reaches and exceeds 
the sum of E1 and E1, regula­
tion begins. Grid bias Eu, when 
further increased , causes the 
plate direct current to drop 
and, hence, the thermistor re­
sistance to increase. This in-

(J) a:: w c.. w z 

- - - - - ---------+----------t 25 :::;; 

creasing resistance changes 
feedback vol tage e, in the 
sense of increasing negative 
feedback. The regulation char­
acteristic of an amplifier of 
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Figure 15-Characteristics of variable-gain channel amplifier. 
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eg ! AMPL IF I ER 
...----l 

CONSTANT 
'v--e----if----4--- PR EH EAT 

L_ _ __ _ _ _  _ 

Figure 16-Basic circuit of controlled-gain group am­
plifier. Thermistor A determines the control characteristic 
and B the temperature balance. Amplification G = (e0/e;) 
rv(eo/e,) . 

Figure 1 7-Interaction of channel and group regulation. 
In the event of fair weather (case A ) ,  inputs to and outputs 
from group and channel amplifiers are the same for all 6 
channels ; the channel amplifier outputs are all P0-n. In 
case B (foul weather), an increase in attenuation t.A n of 4 

nepers at 120 kilocycles with a slope down to about 2.6 
nepers at 80 kilocycles. The gain GB of the group amplifier 
in this case is determined by the median P;m of the levels 
of the 6 channels. As shown at the upper right, the equal­
ization and regulation maintain the channel-amplifier out­
put within 0.3 neper of the desired value. 
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channels 1 and 6 are shown) . 
Whenever weather conditions 

cause the open-wire-line atten­
uation to increase , carrier levels 
of different magnitudes corre­
sponding to unequal attenua­
tion increases appear at the 
group amplifier input. The lim­
iting case B is shown in Figure 
1 7 .  The gain of the group am­
plifier is determined by the 
sum of the powers of all car­
riers appearing at its input. 

CHANNEL  6 

< 0. 1  
NEPER 

-2 -I O +I 
CHANNEL AMPLIF I ER I NPUT IN NEPERS 

I I I 
+ � ·  
I I I 

GROUP AMPLI FIER OUTPUT I N  NEPERS 
+1 

GB 
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The regulation characteristic shows the depend­
ence of output level on input level referred to 
one channel. Hence, the gain GB of case B is 
determined by the median level Pim· I t  will 
be seen from the diagram that the output 
levels of individual channel amplifiers barely 
change despite a large decrease of carrier level 
on the line. The level difference in channel 6 
is under 0.1  neper ; in channel J, about 0.3 neper. 

5.3.4 Levels with Regulated Repeaters 

Figure 1 7  refers to operation on open wire 
lines between terminals. When repeaters are 
employed having controlled gain exactly like 
that of the terminal gain-controlled group am­
plifier, the effect of group frequency translation 
must be taken into account. 

Figure 18 shows the conditions existing when 
open-wire-line operation includes two repeaters. 

TER M I N A L  B 

2 

The minimum (fair-weather) line attenuation is 
compensated by the repeater and receiving­
terminal preamplifiers. The levels shown at 
various points of transmission direction B-to-A 
refer to an attenuation in each line section of 
4 nepers at 1 20 kilocycles. It will be seen that the 
original carrier level is restored after passing 
through two repeaters. The conditions for the 
A-to-B direction are analogous. The conditions 
prevailing in terminal A are described by the 
levels shown in Figure 1 7 ,  case B .  

Irrespective of attenuation conditions in in­
dividual sections of the open wire line, variations 
are always compensated as long as the levels in 
the last line section do not exceed the limiting 
case B of Figure 1 7 .  

In open-wire-line operation, the system be­
havior is of particular interest when rapid at­
tenuation changes occur. Figure 19 shows some 
typical cases. An interesting feature is the fact 
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Figure 18-Level conditions with gain-controlled re­
peaters and group translation over open wire lines. The 
frequency characteristics of the line under fair-weather 
conditions are compensated by pads that are adjusted 
when the equipment is first installed but the poor-weather 
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line-attenuation variations must be compensated by gain­
controlled amplifiers in the repeaters and the receiving­
terminal equipment. 

In the graphs, a line attenuation versus frequency in­
crease a having a slope of 4 nepers at 120 kilocycles under 
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that _the process of regulation is relatively slow 
when · attenuation increases but regulation is 
fast when attenuation decreases. This behavior 
is caused by the thermistors in the negative­
feedback paths of the amplifiers. 

6. Transmission Properties 

The Z6NC system was developed assuming 
that with normal operational conditions and a 
line length of 100 kilometers (three sections with 
two repeaters) , a noise power of 0.002 microwatt 
at reference level in a channel will be exceeded 
with a temporal probability of only 1 percent. 
The noise power was apportioned as follows. 

0.001 microwatt for noise through crosstalk 
couplings. 

...J LLJ 
> -3 LLJ ...J 

-4 

REPEATER 2 

6 
'- 'f P7 ' I " I "'-!t R 

'-.... I 
6', 6 I -P.-5 -c--_-_ ..::::,.__ _ _ J Ps 

GTR ", ' 
" ' 

' 

-5,___.._ ___ _. __ _,_ ____ _,_____. 
16 56 80 1 20 

FREQUENCY f I N  K I LOCYCLES 

.. 

poor-weather conditions is assumed. The compensation be­
tween P, and channel outputs P10 is accomplished in the 
channel receiving amplifier. 

TRA = transmitting amplifier, GCA = gain-controlled 
amplifier, 1VIOD = modulator, P RA = preamplifier. HP F 

0.001 microwatt for background noise and non­
linear distortions, including here, 500 pico­
watts for nonlinear distortion in the trans­
mitting and receiving circuits of a terminal. 

The most-essential data of the compandor system 
listed below are in accordance with recommenda­
tions of the Comite Consultatif Interna.tional 
Telephonique. 

6 .1  TRANSMISSION OVER CABLES 

6.1.1 Voice-Frequency Specifications 

Transmitted band 0.3 to 3 .4 kilocycles 
Net loss tolerance, effec­

tive median value :;S 20 percent of Comite 
Consultatif Interna­
tional Telephonique 
specification 

L I N E  
H IG H  

LOW 4 

en a:: 

0 

LLJ -I a. LLJ z 
z -2 
...J LLJ � -3 
...J 

-4 

TERM I NAL A 

...J I- 2 
LLJ Z 
Z LLJ 3 
z:; <l �  J: ::> 4 
CJ O  LLJ 
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6 

- 5 ,___..__ ___ _. __ _. ____ _,___� 
16  56 80 1 20 

FREQUENCY f I N  K l  LOCYCLES 

= high-pass filter, LP F = low-pass filter, and GTR 
= group-frequency translation and inversion between high 
and low bands. The compensating range of the gain­
controlled amplifiers is indicated by R. 
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Figure 19-Response of level-
regulating system to sudden in-
crease in attenuation at various 
points in the line followed by a 
sudden return of attenuation to 
original value. 

h �- - ·-+---��:. I , , ,  0 4 8 1 2  1 6  20 24 28 
TI ME I N  SECONDS 

Total harmonic distor­
tion at 800 cycles 

0 

With expected level < 3  percent 
With level increased 

by 0.7 neper < 6  percent 
With level increased 

by 1 .4 neper < 1S  percent 

Signal-to-intelligible-
crosstalk ratio > 8.S nepers 

Signal-to-unintelligible­
crosstalk ratio (buzzer 
tone of zero relative 
level imposed on any 
two channels) > 8  nepers 

Signal-to-background­
noise ratio 

44 

> 8  nepers 

2 4 6 

Noise voltage in any 
other channel when 
one channel is over­
loaded by a 1 .4-
neper-level signal 
keyed at SO-milli­
seconds on, SO-milli-
seconds off < 1 . 2  millivolts* 

Noise voltage in any 
other channel when 
one channel receives 
periodic voltage peaks 
of 60 volts at relative 
zero level (discharge 
of 2-microfarad capac-
itor through 600 ohms) < 1 .2  millivolts* 

* Measured at a point having a + 1 .0-neper relative level. 
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6.1.2 Signal Transmission 

Signal delay time 
Signal distortion with 

line attenuation 

< 1 2  milliseconds 

variations of ± 1  neper < ± 1 millisecond 

Speech immunity 
Maximum overload 

level not generat­
ing spurious 
signal 

Noise in adjacent chan­
nels with signal trans­
mission of SO/SO or 
20/20 milliseconds on/ 

� 1 .9  nepers at relative 
zero level 

off ratio < O.S millivolts* 

Noise voltage of con­
tinuous signal tone in 
the related channel < 0.6 millivolts* 

6.1 .3 Carn:er-Frequency System 

Carrier transmitter level +o.s neper (adjustable 
in steps of 0. 1 neper 
to ±0.3 neper) 

Carrier transmitter level 
in B terminal can be 
switched to + LS neper3 

Depth of modulation on 
toll line (for rated 
level) 3S to 4S percent 

c\ttenuation 
Between terminals 0 to 9.3 nepers (at 1 24 

kilocycles) 
With repeaters 0 to 8.3 nepers (at 124 

Transmission range with 
de loaded toll cable (l .4-
millimeter copper core 
or 1 .8-millimeter alu­
minum core) 

kilocycles) 

Between terminals 3 7 kilometers 
\,\Tith repeaters 33 kilometers 

6.2 TRANSMISSION OVER OPEN WIRE LINE 
The transmission properties quoted for cable 

circuits are also applicable to the case of open 
wire lines except that the values for crosstalk are 
somewhat less favorable ; however, this is unim­
portant when compared with the greater effects 
of noise on open wire lines. 

The limits for automatic level correction due 
to attenuation variations are given by the condi­
tions existing in the last section of the open wire 
line in the direction of transmission : 
Maximum increase of attenuation 4 nepers 
Maximum slope in the transmission 

band, for carrier-frequency levels 
at 120/80 and 56/16 kilocycles 1 .35 nepers 

The above transmission properties are main­
tained at ambient room temperatures of 10 to 35 
degrees centigrade and 80 percent humidity. 
However, the equipment still operates satisfac­
torily in the range of 0 to 40 degrees centigrade. 
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Recent Telecommunication Developments 

Award For Planar-Grid Disc-Seal Triode 

THE BRITISH Royal Commission on Awards 
to Inventors has made a joint ex gratia 

award of the sum of £2500 for the invention of 
the planar-grid disc-seal triode to E. H.  Ullrich 
of Standard Telephones and Cables Limited and 
his coinventors J .  Foster, C. N. Smyth, and S. G. 
Tomlin, also of that company at the time of the 
invention. 

The first disclosure, as far as is known, of a 
tube of this type took place in April 1 941 when 
Standard Telephones and Cables Limited demon­
strated to the British Admiralty a 600-mega­
cycle-per-second radar echo amplifier incorporat­
ing a CV16 tube, fully engineered for production 
to the inventors' design, that reduced the noise 
factor of the best receviers then known by 9 

decibels and produced an average increase in 
service radar range of about 35 percent at that 
frequency. The tube was designed for grounded­
grid operation with the electrodes so disposed as 
to form parts of coaxial-line circuits. Experi­
mental oscillator tubes made at that time on the 
same principles but with suitable modifications 
operated near 2700 megacycles ; that is, at a fre­
quency about four times as high as had previ­
ously been achieved with triodes. 

The planar-grid disc-seal triode has been fur­
ther refined by numerous workers and today is 
used the world over for both amplification and 
oscillation in the ultra- and super-high-frequency 
bands. 

