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This Issue in Brief 

Maximum-Likelihood Smoothing-The available 
data about a time-varying quantity are con­
sidered to be a set of measurements. Each meas­
urement is expressed as a likelihood function. 
These likelihood functions can be manipulated 
so that the time-varying quantity having the 
maximum likelihood of occurrence is obtained. 
The manipulations consist of multiplication, 
convolution, scaling, and partitioning. If the 
likelihood functions are Gaussian they can be 
represented by two parameters, mean and 
weight, and the manipulations reduce the simple 
algebraic operations. 

The maximum-likelihood approach facilitates 
the optimum combination of data from diverse 
sources ; for example, radio measurements and 
inertial measurements of the position of a 
vehicle. The data required will often be easier to 
obtain and more intuitively meaningful than 
that for the alternative smoothing approach 
utilizing time series. It also turns out that the 
mathematics for the likelihood approach are 
relatively simple, partly because the elements 
of the process are more readily comprehensible, 
thus making it easier to make reasonable 
approximations. 

On the Relation Between Time, Space, and 
Holding-Time Distribution functions-In apply­
ing the probability theory to telephone switching 
problems, care should be taken to avoid two 
principal errors : the incorrect interpretations of 
the mathematical meaning of the traffic values 
that appear in the various probability equations 
and the unwarranted application of probability 
equations to cases for which they are not valid. 

The present paper deals with the latter problem 
and contains a theoretical investigation of the 
conditions under which the various well-known 
equations are valid. For this purpose a general 
equation is used that is based on the principle 
of statistical equilibrium but for a measurable 
lapse of time. This equation was first published 
in volume 38, number 2, 1963 of this periodical. 

The solution of problems by the aid of this 
equation gives rise to a number of algebraic 

lemmas. Further, the paper contains a new 
delay equation comprising Bernoulli terms. 

Planning of Telephone Systems Using Small­
Diameter Coaxial Cable-Crosstalk among 
symmetric twisted pairs in cable increases with 
frequency and limits them to about 120 chan­
nels. For coaxial pairs in cable, crosstalk de­
creases with frequency and is significant below 
about 60 kilohertz. 

Logically, the early coaxial-cable systems were 

designed to accommodate thousands of chan­
nels to meet heavy trunk needs. The 10: 1 gap 
in channel capacity between the twisted-pair 
and coaxial-pair systems has now been filled 
vvith a coaxial cable having an inner-conductor 
diameter of 1 .2 millimeters and an outer­
conductor diameter of 4.4 millimeters. Tran­
sistor repeaters supplied with operating power 
over the inner conductor of the coaxial pair 
are essential elements of the new system. Initial 
designs are for 300, 960, and 1260 telephone 
channels with unattended repeaters. 

To fit into existing systems, the coaxial pair 
should have a characteristic impedance of about 
75 ohms, which for polythene dielectric and 
copper requires a ratio of 3.6 for the diameters 
of the facing surfaces of the coaxial conductors. 
The minimum spacing between conductors is 
limited by the total of the operating voltages of 
all the repeaters in the feed link in series and 
the voltage drops along the inner-conductor 
sections between repeaters. Under fault condi­
tions, this total voltage may be applied across 
the coaxial pair. A 30-mile ( SO-kilometer) link 
for 2700 channels would have 25 amplifiers at 
1 .25-mile (2-kilometer) intervals. Suitable 
choice of repeater locations for a 300-channel 
system will permit them to be retained if addi­
tional repeaters are interspersed later to pro­
vide for an increase in channel capacity. 

By isolation from inducing power systems, 
sheathing of the cable containing the coaxial 
pairs, insulation of the inner and outer coaxial 
conductors from earth, shortening of the links 
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fed from a single source, and use of discharge 
devices, induced voltages may be reduced and 
thus protect the transistor amplifiers from 
damage. 

Multichannel Telephone Equipment of Standard 
Elektrik Lorenz for Small-Diameter Coaxial 
Cable-Line equipment to provide 300 and 
960 channels over the new small-diameter 
coaxial cable with transistor repeaters was de­
signed to meet the requirements of the Inter­
national Telegraph and Telephone Consultative 
Committee and the German Post Administra­
tion. The use of transistors permits under­
ground installation of unattended dependent 
repeaters and the economical application of 
direct-current power over the coaxial cable for 
long distances. 

Two types of line equipment form one system 
family, using compatible repeater section 
lengths and identical mechanical design. This 
allows for straightforward conversions from 
one type to the other if the line capacity is to 
be increased from 300 to 960 speech channels. 

Multichannel Telephone Equipment of Standard 
Telephones and Cables for Small-Diameter 
Coaxial Cable-Two carrier systems are de­
scribed capable of transmitting 300 and 960 
telephone channels over two 0 . 174-inch ( 4.4-
millimeter) diameter coaxial pairs of conductors 
employed as a 4-vvire circuit. Both systems meet 
the recommendations of the International Tele­
graph and Telephone Consultative Committee 
and the specifications of the British Post Office. 
The repeater spacings are 2.5 miles ( 4 kilo­
meters ) for 960 channels and 3.75 miles (6 
kilometers) for 300 channels. 

Both equipments have a considerable number 
of common parts and circuits to ease the devel­
opment, manufacturing, and maintenance prob­
lems. They can also share a common repeater 
housing intended for installation in an under­
ground box or manhole, the whole repeater in­
stallation being designed around the British 

This Issue in Brief 

Post Office decision to employ a 4-tube coaxial 
cable as standard. The repeaters are power-fed 
over the center conductors of the 4-wire coaxial 
circuit and a comprehensive fault location and 
alarm scheme is built into the terminal repeaters. 

Multichannel Telephone Equipment of Standard 
Telephone et Radio for Small-Diameter Coaxial 
Cable-This contribution describes the 300-
channel system designed by Standard Tele­
phone et Radio and constructed in the new 
Swiss equipment practice 62. The facilities 
mentioned are mainly those that differ from the 
other two systems. 

H igh-Power Varactor Frequency-Doubler Chains 
-For frequency multiplication, about 10  times 
the power can be handled by varactors driven 
for a fraction of the cycle into the forward-bias 
region than if they are limited to the reverse­
bias region as has normally been the case. 

The varactor capacitance is a function of the 
drive power and exceeds the zero-bias value. 
The conversion resistance, which represents the 
ability to convert power at frequency f to 2f, 
varies inversely as the input frequency. Best 
efficiency occurs when the load resistance equals 
the conversion resistance. The power that may 
be used is limited by either the varactor heat 
dissipation or by the peak voltage developed 
across the varactor. Circuit designs for both 
lumped and distributed coupling networks are 
outlined. 

A chain of 6 doublers produces 1 watt at 4288 
megahertz from an input of 10  watts at 67 
megahertz, a multiplication of 64 times. Outputs 
of 5 watts have been obtained in the 4-gigahertz 
region. 

Trends in Radio and Television Receiver Com­
ponents in Germany-About 1 5  years ago the 
selenium rectifier started to replace the vacuum­
tube power rectifier in radio receivers. The 
later invention of the transistor expanded the 
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This Issue in B rief 

application of semiconductors and about 1959 
the all-transistor portable radio receiver oper­
ating in the very-high-frequency region was 
marketed in Germany. 

The introduction of semiconductors into mains­
operated receivers is taking much longer. In the 
television receiver the limiter stages were the 
first to use transistors, followed by the ultra­
high-frequency circuits. With the exception of 
the picture tube, high-voltage rectifier, and indi-

cator tubes, all vacuum tubes can now be re­
placed by semiconductors in home television 
receivers. Price has been a major consideration. 

Development of passive components has empha­
sized great reduction in physical size, often re­
sulting from new materials that in some cases 
improve operating functions as well. Automatic 
assembly on printed-wiring boards has required 
mechanical redesign of previously acceptable 
components. 

Goudet Elected President of Societe fram;:oise des 
Electronidens et des Radioelectriciens for 1966 

Georges Goudet, Managing Director of Com­
pagnie Generale de Constructions Telepho­
niques, President of Laboratoire Central de 
Telecommunications, and President of Societe 
des Produits Industriels ITT (all in Paris, 
France), has been elected President of Societe 
frarn;aise des Electroniciens et des Radioelec­
triciens for 1966. 

Among his predecessors in this position were: 

Duke de Broglie, Louis Lumiere, Edouard 

Belin, Louis Breguet, and Prince Louis de 

Broglie. 

Georges Goudet was born in Dijon, France, on 

2 June 1912. He received the titles of Agrege 

and then Docteur in physical sciences from 

Ecole N ormale Superieure of Paris. He is an 

officer of the Legion of Honor. 

McNitt Honored by Veteran Wireless Operators Association 

At its 41st annual banquet in New York City, 

the Veteran ·vvireless Operators Association 

presented its Marconi Memorial Gold Medal to 

General James R. McNitt, president of ITT 

\N orld Communications, in recognition of a 

"quarter century of valuable contributions to 
global communications." 

Other International System personnel who pre­
viously received this award were the late Lee 
deForest, Admiral Ellery V.f. Stone, and 
Haraden Pratt. 
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Maximum-Likelihood Smoothing 

G. RABOW 
ITT Federal Laboratories, A Division of International Telephone and Telegraph Corporation ; Nutley, New Je rsey 

1. Introduction 

The smoothing of a time-varying quantity 
can be approached in two ways. The more­
common way is to consider the time-varying 
quantity to be composed of a true value 
contaminated with noise. Statistical properties 
of the uncontaminated variable and of the 
noise are then determined. An error criterion 
is next established, and an operator (often 
implemented by means of a filter) is estab­
lished that, within the constraints of the 
system , minimizes the statistical error m 
accordance with the error criterion [1]. 

The other approach, taken in this paper, is 
to consider the available data to be a set of 
measurements about the time-varying quan­
tity. Each measurement yields a likelihood 
function for the measured quantity; that is, 
each measurement, by itself, allows statistical 
inference about the measured quantity, which 
of course depends on the assumed precision 
of the measurement process. These likelihood 
functions can then be manipulated so that the 
time-varying quantity ha\ ing the maximum 
likelihood of occurrence is obtained. I f  the 
measurements are not all independent, this 
must be taken into account in the manipula­
tion of the likelihood functions. 

There are several important advantages in the 
maximum-likelihood approach. It facilitates 
the optimum combination of data from diverse 
sources, for example, radio measurements and 
inertial measurements of the position of a 
vehicle. The data required, namely the likeli­
hood (or distribution) functions for the vari­
ous types of measurements employed, will 
often be easier to obtain and more-intuitively 
meaningful than would the statistical in­
formation of the time series involved required 
for the alternative smoothing technique. And 
it turns out that the mathematical manipula­
tions involved in the use of the likelihood 
approach are relatively simple. This is so 
partly because the elements of this process are 
more-readily comprehensible, hence it is 
easier to make reasonable approximations. To 

illustrate this, a smoothing program imple­
mented for radio-guided vehicles is described 
as an example. 

2. Manipulation of Likelihood Functions 

A likelihood function L (x) expresses the like­
lihood of the occurrence of x; that is, the 
probability (or probability density) of the 
occurrence of ;x; is kL(x) , where k is a constant. 
For example,  L(x) might be the result of an 
imperfectly accurate measurement of x. The 
following properties of likelihood functions 
follow· immediately from the rules for prob­
ability. 

(A) If likelihood functions L1 (x) and L2 (x) 
are obtained from independent measurements, 
then the likelihood function of x is L(x) 
= kL1(x)Lz(x) . 

(B) If likelihood functions L1(x) and Lz(y) 
are obtained from independent measurements, 
then the likelihood function of z is 

L(z) = k i: L1(z =F y)L2(y)dy 

== Li(x) *Lz(±y) 
where z = x ± y. 

Suppose independent measurements are made 
of quantities x, y, z giving L(x) , L(y) , L(z) . 
If z = x - y, then this information can be 
used to give combined likelihood functions 
for x, y, and z as follows 

L'(x) = [L(x) ][L(z) *L(y) ] 
L'(y) = [L(y) J[L(x) *L(-z) ] 
L'(z) = [L(z) ][L(x) *L(-y) ]. 

If, for example, L(x) is the result of a position 
measurement at time 1, L(y) of a position 
measurement at time 0, and L(z) of a measure­
ment of average velocity, then the L' func­
tions give improved estimates of position at 
times 1 and 0 and of average velocity. 

It should be noted that a very-accurate 
measurement results in a very-narrow likeli­
hood function approaching a delta function, 
while a dubious measurement results in a 
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Maximum-Likelihood Smoothing 

broad likelihood function approaching uni­
form distribution. The convolution of a broad 
and a narrow likelihood function results in a 
broad one; the multiplication of a broad and 
a narrow function results in a narrow one. 
In the calculation of L'(x), L'(y), and L'(z) 
above, if two of the original measurements 
are highly accurate and the third is not, the 
result will be very-little influenced by the 
inaccurate measurement. I f  one of the meas­
urements is not made, this is equivalent to a 
measurement of zero accuracy, and the results 
will then be determined solely by the two 
remaining measurements. 

Suppose a particle is known to be traveling 
with constant velocity, and position measure­
ments are made at times 0, 1 ,  2, resulting in  
L1(x), L2(y), and L3(z). There are three simple 
ways of calculating velocity likelihood, namely 

L1(v) = L2(y)*L1(-x) 
L2(v) = L3(z)*L2(-y) 
L3(v) = L3(z/2)*Li(-x/2). 

However, the L,.(v) cannot be multiplied 
together because the L;(v) are not independent 
measurements. 

The most-general expression for L(z1) is 

L(v) = [a(y)L2(y)*b(x)L1( - x)J 
X [c(z)Ls(z)*d(y)L2(-y)] 

X [e(z/2)L3(z/2)*f(x/2)Li(-x/2)]. 
The following constraints must be satisfied: 
a(y)d(y) = 1; b(x)f(x) = 1; c(z)e(z) = 1 .  I n  
other words, a likelihood function L(w) can 
be split into components whose product equals 
L(w), and these components can be considered 
to be independent measurements. The remain­
ing arbitrary functions can be selected to give 
the best L(v). 
The indicated procedure can be applied to 
more-general problems. However, if the meas­
urement data are in the form of Gaussian 
likelihood functions, the computations are 
greatly simplified. The remainder of this 
paper will be limited to such Gaussian dis­
tributions, except where otherwise noted. 