Fundamental Principles of Transistors 

DR. J. EVANS of Standard Telecommunica-
tions Laboratories, Enfield, has recently 

published a book entitled "Fundamental Prin­
ciples of Transistors. "  It is divided into 1 1  chap­
ters, 3 appendixes, and a bibliography covering 
the following subjectR. 

Chapter 1-lntroduction 
Chapter 2-Basic Theory of Semiconductors 
Chapter 

Chapter 

Chapter 

Chapter 
Chapter 

3-Measurement of Semiconductor 
Parameters 

4-The P-N Junction : Theory 
5-The P-N Junction : Method of 

Preparation 
6-Junction Transistors 
7-Point-Contact Transistors 

Chapter 8-Measurement of Transistor Para-
meters 

Chapter 9-Manufacture of Transistors 
Chapter 10-Special Types of Transistors 
Chapter 1 1-Silicon and Other Transistor Ma-

terials 
Appendix 1-Teaching Transistor Physics 
Appendix 2-Parameters of Some Commercial 

Transistors 
Appendix 3-ldentification of Mixed Impurities 

The book is 5! by 8! inches (15 by 22  centi­
meters) and contains 255 pages and 140 figures. 
It is available from Heywood and Company, 
Limited, of 9 Kingsway, London, W.C.2, at 45 
shillings. The book can also be obtained from 
D .  Van Nostrand Company, 120 Alexander 
Street, Princeton, New Jersey, at $6. 75 per copy. 
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Tricon, an Electric-Diagram Interlock System 
for Railroad Switching* 

By WILHELM SCHMITZ 
C. Lorenz A .G. (now Standard Elektrik Lorenz A.G.) ;  Stuttgart, Germany 

D

IAGRAMMATIC interlock control sys­
tems for the operation of railroad track 
switches have been employed in Ger­

many for the past decade and are designated Dr 
by the Deutsche Bundesbahn (German rail­
roads) . This designation refers to the push­
button keys arranged within the diagram. The 
outstanding characteristic of such systems is the 
increasing use of electric relays. vVhile such 
devices were used in the former lever-interlock 
systems, they depended chiefly on mechanical 
interlocking and couplings between lever parts, 
like snap switches and armature stops of switch­
point levers. The conversion from mechanical to 
electric interconnections has introduced a re­
markable degree of freedom in the arrangement 
of operating keys, which can now be mounted 
directly in a track diagram. The utilization of 
small uniform push-button keys permits a sub­
stantial reduction in the size of the control desks. 

ing, and maintaining such interlock systems had 
to be considered. The obvious necessity of 
locating trouble and repairing it quickly and of 
being able to modify and expand installations 
without interrupting service suggested the sub­
division of the interlock system into uniform 
assemblies of commonly used components with 
corresponding relay sets. This plan was very 
effective for the relatively simple tasks like the 
setting of switchpoints or signals. The combining 
of several of these actions to form a routing, 
however, was hardly possible with the standard­
ized components because every railroad switch­
tower has its own peculiar structural and its 
operational conditions. A mixed construction has 
resulted in which the greater part consists of 
standard relay sets and the smaller part is 
planned and constructed for the individual inter­
lock tower. This so-called "individual wiring" 
still occupies 30 to 40 percent of the total circuit 

Figure I-Track-diagram element with its cover removed. The operating push button is in the center and its contacts 
are in the shank of the structure. Identifying colors and graphical symbols are provided by the cover and are not affected 
by changing a burned-out lamp. 

On the other hand, the number of relays and 
switching circuits is increased considerably, 
which is to be expected. 

The design of such an electrical system re­
quired not only means of economically manu­
facturing the extensive circuit components, but 
the practical requirements of planning, inspect-

* Presented at a meeting of the German Railroad En­
gineers Society in Stuttgart on May 1 6, 1955. Reprinted 
from Der Eisenbahningenieur, volume 6, number 9 ;  
September, 1955. 

diagram. The new relay-operated interlock sys­
tem makes use of a circuit in which the switching 
action for routing also is standardized. This 
system has the designation Sp Dr in the termin­
ology of the German railroads, while the trade 
name is Tricon. 

1. Track-Diagram Desk 

The push-button keys for the operation of the 
interlock system are mounted in an illuminated 
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model track diagram. To facilitate factory pro­
duction and subsequent modification of any 
track diagram, the diagram is composed of 
elements not unlike the tiles in a mosaic. The 
elements are squares with 35-millimeter (1 .38-

Figure 2-Top view of the cover for a single switch 
element. The track for which the switch is set is indicated 
by illumination of the corresponding graphical symbol. 
The identification of the switch appears in the rectangular 
nameplate. 

inch) sides and consist of a small chassis mount­
ing 9 electric lamps or 8 lamps with a push 
button mounted in the center. This chassis is 
screwed to longitudinal bars. 

The top or cover of each mosaic element is 
a sheet of Plexiglas, the bottom surface of which 
is painted to show the desired graphical symbol 
of a switchpoint, signal , et cetera , illuminated as 
desired by electric lamps mounted in the chassis. 
Erroneous interchanging of colors is prevented 
by the use of clear glass bulbs, the colors being 
applied to Plexiglas caps attached to the cover. 
When the cover is replaced , every bulb is covered 
by a cap of the required color. 

Figure 1 shows one of these mosaic elements 
with its cover removed. In Figure 2, the symbol 
of a switchpoint may be seen in greater detail. 
In the center is the push button and below it is 
a number plate that can be il luminated. Corre­
sponding to each track section of the switch 
element are two small illuminated panels. The 
illumination of these two panels indicates the 
position of the switchpoint. While the points 
are being switched, a flashing light is visible on 
the panel corresponding to the new switch 
position. Occupancy of a track section by a train 
will be detected by insulated sections of track 
and will cause a red light to show in the corre­
sponding track panels. The number plate shows 
a red flashing light when the switch is trailed. 
These mosaic elements are available with all 
types of symbols, such as derailers, signals, lines, 
and line blocks. They differ only in the symbols 

Figure 3-Typical track-diagram control desk consisting of 1512 mosaic elements. 
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painted on the Plexiglas covers and in the com­
plement of lamps and colored caps. 

These mosaic elements can be used to assemble 
track diagrams of the most diverse railroad 
switchtowers. Figure 3 shows a track-diagram 
control desk for a tower with 109 switchpoints. 
The number of elements making up the total 
picture is 28 X 54 = 1512 ,  of which 385 have 

single switches. Based on the N-X principle, in 
the electrical routing arrangement, the pressing 
of any push button will make conductive every 
path from it through which a train can pass and 
will open all electrical circuits to tracks over 
which a train cannot pass. 

The most-common operating system of a push­
button diagram desk is the N-X system. In it, 

WEST EAST 

4 -f-��������--�---f-- 4 F 

3-� f--3 
2-f-----�---'-'--------�+- 2 

1-�--�...__--�������-�- 1 
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4-+��������*-�---�- 4 

3-f- f--3 
2-+ f--2 
1 -·+---i------�������-f-- 1 

B 

W�T �� 

4 -f-��������---�---f-- 4 

3-f-����---�------....__---�-f-- 3 
2 -+�----�---__.'--' __ ����-+- 2 

z -f--.....-"--"*---------�+-· - 1  
c 

Figure 4-Arrangement of tracks and switches to illustrate route selection 

by pressing a push button at each end of the system. At A ,  the routes permitted 

are indicated by arrows and those prohibited are marked by crosses when 

pushbutton 1 WES 'l' is operated. B is for depressing 4 EAST and C is the result­

ant of both being operated. 

the operating is done by press­
ing two buttons, one on the en­
trance side and the other on the 
exit side of the route that is to 
be set. In  Figure 4, the route 
from track -1- East to track 1 
West will be set by the opera­
tion of push buttons 4 East and 
1 West. As shown in Figure 4A, 
the path finding begins at the 
exit point. Originating on a con­
tact of push-button 1 West, 
the pathfinding comes then to 
switch A where it finds two pos­
sible paths,one to switch B and 
the other to track 1 East. Since 
the reverse (turn-out) path of 
switch B is taken, the normal 
(straight) way that could not 
be traversed by a train is cut 
away. In switch C it goes two 
ways, to track 2 East and switch 
D, and so on. The pathfinding 
ends with access to all four East 
tracks. Since at the exit, push­
button 4 is operated, the path­
finding will be reflected elec­
trically from this point as 
shown in Figure 4B. At switch 
E, the normal way to track 3 
East, will be cut away, similarly 
in switch C to track 2 East, and 
so on. The reflecting pathfind­
ing ends at the or ig inat ing  

electrical connections. The diagram is 1890 
millimeters (74 inches) long and 980 millimeters 
(38 inches) wide. 

point 1 West. This produces an 
electrical channel between the entrance and the 
exit point, as shown in Figure 4C. Now it is not 
difficult to set the switches and signals as needed 
over this electrical channel. 

2. Routing 

Figure 4 will demonstrate the principles of 
determining a route between two ends of a 
trackage system. It represents 4 tracks and 6 

3. Shunting Route 

A shunting route will serve as an example of 
the operation of the system. As is well-known, 
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the difference between shunting and through 
routes is that for shunting, only the track 
switches over which the train will pass need be 
set and locked before the clear signal can be set ; 
while for the through route , it is necessary to set 
switches and safety switches and to detect the 
entire line before the signal shows clear. To 
ensure greatest flexibility of the interlock system 
and to be able to release the separate route 
sections quickly, each switch is released as soon 
as its detector. track is unoccupied . That means 
that the system retains a temporary switching 
route for the shortest necessary time, making the 
trackage available for other uses without delay. 

Figure 5 shows a simple track diagram with 
control push buttons and shunting signals. 
Below the track diagram, the operating desk is 
seen. Below the latter are the corresponding sets 
of relays ; that is, for 4 switches and 4 shunting 
signals. The sequence of operations of the relay 
sets are diagramed in the 8 columns underneath 
the corresponding switches and signals. To set a 
shunting movement from the stop condition of 
signal 2B to the shunting signal 1 C, the signal­
man depresses the push buttons of these two 
signals in the desk, thus energizing the associated 
relays in the relay sets of signals 2B and JB. It 
should be noted that the signal relay in relay 
set JB is energized although push button JC is 
depressed. I t  is necessary that an impulse be 
released in the relay sets associated with the 
points of the route switches ; the two ends of this 
route can be controlled only by these two relays. 

Now the process of routing begins. Each switch 
relay set has three KS relays. The KS± relay is 
set if the current comes from the points of the 
switch, KS+ if from the normal of the switch, 
and KS- if from the reverse side of the switch. 
For the example under consideration, the KS± 
relay is energized in the relay set of switch 4. As 
the pulse comes from the switchpoint, a train 
might travel along the straight track or over the 
shunt or turnout route. From the point of the 
switch, the pulse is transmitted along the main 
line to switch 1, where relay KS+ is energized 
to signify that only the straight route may be 
traversed as a train cannot be shunted from the 
reverse side of the switch. The pulse then goes to 
the relay set of shunting signal lA where a route 
control relay KC is energized. Also from the 
point of switch 4, a connection to the siding of 

switch 3 is made where KS - is energized, allow­
ing only the reverse route to be taken. KS+ of 
switch 2 will be energized, and finally route con­
trol relay KC in relay set 2B is operated. Since 
the push-button relay KSRJ is already energized 
here, another relay KDI is operated, determin­
ing the directional setting at this end ; later this 
shunting signal is set to clear. 