3. Gaussian Likelihood Functions 

A Gaussian likelihood function can be ex­
pressed as L(x) = ke-WCx-ml2 and is thus com­
pletely specified by two parameters, namely 
mean m and weight W. The weight W is 
related to standard deviation u by W = 1/2u2• 
The Gaussian likelihood function will be 
abbreviated as L(x; W; m). 
The following properties can easily be shown 
for Gaussian likelihood functions by carrying 
out the indicated operations (remembering 
that multiplicative constants are arbitrary) . 

( 1 )  

that is ,  if Gaussian likelihood functions are 
multiplied, the product is Gaussian with 
weight equal to the sum of the weights of the 
factors and mean equal to the weighted mean 
of the factors. 

L(x; T¥1; m1)*L(±x; TV2; m2) ( W1W2 ) = L x; Wi + TV2 ; m1 ± m2 (2) 

that is, if Gaussian likelihood functions are 
convoluted to obtain sum or difference likeli­
hood functions, the result has reciprocal 
weight equal to the sum of the reciprocal 
weights of the factors, and mean equal to the 
sum or difference, respectively, of the mean 
of the factors. 

L(rx; W; cm) = L(x; vY/c2; m) (3) 

that is, multiplication of the variable of a 
Gaussian likelihood function by c multiplies 
the weight by 1/c2• ( In  other words, if a 
measurement is rescaled, the expected error 
must be rescaled correspondingly.) 

L(x; W; m) 
= L(x;aW;m)L(x; (1 - a)W;m), 

0 S a S 1 (4) 

that is, a Gaussian likelihood function can be 
split into independent components by merely 
splitting the weight. 
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4. Example of Maximum-Likelihood 

Smoothing 

The theory developed thus far is adequate for 
the solution of some practical problems. 
Given below is an implementation of smooth­
ing of the location of a moving vehicle in real 
time. A digital computer was available in the 
system under consideration ; hence it was 
convenient to perform the smoothing nu­
merically. However, the smoothing could 
readily have been implemented by analog 
means, had this been a requirement. For 
simplicity, the problem will be presented here 
in one dimension only ; no essential features 
of the smoothing process will be lost thereby. 

The position of the vehicle under consideration 
is determined by means of a radio location 
system. The measurements are repeated at 
regular intervals T, where T is sufficiently 
long compared with measurement system time 
constants so that the measurements at 
different times can be considered independent. 
The radio measurement system has an error, 
the predicted magnitude of which depends in 
a known vrny on the location of the vehicle 
relative to the fixed stations. 

If nothing were known about the motion of 
the vehicle, then the position indicated by the 
radio location system would be the best 
estimate of the position of the vehicle at the 
instants of measurement. If, however, some 
information is available about the motion of 
the vehicle from one instant to the next, then 
this information can be used to improve the 
position location estimates. In the case of the 
vehicle under consideration, the vehicle travels 
with an acceleration (often zero) that is known 
within some tolerance. 

An important consideration is how this 
tolerance in acceleration, which can be con­
sidered an error in a "measurement" of ac­
celeration, is correlated between measure­
ments. In the problem under consideration, 
the error in acceleration " measurement," 
which is largely caused by wind effects, was 

Maximum-Likel ihood Smoothing 

assumed independent from interval to m­
terval. This assumption was made for the 
following reasons. 

(A) It leads to very simple implementation. 
(Note that for any other assumption, the 
more-complicated procedure of the following 
section must be employed.) 

(B) In the absence of detailed data, this 
assumption is as plausible as any. 

(C) The equation obtained using this assump­
tion can be modified to guard against the other 
extreme assumption ; namely, that the ac­
celeration error is constant, as will be shown. 

It was also assumed that the measurement 
errors are a Gaussian distribution and for 
similar reasons : 

(A) This assumption leads to simple im­
plemen ta ti on. 

(B) Measurement errors are usually very 
close to a Gaussian distribution. 

(C) One cause of departure from Gaussian 
distribution is gross errors that are due to 
some failure. Such an error can be expected 
to be more nearly uniformly distributed over 
the limits of the variable than a Gaussian 
distribution. The results obtained using Gaus­
sian distribution can be modified to guard 
against gross error due to failure, as will be 
shown. 

Assume now that, at some instant of time, 
the best estimates of position X 1 and of first 
difference in X, V1 = X - X1 and the cor­
responding weights Wx1 and Wn are avail­
able. At an instant of time T later, a measure­
ment XM is obtained with weight w2Vl· The 
second difference in X, Ai = V - Vi is also 
obtained from the intended maneuver (or 
measured) with weight lVA. There are now 
two ways of obtaining X at the second instant ; 
namely 

X = X,�1 (El) 

X = Xi + Vi + A1 (E2) 
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and two ways of obtaining V, namely 

v = XA{ - X1 

V = Vi+ A1. 

(E3) 

(E4) 

It should be noted that each of the two means 
of obtaining X or V involves different in­
formation and hence can be considered 
independent. There is a slight approximation 
in this statement, since X1 and V1 are not 
completely independent because they are ob­
tained from the same basic data. However, 
the manipulation of the data to obtain these 
two quantities is completely different, they 
are hence very weakly coupled, and the error 
made in considering them independent there­
fore is insignificant. The alternative would be 
calculations involving all the past data rather 
than simple recursive equations. Making the 
assumption of independence, the best esti­
mates of X, V, and their respective weights 
are obtained, from the rules of manipulating 
Gaussian likelihood functions, as follows. 

Wx= WE1 + WE2 (E6) 

V= WE3(XM - X1) + WE4(Vi + A1) 
(E7) 

WE3 + TVE1 

Wv= Tf!E3 + WE4 (E8) 

where W Ei, TV E2, lV E3, and TV E4 are, respec­
tively, the weights of the quantities in (El ) ,  
(E2 ) ,  (E3) , and (E4) , and are obtained from 

WE2 = (Wx1-1 + Wn-1 + T1V.c1)-1 
Wx1Wv1 

for relatively large WA. 

lVMTVx1 Tff E3 = ----­wllI + Wx1 

(E9) 

(ElO) 

(ElOA) 

(El l) 

(El2) 

The quant1t1es X, V, Wx-, and Wr are thus 
recursive and become X1, V1, TT'x1, TVn in the 
following computation. The weight WM is 
time varying and is obtained from the known 
relation of the geometry between vehicle­
measurement stations and measurement error, 
using unsmoothed values to make this com­
putation. The weight WA depends both on the 
maneuver being attempted and on the tur­
bulence of the medium in which the vehicle 
is operating. In the example under considera­
tion, only two values of TVA were employed, 
a high value for zero acceleration conditions 
and a lower value during maneuver. 

I t  should be noted that the weights for posi­
tion and velocity and hence the accuracy 
will (in the absence of rapid change in TVir 
and for relatively high WA) increase with the 
number of measurements taken and eventually 
approach asymptotic values, approximately 
Wv � (WA2WM)Ya and Wx"' (WM2WA)�3. Of 
course, the initial values for TVv1 and TVx1 are 
zero. 

To deal with a steady error in acceleration, 
let it be required that an uncompensated 
steady velocity difference of magnitude a 
result in a position error that is no greater in 
magnitude than e. 

Let A1 = 0 in (ES) and (E7) while the actual 
acceleration is a, let there be no other meas­
urement errors, and assume steady-state 
conditions have been reached (that is, con­
stant e) . Then 

a= V- V1. 

Substituting (El3) and (E14) in (E7) 

(El3) 

(E14) 

V 
_ WE3(X - X1 + e) + WE1(V - a) (ElS)  -

WE3 + HlE4 

WE3(V + e) + WE1(V - a) 
(E16) 

WE3 + lffE4 

which reduces to 

W - WE3e (El7) E4 - a · 
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For large WA, a limit on WE4 is equivalent to 
a limit on Wv. If Wx » WM, which is the 
case under steady-state conditions, then 
H'Eo � vV,,1. Hence, the position error can be 
limited approximately to e as a result of 
constant velocity difference a by limiting 
Wv to 

(E18) 

To guard against gross error, two checks can 
be made. The velocity V (position difference) 
can be compared with a known maximum 
value of velocity L. The velocity difference 
V - Vi can be compared with another limit, 

which is a function of Wv (in the example 
under consideration such that the So- limit was 
exceeded) .  If one of these limits is exceeded, 
then the assumption is made that a gross 
error has occurred and that the measurement 
distributions can no longer be assumed to be 

Gaussian. Instead of assuming that both ways 
of computing position (El and E2) or velocity 
(E3 and E4) contribute to the gross error, 
which is a consequence of Gaussian distribu­
tion, a more-likely explanation now is that the 
error is primarily or completely due to one or 
the other, but not to both. Which one is at 
fault is not known at this point, but the first 
time such a gross error occurs, the more-likely 
candidate for blame is the current measure­
ment. However, a gross error in stored data, 
if not removed, is more serious since it will 
affect many subsequent points. Many schemes 
for dealing with gross error are possible ; the 
following \Vas employed in the example under 
consideration. 

Calculate 

C - K (E19) - Wv[( V - Vi)2 + Cl VI - L)2] 
• 

If C 2:: 1 ,  no gross error exists. 

Maximum-Likel ihood Smoothing 

If C < 1 with frequency below a predeter� 
mined value, ignore the implicated X,v (by 
setting corresponding WM= 0) . 

If C < 1 with greater frequency, mistrust 
stored X and V and multiply Wx and vVv 
by C for each such occurrence . 

In summary, of the numbered equations, the 
ones computed in the implementation of the 
smoothing of the vehicle trajectory are (ES ) ,  
(E6) , (E7) , (ES) ,  (E9) , (ElOA) , (E1 1 ) ,  (E12) , 
(E18) , and (E19) . 

5. Methods of Treating Nonindependent 

Measurements 

Assume N independent measurements are 
made of quantities x1, x2, • • · ,  x�v with nonzero 
weights TV1, TV2, · · · ,  vVN. The measured 
values are m1, m2, · · · ,  mN. From these meas­
urements it is desired to determine A1 pa­
rameters y1, y2, · · · ,  YM, where N > Ji!. The 
relation between the x and y is given as 

M 
x; = I: a;jYj· 

j=l 
(S) 

One approach to obtain L(yj; vVi; m) is to 
eliminate all y;, j ?6- J from (S) and obtain 
N + 1 - J1f expressions for y of the form 

YJk 
N 
L biJkXi, 
'i=l 

k = 1 ,  2, · · · ,  N + 1 - M. (6) 

The best estimate of yj will be some weighted 
average of }'Jk, with the optimum weights to 
be determined. This could be done by con­
sidering each measurement to be split into 
N + 1 - Jlf independent measurements with 
the same measured m values, and \veights I¥;K 
constrained to have no negative weights and 

J.V+l-111 

W; = I: W:Jk, i = 1 ,  2 ,  · · · ,  N. (7) 
k=l 
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Maximum-Likelihood Smoothing 

Then 

where the TV,.Jk are chosen consistent with the 
constraints to maximize WJ. Although it is 
possible to perform this maximization explic­
itly, it is generally simpler to follow the pro­
cedure indicated below. 

It can be shown that for linear operations 
with Gaussian distributions, minimum mean 
square error implies maximum likelihood and 
vice versa. Hence, the most-likely value of y 
can be found by minimizing the weighted 
mean square measurement error 

N JJ1 
L W,:(mi - L aiJY;)2 (9) ;�1 ,;�1 

with respect to Yi, j = 1 ,  2, · · · ,  Jl.1. The re­
sult will be of the form 

N 
YJ = L ciJ m;. 

1·=1 

The corresponding W J is obtained from 

1 N o 
- = L C;

J
-WJ i�1 TV;. 

(10) 

( 1 1) 

As an example, let it be desired to find the 
best estimate of the speed of a particle known 
to travel at constant speed and whose position 
is measured independently at time 0, 1 ,  2, 3 ,  
4, 5, giving measured values mo, m1, m2, m3, 
m4, m5• Suppose the weights of the Gaussian 
likelihood functions of the measurements are, 
respectively, Wo, 1 ,  1 ,  1 ,  1 ,  1 .  If Yo is the 
position of the particle at time 0 and J'1 is the 
speed, then 

x,: = Yo + iy1, i = 0, 1 ,  · · · , 5 (SA) 
and !Dean square error E is 

5 
E= Wo(mo-Yo)2+ L (m;-yo-iy1)2. (9A) 

i'.=1 

Solving iJE/ iJyo = iJE/ iJy1 = 0 for Yo and Yi 
yields 

5 
-lSWomo+ L (iWo+5i-15)m; 

i=l Yi= ����-5_5_H_7_o+�5-0���� (lOA) 

and from (1 1) 

225Wo 5 (iW0+5i-15)2 
(55Wo+50)2 + E (55Wo+50)2 

Wo+5 
55TVo+5o. ( 1 1A) 

It is interesting to note that for TV0 = oo ,the 
velocity likelihood function can be obtained as  
L(yi; W1;m)=L(x1-xo; l;m1-mo) 

XL ( X2-Xo .4. m2-mo ) 
2 ' , 2 

XL ( X3
;

Xo ; 9; m3
;

mo ) 
X L ( X1-Xo . 1 6 . 1n4-mo ) 4 ' , 

4 

XL ( Xs-Xo .25.ms-1110 ) 
5 ' , 5 

in other words, by using only the differences 
between x, and xo. 
For Wo = 1 ,  the velocity likelihood function 
can be obtained as 

[L ( Xs . 25. ms ) * L ( -xo . 25. mo ) J 5 ' , 5 5 ' ' 5 

X [L ( X4 .9.m4) * L ( -X1 .9.mi )J 
3 ' ' 3 3 

, , 
3 

X [L(x3; 1 ; m3) * L(-x2; 1 ;  m2)] 
in other words, only differences between sym­
metrical data points are utilized. 
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As another example, consider that the same 
position measurements are made as in the 
previous example, but that the acceleration 
of the particle rather than the velocity is 
assumed constant, and two additional meas­
urements giving values ms and m1 are made: 
one of initial velocity x6 with weight Ws, and 
one of acceleration x1 with weight T¥1. Let Yo 
be the terminal position (corresponding to 
x5), y1 the terminal velocity, and Y2 the 
acceleration, then 

(i - 5)2 
X; = Yo+ (i - 51y1 + 

2 Y2, 

Xs = Y1 
X7 = Y2 

i=0,1,···,S 

and mean square error E is 

(SB) 

Numerical solutions for this problem have 
been obtained for Wo = 2.3,  W6 = 18 ,  and 
W1 = 240. The c,i coefficients and weights liVi 
are given in the following chart. 