Now the process called echo is initiated. 
Switches 2 and 3 are taken facing the points and 
relays KS± are each put in the energized condi­
tion. At switch 4, only the siding may be tra­
versed, KS- blocking the main line to signal IA 
previously permitted. The echo reaches its end 
by energizing relay KC in the relay set of signal 
JB. The latter causes the directional-setting 
relay KDO to indicate that the route ends here, 
that is,  that the shunting signal lB, must not be 
set to clear. Moreover, the indicator lamp is 
lighted in the number plate of shunting signal 
1 C, informing the signalman that the desired 
route is electrically formed. 

Now the signalman releases the push buttons 
so that the push-button relays are released. This 
causes a pulse to be transmitted from switch to 
switch along the channel formed by the KS 
relays, reversing or controlling the switch posi­
tion relays KP so that they assume the position 
determined by the KS relays. If necessary, the 
switchpoints are controlled by the KP relays. 
When in the correct positions, all switches are 
locked by route locking relays KL. The KL relay 
next to signal relay set lB connects into the cir­
cuit route release relay KR, which is used later 
for the release of the route. Checking the stop 
signal of the shunting signal lB, the switch posi­
tions, and the switch locking, a current impulse 
is now transmitted through all switches to the 
shunting signal-setting relay KIS in the signal 
relay set 2B, which sets the shunting signal 
to clear. 

The ensuing events, beginning with the shunt­
ing movement, are represented by Figure 6. As 
soon as the train in the shunting movement 
enters the detector track section of switch 2, 
the associated track relay KT drops. When the 
shunting movement advances to include switch 
3 also, this track relay is also reversed. Switch 2 
is then freed as the train has passed beyond it. 
The track relay of switch 2 is set to the clear 
position. This causes relay KR in the signal relay 
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Figure 5-Track diagram, operating desk, relay sets, and sequence chart of operation to set up a shunting 
track connection from ZB to 1 C. The symbols are identified in the appendix, section 7. 
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Figure 6-Release of  switching elements after train has traversed the shunting route of Figure 5.  
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set 2B to be energized together with relay KR2 
in the switch relay set. Relay KDI in the signal 
relay set drops, the signal thus again assuming 
the stop position. Moreover, KDI releases se­
quentially the chain of KS relays for the switches, 

Figure 7-Typical relay arrangement. 

which release the KC relays in both signal relay 
sets, and relay KIS drops back to its original 
position. This causes relay KRJ of switch 2 to 
be operated. Both relays KRl and KR2 reverse 
the position of holding relay KL, which dis­
connects relays KRJ and KR2 and energizes 
relay KRJ of switch 3. When the train in the 
shunting movement runs over the detector track 
circuit of switch 4, its track relay is set for 
the occupied condition. As soon as the detector 
track section of switch 3 is freed, this switch 
is released in the same way as described be­
fore. The same process repeats itself when the 
detector track section of switch 4 is freed ; 
through reversal of the switch locking relay, 
relays KR in the signal relay set of the route 
end as well as relay KDO is released to normal 

Figure 8-Interlocking type of relay pairs, 

pos1t10n so that the key indicator lamp of the 
route-end or exit push button is switched off. 

It will be clear now that the switching opera­
tion proceeds from one relay set to the next set 
on the track diagram without any connections 
needed among relay sets that are not adjacent to 
each other on the track diagram. The same pro­
cedure is also used for through movements, in 
which cases it is supplemented by flank pro­
tection and clear-route detection. 

Figure 9-Relay rack with fuses and signal 
lamps at the right. 

4. Constructional Details 

The relays are mounted on panels, the con­
nections to which are made through terminal 
strips. Figure 7 shows a set of relays that are 
mounted with other switching components on a 
chassis. At the rear are the wiring and the 
terminal strips. The wiring is covered by the 
plate visible in front of the chassis at the right. 
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Behind this chassis is the protecting hood with a 
Plexiglas window. A relay set of the same type 
is shown to the left. 

Interlocked relays are shown in Figure 8. 
They consist of two relays, the armatures of 
which are mechanically coupled by locking pawls. 
The release of either armature will provide me­
chanical support for the operation of the other 
armature. 

A complete relay rack is 
shown in Figure 9, the relays 
having been removed from the 

switch has its own arrangements for flank pro­
tection, regardless of whether they are needed 
or not. 

5. Outdoor Equipment 

The signal lights used are of the standard typE 
employed by the German railroads. 

The tracks circuits are supplied with alter­
nating current of 220 volts. The voltage i� 

SWITCH RELAY SETS 

right half of the rack. To the 
right of each relay set is a 
switchboard mounting fuses 
and lamps according to spe­
cial requirements for that par­
ticular relay set. The lamps 
indicate the same operating 
states as are indicated at the 
control desk and include one 
lamp each for normal control, 
reverse control , switch occu­
pancy, and switch locking. 

---� - - - - - - - 1------1 

DESK MOSAIC 

SWITC H  
MACH I N E  

TRACK RELAYS 

DESK MOSAIC 

SWITC H . 
MACH I N E  

Figure 10 i s  a schematic 
circuit diagram for two track 
switches. The track-switch 
symbols at the top correspond 
to two associated relay sets, 
each with three connections 
for the point and the two 
paths of a switch. Each switch 
relay set is connected to a 

Figure 10-Schematic arrangement of switching system. Heavy lines 
indicate insulated sections of track, all others being grounded. 

corresponding mosaic element of the control 
desk. Every two switch relay sets are connected 
to a common relay set connected to two insulated 
rails to detect the presence of a train that would 
provide an electric circuit across the rails. Cables 
lead from these relay sets to the insulated rails 
and to the switch machines. The designation of 
this interlock system, TRICON, is derived from 
the TRlple CONnection of the switch relay set 
that makes -it suitable for any track diagram. It 
should be noted that a route in its outmoded 
sense is no longer in existence and that no route 
relay set is needed. Each relay set for switches, 
signals, et cetera, comprises all components re­
quired for a route. Each switch, as long as it 
has its own detector track circuit, is released 
separately and is equipped with all circuit com­
ponents that are required. For instance, each 

stepped down by a transformer at the supply end 
and stepped up in the interlock tower at the 
relay end, where it is applied to the grid of a 
vacuum tube to control two relays alternately. 
If the normal-clear relay is operated and the 
occupancy relay is released , it indicates that the 
track circuit is not occupied. If, on the other 
hand, the normal-clear relay is released and the 
occupancy relay operated, the track circuit is 
occupied. If both relays are operated or released 
simultaneously, this indicates trouble. 

A new type of switch machine is shown in 
Figure 1 1 .  Through a coupling, the motor drives 
a speed-reducing pair of gears having a worm 
gear on the output shaft. The worm gear engages 
a toothed segment that operates an arm below 
the housing of the drive. This arm is coupled via 
rodding to the track switch. The control contacts 
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are mounted on a large casting that supports the 
main bearing of the drive. The point-detector 
slides are mounted in the drive housing to the 
left. A circular opening visible in the front side 
of the case permits the insertion of a cranking 
handle acting on the motor shaft through a 
pinion gear. When the handle is inserted, the 
machine is electrically disconnected by a lever. 

6. Advantages of Tricon 

Except for the wiring diagrams for the relay 
sets, no other diagrams are needed at the inter­
lock towers. The wiring is totally standardized. 
This enables data for orders to be processed in 
the workshop much sooner than for custom 
designs. In  manufacture, there is a noteworthy 
advantage in the omission of individual wiring 
for single-interlock towers, which previously 
made up a considerable portion of the work. The 
mounting is greatly simplified. Since the con­
nections between relay sets have to be wired 
rather schematically according to the track 
diagram, they are soldered to prenumbered 
cables on the construction site. 

Particular advantages have been noted in the 
process of inspecting and placing a completed 
interlock system in service. A new testing method 
is being developed for the system. 

The greatest ad­

vantage, however , 
will become appar­
ent when interlock 
systems in operation 
have to be enlarged 
at a later date. If, 
for instance, a new 
switch with a siding 
is to be added in a 
route of switchpoints 
already in existence, 
the new siding being 
provided for through 
traffic also, then only 
the connection be-
tween the existing 
adjacent switch re­
lay sets need be 
broken to insert a 

Figure 1 1-Switch machine. new factory-wired 
relay set together 
with a signal relay 

set for the departure signal ; these two sets are 
then connected by indoor cables according to 
the track diagram, and the new switchpoint is 
automatically connected to all routes. The new 
signal is properly inserted with respect to all 
existing switch relay sets, including the blocking 
of all conflicting routes. 

Even if the circuit investment is in some cases 
greater than for other systems, in which switches 
do not serve as protecting switches, this inter­
lock system offers so many advantages that the 
slightly greater investment is easily outweighed. 
This system will enable railroads to complete the 
construction of interlock towers promptly and 
will accelerate the movement of rolling stock. 
7. Appendix 

The graphical symbols used in the drawings 
and the sequence-diagram symbols are defined 
in this section. It is supposed that readers of 
Electrical Communication may not be familiar 
with railway symbols. 
7.1 GRAPHICAL SYMBOLS 

L 
+ 

Track switch normally set for 
straight normal route. 
Track switch normally set for 
reverse route. 
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T 

I-

Insulated rail joint to detect pres­
ence of car. 

Signal post. 

OJ Sign for shunting signal. 

0 
� 

Push button. 

Signal post, push button for the 
shunting signal , and signal sign. 
Push button may be operated as 
the entrance or exit point for setting 
up a shunting route. 

7 .2 SEQUENCE-DIAGRAM SYMBOLS 

o e  

D B  

Push buttons in open- and closed­
circuit conditions, respectively. 

Push-button indicator lamps, dark 
and illuminated, respectively. 

Relays in up and down conditions, 
respectively. 

Interlocked relays in released and 
operated conditions, respectively. 

i 

+ 

± 

Shunting signal lamps displaying 
red and white signals, respectively. 

Switch machine. Arrow indicates 
operation to reverse position. 

Direction of circuit action or of 
traffic. 

Direction of initiated operation. Ac­
tuation of relay or release of push 
button. 

Direction of initiated operation. Re­
lease of relay or depression of push 
button. 

Condition of relay to control track 
switch for for straight route. 

Condition of relay to control track 
switch for reverse position route. 

Relay to control track switch for 
either straight or turnout route. 
This relay operates if the route 
search approaches a track switch 
from its point side. 
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Loss Formulas for Homogeneous Gradings of the Second 

Order in Telephone Switching Employing 

Random Hunting 
By JAKOB KRUITHOF 

Bell Telephone }.lanufacturing Company; Antwerp, Belgium 

P

ROBABILITIES for the occurrence of 
specific traffic patterns and consequently 
the equation stating the grade of service 

rendered by a certain grading arrangement can 
in principle be established by the application of 
the well-known theory advanced by Erlang. This 
theory of the so-called "statistical equilibrium" 
is based on the fact that for random traffic the 
various probabilities for the occurrence of specific 
traffic patterns do not depend on time. It leads 
to a system of equations of the type 

(sy + c) p[c] = I: y f(c) p[c - 1]  

where 
+ L: F(c) p[c + l ]  ( 1 )  

y = average traffic offered to each split 
of the grading 

s = number of multiple splits 
c = number of calls in progress 

p[c] = probability of occurrence of a cer­
tain call pattern comprising c calls 

p[c - 1 ]  = probability of occurrence of derived 
patterns having one call fewer 

p[c + 1 ]  = probability of occurrence of derived 
call patterns having one more call 

J(c) , F(c) = numerical functions of c, depending 
on the type of grading chosen and 
the mode of hunting, but independ­
ent of y. 