"-.i I j"'- 0 2 3 4 5 6 7 W; -0- -0.072 0.029 0.106 0.198 0.307 0.431 0.771 3.90 1'2:3 1 -0.142 -0.045 -0.01 8 -0.020 0.067 0.1 24 0.135 2.38 1 8  

Gerald Rabow was born i n  Berlin, Germany, 
on 6 July 1928. He received the BEE degree 
from City College of New York in 195 1 ,  the 
SM degree from Massachusetts Institute of 
Technology in 1952, and the Eng. Sc.D. 
degree from Columbia University, New York, 
in 1963. 

He is presently a senior scientist at ITT 
Federal Laboratories, which he joined in 1952 ,  
and has been engaged in systems work and 
the development of spread-spectrum tech­
nologies. He has worked on the concept and 

Maximum-Likelihood Smoothing 

It should be noted that the weights for initial 
position and velocity have been so selected 
that they equal those for the terminal position 
and velocity. If the acceleration can be as­
sumed to be correlated only over the span of 
this computation, then the above set of C;j 

coefficients can be used recursively. 

If measurements are made with equipments 
having memory networks, care must be taken 
that successive samples assumed to be in­
dependent are truly independent. Thus, if a 
linear filter is used the output of which decays 
to a in time interval T, and an output x2 is 
observed T time units after an x1 was meas­
ured and utilized, then the independent com­
ponent of the second measurement is x2 - mc1. 
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the Relation Between Time, Space, and 
Holding-Time Distribution Functions 

J. KRUITHOF 
ITT Europe, Incorporated ; Brussels, Belgium 

1. Introduction 

The object of this paper is to investigate the 
conditions under which the principal distribu­
tion functions used for the calculations of 
telephone switching equipment, such as those 
originated by Bernoulli, Poisson,  Erlang, and 
Engset, are valid. This discussion comple­
ments an earlier paper* in this periodical that 
dealt with the characteristic features of tele­
phone traffic. 

Such discussion seems appropriate, not only 
from a purely theoretical point of view but 
especially in connection -..vith the calculation 
of link switching equipment, in which these 
functions are often used without discrimina­
tion and without regard to the traffic condi­
tions implied by the use of a particular distri­
bution function. 

In the earlier paper it was explained that two 
distribution functions are needed for the defi­
nition of theoretical telephone traffic. One of 
these functions relates to the variation of the 
holding time of the connections, while for the 
second function one may choose between a 
time distribution function and a space distri­
bution function. 

The former type of function describes the dis­
tribution of the moments the calls arrive, and 
the latter relates to the variation of the num­
ber of connections in progress simultaneously. 

Further, the earlier paper demonstrated that 
the following relation exists between the three 
describing functions, provided that no restric­
tions are imposed by some network configura­
tion or by some hunting discipline. 

00 
2Xc (n, h) = L L Bk(j, d) · 2Xf(n, h) !;=0 j=k 

x L Bc-kU, 1 -d) · 1Xi,j(n, h). ( 1 )  

"'J.  Kruithof, "Theoretical and Practical Aspects of 
Telephone Traffic," Electrical Communication, volume 
38, number 2, pages 252-263; 1963. 

In this equation the time and space distribu­
tion functions are distinguished, respectively, 
by the suffixes 1 and 2, attached to the sym­
bols X. The functions X are as yet unde­
termined. The symbol B is explained by the 
binomial law 

The symbol n stands for the expected number 
of calls arriving per unit of time and may 
either refer to every single busy hour or 
express the average value taken over an 
infinitely large number of hours ; h is the 
average value of the holding time of the con­
nections and ranges between the limits 0 and 
1 hour ; the variable c indicates the number of 
connections in progress simultaneously. (See 
Figure 1 . )  

The probability that a connection, started at 
any moment of a period lz, does not last be­
yond this period is represented by d. Its value 
depends on the specific holding-time distribu­
tion function assumed and ranges between 0 
and 1. When this function reads p(> r) 
= f (r/h), then d is determined by 

d (3) 

where r is a variable within the period h. 
For example, if the holding-time distribution 
function of the connections follows an ex­
ponential law, the value of d amounts to e-1• 
In  order not to burden the text of this paper, 
a number of lemmas have been grouped in 
Section 7 that are of general interest when 
solving the summations to which equation (1 )  
gives rise. 

2. General Conclusions 

In equation ( 1 )  the holding time of the con­
nections appears in two forms: in h, the 
average duration of the connections, and in d, 
the average of the holding-time distribution 
function between the limits h and oo 
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Consequently the variation of the holding 
time itself is of secondary importance. A great 
variety of distribution functions can be imag­
ined that have the same Ji and d. 
A second conclusion follows from the multipli­
cation of both sides of equation (1)  by c and 
by the subsequent summation between the 
limits c=O and c= oo. At the same time we 
shall demonstrate the application of lemmas 
contained in Section 7. 

I: c· 2Xc(n, h) 
c=U 

I: c I: I: Bk (j, d) · 2Xi(n, h) 
c=O l..:=0 J=k 

i=c-,1;; 

X I: I: c ·Bk (j, d)Bc-1o (i, 1 - d). 
c=O k=O 

By the application of lemma (5) to the last 
two summations we obtain 

X I: 1Xi,i(n, h)[jd + i ( l  - d)] 
i=O 

and finally 

I: i·1X,,;(n, h) I: j · 2Xj (n, h). (4) 
i=O J'=O 

This result is exemplified by lemmas (9) and 
(10) and signifies that the traffic quantities 
described by the time and space distribution 
functions are equal. 

Thirdly, we may mention a check applicable 
to equation ( 1 ) .  From the consideration that 
X represents one of a sequence of probabili-

Relation Between Distribution Functions 

to one. When we apply this condition, it 
should appear that the following relation is 
valid, without making any commitment con­
cerning the functions X themselves. 

We group together the factors comprising the 
parameter k. 

1 .  
c=O l�=O 

If we reverse the sequence of summation of 
the last two summations and introduce the 
proper limits, we obtain 

J=O i=O 

X I: Bk (j, d) I: Bc-k (i, 1 - d) = 1 .  
l:=O c-l,;=Q 

As each of these four summations is equal to 
one, equation (1)  is verified. 

3. Groups with n, s, or an Unlimited 

Number of Outlets 

\!Vhen dealing with the various problems that 
arise in conjunction with these groups of 
outlets, a variety of assumptions can be made 

A 

�EC-{ j CON 
Tl ONS 

= 
q 

B 

k PROBABILITY d k 
PROBABILITY 

j-k (1-d) /'-... c-k 
PROB A Bl LITY d 

4 
v r 

'--v------' 
i CALLS 

h 

c 

}coN� �EC­
NS TIO 

= 

ties, it follows that their sum must be equal Figure 1-Events and probabilities. 
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and some additional notions must be intro­
duced, which we believe are best stated in the 
sections where they appear. 

The term "call" has been used exclusively to 
indicate the moment a "connection" com­
mences. 

To bring out the traffic conditions for which 
the well-known distribution functions are 
valid , we shall repeat summarily their 
derivation. 

3 . 1  BERNOULLI LAW FOR n CALLS 
In  the first place we shall deal with the 
straightforward problem, in which exactly n 
calls arrive during each of an infinitely large 
number of hours. \Vithin each hour the calls 
are at liberty to choose any moment for their 
arrival, while they are independent of each 
other. 

The probability that exactly c calls, neither 
more nor less, arrive during a period having a 
duration t, where 0 < t < 1 ,  equals 

( ;) tc(l - t)n-c = 1Bc(n, f). 
This equation is not valid if the number of 
calls per hour varies and if n constitutes an 
average taken over an infinitely large number 
of hours, as in such instance the distribution 
function of n would have to play a role. 

To pass from the time to the space distribu­
tion function, the duration of the period is 
made to equal the holding time of the connec­
tions. Under these conditions all connections 
and only those connections that began during 
the period h are still in existence at the mo­
ment the period terminates. Consequently the 
number of connections then existing will equal 
the number of calls that arrived during the 
period, so that their probabilities are the same. 
The describing time and space distribution 
functions are identical, so that we obtain 

1Bc(n, t), for t = h 
= 2Bc(n, h) = ( ;) hc(l - Ji)n-c. (5) 

This equation for the space distrii:mtion func­
tion is only valid if the holding time of the 
connections is constant for all connections ; 
otherwise the distribution function of the 
holding time would have to enter into it. 

We may check this result by means of equa­
tion ( 1 ) .  If we introduce equation (5) an 
identity should appear. 

2Bc(n, h) = L L B1,(j, d)Bi(n, h) 
k=O i=O 

X L Bc-lc(i, 1 - d)B;(n, h). 

By the application of lemma (1C), the above 
is transformed into 

2Bc(n, lz) = L Bk(n, dh)Bc-1,Cn, (1 - d)h]. 
k=O 

With constant holding timed = 0 and k = 0 ,  
the above equation is modified to 

2Bc(n, h) = Bo(n, O)Bc(n, h) 
which is an identity. 

Summation of the above product of two Ber­
noulli functions is also possible if d = (1 - d), 
or if d = t. In this instance the right-hand 
part may be written, in accordance with 
lemma (3B) ,  as 

L Bk(n, !h)Bc-k(n, th) = Bc(2n, th) 
k=O 

in which instance no identity is obtained. 
Consequently identity between the time and 
space distribution functions occurs only if 
the holding time of the connections has the 
constant value h. 
However, it appears that the valued = t has 
a significant meaning, as appears from the 
following reasoning. 

If we introduce the following time and space 
distribution functions into equation (1) 

1Bc (zn, �) and 2Bc (zn, �) 
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we obtain in the manner already demonstrated 
with the help of lemma (3B) 

Be (zn, �) = Be (zzn, ;� ) · 

This equation is true only if z = oo. 

The value d = t, therefore, covers the transi­
tion from the Bernoulli to the Poisson distri­
bution functions. The coefficient ! by which 
the holding time is multiplied is offset by a 
doubling of the number of calls, so that the 
traffic expressed in erlangs remains unaltered. 

3 .2  BERNOULLI LAW FOR s SOURCES 

The reasoning followed in Section 3 . 1 ,  which 
proves the identity between the time and 
space distribution functions of equation (5) , 
holds good only if the connections are con­
tinuous, that is , if each connection consists of 
one continuous duration with no temporary 
interruptions. 

The question may be raised whether some dis­
tribution function (of the Bernoulli type) 
exists that is based on the assumption that 
some or all of the connections are spaced out 
over the hour, so that each connection ac­
tually comprises groups of associated connec­
tions, each group having the same total 
holding time h. 
Because of the relation thus introduced be­
tween connections of one group, the concepts 
of "source" and "occupation time" must be 
considered. 

\;Ve assume that there are s sources each with 
the same occupancy h. Under these conditions 

the ( �) partial probabilities of the following 

space distribution function are equal and 
consequently additive. 

2Bc (s, h) = ( �) he (1 - h)•-c. (6A) 

The occupancy of the sources is constant, but 
the holding time of the actual connections 

Relation Between Distribution Functions 

may vary. It appears from equation ( 6A) that 
the distribution function of this holding time 
plays no role in the calculations, so that the 
scope of equation (6A) is much wider than 
that of equation (5) . 

Having abandoned the concepts of "connec­
tion" and "holding time," we can no longer 
indicate time and holding-time distribution 
functions. The concept of "call" is replaced 
by "source," and "holding time" by "source 
occupancy." 

However, if we introduce equation (6A) into 
equation (1)  in the manner already indicated, 
we find that 

1Bc (s, t) = 2Bc (s, h) , for t = h. (6B) 

This time distribution function behaves, there­
fore, as if the number of calls is restricted to s 
connections with a constant holding time h. 
\Ve observe that the results in this section 
agree quite well with those in the preceding 
section. The relationship between the two 

cases lies in the fact that the former consti­
tutes the boundary case of the latter. If s is 
made equal to n (the number of calls) , the 
constant noncontinuous occupation time of 
the sources is modified to become the con­
stant holding time of the connections. 

The Bernoulli law based on sources may there­
fore be applied only to such practical examples 
in which the traffic is evenly spread over the 
inlets. This implies random hunting over the 
inlets. The Bernoulli equation may not be 
applied if the inlets, in their turn, are hunted 
over 111 a sequential order without slip or 
reversal. 

3.3 POISSON LAW 

I f  we introduce the following time and space 
distribution functions 

iPc (n ,  h) = (nlz)ee-nh/c !} 
2Pc(y) = yee-Y/c ! (7) 
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into equation (1 ) ,  we obtain 

c 00 
zPc (Y) = L L Bk (j, d)Pi (Y) 

k�O .i�O 

X L Bc-k (i, 1 - d)P, (y) . 
i=O 

Application of lemma (2C) leads to 

c 
2PJy) = L Pk (dy)Pc-k[ (1  - d)y]. 

!:=O 

In accordance with lemma (4B) ,  this equa­
tion appears to be an identity. 

Consequently, the time and space distribution 
functions for this case are identical if the 
period to which the time distribution function 
refers is equal to the average holding time of 
the connections. The distribution function of 
the holding time plays no part in this result. 

In opposition to this result for the holding 
time, the distribution function of the average 
number of calls n may not be chosen in an 
arbitrary manner. This may readily be realized 
by the tentative introduction of some arbi­
trary distribution function, for example 
where H hours comprise tn calls and a second 
group of H hours 1tn calls. 

One permissible distribution function for the 
number of calls is if n constitutes a constant 
number. All hours contain exactly n calls. 

Another permissible distribution function ap­
pears to be that of Poisson. In this instance 
P; (n) indicates the probability that any busy 
hour forming part of an infinitely large num­
ber of hours contains exactly 1: calls. Here n 
represents the average number of calls taken 
over the infinite number of hours considered . 

If an hour comprises exactly i calls, the prob­
ability of finding c calls within any subperiod 
of the hour having a duration t amounts to 
Bc(i, t) . The total probability of finding c calls 
during any subperiod of the infinite number 
of busy hours equals 

00 
L Bc (i, t) · P, (n ) .  
i=O 

If  lemma (2C) is applied, this probability 
appears to be equal to Pc (nt) . 

Combining these two results (the variation of 
n in accordance with an exponential law, and 
the arbitrary distribution function for the 
holding time of the connections) it would seem 
that y (the traffic expressed in erlangs) may 
vary in an arbitrary manner. 

4. Groups with Fewer Outlets than Inlets 

(Overflow) 

The problems related to limited groups of 
outlets associated with overflow of traffic are 
characterized by the following. 

(A) The traffic originated by the sources is 
directed to a group of outlets the size of which 
is-in general-equal to the number of inlets. 

(B) A limited group of N outlets is divorced 
from this group. 

(C) A hunting discipline is imposed on 
all calls while choosing a free outlet, in that 
they must give preference to free outlets of 
the limited group over free outlets of the 
remainder. 

This presentation of the mathematical prob­
lem corresponds with the properties of the 
overflow of traffic, a problem commonly en­
countered in telephone practice. The agree­
ment between the mathematical image and 
the practical phenomenon is complete, so that 
the results obtained by the theory are directly 
applicable to practical examples or cases . 

However, the theory of limited groups asso­
ciated with overflow is often applied to hunt­
ing problems, in which it is not known what 
happens to those calls that fail to find free 
outlets among the N outlets of the limited 
group. In daily telephone practice these calls 
are said to be lost, but this is merely a way of 
expression, as the temporary shortage of 
switching equipment will not annul the sub­
scriber's need for these telephone connections. 

Only the vain attempts to obtain a connection 
are lost. As these unsuccessful calls have 
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practically no holding time, they do not 
develop into traffic that can be expressed in  
time or erlangs. Such traffic may obey some 
time distribution function but in no way can it 
affect any space distribution function (the 
functions that serve for the dimensioning of 
groups of outlets) .  

The application of equations pertaining to 
limited groups is therefore permissible only 
for the calculation of groups of outlets if the 
probability is of minor magnitude. 

4 . 1  N OUTLETS SERVING s SOURCES (ENGSET 

EQUATIONS) 

Figure 2 shows by way of example a limited 
group of N = 4 outlets. No attempt has been 
made to introduce the s sources or inlets. 
Numbers have been placed with the connec­
tions to indicate that sequential hunting has 
been applied. The outlets are therefore seized 
in their numerical order. Random hunting 
within the limited group of N outlets might 
have been used instead, as the order of hunt­
ing within this group has no bearing on the 
efficiency of the group. 

The intervals during which all N outlets are 
engaged have been shadowed for a purpose 
that will be explained presently. These in­
tervals contribute to the blocking probability 
of the group and their durations contribute to 
the amount of overflow traffic. 

As a general symbol 2Xi in N (s, h) is intro­
duced, which indicates the probability of find­
ing i out of N outlets of the limited group 
engaged, if the originating traffic is offered 
via s sources each with an occupation time of 
h hours or erlangs. This symbol is consistent 
with those already used in the foregoing. 

Of the N + 1 equations needed to determine 
the probabilities 2X o in N (s ,  h) · · · 2XN in N (s ,  h) ,  
tvm can be written without much comment. 
They are 

N 
L 2X; in N (s, h) 1 
<�o 

Relation Between Distribution Functions 

and 
N 

sh L i · 2Xi in N (s, h) 
i=l 

In  the latter equation, the first term expresses 
the traffic offered to the main group of s out­
lets, the second the traffic carried by the N 
outlets, and the third the traffic overflowing 
the limited group. 

In the following paragraphs we demonstrate 
that the second equation constitutes a 

boundary case of a more-general equation. 
To do this we shall follow a line of reasoning 
in which use is made of some peculiarities of 
sequences of traffic patterns, of which Figure 2 
is an example . When reasoning about a 

specific sequence of traffic patterns, we shall 
draw some conclusions that hold good for any 
sequence and consequently for the pertinent 
probabilities. 

Suppose that we eliminate from Figure 2 the 
shadowed intervals that contribute to the 
blocking probabilities. We then observe that 
of the N connections occupying the outlets, 
one connection causes the commencement 
of the blocking period, another connection 
the termination of this period. By the removal 
of such an interval contributing to the block­
ing period , the moment of arrival of the former 
call is postponed till the moment the period 
ends. But at that moment it will always find 
a free outlet within a group of N - 1 outlets. 

n:: 5 
w 
CD 
� 4  
z 3 
.... w 2 __J 
s 1 
0 

TI M E  

1 4  

----22. 
__ ,_2 

Figure 2-Arbitrary sequence of traffic patterns 
showing overflow. 

ELECTRICAL COMMUNICATION • Volume 4 1 ,  Number 3 • 1 966 257 
www.americanradiohistory.com

www.americanradiohistory.com


Relation Between Distribution Functions 

This phenomenon occurs in the manner de­
scribed, for every blocking interval. After the 
removal of the blocking intervals, we are 
therefore left with a new sequence of traffic 
patterns that pertain to a limited group of 
N - 1 outlets. The sequence obtained in this 
manner constitutes a valid contribution to 
the probabilities pertaining to the N - 1 

group, as we have not disturbed in any way 
the imposed hunting discipline. 

The probabilities of the N - 1 group are ex­

pressed in the probabilities of the N group, 
which permits us to establish various expres­
sions for the relation between the various 
probabilities. For our purpose we choose 

N-1 
sh[l - 2XN in N (s, h)] = L i ·  2X, in H (s, h) 

i=l 

+ (s - N + l)h · 2XH-1 in H (s ,  h) . 

The first term of this equation expresses the 
traffic offered to the N - 1 group, as the 
observation period is reduced from one hour 
to [1 - 2XH in N (s, h)].  The second and third 
terms represent the traffic carried by the 
outlets and the overflow traffic. 

After some simplification, the same equation 
becomes 

(s - N + l)h · 2XN-1 in N (s, h) 

N-1 
= L (sh - i) · 2X, in N (s ,  h) . 

By similar reasoning we can cover all limited 
groups of a size smaller than N and obtain 
as the final result the general equations 

= L (sh - Z:) · 2Xi in N (s, h) 
1'.=0 

N 
L 2X; in N (S, h) = 1 , 

where c = 1, 2, · · · ,  N. 

(8) 

These N + 1 equations provide the answer to 
the subject problem. For their solution we 
refer to lemma ( 1 1 ) .  

The result i s  the Engset equation, which, i f  
written with the symbols used throughout this 
paper, is 

2X" in N (s ,  h) = o Tc in N (S, h) 

N 
= B c (s, h)/ L B ; (s, h) . (9) 

,:�o 

We use the last letter of Engset' s name to dis­
tinguish these probabilities from others , re­
serving the E for the probabilities discovered 
by Erlang. The suffix o designates overflow in 
opposition to the suffix d, which is used to 
indicate delay. 

By writing two consecutive equations (8) , we 
obtain the following simple relation between 
two consecutive probabilities, which may be 
of some value in calculating tables or curves. 

where 

o T+1 in H (s, h) 
oTc in N (S, h) 

(s - c)h 
(c + 1) (1 - h) '  

c = 0, 1 ,  · · . , 1V. 
( 10) 

I t  will be recognized , on the basis of what has 
already been stated in connection with the 
admissible addition of partial probabilities, 
that the h appearing in equations (8) , (9) ,  and 
( 10) represents a nonvariable and not an 
average. However , it need not be continuous 
in the sense that we used this word before. 

Consequently, it can be stated that the Engset 
equations are applicable only to those cases in 
which the traffic offered to the group is 
equally distributed over the inlets. This im­
poses the restriction that the inlets, in their 
turn,  should be hunted over in a random 
manner. Consequently, the Engset equations 
are not valid if the inlets are hunted over in a 
sequential manner, that is, if they are seized 
by the calls in their numerical order. 

Another proof of the validity of the Engset 
equations for constant occupation time of the 
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sources can also be obtained in the manner 
demonstrated in Sections 3 . 1  and 4 .3 ,  by 
the application of equation ( 1 ) . 
By increasing the number of sources to 
a point at which they become equal to 
the number of calls they carry, an equa­
tion resembling that of Engset is obtained, 
the only difference being that the s of the 
sources is replaced by the n of the number of 
calls. At the moment the number of sources 
reaches the limit n , the holding time of the 
connections reaches a constant continuous 
value. However, the practical value of such an 
equation is very minor, as traffic can in no 
way be separated from the equipment that 
carries the conversations. 

4 .2 FRY EQUATIONS 

The equations dealt with in this section are 
commonly referred to as the Engset equations 
and are consequently attributed to him. They 
appear on closer examination to have been 
originated by Fry. This fact was well known 
among experts but was published for the first 
time by Syski. 

The basic assumption of these equations is 
said to be that the holding time of the calls 
flowing over the limited group of outlets 
equals zero. 

To clarify the following discussion of this 
equation it is reproduced as equation ( 1 1 ) ,  
but for greater clarity and uniformity within 
this paper we have introduced our own 
symbols. { sh } c 

·) - C� s- [ 1 - LF(s, h)]sh Fe in N (S, h - N { h } i' 
L: c s 
i�o ' s - [1 - LF(s , h) ]sh 

( 1 1) 
The symbol LF(s, h) stands for the loss prob­
ability caused by the limited group of N out­
lets. The above equation can be found on 
page 34 1 of Fry's book, "Probability and its 
Engineering Uses." After some simple alge-

Relation Between Distribution Functions 

braic modifications the same equation may be 
written in the form 

( 12) 

The resemblance between this equation and 
the Engset equation (9) will be noted. The 
difference is that in the former the occupa­
tion time h of the sources is reduced by the 
factor [1 + h ·  LF(s, h) ]-1• 
Several objections may be raised against the 
validity of the equation under discussion. 
First of all we observe that, although the 
basic assumption is that the holding time of 
lost calls is zero, we still find some traffic over­
flowing the limited group of N outlets. 

This traffic amounts to 

(s - N)h 
1 + h · LF(s, h) FN i n  N (s, h) 

and always has a positive value. On the as­
sumption that the lost calls are cleared, one 
might reasonably Pxpect to find no lost traffic. 
As the equation stands ,  the holding time of 
the lost calls differs from zero, and the occu­
pation time of the sources and consequently 
the holding time of all connections (whether 
lost or carried by the outlets) has been re­
duced by a factor smaller than one. 

Secondly, one might observe that there is no 
logical reason why the traffic offered to the 
group should not be reduced a second time 
to eliminate the lost traffic we still found to 
be present. This would lead to the absurdity 
that after repeated application there might 
be no originating traffic left. The reduction 
of the traffic offered to the group of outlets 
leads therefore to a paradox. 

Thirdly, in our opinion the assumption that 
lost calls have no holding time is in a broad 
sense not quite in agreement with telephone 
traffic experience. As the demand for tele­
phone service is instigated by the needs of 
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the subscribers, one cannot reasonably expect 
that the slightest obstruction (for example 
the 1 -in-100 loss) will cause them to abandon 
their planned conversations with the wanted 
parties. Each subscriber will simply repeat 
his attempt until the person is reached. Con­
sequently, the loss of calls will not reduce the 
traffic expressed in erlangs but simply increase 
the number of calls. The product of the two, 
number of calls and holding time, remains 
unaltered. 

Fourthly, if reducing the originating traffic by 
the lost traffic is justifiable, one would also 
be entitled to reduce the originating traffic by 
some 15  percent, which is about the per­
centage of busy connections. The two types 
of obstruction (all outlets busy and called 
line busy) are different in cause but quite 
similar in effect. 

In this connection it may be well to remember 
that a large part of the present automatic 
telephone equipment does not distinguish 
between lost calls caused by a shortage of 
connecting equipment and calls that find the 
wanted line engaged. In both instances the 
subscriber receives busy tone. 

It is well recognized that under extreme 
conditions a subscriber may abandon all hope 
of obtaining the desired connection, but such 
strangling effect is not under discussion here. 

In a sense one may state that under the actual 
conditions the calls are not lost but merely 
delayed, and as a consequence it would appear 
that equations expressing delay are more ap­
propriate for the calculation of switching 
equipment, as their basis seems more 111 

accordance with the actual conditions. 

4.3 ERLANG OVERFLOW EQUATIONS 

The Erlang overflow equations can be derived 
from the Engset equations of which they 
form a special case for sh = y and s -----; oo and 
lz -----; 0. This we intend to do in three steps. 

(A) For the first of the sequence of Bernoulli 
probabilities we know that 

Jim Bo(s, y/s) = lim ( 1  - y/s)• = e-y = Po(y). 
s=oo 8=00 

(B) For the proportion between two consecu­
tive probabilities we have the relation 

Bc+1(s, h) 
Bc(s, h) 

h(s - c) 
(1 - h) (c + 1) ' 

For the limit h -----; 0 this proportion is equal to 
y/(c + 1 ) ,  the same as for the proportion 
Pc+i(y)/Pc(y). Consequently we obtain 

Jim Bo(s, h) = Po(y) 
15=:::0 

15=00 

et cetera. 

(C) Further 

1. [ Bc(s, h) l 
1111 N s�xi L Bi(s, h) 

i=J 

Jim [Bc(s, h)] 
B=OO 

N 
L lim [Bi(s, h)] 
i=J S-00 

Finally the Erlang overflow equations are 
obtained. 

Pc(Y) 
I: Pi(y) i=J 

(13) 

I f  we introduce this equation into equation ( 1 )  
for both the time and space distribution func­
tions (a method already applied to similar 
cases) , the follovving equation should prove 
to be an identity. 

N 
Pc (Y) L P; (y) 

'i=O 

L L Bk(j, d)P;(y) 
l�=O J=k 

X L Bc-1,(i, 1 - d)P.;(y). 
i=c- .1;:, 
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By application of lemma (2A) , we obtain 

c 
L P1o (dy) 

k=O 

X L Pj-h[ (l - d)y]Pc-k[ (l - d)y] 
J=k 

c 
L P, (dy)Pc-k[ (1 - d)y J 
l�=O 

c 
L P,, (d:.v)Pc-!:[ (1  - d)y] 
l;=O 

N N-i 
x L P1[ (l - d)y] L P, (dy) . 