The application of this method to the compu­
tation of the expressions for the different prob­
abilities appears to be a laborious task, especially 
for gradings of appreciable size as the equations 
rapidly reach a great number. 

Since it was demonstrated by extensive and 
systematic tests with the rotary traffic machine1 

1 J .  Kruithof, "Rotary Traffic Machine," Electrical 
Communication, volume 23, pages 192-2 1 1 ; J une, 1946. 

that gradings based on outlets connected to the 
same number of splits in a cyclic manner rendered 
improved efficiency, and since it has been shown 
in practice that such gradings are less sensitive 
to an unbalanced load, they have aroused in­
creasing interest both on the part of the tele­
phone administrations and the manufacturers of 
switching equipment. 

These gradings, which we termed '' homogene­
ous gradings,"  have become of great interest 
compared with gradings of a mixed order, as 
their efficiency does not depend appreciably on 
the mode of hunting. With several modern tele­
phone switching systems, the hunting of a 
selector starts from a random point ; with others, 
the switches are provided with a home position 
and hunting always commences from the same 
point from which the outlets are searched in a 
definite sequential manner. 

Tests with the traffic machine have demon­
strated that gradings of mixed order have poor 
efficiency when subjected to random hunting. 
Such gradings are, therefore, unsuitable for sys­
tems using nonhoming switches, while homo­
geneous gradings are apposite. 

This paper deals exclusively with homogeneous 
gradings of the second order that are composed 
of complete cyclic arrangements of groups of 
outlets. It is desirable to develop exact methods 
that do not require the solving of an extensive 
system of equations. 

Figure 1 is a general illustration of the homo­
geneous type of grading. 

A symmetrically loaded, complete, homogene­
ous grading of the second order is fully defined 
by its number of splits and its number of outlets 
per subgroup. A subgroup includes those outlets. 
that are common to any two specific multiple· 
splits. The number of subgroups, therefore, 
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amounts to ( � ) ·  Further, 

N = n ( � ) 
a = n (s - 1)  

where 
N = total number of outlets to which the grad­

ing provides access 
n = number of outlets of one subgroup 
a = accessibility or availability, that is, the 

number of outlets to which the switches of 
a split provide access. 

The accessibility a is the same for all splits. 
The traffic offered to the various splits is 

assumed equal, as balanced traffic distribution is 

the same number of simultaneous calls, the fol­
lowing types of expressions are found. 

P (l)  = (sy) P (o) l 
P (2) = cs;r P (o) 

P (a) = 
(syt P (o) . a .  

(sy)a+l 
P (a + 1)  = ka+1 

(a + l )  ! P (o) 

(sy)a+2 
P (a + 2) = ka+2 (a + 2) 

! P (o) 

(sy)N 
P (N) = kN-m P(o). 

(2A) 

(2B) 

n OUTLETS OF ONE SUBGROUP 

s 
SPLITS 

n COMPLETE CYCLES 

a CONTACTS 

Figure !-General illustration of homogeneous grading. 

a principal aim when planning telephone ex­
change equipment. Unsymmetrical traffic distri­
bution, although occurring in practice, remams 
an undesirable exception. 

1 .  Examination of Probabilities 

The solution of the system of ( 1 )  provides 
expressions for the various individual prob­
abilities p relating to specific and definite traffic 
patterns. It appears that each of these can be 
written as a product of three factors : p (o) , 
(sy) i : i ! ,  and a fraction of which both the numer­
ator and the denominator are polynomials in y 
and of equal degree. 

For the sum P of the probabilities relating to 

That is, after the summation of the p's, the sum� 
of the fractional factors appear to be equal tc 
unity for values of i ::S a, as could be expected. 
For the probabilities P for traffic patterns having 
more than a simultaneous calls, a coefficient 
k < 1 remains. 2 

2 M .  Van den Bossche and J .  Kruithof, "Some Notes on 
the M athematical Treatment of Homogeneous Gradings," 
Memorandum MSW 83, International Telephone and 
Telegraph Corporation. In this office memorandum, thE 
writers raise several objections against the mathematica: 
treatment of the grading problem developed in the pape1 
by A. Elldin, "On the Congestion in Gradings with Ran· 
<lorn Hunting,'' that appeared in Ericsson Technics, num· 
ber 1 ;  1955. Section 1 of the present paper repeats theit 
point of view as regards the correct reasons and conditiom 
why and when (1) may be separated into two incompatiblE 
systems of equations. 
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These coefficients k are similar to those men­
tioned for the p's and consist of a fraction of 
which both the numerator and the denominator 
are polynomials in y and of equal degree. The 
expressions for these coefficients depend on the 
type of grading chosen, the mode of hunting, and 
the traffic offered to the grading. 

A few arbitrarily chosen coefficients follow. 
I n  the exact solution of the probabilities P(5) 

and P (6) for a three-split homogeneous grading 
having two outlets per subgroup (s = 3, n = 2) the 
coefficients k include the fraction 

A = 
6561 y3 + 19  197 y2 + 20 628 y + 7900 

297 y3 + 871 y2 + 938 y + 360 

where y is the average traffic offered to each split. 
In the exact solution for a four-split homo­

geneous grading having one outlet per subgroup 
(s = 4, n = 1 ) ,  the probability P (4) of finding 
any call pattern with four simultaneous calls, 
includes the coefficient 

As already stated, the probabilities p (c) relat­
ing to specific traffic patterns having c simul­
taneous calls consists of a factor y• and a coeffi­
cient similar to those of the P's. Consequently 
( 1 )  includes two types of terms, the one type 
having y• as a factor and the other y•+1• For 
y = 0, the terms including y•+1 disappear ; and, 
for y = oo ,  the terms containing y• disappear. 
Thus the following two incompatible systems of 
recurrent equations2 are obtained. 

c p[c] = I: y f(c) p[c - l], l im y � o. (3A} 
sy p[c] = I: F(c) p[c + 1] ,  l im y �  oo .  (3B) 

The solution of each of these two systems of 
equations provide two limiting values for the 
probabilities p relating to specific call patterns. 

Either system may be used for obtaining a very 
close approximation of the wanted probabilities. 

In the following, use will be made of only the 
system of equations valid for y � oo because it 

43 776 y4 + 128 784 y3 + 146 668 y2 + 7 7  42 1 y + 1 6  080 
B = 46 848 y1 + 138 000 y3 + 157  344 y2 + 83 136 y + 1 7  280 

while the coefficients of P (5) and P (6) contain the fraction 
c = 34 560 y4 + 101 520 y3 + 1 1 5  440 y2 + 60 840 y + 1 2  615 . 46 848 y4 + 138 000 y3 + 157  344 y2 + 83 136 y + 1 7  280 

It  will be agreed that, even for the above two 
simple examples of gradings, the coefficients have 
a somewhat complicated appearance. 

Similar coefficients are always found in con­
junction with probability problems . of limited 
accessibility. Their values vary between two 
limits determined3 by y = 0 and y = oo .  

The coefficients, however, that relate to the 
homogeneous gradings that are dealt with in this 
paper show a remarkable property. It appears 
that the limiting values for the coefficients lie 
very close together. Table 1 gives the limiting 
values for the above three fractions. 

The difference between the corresponding 
values of the above two columns appears not to 
exceed approximately 1 percent. This conver­
gence increases with the values of s and n and 
permits considerable simplification of (1) .  

3 H .  A .  Longley, "Efficiency o f  Gradings," Post Office 
Electrical Engineers Journal, volume 41 ; April and J uly, 
1948. 

provides more-convenient results and also in­
cludes a small safety margin. 

For symmetrically loaded homogeneous grad­
ings consisting of twos exclusively, the complete 
system of equations for (3B) is 

sy P[1c2, 2Ca · · · iCa, 2C4 · · · ]  

(1c2 + 1 )  P[1c2 + 1 ,  2Ca • • • iCa, 2C4 • • • J 
+ (2ca + 1 )  P[1c2, 2Ca + 1 · · · ica, 2C4 • • • J 
+ . . .  (4) 

The suffixes relate to the splits. Therefore, 1c2 
indicates the number of busy outlets of the 1-2 

TABLE 1 

LIMITING VALUES OF COEFFICIENTS 

Coefficient 
A 
B 
c 

;1 =0 

2 1 .9444 
0.9304 
0.7300 

22.0909 
0.9344 
0.7377 
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subgroup, that is, the number of the outlets (1 - ka+1) + (ka+1 - ka+2) + · · · kN = 1. (6) 
common to splits 1 and 2. 

The sum of the iCj for all subgroups is equal to c. 
The number of e's appearing in the above 

equation is equal to the number of subgroups, 
that is, ( � ) ·  
2. General Loss Equation 

The lost traffic equals the traffic offered to the 
grading reduced by the traffic carried by the 
connected outlets. 
sy - [P (l)  + 2 P(2) + 3 P(3) + · · ·  

(N - 1) P (N - 1 )  + NP(N)]. 
Introducing the values of (2) , there is obtained 

for the grade of service2 

The polynomial of the numerator consists of 
a total of ( N + 1 - a) = n ( s � 1 ) + 1 terms ; 

the denominator has (N + 1 ) = n ( ; ) + 1 

terms, the first (a + 1) = n(s - 1 ) + 1 of which 
have a coefficient 1.  

The number of coefficients amounts to 
( 

s - 1 ) (N - a) = n 
2 

· 
3. Loss Equations for a Few Specific 

Homogeneous Gradings (y ----+ oo ) 
Starting from s = 2, that is, an ideal group, 

we have calculated in accordance with (4) the 

w (sy)2 (sy)a (sy)a+l (sy)N 1 + sy + 2T + · · · + at + ka+l (a + l) ! + · · · + k.v N! 
(5) 

As a point of later importance, it should be 
noted that the relation given in ( 6) exists between 
the coefficients of the terms appearing in the 
numerator. 

n=l 

s=2
} 

(2y) 
a= l 1+ (2y) 

(Erlang) . 

s=3 
(3i?2 [l+ (Zy)] 

.� 2 l 
3[i + c3M¥t+}\SiE] 

("1:y)8 [ 2 (Jy) • 2 (3y)3 1 -,- :L -. ,-+--l-s=4 } 3 .  0 i .  3 3 .  
a= 3 6 1  l� (-±y) ' 5 7  (4y)4 45 (-±y)" 45 (4y) 6 ] 4 7,- i!+ 61 41+ 61 51+122 6! 

equations for the grade of service for a number 
of cases that employ complete cyclic arrange­
ments. For the s = 2 cases, the B equation of 
Erlang applies. 
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n=2  
(2y)2 

s=2 } 2 !  
a= 2  1 + (2y)+ (2;t (Erlang). 

(3y)4 2 (2y) i 
s = 3 } 4!� i! 
a= 4  1 1  [� (3y) i 10 (3y)0 20 (3y)6 ] '  

£.... · 1 + 1 1  · 1  +33 6 1  0 i .  ;) . . 
(4y)6 rr. (3y) i 10 (3y) · 20 (3y) 6 J s = 4 } 6 ! - 0 i ! + 1 1  5 ! + 33 6 ! 

a= 6  10 343 [t (4y) ' 10 311  (4y) 7 10 143 (4y)8 9 639 (4y)9 8 505 (4y)10 25 515 (4y)11 25 515 (4y)12 ] . 