.i=O i=O 

In  the last equation we have introduced the 
limits for i and j. As the lower limit of j can 
be zero, its upper limit is N. The upper limit 
of i may not exceed N - j so as to exclude 
the possibility of being left with probabilities 
for more than N simultaneous connections. 

We now apply lemma (4B) to the first sum­
mation of this equation and lemma ( 14) to 
the latter two summations and thus obtain 
the identity looked for. 

The Erlang overflow equations therefore 
satisfy equation (1)  without any postulate 
for the distribution function of the holding 
time of the connections. 

S. G roups with Fewer Outlets than Inlets 

( Delay) 

The reasoning on the sequences of traffic 
patterns, explained in Section 4. 1 and using 
Figure 2 as an example, applies to any prob­
lem of limited groups with hunting discipline 
and therefore , more specifically, also to the 
computation of delay probabilities. In this 
reasoning we have not made any reference to 
the origin of the calls, whether directly from 
the sources or from the sources via some inter­
mediary waiting-ca l l  circuit equipment. Thus 

Relation Between Distribution Functions 

equation (8) also applies in this instance, but 
with one e.xception. In the equation describing 
the limiting case 

N 
sh L i ·  2Xi in N (S, h) 

i=l 

+ (s - N)h ·  2XN in N (s , h) 
the last term, which describes the amount of 
overflow traffic, becomes equal to zero. It is 
well understood that with limited groups 
operated on a delay basis there are overflow 
calls during the periods all outlets are engaged, 
but the resulting delay traffic forms no part of 
the traffic offered to the group. Consequently 
the last term disappears, with the well-known 
result that 

N 
sh = L i · 2Xi in N (s, h) . 

i=l 

The solution of these N + 1 equations 1s 
facilitated by the aid of equation (10) , which 
in this instance holds good for any value of 
c < N. 

This solution is 

Bc (s, h) 
N-l N(l -h) , t; B; (s, h)+ N-sh BN (s, h) 

N( l -h) 
N-sh BN (s, h) 

dTN in N (S, h) =----id-, ---

(14) 

With the aid of lemma ( 1 1 )  these equations 
may be written in the following form. 

(15)  

Because of the correspondence between the 
above equations and the one of Engset, we 
have not introduced any new symbol for the 
probabilities shown. We have simply retained 
the Engset symbol, with the addition of the 
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suffix d to indicate that the limited group 
operates on a delay basis. 

The demonstration that this equation is valid 
only for constant but not necessarily continu­
ous occupation time of the sources follows 
again from equation ( 1 ) .  
This demonstration i s  similar to  that con­
tained in Section 3 . 1 ,  modified in accordance 
with the demonstration pertaining to the 
Erlang delay equations given below. 

In the manner shown in Section 4.3 ,  equations 
( 14) are transformed for the l imiting values 
s --t oo and h --t 0, while maintaining their 
product at the value sh = y, to 

( 16) 

which is the solution obtained by Erlang. 

These equations may be simplified in the 
manner stated for equations ( 14) . An alterna­
tive method runs as follows : In lemma (12)  
we lower the value of  N by one. \Ve obtain 

or 

or 

N-1 
L (y - i)Pi (y) = yPN-1 (y) = NPN (y) 
,i=O 

N-l[N - i N --v] . N 
L ------- Pi(y) =--PN(Y) 
i=C JV -y N-y N-y 

Introduction o f  this result into equations ( 16) 
leads to 

E . ( ) = 
(N - y)Pc (y) ) d c m N Y N - 1 

L (N - i)P; (y) i=O 
NPN(y) dEN in N (y) id 

(17) 

The first of  these two equations may be writ­
ten in the form 

N - ·y  
N - 1  
L (N - i)Pi (y) i=O 

This equation states that the proportions be­
tween any Erlang delay probability for c < N 
and the Poisson probabilities , if the traffics 
are identical, are equal to the proportion be­
tween the average number of idle outlets of 
the limited group and the average number of 
idle outlets below N of the main group. 

The proof that the Erlang delay probabilities 
are valid for any holding-time distribution 
function follows from equation ( 1 ) .  \Ve intro­
duce, as in Section 4.3,  equations ( 16) for both 
the time and space distribution functions X. 
We obtain in the manner demonstrated in 
Section 4.3 

c l{ 
= L: P:. (dy)Pc-1c[ (1 -d)y] L; Pj[ (1 -d)y] k=O j=O [N-j-1 N J x I:. P; (dy) +-N PN-j (dy) . 

i=O -y 

This equation should again prove to be an 
identity. The limits we introduced are the 
same as those of Section 4.3. 

\Ve apply lemma (4B) to the first summation 
of the right-hand member and obtain Pc (y) . 
The remaining summations of this member are 
best vnitten out, when lemma ( 14) can be 
applied. In this manner we obtain the identily 
looked for. 

6. Conclusion 

In  conclusion it can be stated that the validity 
of the various equations of general applica­
tion in the calculation of telephone switching 
equipment mostly depends on the distribution 
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of the originating traffic over the sources. 
Equations comprising Bernoulli terms are 
valid only if this traffic is evenly distributed 
over these sources . Equations comprising 
Poisson terms are valid for any traffic distribu­
tion over the sources, either by random or by 
sequential hunting. However, the number of 
sources should be large compared with the 
number of outlets . 

7. lemmas 

For the summation of functions compnsmg 
products of Bernoulli and Poisson functions 
possibly appearing in equations derived from 
equation (1 ) , the lemmas listed below are of 
interest. The following symbols have been 
used. 

Ba (n, f) = ( : )  ta (l  - t)n-a 

Pa (y) = y"e-Y /a ! 

X stands for any type of distribution function . 

a < N < n = 0, 1 ,  2 ,  3 , · · · 

b and t < 1 
nt = y. 

Most of these lemmas can be proved by 
simply writing them out. Where otherwise, 
the necessary indications are given. 

7 .1 FIRST GROUP 

N 
L Ba (i, b)B i (n, t) 
£=a 

And the following derived lemmas 

N 
a = 0, I: ( 1  - WB; (n ,  t) 

i�O 

N I t ( l  - b) J = B 0 (n,  bt) t; Bi Ln,  1 _ bt 
(l B) 

Relation Between Distribution Functions 

n 
N = n, L Ba (i, b)B; (n,  t) = Ba (n, bt) ( 1C) 

i=a 

n 
N = n, a = 0,  I: (1  - WB; (n,  t) 

i=O 

= B o (n, bt) = (1  - bt) " ( lD)  

N = n, a = 0,  b = 0 ,  

n 
I: B; (n, t) = 1 .  ( lE) 
i�o 

For lemma ( lA) we may also write 

N . ba Ea Ba (1 , b)B; (n,  t) = (l _ 
b)a (1 - bt) n 

or 

X f. ( ,: ) B; In, 
t ( l  - b) J (lF) 

i�a a L 1 - bt 

E ( : ) B; (n, t) = ( : ) ta E B,_0 (n - a, t) 

or 

( 1  - b + bt) " 
ba (l - b)n-o 

N . ( t ) X E Ba (z, b)B; n, 
1 _ b + bt 

. 

The corresponding group of lemmas comprises 
Poisson functions. 

N 
I: Ba U, b)P; (y) 1'.=a 

N 
= Pa (by) L p,._a[y (l  - b)J (2A) 

i=a. 

N 
a = 0, I: Bo(i, b)P; (y) 

i=O 

N 

= Po (by) I: P,[y (l  - b) ] (2B) 
i=O 

00 
N = oo ,  I: Ba (i, b)P,: (y) = Pa (by) 

i=a 
(2C) 
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N = oo ,  a =  0, 

f: (1  - b) iP, (y) = Po (by) = e-bv (2D) 
·i=O 

N = oo, a = 0,  b = 0, 
"' 
L: P, (y) = 1 (2E) 
i=O 

(2F) 

7 .2 SECOND GROUP 

N 
L B, (n1, t)Ba-i (n2, t) 
i=O 

(3A) 

a 
N = a, :E Bi(n1, t)Ba_., (n2, t) 

as 

or 

= Ba (n1 + nz, t) (3B) 

t Bi (bn, t)Ba-£( 1  - b)n, t] = B0 (n, t) . 
i=O 

The corresponding group of lemmas comprises 
Poisson functions. 

N 
L P.; (by)Pa_{( l  - b)y] 
i=O 

or 

N 

N 
= Pa (Y) L B ; (a , b) (4A) i=O 

L Pi (Y1)Pa-i (Y2) 
,i=O 

N ( Yi ) = P� (Y1 + Y2) L B, a , 
+ i=O Y1 Y2 

N = a, 

or 

t P; (by)Pa-i[ (l - b)y] = Pa (Y) (4B) 
i=O 

a 
L P; (y.i)Pa-i (':h) = Pa (Y1 + Y2) . 
'i=D 

7.3 THIRD GROUP 

00 j 
L: :E j · B.; (n1, t)Bj_ ; (n2, 1 - t) 
i=O i=O 

= tn1 + (1 - t)n2. (5) 

After reversal of the sequence of summation 

n1 n2 
L: B;(n1 , t) L: j · B;_ ; (n2, 1 - t) 
i=O 1=i 

N 

ni n2 
= L: Bi (n1 , t) [L: (j - i)B;-; (n2, 1 - t) 

·i=O i=·i 

+ f: i · Bj_; (n2, 1 - t )] 
j=i 

n 1  
= [n2 (l - t) + i] :E B; (n1, t) 

i=O 

nt 
= n2 (1 - t) I: Bi(n1 , t) i=O 

u1 
+ L: i · B; (n1, t) = tn1 + (1  - t)n2 

"' j 

i=O 

L L j ·Pi (Y1)Pj-i (Y2) = Yi + Y2 (6) 
i=O i=O 

f X,(n, t) = 1 (7)  
·i=O 

B.z(n, t) = Bn-i (n, 1 - t) (8) 
(9) -n 

L: i · Bi (n, t) = nt i=O 

f i ·Pi (y) = y (10) 
i=O 

L (st - i)Bi (s, t) = (s - N) tBN (s, t) . ( 1 1 )  
i=O 
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The first part may be modified to The Poisson counterpart reads 

N N 
.L: (s - i) tB, (s, t) - .L: i (l - t)B; (s, t) . 

N 
L (y - i)P;(y) = yPN (y) (12) 
;�a 

\Ve separate the last term from the first sum­
mation. In the latter summation we raise i by 
one and consequently lower the limits by one. 

N N-,i 
.L: Bi (bn, t) .L: B{(l - b)n,  t] 
i=O i=O 

N 
= .L: B, (n, t) . (13) 

N-1 i=O 
.L: (s - i)tB;(s, t) + (s - N)tBN(s , t) This lemma can be proved by writing it out 

and then applying lemma (3B) .  
N-1 N N-j N 
.L: (i + 1)  (1 - t)B,+1 (s, t ) .  
i�O 

L PJ (by) L P;[ (l - b)y] = L P, (y) . ( 14) 
i=O i=O i=O 

The above two summations are equal, so 
that only the second term remains. 

This lemma can be proved by writing it out 
and then applying lemma (4B) . 

Jakob Kruithof was born in Rotterdam, The 
Netherlands, on 6 November 1 894. In  1922 he 
received the degree of Electrotechnical Engi­
neer from the Delft Technical University and 
in 1945 the degree of Doctor of Applied 
Sciences from Ghent University in Belgium. 

He joined Bell Telephone Manufacturing 
Company in Antwerp in 1922 ,  where he later 
became chief switching engineer. 

Since 1953 he served as assistant technical 
director of International Standard Electric 
Corporation and now acts as a technical 
consultant to ITT Europe. 
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Planning of Telephone 
Smal l-Diameter Coaxia l 

L. B ECKER 

Systems 
Cable 

Standard Elektrik Lorenz AG ; Stuttgart, Germany 

D. R. BARBER 
Standard Telephones and  Cables Limited ; London, England 

1 .  Introduction 

Several statistical studies, which have been made 
separately, show that the development of tele­
phone networks in different countries follows 
an exponential law [ 1-6] . Even in the highly 
developed networks of the United States of 
America and Sweden no sign of a saturation of 
demand is to be seen. It is forecast that within 
the next ten years the total telephone circuit 
length in many countries will be trebled. Al­
though in principle it would be possible to reach 
this target by a proliferation of present-day 
techniques, it is easy to show that this is not 
the right method. When we consider that the 
demand for channels will continue to increase, 
a more-economical solution is to use carrier 
systems more widely. 

The network planning engineer must, there­
fore, have at his disposal a complete range of 
carrier systems to be able to design an eco­
nomical network which will allow for future 
development. The new small-diameter coaxial 
cable offers considerable advantages in solving 
this problem. 

2. Reasons for Small-Diameter 

Coaxial Cable 

Symmetric and coaxial pairs are both in gen­
eral use for the transmission of frequency­
division-multiplex signals. They have a loss 
characteristic that increases with frequency, 
making it necessary to place line repeaters 
closer to each other along a cable route to 
accommodate broader frequency bands. There 
is a remarkable difference, however, in the 
crosstalk characteristics of both types. 

Between symmetric pairs, crosstalk perform­
ance is determined by the symmetry of the 
cables and by the different length of twist of 
the pairs. By additional balancing measures 
taken ·when the cable is being laid, the cross-

Using 

talk attenuation can be improved further. The 
basic tendency still remains unaltered, however, 
that the crosstalk attenuation of symmetric 
cable pairs is worse the higher the frequency. 
This is the reason why systems with up to 
only 120 channels are in use on symmetric pair 
cables and even these require different cables 
for the two directions of transmission. 

In the case of coaxial cables, crosstalk between 
pairs at high frequencies is very much less and 
no special balancing is required. This is because 
the crosstalk coupling is of a different type. 
A coaxial line has no electric field in the trans­
verse direction outside the line and thus there 
is no crosstalk due to this cause. However, 
longitudinally there is an electric field, because 
a voltage exists between different points of the 
outer conductor of the coaxial pair due to the 
line losses. If several coaxial pairs are com­
bined in the same cable the outer conductors 
are either in contact with each other or are 
coupled together by the high capacitance be­
tween the outer conductors. At higher frequen­
cies the current flows mainly on the inner side 
of the outer conductor and therefore the cross­
talk attenuation between coaxial pairs has its 
worst value at low frequencies, becoming better 
as the frequency increases. 