32 0 ---zr+ 10 343 71+ 10 343 St+10 343 91+10 343 lOl+ 41 372 11!+82 744 12! 

n= 3  
(2y)3 

s = 2 } 3 !  
a= 3 . (2y)2 (2y)3 (Erlang) .  

l+ l2y)+2!+3!" 

(3y) 6  3 (2y) i 
-3 } -61 L: -. ,-s- . 0 i . 

a= 6 . 3 [� (3y) ' 42 (3y)7 1 12  (3y)8 224 (3y)9 ] · 
4 7 i!+ 43 71+ 129 St+ 387 9! 

n=4 
(2y)4 

s=2 } 41 ( Erlang). a= 4  1 (2y) i 
L: -.-, 1,. 

(3y)8 4 (2y) • 
-,- L: -. -s=3 } 8 :  o i ! 

a= 8  521  [t. (3y) i 518 (3y)9 500 (3y)10 440 (3y)11 880 (3y)12 ] . 
3 0 T+s21 91+521 10!+521 11!+1s63 -12 1  

4. Conclusions 

It appears from the calculations in section 3 ,  
that the numerators as  well as  the denominators 
consist of two factors. 

A numerator always includes the factor 
(sy)a : a !  and a polynomial. A denominator 
always includes a polynomial and a factor K. 
For s = 2 ,  the polynomial of the numerator and 
the factor K are equal to 1 .  

I t  will be noted that a relation exists between 
the two equations corresponding to consecutive 

gradings. The polynomial of the denominator of 
a grading determined by n = n1 and s = s1 
corresponds to the polynomial of the numerator 
of the grading determined by n = n1 and 
S = S1 + 1 .  

This phenomenon is general and provides a 
key to the equation for any wanted homogeneous 
grading. From the Erlang formula for a grading 
(n, s = 2 ) ,  the equation for the grading (n, s = 3)  
is  derived. From the latter, that for the grading 
(n, s = 4) can be found, et cetera. 
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Once the polynomial of the numerator of the 
wanted equation is known, the calculation of the 
factor K follows from (6) and, from the product 
of this polynomial, and the factor (sy) a : a !. By 
simple deduction, the factor K is equal to a poly­
nomial similar to the one found for the numerator 
but in which the factors (s - l)y, [(s - l)y]2 : 2 ! , 
[ (s - 1 )y]3 : 3 !, et cetera are replaced by 

s
�

l
(
a
i

l
J
· 

e �
1
)
2
(
a
�

2
) , 

e � 1 r ( a t 3 ) ' et cetera. 

The coefficients ka+1, ka+2, et cetera, of the poly­
nomial of the denominator can be derived from 
the found coefficients of the numerator, that is, 
from (1 - ka+1) ,  (ka+1 - ka+2) ,  et cetera. 

That a relation exists between the equations 
of consecutive gradings also appears from the 
fact that a grading determined by n = n, and 
s = s1 + 1 and in which all outlets of one split 
happen to be occupied, behaves like a grading 
determined by n = n, and s = s1. The average 
traffic offered to each split equals y for both cases. 

As a conclusion, it can be stated that the loss 
equation for any wanted, complete, homogeneous 
grading of the second order and for the limit 
y � oo can be found by the application of a 
recurrent method. The B formula of Erlang 
serves as a starting point. 

5. Application 

To calculate the equation indicating the grade 
of service for a homogeneous grading typified by 
(n = 3, s = 4) , the equation for the grading 
(n = 3, s = 3) is used as a starting point (see 
section 3) . 

The polynomial of the numerator of the 
wanted equation can be written immediately as 

� (3 ) i · · + 42 (3y) 7 + 1 12 (3y)8 + 224 (3y)9 • � y . i 
43 7 ! 129 8 ! 387 9 ! 

The numerator further includes the factor 
(4y)9 : 9 !  as for s = 4, a =  n (s - 1 ) = 9. The 
factor K is found by replacing in the above poly-
nomial (3y) i : i !  by ( � ) ; ( a t 

i ) , as follows 

The coefficients ka+1 et cetera of the poly­
nomial of the denominator are determined by 

K - 1 ka+l = -X 

K - 1 - � ( 110 ) ka+2 = ---�K=----

K - 1 - � ( 1
1
0 ) - ( � r ( �1 ) 

ka+3 = K 

6. General Loss Equation for Complete 
3-Split Homogeneous Gradings of the 
Second Order for y � oo 

The polynomial of the numerator consists, aE 
already stated, of n ( 

s ; 1 ) + 1 terms. Of these, 
n (s - 2) + 1 have the following general ap­
pearance. 

[ (s - 1 ) y]i : i !  

( s 
- 2

) and n 
2 

the appearance of 

f; [ (s - 1) y]i : i !, 

where f; is a numerical factor. For three-split 
gradings, the latter group lapses, which fact per­
mits the establishment of a general equation for 
three-split gradings. 

The numerator contains first of all the factor 

(sy)a : a !  = (3y)2n : (2n) ! 

as for s = 3, a = 2n. 
The numerator further includes the polynomial 

n 
L: (2y) i : i !. 

The denominator includes the numerical factor 
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and the polynomial 
2n 
L (3y) i : i !  + k2n+l (3y)2n+l :  (2n + 1) ! + · · · ksn (3y) 3n : (3n) ! 

the coefficients of which are known by 
n ( 2 ) i ( 2n + i ) 

k 2n+1 = � 3 i : K, 
" ( 2 ) i ( 2n + 1 ) 

k2n+2 = � 3 i 
: K  · · · 

The complete equation for the wanted grade of service for gradings with s = 3, therefore, is 

W = 
n ( 3- ) i  ( 2n + i

) 2n (3y) i i=n [ (3y)2n+i i=• ( � ) i  ( 2n + i ) l � 3 i x � i ,  + E c2n + j) , � 3 i 

(3y)2n " (2y) i 
(2n) ! � i !  

Figure 2-Relation be­
tween two consecutive grad­

ings A and B. Only one com­
plete cycle is shown. (n = 1 . )  

7. General Recurrent­
Loss Equation (y � oo ) 

From the groups of 
equations appearing in 
section 3, the following 
general loss equation for 
homogeneous gradings of 
the second order having 
s splits and n outlets per 
subgroup valid for the 

s 
SPLI TS 

2 

3 

4 

5 

6 

7 

(7) 

limit y ---.. XJ , can readily be derived. The relation between two consecutive grad­
ings, A and B in s is illustrated in Figure 2 .  

W,,_ , (sy) v-aPn, s-1 [ (s - l )y] ' 
(9) 

where vP n, s (sy) represents the probability of 
finding all ;V outlets of the considered grading 
occupied, that is 

vkn, s (sy)Y : ,V! xPn, s (sy) = --------'r,-,----- (10) 
L (sy) ' :  i !  + L ·ikn, s (sy) i : i !  

() 

The same equation can also be written in a 
form more similar to the expressions used in the 
preceding sections. 

[w ( . ) = A n, s-1 [ (s - l )y] X (sy)a : a !  ( l l ). n s sy A ( ) K , ' 
n, ' sy n, s-l 

where 
a S 

L (sy)i : i !  + L ;kn, s  (sy)i : i !  = An, s  (sy) . 
0 a+l ( 12)  
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a-n ( s - 1 ) i ( a + i ) N-a ( s - 1 ) i ( a + i ) L -- . + L ;kn, s-1 -- · = Kn, s-1·  
0 S i a-n+l S i 

la-n ( s - 1 ) i ( a + i ) N-a ( s - 1 ) i ( a + i ) J 1 � -S- i + 
a-�+l 

;kn, s-1 -S- i Kn, s-1 
= a+l kn, s 

[ a-n ( s - 1 ) i ( a + i ) N-a ( s - 1 ) i ( a + i ] 1 L -- . + L ;kn, s-1 -- . ) y-- = a+2 kn, • 
2 S i a-n+l S i n, s-1 

n = 1 ,  2, 3 · · · 

[ N-a ( 1 ) " ( + " ) ]  1 
I: ;k .... .  -1 � ' 

a 
. 

i y-- = 2a-n+l kn, • 
a-n+l S i n, s-1 [ ( s - 1 )N-a ( N ) ]  1 

N-akn, •-1 -
s
-

N -
a 

Kn, •-1 
= Nkn, •. 

s = 3, 4 . . .  a = n(s - 1 )  

( 1 3) 

1 

( 14) 

8. Traffic Emanatingfrom Limited Number 
of Sources 

Manufacturing Company for the Institut de 
Recherche Scientifique pour l 'Industrie et ! 'Agri­
culture and for the Fonds National de la Re­
cherche Sci en tifiq ue, two Belgian research centers. 
It is operated by the Centre d 'Etude et d'Exploi­
tation des Calculateurs Electroniques and this 
program was prepared by Miss M. Lietaert. 

By analogy with similar problems, it may be 
concluded that in case the traffic emanates from 
a limited number of sources the above equations 
are valid but that the probabilities of the 
Poisson type should be replaced by those of the 
Bernouilli type. 

9. Traffic Tables 

The computation of the data contained in the 
following tables was performed in the electronic 
computer developed by the Bell Telephone 

The values shown in the tables represent y, 
that is, the traffic offered to each split of a num­
ber of homogeneous gradings expressed in erlangs. 
The results are given in floating-decimal form, 
the last digit of each entry being the power of 10  
by which the mantissa has to be multiplied. 

n = 1 

� 0.0001 0.001 0.002 0.005 0.01 0.02 0.05 

3 0.819 - 02 0.261 - 0 1  0.372 - 0 1  0.596 - 0 1  0 .856 - 0 1  0. 1 24 - 00 0.208 - 00 
-- --- -- --- -- --- -- --- -- --- -- --- --

4 0.53 1 - 0 1  0. 1 1 7  - 00 0. 149 - 00 0.206 - 00 0.266 - 00 0.347 - 00 0.505 - 00 
-- --- -- --- -- --- -- --- --- --- -- --- --

5 0. 148 - 00 0.273 - 00 0.329 - 00 0.425 - 00 0.5 1 9  - 00 0.640 - 00 0.867 - 00 
--- -- --- -- --- -- --- -- --- -- -- -- --- --

6 0.292 - 00 0.481 - 00 0.562 - 00 0.695 - 00 0.82 1 - 00 0.980 - 00 0 . 1 26 0 1  
-- -- -- --- -- --- -- --- -- --- -- -- --

7 0.476 - 00 0.730 - 00 0.834 - 00 0. 1 00 01 0. 1 1 5 01 0. 135  01  0. 169 01 
-- --- -- --- -- --- -- --- -- --- -- --- --

8 0.695 - 00 0 . 101  0 1  0. 1 1 3 0 1  0. 133 01 0. 152  0 1  0. 1 74 01 0.2 1 4  01 
-- -- -- --- -- --- -- --- -- --- -- --- --

9 0. 944 - 00 0. 132 01 0. 146 0 1  0. 1 69 0 1  0 . 190 0 1  0 . 2 15  01 0.260 0 1  
-- --- -- --- -- --- -- --- -- --- -- --- --

1 0  0. 1 2 1  0 1  0. 165 01 0. 1 8 1  0 1  0.207 01 0.230 01 0.258 01 0.306 01 
--- -- --- -- --- -- --- -- --- -- --- -- --- ---

1 1  0. 1 5 1  0 1  0. 1 99 01 0.2 1 8  0 1  0.246 0 1  0.2 7 1  0 1  0.302 01 0.354 0 1  
---- --- -- --- -- -- -- -- -- --- -- --- -- --- --

1 2  0. 182 01 0.235 01 0.256 01 0.286 0 1  0.3 13  0 1  0.346 0 1  0.403 0 1  
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n = 2  

"'-.W s". 0.0001 0.001 0.002 0.005 0.01 O.Q2 0.05 

3 0 . 1 39 - 00 0.255 - 00 0.308 - 00 0.399 - 00 0.489 - 00 0.605 - 00 0.828 - 00 
---- --- -- --- -- --- -- --- -- --- -- --- -- --- --

4 0.455 - 00 0.697 - 00 0.798 - 00 0:959 - 00 0. 1 1 1  01  0. 1 30 0 1  0. 164 01  
-- --- -- --- -- --- -- --- -- --- -- --- --

5 0.9 1 1  - 00 0. 1 2 7  01  0 . 1 4 1  01  0. 1 63 01  0 . 1 84 01  0.209 0 1  0.253 01  
-- --- -- --- -- --- -- --- -- --- -- --- --

6 0. 146 01 0. 193 01  0.2 1 1  01  0.239 01 0.264 01 0.294 01 0.347 0 1  
-- --- -- --- -- --- -- -- -- --- -- --- --

7 0.209 01 0.266 0 1  0.287 01  0.320 01  0.348 0 1  0.383 0 1  0.445 01  
-- --- -- --- -- --- -- --- -- --- -- --- --

. 8 0.277 01  0.343 01 0.367 0 1  0.404 01 0.436 0 1  0.475 01 0.544 01 
-- -- -- --- -- --- -- -- -- --- -- --- --

9 0.350 01  0.424 01 0.450 01 0.491 01 0.526 01  0.569 01 0.644 01 
-- -- -- --- --- -- -- --- -- --- -- -- --

10 0.428 0 1  0.509 01 0.536 0 1  0.580 0 1  0.618 01  0.664 0 1  0.745 01 
---- --- -- -- -- --- -- --- -- --- -- --- -- --- --

1 1  0.51 1  01  0.598 01 0.625 01 0.67 1 01  0 .7 1 2  0 1  0. 760 01  0.846 0 1  

n = 3  

".W s". 0.0001 0.001 0.002 0.005 0.01 0.02 0.05 

3 0.433 - 00 0.665 - 00 0. 760 - 00 0.9 1 7  - 00 0.106 01  0 .125 0 1  0. 1 59 01  
--- -- - - - - --- -- --- -- --- -- - - -- --- -- --- --

4 0. 1 13 01  0 . 1 54 01  0. 1 70 01  0. 1 95 01  0.2 1 7  0 1  0.245 01 0.294 01 
---- --- -- --- -- --- -- --- -- --- -- --- -- -- --

5 0.204 01  0.259 01 0.280 0 1  0.3 1 2  0 1  0.341 01 0.376 01  0.438 0 1  
-- --- -- --- -- --- -- --- -- --- -- --- -- -

6 0.306 01 0.375 01  0.400 01 0.438 0 1  0.472 01 0.514 01 0.587 01  
---- --- -- --- -- --- -- --- -- --- -- --- -- --- --

7 0.418 01 0.498 0 1  0.526 01  0 . 5 7 1  0 1  0.609 01 0.655 01 0.737 01 
-- --- --- --- -- --- -- --- -- --- -- --- --

8 0.533 01  0.626 0 1  0.657 01  0. 705 01 0.748 01  0.799 01 0.891 01 
-- --- -- -- -- --- --- --- -- --- -- --- --

9 0.659 01 0.757 01 0.793 01 0.844 01 0.890 01 0.945 01 0. 1 04 02 
-- --- -- --- -- --- -- --- -- --- -- --- --

10 0.780 01  0.890 01 0.932 0 1  0.985 01 0.103 02 0. 109 02 0. 1 1 9  02 
-- --- -- -- -- --- -- --- -- --- -- --- --

1 1  0.904 01 0. 102 02 0. 107 02 0. 1 1 2  02 0. 1 14 02 0. 124 02 0.134 02 

n = 4  

".W s". 0.0001 0.001 0.002 0.005 0.01 0.02 0.05 

---

3 0.842 - 00 0 . 1 1 8  0 1  0 . 1 3 1  01  0.153 0 1  0 . 1 73 0 1  0 .198 01  0.243 0 1  
-- --- -- --- -- --- --- --- -- --- -- --- --

4 0. 1 98 0 1  0.253 01  0.2 73 01 0.305 01 0.334 01  0.369 0 1  0.432 01 
-- --- -- --- -- --- -- --- -- --- -- -- ---

5 0.336 01  0.407 01 0.433 0 1  0.473 01 0.509 0 1  0.553 01  0.630 01 
--- --- -- --- -- --- --- --- -- --- -- --- --

6 0.488 01 0.573 01 0.604 01  0.650 01 0.692 0 1  0.743 0 1  0.833 01 
-- --- -- --- -- --- -- --- -- --- -- --- --

7 0.649 01  0. 747 0 1  0.781 01  0.833 0 1  0.880 0 1  0.936 01 0. 103 02 
---- --- -- --- -- --- - - --- -- --- -- --- -- --- --

8 0.818 01 0.925 0 1  0.963 01 0. 102 02 0. 107 02 0. 1 1 3  02 0 . 1 24 02 
---- -- -- --- --- --- -- --- -- --- -- --- -- --- --

9 0. 994 01 0. 1 10 02 0. 1 1 4 02 0. 120 02 0. 1 2 6  0 2  0. 1 33 02 0. 1 45 02 
-- --- -- --- -- --- -- --- -- --- -- --- --

10 0.120 02 0. 128 02 0.133 02 0.138 02 0.144 02 0 . 1 53 02 0 . 164 02 
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� 0.0001 0.001 

3 0.133 01  0 . 1 7 7  0 1  

4 0.293 01 0. 359 01 
-- --- --

5 0.479 01 0.564 01 
-- --- --

6 0.681 01  0.780 01 
-- --- --

7 0.894 0 1  0. 100 02 
-- --- --

8 0. 1 1 1  02 0 . 1 2 2  0 2  
-- --- --

9 0.133 02 0. 145 02 

°"'-TV s°"'- 0.0001 0.001 

3 0 . 1 87 01  0.240 j
_

o
_
1 _ 

--

4 0.395 0 1  0.472 01 
-- --- --

5 0.629 01 0.727 01  
-- -- --

6 0.883 01 0.993 0 1  
-- -- --

7 0. 1 1 5  02 0. 1 2 7  02 
-- -- --

8 0. 143 02 0 . 1 55 02 
I 

� 0.0001 0.001 

3 0.246 01 0.307 01 
---- -- -- -- - -

4 0.502 01 0.589 0 1  
-- --- --

5 0.787 01  0.894 01 
-- --- --

6 0. 109 02 0 . 1 2 1  02 
-- --- --

7 0 . 1 4 1  02 0 . 1 55 02 
-- --- --

8 0. 1 76 02 0. 188 02 

� 0.0001 0.001 

3 0.308 01 0.378 01 
-- --- --

4 0.612 0 1  0 . 708 01 
-- --- --

5 0.948 01 0. 106 CJ2 
- - --- --

6 0 . 1 30 02 0. 143 02 
---- - -- -- --- --

7 0. 169 02 0 . 1 82 02 
-- --- --

8 0.209 02 0.220 02 

66 

n = 5  

0.002 

0. 194 01  

0.384 01 
--- --

0.595 01  
-- --

0.8 16 01  
--- --

0.104 02 
-- --

0.126 02 
--- --

0. 149 02 

0.005 

�1� 
0.422 01 

--- --

0.642 01 
--- --

0.870 01 
--- --

0. 1 1 0 02 
--- --

0. 133 02 
--- --

0. 156 02 

n = 6  

0.002 

0.261 01  
--- --

0.500 01 
--- --

0.761 01  
--- --

0. 103 02 
--- --

0.130 02 

0 . 1 59 ,� 

0.005 

0.292 01  
--- --

0.544 01 
- - --

0.815 01  
--- --

0.109 02 
--- --

0 . 1 37 02 
--- --

0. 166 02 

n = 7 

0.002 0.005 

0.331 01 0.367 01  
-- -- --- --

0.62 1 01  0.670 01  
-- - -- --- --

0.932 01 0.991 0 1  
--- -- --- ---

0. 1 2 5  02 0 . 1 32 02 
--- -- --- --

0. 1 59 02 0. 166 02 
- -- --- --- --

0 . 1 94 02 0.202 02 

n = 8  

0.002 0.005 

0.404 01  0.444 0 1  
-- -- --- --

0.744 0 1  0 .798 6 1  
-- - - --- --

0. 1 10 02 0. 1 1 7  02 
--- -- --- --

0. 147 02 0 . 1 55 02 
--- -- --- --

0 . 1 86 02 0 . 195 02 
--- -- --- --

0.229 02 0.238 02 

0,01 

0.245 01 

0.457 01 
- - --

0.684 01 
- - --

0.918 01 
--- --

0. 1 1 5  02 
--- --

0.138 02 
--- --

0. 163 02 

0.01 

0.32 1 01  
--- --

0.584 0 1  
-- --

0.862 01 
--- - -

0 . 1 14 02 
--- --

0. 144 02 
--- --

0 . 1 75 02 

0.01 

0.400 0 1  
--- --

0 . 7 1 4  01  
--- --

0 . 1 04 02 
--- --

0 . 1 38 02 
--- --

0. 1 73 02 
--- --

0.2 1 2  02 

O.Ql 

0.482 01 
--- --

0.847 0 1  
--- --

6. 122 02 
--- --

0 . 1 6 1  0 2  
--- --

0.203 02 
--- --

0.249 02 

0.02 0.05 

0.276 01 0.331 01  

0.499 01 0.574 0 1  
--- -- --- --

0. 735 01 0.826 0 1  
--- -- --- --

0.977 01  0. 108 02 
--- -- --- --

0 . 1 2 2  02 0 . 1 34 02 
-- - - --- --

0. 146 02 0. 160 02 
--- -- -- --

0. 1 1 2  I 02 0. 190 02 

0.02 0.05 

0.357 01  0.42 1 01  
--- -- - - ---

0.632 01 0 . 7 1 8  01  
--- -- --- --

0.92 1 01  0.102 02 
--- -- --- ---

0 . 1 2 1  02 0. 133 02 
--- -- --- --

0 . 1 5 1  0 2  0 . 1 65 02 
--- -- --- --

0 . 1 8 1  02 0. 197 02 

0.02 0.05 

0.441 01 0.5 1 4  01  
--- -- --- --

0. 768 01 0.865 01 
--- -- --- --

0. 1 10 02 0. 122 02 
--- -- --- --

0.145 02 0 . 1 59 02 
-- -- --- --

0 . 1 8 1  02 0.197 02 
--- -- -- --

0.2 1 8  02 0.236 02 

0.02 0.05 

0.526 01  0.608 0 1  
--- -- --- --

0.906 01 0.101 02 
--- -- --- --

0 . 1 29 02 0. 142 02 
--- -- - - --

0. 169 02 0. 1 84 02 
--- -- --- --

0.2 1 1  02 0.228 02 
--- -- --- --

0.254 02 0.274 02 
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n = 9  

� 0.0001 0.001 0.002 0.005 O.ot 0.02 0.05 

3 0.373 01 0.450 0 1  0.479 01 0.523 01 0.564 01 0.614 01 0 .703 0 1  
--- -- -- --- -- --- -- --- -- --- -- --- -- --- --