Although the crosstalk attenuation at low fre­
quencies can be improved by various construc­
tional measures, they naturally add to the cost 
and it is more economical to limit the lowest 
frequency transmitted-usually to about 60 
kilohertz. 

Apart from some earlier types of coaxial pairs, 
the 2 · 6/9 · 5-millimetre cable has now been in 
worldwide use for a number of years. The 
diameter of the inner conductor of this pair 
is 2 · 6 millimetres while the inner diameter of 
the outer conductor is 9 · 5 millimetres. This 
coaxial pair is the subject of a recommendation 
of the International Telegraph and Telephone 
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Consultative Committee ( CCI TT) in which 
the mechanical and the electrical characteristics 
are specified [7, 19] . Figure 1 is based on the 
more-important carrier systems in operation in 
Europe before small-diameter coaxial-cable sys­
tems were designed. The abscissa shows the 
number of channels of the carrier system while 
the ordinate is a scale of the copper weight per 
telephone channel-kilometre in the cable. The 
weight of the copper in the c.able per telephone 
channel-kilometre has been chosen as an ob­
jective measure for the comparison of different 
types of cables. This scale may also be used to 
some degree as a measure of the cable price. 
In this diagram there is an excessive separation 
between symmetric pair systems and coaxial 
pair systems. The gap is nearly one decade in 
number of channels. 

From Figure 1 ,  one can clearly see that the gap 
can be closed only by a coaxial pair system, 
because the symmetric pair systems are limited 
to around 120 channels. 

If one attempted to close the gap by using a 
2 · 6/9 · 5-millimetre coaxial pair, the copper per 
telephone channel-kilometre would be more 
than in the 120-channel system on symmetric 
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Figure 1-Weight of copper per kilometre length of 
telephone channel as a function of the indicated num­
ber of channels in the carrier system. This represents 

the more-important European broad-band carrier sys­
tems on cable before the introduction of small-diameter 

coaxial-cable systems. 

Telephone Systems Using Small-Diameter Cable 

pairs and would without doubt lead to an un­
economic system. 

From these considerations, one can see why a 
new system had to be developed. 

Figure 2 now shows how the gap is closed by 
the small-diameter coaxial-cable systems. The 
result is a range of systems with numbers of 
channels that are nearly uniformly distributed 
on a logarithmic scale. It is clear that future 
provision of 960-channel and 1260-channel sys­
tems will be on small-diameter coaxial cable. 

3. Basic Considerations of System 

Characteristics 

The small-diameter coaxial-cable technique has 
passed through several stages during its devel­
opment up to its present point [8-10] . The 
cable itself has been considerably improved and 
it now appears that the developments of the 
different manufacturers have reached such a 
point that, apart from differences in the con­
struction of the inner conductor insulation, the 
electrical characteristics are very similar [ 1 1 ]  . 
The International Telegraph and Telephone 
Consultative Committee has, therefore, been 
able to describe these characteristics m a 
recommendation [ 12, 19] . 
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Figure 2-Relation between small-diameter coaxial­
cable systems and other broad-band carrier systems. 
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3 . 1  OPTIMIZATION OF SYSTEM COSTS 

After settling on the construction of the small­
diameter coaxial pair, the main point now to 
be decided on is the diameter. Only the inner 
or the outer conductor can be chosen because 
the ratio between both should be 3 · 6. 

In the equation for the line loss per kilometre 

O' = 8·686 ( Ep'lr) Yi f11 
2 { (D / d) + 1 }  . . 

X da 2 loge (D / d) , decibels/kilometre 

where 

D = inner diameter of the outer conductor 
in millimetres 

d = outer diameter of the inner conductor 
in millimetres 

f = frequency in hertz 
p = resistivity of conductor material in 

ohm-millimetre2 /kilometre 
E = dielectric constant of the insulation 

between conductors. 

The expression { (D / d) + 1 }  / { 2 loge (DI d) } 
has a minimum at D/d = 3·6. 

The greater the diameter the smaller is the 
attenuation at a given frequency. This also 
means that fewer repeaters need to be inserted 
in the line. A large diameter of the coaxial pairs 
also means higher cable costs and lower equip­
ment costs. By a suitable selection of the 
diameter, the total costs of cable and equipment 
can be brought to a minimum. 

The first problem is to define which costs 
should be minimized. Should it be the initial 
costs, ( that is, the price of the installed con­
nection) or should it be related to the annual 
charges ? Other important factors are mainte­
nance costs, repair costs, power consumption, 
the paying of interests, et cetera. It is clear 
that in different countries these calculations 
would not give the same result. 

Generally it can be said that the most economic 
cable diameter increases with the number of 
channels in the system. From the manufac-

turing point of view however it is not eco­
nomic to have a large number of alternative 
sizes due to the high cost of cable manufacturing 
machines, and hence an effort is made to keep 
the number of different types of coaxial pairs 
as low as possible. At present only two types 
are recommended by the International Tele­
graph and Telephone Consultative Committee. 

3 .2 POWER FEEDING OF DEPENDENT 
REPEATERS 

In coaxial systems designed to achieve opti­
mum economy, the repeater sections will in 
general be quite short. It is, therefore, vital that 
the power for these repeaters be transmitted 
over the cable itself from power feeding stations 
which, in the European area, should preferably 
be greater than 70 kilometres ( 45 miles) apart. 

It is also clear that transistor systems having 
a low power drain would be essential. Tran­
sistor repeaters offer the further advantage of 
needing only one supply voltage. ·For this rea­
son the repeaters would not require special 
supply circuits other than the usual power feed 
separation filter, if a direct-current power feed­
ing system is used. 

The power feeding current is generally trans­
mitted on the inner conductors of the coaxial 
pairs because induction from other neighbouring 
circuits is less on the inner conductors and 
because the inner regions of the cable are better 
protected from accidental short-circuits. 

3.3 POWER FEEDING CIRCUIT 

The power feeding circuit consists of the two 
inner conductors of both coaxial pairs compris­
ing one carrier path. Each path has its own 
circuit. Thus the total reliability is increased, 
because in most cases a failure will interrupt 
only a part of the channels carried on one cable. 
Calculations show that with direct-current 
power feeding it is better to connect repeaters 
in series if more than 3 or 4 repeaters are to be 
supplied with power from one feeding point. 
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To gain an understanding of the power feeding 
problem, the different factors that influence the 
selection of the diameter of the coaxial pair will 
be presented. 

The highest power feeding voltage that is 
allowed at the power feeding station depends 
on the diameter of the coaxial pair. In Figure 3 
this relation is given. This is not a definite 
limit, because the necessary safety margins are 
a matter of agreement. The curve can be de­
scribed by 

where EPF = highest power feeding voltage 
allowed 

E1 = highest voltage allowed for an 
inner conductor with a diameter 
of 1 millimetre 

d = diameter of the inner conductor 
in millimetres. 

\Vhen studying this curve it must be remem­
bered that in the case of cable faults the whole 
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power feeding voltage can be applied to one 
cable pair. The maximum voltage is limited to 
about 1500 to 2000 volts because at these volt­
ages corona discharges may occur and produce 
a high noise level in the telephone channels of 
the system. 

In these calculations a distance is assumed of 
100 kilometres ( 60 miles ) between the power 
feeding stations with a transformer at the half­
way point to separate the power feeding cir­
cuits. Figure 4 shows the resistance of the inner 
conductor loop as a function of the diameter 
of the coaxial pair. The corresponding equation 
lS 

where Rs = resistance of inner conductor loop 
R1 = resistance of the loop with a con­

ductor 1 millimetre in diameter 
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In this circuit in the case of power matching, 
the following power is available for all 
dependent repeaters. 

Nmax = EPF2/ (4R.) 
= d4Ei2j (4R1) . 

In the following expression we define N' max as 
!Nmax, which is the total power available to 
the line amplifiers for one direction of trans­
mission on a SO-kilometre (30-mile) link. Thus 

and is shown in Figure 5. The values for E1 
and R1 have been taken from Figures 3 and 4. 

In the case of power matching, half of the 
power feeding voltage can be used for the line 
amplifiers, the rest being lost in the resistance 
of the inner conductor loop. At the present state 
of the art of amplifier design, 10  volts is about 
the smallest supply voltage for an amplifier with 
suitable characteristics for carrier systems. 
Assuming these conditions a scale has been 
drawn in Figure S showing the greatest possi­
ble number of line amplifiers in a SO-kilometre 
(30-mile ) link for power matching. If more 
than 10 volts is required for an amplifier, the 
number will be smaller. The figures in paren­
theses are the maximum numbers of line ampli­
fiers and these figures are followed by the 
corresponding shortest repeater spacings in 
kilometres. 

If the amplifiers do not need the greatest 
possible power, the current can be reduced and 
the voltage drop on the inner conductor loop 
can be smaller. Then more line amplifiers each 
with a 10-volt supply can be inserted in the 
loop without exceeding the allowable feeding 
voltage. As an example a curve is also drawn 
in Figure S giving the power for 2S line ampli­
fiers if these amplifiers do not need the maxi­
mum power. For this curve the power feeding 
circuit is always fed with the highest allowable 
voltage shown in 'Figure 3. The curve is, there­
fore, also a limit, preventing the use of the left­
hand area. If higher supply voltages for the 

amplifiers are necessary, the curve will move 
towards the top right-hand side of the diagram. 
The curve for 2S amplifiers in a SO-kilometre 
link has been chosen, because 2 kilometres is 
the repeater spacing of a proposed 2700-channel 
system on small-diameter coaxial cable ( 1 · 2/ 
4 · 4 millimetres) .  It would appear that in the 
present state of the art, the use of a cable of 
smaller dimensions than this would have lirn­
ited power feeding capability for long-distance 
systems. 

3.4 PROTECTION AGAINST LIGHTNING AND 
POWER SURGES 

Transistor repeaters on small-core cable, with­
out special protection, are in general rather 
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vulnerable to induced electromotive forces from 
neighbouring power cables and lightning dis­
charges [ 13,  14] . 

This is due partly to the greater sensitivity of 
semiconductors to transient overloads and 
partly because less metal is used in the cable 
sheath, which in turn has a higher resistance, 
allowing more of the induced current to flow 
in the coaxial tubes themselves. 

vVith a direct-current series power feeding cir­
cuit, induced voltages accumulate over the 
whole power feeding circuit. But there are 
several procedures that can be adopted to re­
duce the dangers involved. 

(A) Equipment can be installed at a distance 
from high-puwer circuits to considerably re­
duce the effects of induced voltages. 

(B) The induced voltage on the coaxial pair 
can be reduced by a suitable sheathing and 
armouring of the cable. 

(C) By preventing any connection to earth of 
the inner conductor as well as of the outer con­
ductor, the current induced into the inner 
conductor can be considerably reduced. 

(D) The length of the cable susceptible to in­
duction can be shortened by establishing two 
independent power feeding stations. The two 
circuits are insulated from each other by line 
transformers capable of withstanding high 
voltages. 

(E) By the installation of discharge devices at 
suitable points along the route. 

In systems on the market, different combina­
tions of these possibilities are in use. In all 
cases additional measures are necessary in the 
dependent repeaters to protect them against 
overvoltage. 

3.5 NmvIBER OF CHANNELS AND REPEATER 
SECTION LENGTH 

vVhen the dimensions of the coaxial pair are 
fixed, the next question is ·what should be the 
number of the channels carried by this pair. 

Telephone Systems Using Small-Diameter Cable 

Many studies and investigations made on an 
international level have recommended that sys­
tems should have 300 and 960 or 1260 chan­
nels (Recommendations G.341 , G.343, and 
G.344) of the International Telegraph and 
Telephone Consultative Committee [ 1 5 ] .  

In some situations it would be advantageous to 
be able to change from one system to the other 
when the demand arises for more circuits and 
hence the repeater spacings of such systems 
sho_uld be such that most of the repeater points 
can be used again. The situation is simplified 
if the 300-channel system has double the re­
peater spacing of the 960- or 1260-channel 
system. 

Let us define a system (designated system 1 ) ,  
in which the repeater section loss at the frti­
quency of the highest channel f 1 is ai and the 
line amplifiers fulfill definite requirements of 
thermal noise and harmonic distortion. 

If this system is replaced by another system 
( system 2 ) ,  the repeater spacing of ·which is 
only half that of the first system, then the 
number of the sources for thermal noise is 
doubled since each repeater contributes to the 
noise. To get the same signal-to-thermal-noise 
ratio at the end of the link, the repeater input 
level of the highest channel must be 3 decibels 
higher in the second system, if the repeaters 
of both systems have the same noise factor. The 
line attenuation is greatest in the highest chan­
nel and neglecting some irregularities at lower 
frequencies is proportional to the square root 
of the frequency. The repeater section attenua­
tion a� of system 2 at the top frequency f2 1s, 
therefore : 

Figure 6 is derived from this calculation and 
shows the necessary changes of the transmit level 
of the second system compared with the first. 
The basis for this calculation is that of keeping 
the signal-to-thermal-noise ratio constant at 
the end of the link. The curves are given as a 
function of the repeater section attenuation a1 

of the first system, for example, a 300-channel 
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system. Each curve belongs to a given fre­
quency ratio fo/fi. It can be seen that by the 
alteration from a 300-channel system with 6-
kilometre ( 3 · 7-mile )  spacing to a 1260-channel 
system with a 3-kilometre ( 1 · 9-mile) spacing 
(fdf 1 = 4) , the transmit level of the highest 
channel must be increased by 3 decibels. The 
transmit level of a 960-channel system with 4-
kilometre (2 · 5-mile) spacing can be reduced 
by 2 · 6 decibels compared with a 300-channel 
system with 8-kilometre ( 5-mile) distance be­
tween the repeaters (fa/fi = 3 · 1 ) . 
By halving the repeater sections, the number 
of sources producing harmonic-distortion noise 
are doubled. To compensate for this, either the 
transmit level of system 2 must be 3 decibels 
lower or the linearity of the second system 
must be the same degree better. The 3-decibel 
change is enough both for second- and third­
order harmonic distortion, because the second­
order distortion adds mainly on a power basis 
and varies decibel by decibel with transmit 
level changes while the third-order distortion 
varies 2 decibels with a 1 -decibel level change 
and adds mainly on a voltage basis. 

If the number of channels is high enough 
( > 240) the equivalent power is proportional 
to the number of channels and, therefore, is 
also nearly proportional to the frequency of the 
top channel. On the other hand the harmonic­
distortion noise power arising in a telephone 
channel is independent of the number of chan­
nels if the equivalent power of the system is 
kept constant. Thereby it is assumed that the 
non-linearity is independent of frequency. Be­
cause the equivalent power increases in propor­
tion to the number of channels, the repeaters of 
system 2 must meet the harmonic-distortion 
requirements of system 1 at a measuring level 
that is higher by the factor t loge Cfdf 1 ). 
The result of these considerations is given in 
Figure 7. This figure explains at what level 
in system 2 the harmonic distortion ( which is 
required for system 1 )  must be measured. (The 
following assumptions have been made : Half 
the repeater section of system 1 in system 2, 
the same thermal noise factor in both systems ) . 
Again the curves are given as a function of the 
repeater section loss a1, for example, a 300-
channel system, for several values of frequency 
ratio. 
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In Figure 7 it can be seen that in a 1260-
channel system with 3-kilometre ( 1 · 9-mile) 
repeater spacing the harmonic distortion must 
be 12 decibels better than in a 300-channel sys­
tem with 6-kilometre ( 3 · 7-mile) spacing. The 
requirement of a 960-channel system with 4-
kilometre ( 2 · 5-mile) spacing is only 5 decibels 
higher than that of a 300-channel system with 
8-kilometre ( 5-mile) repeater spacing. To put 
it another way : if the harmonic distortion is 
always given for the relative transmit level of 
the highest telephone channel and comparing 
the latter two system.s, the second-order-har­
monic attenuation a1c2 must be higher by 2 · 6 
decibels + 5 · 2 decibels = 7 · 8 decibels ( Figures 
6 and 7) . The third-order-harmonic attenuation 
a1c3 must be higher by 2 X ( 2 · 6 decibels + 5 · 2 
decibels ) = 15  · 6 decibels. Effects of different 
pre-emphasis characteristics of the systems have 
not been taken into account in this calculation. 
Figure 7 further shows that the "natural" fre­
quency ratio fdf 1 for halving the repeater sec-

tion is smaller than 3 :  1 in the range of interest 
of a1• Besides this the number of channels in 
the systems have been chosen with 300 and 960 
or 1260. This is mainly because existing sys­
tems had to be taken into account and because 
the systems must have frequency allocations 
combined from groups, supergroups, master 
groups, et cetera. 
It can also be seen that in the case of the two 
systems with 300 channels and 6-kilometre 
( 3 · 7-mile) spacing and with 1260 channels and 
3-kilometre ( 1 · 9-mile) spacing, the 1260-chan­
nel system presents considerably greater prob­
lems to the designer than the 300-channel sys­
tem. The two other systems with 300 and 960 
channels and 8- and 4-kilometre ( 5- and 2 · S­
mile) repeater spacing respectively, offer about 
the same degree of difficulty. On the other hand, 
a comparison of the 1260-channel system with 
3-kilometre ( 1 · 9-mile) spacing and the 960-
channel system with 4-kilometre ( 2 · 5-mile) 
repeater spacing would show that these two 
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systems require about the same effort for their 
design. 

Calculated from Figure 6, Figure 8 shows the 
changed requirements for the overload point. 
'From this the power needed for the repeater 
can be estimated. These curves give only ap­
proximate values, because the exact values 
depend on the pre-emphasis and the margin 
necessary for level variations and equalization 
errors. 

4. Other Special Features 

After having given in the previous sections the 
ideas and considerations that have led to the 
small-diameter coaxial-cable technique, some 
special features from the planning of the new 
systems will now be described. 

One characteristic is common to all the small­
diameter coaxial-cable systems described in the 
following articles [ 16-18] . This is that the 
dependent repeaters are remote power fed and 
are designed to be used in underground repeater 

stations. This new method of locating the re­
peaters has been made possible only by the use 
of transistors. This means that no extra mains 
supply needs to be installed in the repeater 
stations, not even for measuring apparatus, 
which also use transistors and operate from a 
battery supply. The underground location of 
the repeaters brings savings in costs for ground 
and buildings and allows more freedom in 
routing the cable link. 

The underground location of the repeaters 
would not be advantageous if it were not possi­
ble to make the repeaters sufficiently reliable 
that maintenance work at regular intervals is 
not required. With the exception of one adjust­
ment during the installation of the repeater no 
further adjustment is required. All the addi­
tional facilities for equalization are provided in 
the power feeding stations, that is, the terminal 
and main repeater stations. 

Due to the underground location of the depend­
ent repeaters it is necessary to provide at the 
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F i g u r e  8 - R e q u i r e d  
change of the overload 
point requirement when 
replacing system 1 ( sub­
script 1 )  by system 2 
( subscript 2) having 
double the number of 
repeaters at half the 
original spacing on the 
same coaxial pair. Re­
peater noise factors are 
equal. Line loss varies 

as f\10. 
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po;ver feeding station means of locating a fault 
in a repeater or in the cable whether this fault 
has interrupted the power feeding circuit or 
not. 
Small-diameter coaxial-cable systems operate 
with pre-emphasis. This means that the relative 
transmit levels of the different channels are not 
equal, the channels of the upper frequencies 
being transmitted with a higher level than the 
channels at lower frequencies. The transmit 
levels of the highest-frequency channels are 
determined by the thermal noise of the repeater 
inputs, whereas the levels of the lower-fre­
quency channels, being less attenuated by line 
loss, are less influenced by the thermal noise. 
The transmit level of these lower channels can 
therefore be reduced resulting in a lower re­
quirement for the overload point and for har­
monic distortion. 

The small-diameter-cable systems are designed 
to meet fully all the recommendations of the 
International Telegraph and Telephone Con­
sultative Committee concerning thermal noise, 
non-linear distortion noise, crosstalk, level tol-

Figure 9-Attenuation constant of a coaxial pair with 
copper conductors as a function of size and frequency. 

Telephone Systems Using Small-Diameter Cable 

erances, frequency allocations, interconnection 
levels, et cetera. 

5. Use of the Equipment on Other 

Coaxial Pairs 

It has been mentioned earlier in this article that 
the attenuation of a coaxial pair is proportional 
to the square root of the frequency. This is 
only correct if the frequency is high enough or 
the outer conductor is thick enough. For the 
present types of coaxial pairs the dielectric con­
stant of the inner conductor insulation is nearly 
a constant value. Figure 9 has been dravm with 
these assumptions. It shows the relation be­
tween the attenuation constant, frequency, and 
dimensions of the coaxial pair. ( Copper as 
the conducting material. )  Below 1 /3 · 6 milli­
metres the curves are only drawn as dotted 
lines, because with these dimensions the di­
electric constant required could not be realized. 
At lower frequencies the thickness of the outer 
conductor is a decisive factor and gives rise to 
different attenuation characteristics. The effect 
of screening the outer conductor with mild-steel 
tapes can also be seen on the low-frequency 
attenuation characteristic. Generally, equipment 
designed for a definite type of coaxial pair can 
also be used on other coaxial pairs if the error 
at the lower frequencies is corrected in the 
equalizers. \Vith another coaxial cable the re­
peater section length is different, for example, 
repeaters of the 960-channel system with 4-
kilometre ( 2 · 5-mile) repeater spacing on the 
small-diameter coaxial pair ( 1  · 2/4 · 4  milli­
metres ) can also be used on the large coaxial 
pair ( 2 · 6/9 · 5  millimetres ) with a spacmg of 
about 9 kilometres ( 5 · 6 miles ) .  
There is an advantage with this change to a 
thicker coaxial pair. \Vith longer repeater sec­
tions the number of the sources of thermal and 
non-linear distortion noise is reduced, resulting 
in a better signal-to-noise ratio than the same 
link with small-diameter cable. However, be­
fore using equipment designed for the small­
diameter cable on another coaxial pair, care 
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must be taken to ensure that this cable is suit­
able for the power feeding system, fault location 
method, and earthing scheme. 

6. Realization of the Equipment 

The following three articles in this issue de­
scribe the equipment for the small-diameter 
coaxial-cable systems designed by Standard 
Elektrik Lorenz ( Germany) , Standard Tele­
phones and Cables ( Great Britain) ,  and Stand­
ard Telephon und Radio (Switzerland) .  

These new products are all based on the same 
studies, which are outlined in this article. There 
are several reasons why it was necessary to 
design within the ITT System three different 
realizations of the same basic idea. 

Each of the three manufacturing companies had 
to make the new systems in accordance with 
the requirements of its main customer, its cor­
responding telephone administration. These re­
quirements include not only the special equip­
ment practice standardized on a national basis, 
but also some differing level values and differ­
ences in the methods to ensure the safety of 
the maintenance personnel. The rules for the 
maintenance of the equipment also differ. There 
are further some differences in the general form 
of construction of cable networks, for example, 
in the field of cable pressurization, use of cable 
ducts, or in the use of combined cables. Finally 
there are some differences between the admin­
istrations as to the fields in which these systems 
can be used to best advantage. But the deciding 
reason for making three versions has been the 
requirement of each administration that the 
equipment must be able to work with the equip­
ment of their other suppliers without any diffi­
culties. In some cases this requirement is 
extended to such a degree that it must be 
possible to exchange the equipment subunits 
from different suppliers. The three new systems 
are described in separate articles. Although this 
results in some repetition, it means, on the other 
hand, that the systems are more-fully presented. 
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Multichannel Telephone Equipment of Standard Elektrik 
Lorenz for Small-Diameter Coaxial Cable 

F. SCH EIBLE 
Standard Elektrik Lorenz AG ; Stuttgart, Germany 

1 .  Geneml 

The V300 and V960 carrier frequency line 
equipments for the small-diameter ( 1 .2/4.4-
millimeter) coaxial pairs were developed to 
meet not only the recommendations of the In­
ternational Telegraph and Telephone Consulta­
tive Committee for high-quality speech circuits 
but also the requirements of the German Post 
Office for equipments supplied to it by various 
German manufacturers. 

1 . 1  FREQUENCY ALLOCATIONS 

1 . 1 . l  V960 
As shown in Figure 1 ,  the V960 system is 
capable of transmitting 960 channels in 16  
supergroups in  the frequency range from 60 to 
4028 kilohertz or 3 master groups between 316 
and 4188 kilohertz for 900 channels ( V900 ) .  
The frequencies of 60 and 4287 kilohertz serve 
as line pilot signals. Since the fault-location 
method uses pulses above these frequencies, an 
overall transmission bandwidth from 60 to ap­
proximately 4700 kilohertz is provided. 

1 . 1 .2 T '300 
The frequency allocation of the V300 system 
for 300 channels is shown in Figure 2. The 
system is capable of transmitting 5 supergroups 
in the range from 60 to 1300 kilohertz or 1 
master group between 64 and 1296 kilohertz. 
The higher-frequency line pilot is at 1 364 
kilohertz. Here again fault location enlarges the 
required bandwidth to a maximum frequency of 
approximately 1500 kilohertz. 

1 .2 BRANCHING-OFF FACILITIES 
At main repeater stations it is possible, with 
both types of line equipment, to drop any super­
groups without reinjection, and to extract and 
reinsert supergroups 1 and 2 (60-552 kilo­
hertz ) .  Moreover, in the case of the V960 main 

repeater stations, extraction and reinjection 
of supergroups 1 through 5 (60-1300 kilo­
hertz ) or supergroups 7 through 16 ( 1 556-
4028 kilohertz ) may be carried out. 

1 .3 EQUALIZATION 

The repeaters compensate for the attenuation 
in the small-diameter ( 1 .2/4.4-millimeter) 
coaxial pair. Except for the lowest frequencies 
of the transmitted band, this attenuation is ap­
proximately proportional to the square root of 
the frequency. It has the following values at 
+ 10 degrees Celsius. 

Frequency in Nepers per Decibels per 
Kilohertz l{ilometer Mile 

60 0. 1 7  2.4 
1 300 0. 7 9.7 
4028 1 .22  1 7.0 

The attenuation is also temperature dependent 
and increases by about 0.2 percent per degree 
Celsius except at the lowest frequencies where it 
is up to 0.28 percent per degree Celsius. A tem­
perature rise, therefore, appears as an increase 
in line length. 
Attenuation as a function of cable length can be 
corrected by a fixed equalizer, but the tempera­
ture-dependent attenuation changes must be 

60 4287 r rt1 
12 13 14 1:

0

�
8 JJJ� 

60 
FAULT-LOCATI N G  S I GNA7L . 

4287 

r �� �r rt1 
60 316 1548 1636 2868 2956 4188 4660 

Figure 1-The V960 system shown at top provides for 
16 supergroups of 60 channels each between 60 and 
4028 kilohertz. The lower diagram is for the V900 
system of 900 channels in 3 master groups. Fault­
location signals are in the 4660-kilohertz region as 

indicated. Pilots are at 60 and 4287 kilohertz. 
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corrected by an equalizer which varies in sym­
pathy with these changes. In Central Europe 
the mean temperature of a cable buried at a 
depth of 0.8 meter ( 32 inches) under the 
ground is about + 10 degrees Celsius. At this 
depth the temperature changes by some ±8 
degrees Celsius between summer and winter ; 
daily variations being insignificant. 

Transistors permit the dependent repeaters to 
be operated unattended and to be installed 
underground. By suitable heat insulation, the 
ambient temperature of the repeater and of the 
cable are approximately equal. This permits the 
use of a temperature-sensitive resistor to con­
trol gain. The small residual temperature dif­
ference between the internal temperature of the 
repeater housing and the ambient temperature 
of the cable can easily be accommodated in the 
design of the equalizer network. The cost of a 
temperature-controlled repeater is considerably 
less than of an automatic pilot-regulated repeater. 