4 0.727 01  0.830 01 0.868 01 0.927 01 0.980 01 0 .104 02 0. 1 1 6  02 
-- --- -- -- -- -- -- --- -- --- -- �-- --

5 0. 1 1 1  02 0.123 02 0.128 02 0 . 1 35 02 0. 141  02 0 .148 02 0. 163 02 
-- --- -- --- -- --- -- --- -- --- -- --- ---

6 0 . 1 52 02 0. 165 02 0 . 1 70 02 0. 1 79 02 0. 1 85 02 0. 193 02 0.210 02 

n = 10 

� 0.0001 0.001 0.002 0.005 0.01 0.02 0.05 

3 0.440 0 1  0.524 01  0.555 01 0.604 0 1  0.648 01 0.702 01 0 .799 01 
-- --- -- --- -- --- -- --- -- -- -- -- --

4 0.843 01 0.955 01 0.996 01 0. 105 02 0. 1 1 1  02 0. 1 18 02 0 . 1 3 1  0 2  
-- --- -- --- -- --- -- --- -- -- -- --- --

5 0 . 1 2 7  02 0 . 1 4 1  0 2  0 .145 02 0.153 02 0 . 1 60 02 0. 168 02 0 . 1 83 02 
-- --- -- -- -- -- -- --- -- --- -- --- --

6 0 . 174 02 0.188 02 0. 193 02 0.203 02 0.210 02 0 .218 02 0.236 02 

n = 1 1  

� 0.0001 0.001 0.002 0.005 O.ot 0.02 0.05 

3 0.509 0 1  0.601 01 0.633 01 0.686 01  0 .733 01  0. 792 01 0.896 01 
- - --- -- --- -- - - -- --- -- --- -- --- --

4 0.961 0 1  0. 108 02 0. 1 1 2  02 0. 1 19 02 0. 125 02 0 . 1 3 2  0 2  0 . 1 46 02 
--- --- -- --- -- --- -- --- -- --- -- --- --

5 0. 144 02 0 . 1 58 02 0.163 02 0. 1 7 1  02 0. 1 78 02 0.187 02 0.203 02 
-- --- -- --- -- --- -- --- -- --- -- --- --

6 0. 1 95 02 0 .210 02 0 .216 02 0.225 02 0.233 02 0.244 02 0.261 02 

n = 1 2  

"-.W s"-. 0.0001 0.001 0.002 0.005 0.01 0.02 0.05 

3 0.580 01 0.677 01 0 . 7 1 3  01 0. 769 0 1  0.820 01 0.882 0 1  0.993 01 
---- --- --- --- -- -- -- --- -- --- -- -- -- --- --

4 0. 108 02 0.120 02 0 . 1 25 02 0 . 1 32 02 0. 139 02 0 .146 02 0 . 1 6 1  0 2  
-- --- -- -- -- --- -- --- -- --- -- --- --

5 0 . 1 6 1  0 2  0. 1 75 02 0 .181  02 0. 1 89 02 0.197 02 0.206 02 0.223 02 

n = 13 

� 0.0001 0.001 0.002 0.005 O.ot 0.02 0.05 

3 0.650 0 1  0.755 01 0.794 01 0.853 01 0.907 01 0.973 01 0 . 109 02 
-- --- --- --- -- --- -- --- -- --- -- --- --

4 0. 120 02 0 .133 02 0.138 02 0. 145 02 0 . 1 52 02 0 . 1 6 1  02 0 . 1 76 02 
-- --- -- --- -- --- -- --- -- --- -- --- --

5 0 . 1 78 1 02 0. 192 02 0. 199 02 0.207 02 0.2 1 5  0 2  0.225 02 0.245 02 
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n = 14 

"-w s"- 0.0001 0.001 0.002 0.005 O.Ql 0.02 0.05 

3 0.725 0 1  0.834 01 0.875 0 1  0.937 01 0.994 0 1  0 . 1 06 02 0. 1 19 02 
-- --- --- --- -- --- -- --- -- --- -- --- --

4 0.133 02 0. 146 02 0 . 1 5 1  0 2  0. 160 02 0 .167 02 0. 1 74 02 0.191  02  
-- --- -- --- -- --- -- --- -- --- -- --- --

5 0. 195 02 0.209 02 0.2 1 7  0 2  0.225 02 0.234 02 0.244 02 0.266 02 
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United States Patents Issued to International Telephone and 

Telegraph System; August-October 1957 

BETWEEN August 1 and October 31 ,  1957, the 
United States Patent Office issued 49 

patents to the International System. The names 
of the inventors, company affiliations, subjects, 
and patent numbers are listed below. 

A. H. W. Beck, Standard Telecommunication 
Laboratories (London) ,  Electron Dis­
charge Apparatus, 2 810 853 . 

W. Berthold, C. Lorenz A. G. (Stuttgart) , Gun 
System for Cathode-Ray Tubes, 2 802 139. 

E. M. Bradburd, Federal Telecommunication 
Laboratories, Tuned High-Frequency 
Amplifier, 2 803 710. 

A. E. Brewster, Standard Telecommunication 
Laboratories (London) ,  Regenerative 
Telegraph Repeaters, 2 802 052 . 

J .  H.  Bryant, Federal Telecommunication Labo­
ratories, Radio-Frequency Matching De­
vices, 2 803 777. 

H. Burr, Standard Telephones and Cables 
(London ) ,  Electric Cables, 2 810 01 1 .  

K .  W .  Cattermole, Standard Telecommunication 
Laboratories (London) ,  Electric Pulse 
Generators Employing Semiconductors, 
2 807 7 19. 

D. W. Davis, Farnsworth Electronics Company, 
Cathode-Ray Amplifier, 2 808 526. 

R. C. Davis and E.  B.  Moore, Federal Telephone 
and Radio Company, Combination Auto­
matic-Gain-Control and Silencer Ampli­
fier, 2 802 099. 

C. L. Day, Capehart-Farnsworth Company, 
Vacuum-Tube Element, 2 802 126. 

E. de Faymoreau, Federal Telecommunication 
Laboratories, Servomotor Control System, 
2 810 874. 

M. J .  Di Toro, W. Graham, and S. M. Schreiner, 
Federal Telecommunication Laboratories, 
Compressed-Frequency Communication 
System, 2 810 787. 

E. L. Earle, Kellogg Switchboard and Supply 
Company, Armature Keeper for Electro­
magnetic Relay, 2 8 1 1  681 .  

H. F .  Engelmann, Federal Telecommunication 
Laboratories, Attenuators, 2 810 891 . 

P. F. M. Gloess, Le Materiel Telephonique 
(Paris) , Sounding Device Using Electro­
magnetic Waves, 2 807 016. 

F. P. Gohorel, Compagnie Generale de Construc­
tions Telephoniques (Paris) ,  Automatic 
Telephone Systems, 2 810 018. 

A. N. Gulnick, Federal Telecommunication 
Laboratories, Delayed Action Switch, 
2 810 797. 

T. F. S. Hargreaves, H. T. Prior, and W. F. S. 
Chittleburgh, Standard Telephones and 
Cables (London) , Voice-Frequency-Signal 
Receivers, 2 806 903. 

E. J .  Hasney, Capehart-Farnsworth Company, 
Shaft Coupling Assembly, 2 801 531 .  

A.  Q .  Hislop and W.  Q .  Leysath, Capehart­
.Farnsworth Company, Stroboscopic De­
vice, 2 802 145. 

L. Holik and H. Nowotny, Vereinigte Telephon­
und Telegraphenfabriks, A. G. ,  Czeija, 
Niss! & Co. (Vienna) ,  Electrolytic Capaci­
tors, 2 806 982. 

J .  F. Houdek, Jr. , Kellogg Switchboard and 
Supply Company, Selective Gong Damper 
for Dual-Gong Ringer, 2 808 019. 

T. M. Jackson and A. D.  Odell, Standard Tele­
phones and Cables (London) ,  Electrical 
Circuits Using Multigap Cold-Cathode 
Gas-Filled Tubes, 2 810 861. 

A. G. Kandoian, Federal Telephone and Radio 
Company, Antenna Couplings, 2 807 713 . 

W. Keilig, Mix & Genest (Stuttgart) ,  Edgewise 
Conveyor System, 2 809 741 . 

M .  Kenmoku, Nippon Electric Company (Tokyo) ,  
Traveling-Wave Tube, 2 807 742. 
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E. Labin and D.  D .  Grieg, Federal Telephone 
and Radio Company, Indicating and 
Calibrating Means, 2 802 1 79. 

G. X. Lens, Bell Telephone Manufacturing 
Company (Antwerp) , Combined Code 
Recorder and Selector, 2 807 376. 

A. Lesti, Federal Telecommunication Labora­
tories, Decoder for Pulse-Code-Modula­
tion Systems, 2 807 715 . 

A. Lieb, C. Lorenz A. G. (Stuttgart) , Electronic 
Controlling Device, 2 807 738. 

F. Malsch , C. Lorenz A. G. (Stuttgart) , Tuning 
Indicator Valve, 2 802 1 28 . 

A.  W. McEwan, C. E. Anderson, and C. V .  
Daniels, Federal Telecommunication 
Laboratories, Traveling-Wave Electron 
Discharge Device, 2 806 973. 

E. M.  S. McWhiter, Intelex Systems Incorpo­
rated, Document Jacketing and Encoding 
Machine, 2 806 335 . 

R.  B .  Odden, Capehart-Farnsworth Company, 
Wave-Selecting and Synchronizing Sys­
tem, 2 802 105. 

S. B .  Pickles and M. A. Karpeles, Federal Tele­
communication Laboratories, Radio Navi­
gation Receiver, 2 803 821 . 

W. H . P .  Pouliart and J . P. H.  Vandevenne, Bell 
Telephone Manufacturing Company 
(Antwerp) ,  Electrical Information Stor­
age Arrangement, 2 807 004. 

H. T. Prior and W. F. S. Chittleburgh, Standard 
Telephones and Cables (London) , Syn­
chronizing Arrangements in Electric Tele­
graph Systems, 2 802 051 .  

F. Schmidt, Mix & Genest (Stuttgart) , Circuit 
Arrangement to Improve Impulsing and 
Supply in Stations with Long Subscribers' 
Lines, 2 806 085. 

W. Sindzinski, Mix & Genest (Stuttgart) , Un­
loader for Edgewise Conveyor System, 
2 810 469. 

W. Sindzinski, Mix & Genest (Stuttgart) , Co­
acting Belt Conveyor System, 2 806 582. 

W. Sindzinski and M. Muller, Mix & Genest 
(Stuttgart) , Conveying Device, 2 801 725. 

A. T.  Starr, H.  Grayson, R .  A. G .  Dunkley, and 
T. H .  Walker, Standard Telecommunica­
tion Laboratories (London) ,  Electromag­
netic Switches, 2 802 1 70. 

E. Stein and F'. H. Numrich, Federal Telecom­
munication Laboratories, Protective Cir­
cuit, 2 810 858. 

K. Steinbuch, Mix & Genest (Stuttgart) , Circuit 
Arrangement to Change Characteristic 
Curve of Multielectrode Tubes, 2 806 154. 

H. K. J. Strosche, Siiddeutsche Apparatefabrik 
(Niirnberg) , Method of Producing Sele­
nium Rectifiers, 2 807 762. 

I .  R. Taylor, Federal Telecommunication Labo­
ratories, Antenna Structure, 2 805 414. 

F. A. Termini and J .  '.. M .  Rafalko, Federal 
Telecommunication Laboratories, Appa­
ratus for Printed-Circuit Solder Coating, 
2 803 216. 

S. H. Towner and L .  R .  Hatch, Standard Tele­
phones and Cables (London) , Electromag­
netic Light-Current Contact-Making Re­
lays, 2 802 156. 

T. H.  Walker, Standard Telecommunication 
Laboratories (London) , Electric Trigger 
Circuits, 2 806 153 . 

Sounding Device Using Electromagnetic 
Waves 

2 807 016 

P. F.  M.  Gloess 
This basic patent covers plan-position-indica­

tor radar. The invention covers broadly the 
arrangement for deriving directly from reflected 
radar pulses information including the angular 
position of the reflecting object and the distance 
to the object, this combined information being 
displayed on a single indicator. 

Document Jacketing and Encoding Machine 

2 806 335 

E. M. S. McWhirter 
This invention covers the conveyor and jacket­

ing machine for use in automatic bank accounting 
machines. 
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Contributors in This Issue 

Guy E. ADAMS 

Guy E. AD.ru'1s holds the B .S.E.E. 

and B.S.M.E. degrees from Purdue 

University and has attended its grad­

uate school. He has had extensive ex­

perience in control systems for drone 

aircraft. During the past several years 

he has been engaged in the analysis, 

design, and development of control 

systems and computers for missile con­

trol, fire control, bombing systems, and 

simulators. As a senior engineer in the 

electromechanical section at Farns­

worth Electronics Company, he pre­

pared the paper in this issue on 

servomechanisms. 

At the present time, Mr. Adams is 

systems section head in the inertial 

F. BUCHHOLTZ 

systems department, mechanical divi­

sion, of General Mills, I ncorporated. 

He is a Senior Member of the I RE. 

F. BUCHHOLTZ was born in Braun­
schweig iu Germany on June 4, 1923. 

His engineering education was received 
at the State College in Dortmund . 

. \fter working as a development en­
gineer for various organizations, he 
joined Mix & Genest, now a division of 
Standard Elektrik A.G., in 195 1 .  

His particular responsibility is the 
development of amplifiers and repeat­
ers for carrier-operated telephone sys­
tems and he is head of that laboratory 
within Standard Central Laboratories 
in Stuttgart. Mr. Buchholtz reports on 
the Z6NC carrier telephone system in 
this issue. 

LEOPOLD CHRISTIANSEN was born in 
Kiev, Russia, on December 2, 1913.  

He studied at the Technical University 
of Stuttgart, at the Rensselaer Poly­
technic I nstitute of Troy, New York, 
and at the Technical University of 
Dresden, where he received his diploma 
and his doctorate. 

He worked first at the Institute of 
Electrical Engineering of the Technical 

University of Dresden. In 1948, he 
joined Mix & Genest, now a division of 
Standard Elektrik A.G. Since that 
time, he has been engaged in the de­
velopment of various carrier-frequency 
telephony systems, and is now head 
of the wire and cable transmission 
laboratories. 

In this issue, he is coauthor of the 
paper on the Z6NC carrier-frequency 
telephone system. 

LGCIEN R. GILLON was born in 
Saint-Maur-des-Fosses, France, on Feb­
ruary 2 1 ,  1920. He graduated in 1 940 

as an engineer from the Ecole Na tionale 
d'Arts et Metiers of Paris. 

He joined the Compagnie Generale 
de Constructions Telephoniques in 

1958 • Number I ELECTRICAL COMMUNICATION 

LEOPOLD CHRISTIANSEN 

February 1941 and was assigned to the 
remote-control division of the tech­
nical department. Mr. Gillon has been 
the head of this division since 1953. He 
is the author of the paper in this issue 
on the supervision equipment for a 
65-kilov•lt power network. 

• 

JAKOB KRUITHOF was born in Rot­
terdam, Netherlands, on November 6, 
1 894. He received the degree of Electro­
Technical Engineer from Delft Tech­
nical High School in Holland in 1922 
and of Doctor in Applied Sciences from 
Ghent University in Belgium in 1945. 

Dr. Kruithof is Technical Develop­
ment Administrator of Bell Telephone 

LUCIEN R. GILLON 
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]AKOB KRUITHOF 

Manufacturing Company in Antwerp, 
Belgium, and Assistant Technical 
Director of the I nternational Standard 
Electric Corporation. He reports in this 
issue on homogeneous gradings for tele­

phone switching systems. 

WILHELM SCHMITZ was born 111 
Honnef on the Rhine in Germany on 

April 14, 1 902. He received a diploma 

from the Technical College of Aachen 

72 

in 1926, a doctor of engineering degree 
from the Technical College of Berlin 

in 1932, and, from the same college, a 
doctor of engineering license in 1939. 

After working for Siemens and Halske 
from 1927 to 1 949, he joined C. Lorenz 
A.G. and is now director of the labora­

tory for railroad safety systems. 

Dr. Schmitz holds a large number 

of patents and has published his work 

extensively. His paper in this issue 

describes the Tricon railroad interlock 

system. 

WILHELM SCHMITZ 

W. ZAISER 

W. ZAISER was born on July 2 7 ,  1912 

in Boeblingen, Germany. He received : 
doctorate from the Technical Colleg, 
of Stuttgart. 

After several years with Allgemein, 

Elektrizitats Gesellschaft, he joinec 
Mix and Genest, now a division o 

Standard Elektrik A.G. ,  in 195 1 .  He i 

now in charge of the laboratory for th1 

development of multichannel telephon1 

carrier systems of Standard Centra 
Laboratories in Stuttgart. Dr. Zaiser i 
coauthor of the paper on the Z6N( 

carrier system. 
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INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
Principal U. S. Divisions and Subsidiaries 

DIVISIONS Components Division, Clifton, N. J. 
Kuthe Laboratories, Inc., Newark, N. J. 

Farnsworth Electronics Company, Fort Wayne, Ind. 

Federal Telecommunication Laboratories, Nutley, N. J. 
Federal Telephone and Radio Company, Clifton, N. J. 

Industrial Products Division, San Fernando, Calif. 

Kellogg Switchboard and Supply Company, Chicago, Ill. 

SUBSIDIARIES American Cable & Radio Corporation, New York, N. Y. 
All America Cables and Radio, Inc., New York, N. Y. 
Commercial Cable Company, The, New York, N. Y. 
Mackay Radio tmd Telegraph Company, New York, N. Y. 

Federal Electric Corporation, Paramus, N. J, 
Intelex Systems Incorporated, New York, N. Y. 

Airmatic Systems Corporation, Rochelle Park, N. J, 
International Telephone Building Corporation, New York, N. Y. 
Kellogg Credit Corporation, New York, N. Y. 
Royal Electric Corporation, Pawtucket, R. I. 

and . . .  International Standard Electric Corporation. New York. N. Y. 
whose principal research, manufacturing, and sales affiliates are: 

ARGENTINA Capehart Argentina S.A.l.C. ( 50% owned ) , 
Buenos Aires 

Compania Standard Electric Argentina, S.A.I.C., 
Buenos ii.ires 

AUSTRALI A Standard Telephones and Cables Pty. Limited,. Sydney 
Austral Standard Cables Pty. Limited 

( 50% owned ),  Melbourne 
Silovac Electrical Products Pty. Limited, Sydney 
Standard Telephones and Cables ( Qld. ) Pty. 

Limited, Brisbane 
AUSTRIA Stannard Telephon und Telegraphen 

Aktiengesellschaft, Czeija, Niss! & Co., Vienna 
eELGIUM Bell Telephone Manufacturing Company, Antwerp 

BRAZIL Standard Electrica, S.A., Rio de Janeiro 
CANADA Standard Telephones & Cables Mfg. Co. ( Canada ),  Ltd., 

Montreal 
CHILE Compania Standard Electric, S.A.C., Santiago 

CUBA Equipos Telef6nicos Standard de Cuba, Havana 
International Standard Products Corporation, Havana 

DENMARK Standard Electric Aktieselskab, Copenhagen 

FINLAND Oy Suomen Standard Electric AB, Helsinki 

FRANCE Compagnie Generale de Constructions Telephoniques, 
Paris 

Les Teleimprimeurs, Paris 
Laboratoire Central de Telecommunications, Paris 
Le l\fateriel T c"lephonique, Paris 

GERMANY Standard Elektrik Lorenz A.G. ,  Stuttgart 
Bauelemente Werk S.A.F. (division) , :\'uremberg 
lnformatikwerk (division), Stuttgart 
Kabelwerk (division), Stuttgart 
Lorenz \:Verke (division), Stuttgart 

.'v1ix & Genest Werke (division), Stuttgart 
Schaub Werk (division), Pforzheim 

IRAlf Standard Elektrizitats-Gesellschaft Iran A.G., 
Teheran 

ITALY Fabbrica Apparecchiature per Comunicazioni 
Elettriche Standard S.p.A., Milan 

MEXICO Industria de Telecomunicaci6n, S.A. de C.V. 
( 50 % owned ) .  l\1exico City 

Standard Electrica de Mexico, S.A., Meidco City 

NETHERLANDS Nederlandsche Standard Electric Maatschappij N.V., 
The Hague 

NEW ZEALAND New Zealand Electric Totalisators Limited. 
Wellington 

· 

NORWAY Standard Telefon og Kabelfabrik A/S, Oslo 

PORTUGAL Standard Electrica, S.A.R.L., Lisbon 
PUERTO RICO Standard Electric Corporation of Puerto Rico, San Juan 

SPAIN Standard Etectrica, S.A., Madrid 

SWEDEN Standard Radio & Telefon AB, Stockholm 

SWITlERLAND Standard Telephone et Radio S.A., Zurich 

TURKEY Standard Electric Turk Limited Sirkcti, Ankara 
UNITED KINGDOM Creed & Company, Limited, Croydon 

Standard Telephones and Cables Limited, London 
Kolster-Brandes Limited, Sidcup 
Standard Telecommunication Laboratories 

Limited, London 

VENEZUELA Standard Tc'leC'ommunications C.A., Caracas 

Overseas Telecommunication Companies 

ARGENTINA 

BOLIVIA 

BRAZIL 

CHILE 

Compania Internacional de Radio, S.A., Buenos Aires 
Sociedad Anonima Radio Argentina ( subsidiary 

of American Cable & Radio Corporation) ,  
Buenos .Aires 

Compania Internacional de Radio Boliviana, La Paz 
Companhia Iladio Internacional do Brasil, 

Rio de Janeiro 
Companhia Telefonica Nacional, Curitiba and Porto Alegre 
Compania de Telefonos de Chile, Santiago 
Compaflia Internacional <le Radio, S.A., Santiago 

CUBA Cuban American Telephone and Telegraph 
Company, (,')()% owned ),  Havana 

Cuban Telephone Company, Havana 
Radio Corporation of Cuba, Havana 

PERU Compania Peruana de Telefonos Limitada, Lima 
PUERTO RICO Porto Hico Telephone Company, San Juan 

Radio Corporation of Puerto Hico, San Juan 
SPAIN Compaflia H.adio Aerea l\faritima Espanola, S.A., Madrid 

UNITED KINGDOM International �1arine Radio Company Limited, Croydon 

Associate Licensees for Manufacture and Sales 

FRANCE Lignes Telegraphiques ct Telephoniques, Paris 

ITALY Societa Italian.a Reti Telefoniche Interurbane, Milan 

JAPAN Nippon Electric Company, Limited, Tokyo 
Sumitomo Electric Industries, Limited, Osaka 

SPAIN Marconi Espanola, S.A., Madrid 
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