One cannot, however, completely give up the 
pilot-regulated repeater, since the temperature­
sensitive device is only able to control the 
amplifier gain but not to regulate it. For this 
reason, a certain number of temperature­
controlled repeaters must be followed by a pilot­
regulated repeater. This avoids an accumulation 
of temperature-dependent equalization errors, 
resulting in the dependent repeaters being op­
erated at the wrong output level. In any case, 
a pilot-regulated amplifier is equipped at the 

1364 

L���� r rt1 
60 300 312 552 564 804 812 1052 1060 1300 1450� 

FAU LT-LOCATING SIGNAL? 
60 1364 

I ri, , , , , , ' 
1 1 1  I 1 1  

64 304 3 12 552 560 800 808 1048 1056 1296 1450 

Figure 2-The V300 system may accommodate 300 
channels in either 5 supergroups or in a single master 

group with the frequency limits shown in kilohertz. 

Standard Elektrik Lorenz Telephone System 

terminal or at mam repeater stations above 
ground. 

The pilot regulating devices operate auto­
matically. They contain an integrating regu­
lator, which responds slowly to relatively short­
term variations of the pilot level, thereby elimi­
nating any instability in the system. On the 
other hand, the time constant of the regulator 
is small when compared with attenuation 
changes due to cable temperature fluctuations, 
so that these changes are fully equalized. 

Since the pilot-regulated amplifiers are able to 
equalize only at exactly the pilot frequency, it 
is necessary with both systems to include extra 
equalizers after a maximum of 24 dependent 
repeaters. These correct for the accumulated 
equalization errors at other frequencies and are 
fitted in only the terminal and main repeater 
stations. 

1 .4 REMOTE POWER FEEDING 
Both systems are designed for remote series 
feeding of direct-current operating power. This 
minimizes the cost of power supply equipment 
inside the dependent repeaters. The constant 
current supplied to the dependent repeaters is 
60 milliamperes for V960 and 40 milliamperes 
for V300. It is fed over the inner conductors of 
the coaxial pairs. The power feeding equipment 
is accommodated in the terminal or main re­
peater stations above ground and can feed up 
to 12 buried dependent repeaters in each direc­
tion. This corresponds to the maximum number 
of dependent repeaters permissible in view of 
the need for an extra equalizer after 24 de­
pendent repeaters. The surface repeater stations 
thus contain the power feeding equipment as 
well as the extra equalizers. 

1 .5 0VERVOLTAGE PROTECTION 
The German Post Administration requires that 
the voltage induced in a single interference sec­
tion of such a cable be limited to 60 percent 
of the cable test voltage. This induced voltage 
from neighboring alternating-current power 
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lines or electric railways is limited in the case of 
small-diameter coaxial cables to 1200 volts. To 
keep the interference sections as short as pos­
sible, the last dependent repeater of each power 
feeding section includes an isolating line trans­
former to isolate both the inner and the outer 
conductors of the two adjacent sections of the 
coaxial line. In addition, the outer conductor of 
the coaxial pair is insulated both from the cable 
sheath and earth (floating potential) to further 
reduce the effects of surges from alternating­
current mains and atmospheric discharges. 

As the metal frames of the buried repeaters are 
electrically connected to the outer conductor of 
the coaxial cable, these are also insulated from 
earth. This allows high interference voltages to 
appear between the metal parts of the buried 
repeater and its surroundings without causing 
damage to the equipment. The repeaters them­
selves are provided with insulated covers as 
protection for maintenance staff. 

These precautions alone are not adequate to 
prevent damage to the transistor amplifiers, and 
overvoltage protection is required in the trans­
mission path. A distinction is made between 
coarse and fine protection. Gas discharge ar­
restors are placed in the input and output 

circuits of all repeaters as coarse protectors. 
Two arrestors are used in parallel to increase 
reliability. The striking direct voltage of the 
discharge tubes is 600 volts, and this exceeds 
the highest possible power feeding voltage by 
a safe margin. This is also the case when under 
fault conditions low insulation resistance causes 
a connection between the inner and outer con­
ductors of the coaxial pair in the opposite direc­
tion (such as through penetration of water into 
the cable) .  The discharge arrestor, having once 
fired, extinguishes immediately since the direct 
feed current together with the surge current 
from the line and equipment capacitances are 
too small to maintain it in a conducting state. 

A surge voltage caused by lightning striking 
the ground close to the cable may rise to several 
thousand volts and since the arrestors take a 
finite time to ignite, the coarse protector does 
not respond immediately to the leading edge of 
the first voltage peak. 

As there are other voltages impressed on the 
cable that are insufficient to cause the coarse 
arrestor to strike, the amplifiers are fitted with 
additional fine discharge protectors closer to the 
transistors. 

B U R I E D  DEPE N DENT  R EPEATERS\ 

I I � t 
1 TRANSM ITTED PU LSES 

280 

ll'­
T I M E  

-

SU PER­
V I SORY 
FI LTER 

.J 

FROM DEPENDENT REPEATERS 

T l  M E  

RECE IVED PULSES  

Figure 3-Fault location 
using pulses. A pulse sent 
from the pulse transmit­
ter over the go path is 
selected by a filter at each 
dependent repeater and 
returned to the originat­
ing station over the re­
turn path. The transmitted 
pulses are repeated slowly 
enough to permit all the 
return pulses to be re­

ceived without interfering 
with each other. 
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1 .6 SUPERVISORY FACILITIES 
The pilots used at the repeater stations for 
automatic level regulation also indicate the con­
dition of each transmission section. For this 
purpose the pilot level is indicated on a meter 
at the surface repeater station and a pilot alarm 
given if a decrease greater than 0.35 neper ( 3 
decibels) from the nominal level is indicated. 

1 .7 FAULT LOCATION 
Both pulses and direct-current measurements 
are available for locating faults. 

1 .7. 1 Pzdse Met hod 

The pulse method presupposes an unbroken 
power feeding circuit. As shown in Figure 3 
pulses of relatively low repetition frequency 
with a carrier frequency above the communica­
tion band are transmitted from the surface re­
peater stations. The pulses pass sequentially 
through all the dependent repeaters and are then 
suppressed in a stop filter at the end of the 
power feeding section. At each dependent re­
peater station, a supervisory filter at the out­
put of its line amplifier transfers the pulse to 
the input of the line amplifier for the opposite 
direction. The returned pulses are displayed 
on an oscilloscope at the surface station that 

Figure 4 - Resistance 
measurement for fault lo­
cation. The diodes are re­
verse biased and non­
conducting with normal 
operating voltage polarity. 
For measuring, the oper­
a ting voltage is removed 
and the bridge voltage 
polarity makes the diodes 

conducting. 

R E S I STANCE  
M EASU R I NG 
B R I D G E  + 

I 
POLAR ITY  OF 
M EAS U R I N G  

VOLTAG E  

S U R FACE REPEATER 
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initiated the pulses. Each dependent repeater 
is a different distance from the surface station 
and is identified by the time taken for the round 
trip of its pulse. The absence of a pulse indicates 
which repeater has failed. 

1 .7.2 Direct-Current Method 
VVhen there is an interruption in the power 
feeding path, only the direct-current fault-loca­
tion method can be used. This is shown in Fig­
ure 4. In each dependent repeater a high re­
sistance in series with a diode is inserted be­
tween the inner conductors of the tvvo coaxial 
pairs. Under normal working conditions the 
diode is reverse biased and nonconducting. The 
power feeding equipment is disconnected from 
an interrupted power feeding circuit and is 
replaced by the resistance bridge that provides 
an output voltage of the opposite polarity to 
make the diodes conductive and permit resist­
ance measurements to be made. The resistance 
measurements permit the location of a fault to 
be determined. 

1 .8 REPEATER SECTION LENGTH 
VVith the components now available, spacings 
of 4 and 8 kilometers (2.5 and 5 miles ) for the 
V960 and V300, respectively, have proved to 

;..------ POWER FEED I NG  SECT I O N -------..! 

(+) I POLA R I TY 

I OF REMOTE 
POWER 

I FEED !  NG 
VOLTAG E  

H 
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be possible. The V 300 system can also be sup­
plied for 6-kilometer (3.7-mile) repeater spac­
ing. It is feasible to convert a cable initially 
equipped with V300 repeaters to a V960 sys­
tem when the demand for telephone channels 
increases. This makes it necessary to provide 
for the siting of repeaters at 4-kilometer (2.5-
mile) intervals when the cable is laid. 

1 .9  NorsE 

According to the recommendations of The 
International Telegraph and Telephone Con­
sultative Committee, the average noise power at 
the end of a hypothetical reference circuit of 
2500 kilometers ( 15 50 miles) should not exceed 
10  000 picowatts per channel at a point of zero 
relative level. Since 2500 picowatts are allowed 
for the modulation equipment in the reference 
circuit, the noise contribution of the line equip­
ment must not exceed 3 picowatts per kilometer 
( 4.8 picowatts per mile) . Noise contributions 
are caused by the thermal noise of the line and 
of the transistors and as a result of nonlinear 
distortion produced in the amplifiers. As the 
linear crosstalk is intelligible, the requirements 
on crosstalk attenuation must be so high that 
the noise contributed by crosstalk is negligible. 

1 . 10 TRANSMIT LEVELS AND OVERLOAD POINTS 

The information given below relates to the 
supergroup method of the assembly of channels. 
Of course, the V960 line equipment can trans­
mit 3 master groups ( V900) and the V300 
line equipment can transmit one master group 
without modification. Chosen on the basis of 
the requirements for thermal noise in a carrier 
channel and to provide adequate margins for 
signal level and equalization errors along the 
system, transmit levels of - 1  and -0.5 neper 
( -8.7 and -4.3 decibels) relative a point of 
reference level are used for the top channels of 
the V960 and of the V300 systems, respectively. 
At a flat transmit level, the International Tele­
graph and Telephone Consultative Committee 

recommends a minimum overload point of +3 . 1  
nepers ( + 27  decibels) for the V960 system and 
of + 2.7 nepers ( + 23 decibels) for the V 300 
system referred to a point of zero relative level. 

When a pre-emphasis network, which decreases 
the transmit level at low frequencies compared 
with high frequencies, is inserted in front of the 
transmit amplifier, requirements for the ampli­
fier overload point are reduced and the distor­
tion requirements are altered. This makes these 
requirements easier to satisfy, since they are 
frequency-dependent. By a suitable choice of 
pre-emphasis characteristic it is possible to 
achieve a situation where each channel has 
approximately the same total noise level ( ther­
mal noise and distortion) .  For the V960 system 
and for the V 300 system a pre-emphasis of 1 . 1 5  
nepers ( 10 decibels) was chosen. After allowing 
for erroneous signal levels due to inexact line 
lengths and accumulated equalization errors, a 
minimum value of +2.1 nepers ( + 18.5 deci­
bels ) referred to 1 milliwatt was obtained for 
both types of line equipment for the overload 
point, which corresponds to a power of 67 
milliwatts. 

2. Performance of Line Equipment 

Several types of repeaters are provided. The 
surface terminal repeaters handle the signal 
band both to and from the modulation equip­
ment. The buried dependent repeaters are of 
both the temperature-controlled and the pilot­
regulated types. Finally surface main repeaters 
are required if the distance between two ter­
minal repeaters exceeds 100 kilometers ( 63 
miles) for the V960 system or 200 kilometers 
( 125 miles) for the V 300 system, that is. if 
more than 24 dependent repeaters are placed in 
tandem and provision must be made for extra 
equalizers and power feeding equipment. A 
further reason for the installation of main re­
peaters is the occasional necessity to drop or 
insert supergroups in the signal band. 

The line equipments for the V960 and V300 
systems form one family, using compatible re-

282 ELECTRICAL COMMUNICATION • Volume 41,  Number 3 • 1 966 

www.americanradiohistory.com

www.americanradiohistory.com


peater section lengths and identical mechanical 
design. This allows straightforward conversion 
from one type to the other if the line capacity is 
to be increased from 300 to 960 speech channels. 
In addition to the repeater housings and racks 
in the surface repeater stations, similar electri­
cal design permits a number of units to be com­
mon to the two types of line equipment. Units 
that differ only in transmission frequency bands 
and levels use identical basic circuits wherever 
possible. This permits us to describe the V960 
and the V300 repeater types together. 

2.1  TEMPERATURE-CONTROLLED DEPENDENT 
REPEATER 

Figure 5 sho-ws the layout of the temperature­
controlled dependent repeater. Power separat­
ing filters are included at the inputs and outputs 
of each direction of transmission and these sepa­
rate the direct-current power from the signal 
band. Overvoltage arrestors are placed across 
the signal jacks to protect the apparatus. The 
line amplifier is connected between the high­
pass ends of these power separating filters. A 
zener diode, with a breakdown voltage exceed­
ing the line-amplifier working voltage, connects 
the ends of the low-pass sections of the power 
separating filters together. The entire direct 
current normally flows through the line ampli­
fier ; when open-circuit occurs in the amplifier 
the direct-current power loop is maintained 
through the zener diode. Due to the limiting ac­
tion of the zener diode when its breakdown 
voltage is exceeded, the diode constitutes, to­
gether with its paralleled capacitor, a further 
protection for the amplifier against interference. 
The capacitor bypasses the amplifier for rela­
tively small alternating currents superimposed 
on the feed current and so prevents hum modu­
lation. The block diagram also shows the super­
visory filter and the series-connected diode 
and measuring resistor required for fault 
location. 
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Figure 5-Temperature-controlled repeaters for V960 
and V 300 systems. In the last dependent repeaters in a 
power feeding section, the line transformers couple 
the signals to the next power section and a pulse stop 
filter is inserted in the go path to suppress the fault-

locating pulses. 

Each power feeding section is terminated by 
a last dependent repeater. As a pilot-regulated 
repeater is required only after a number of 
temperature-controlled repeaters, it is basically 
possible to employ a temperature-controlled re­
peater in this position. This is satisfactory from 
the size point of view, since it leaves the space 
normally occupied by the pilot regulating appa­
ratus available for additional equipment. This 
last dependent repeater must also contain a 
pulse stop filter and a line isolating trans­
former for each direction of transmission as 
mentioned previously. 

2.2 PILOT-REGULATED DEPENDENT REPEATER 

The pilot-regulated dependent repeater uses 
only one line pilot frequency of 4287 kilohertz 
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for the V960 or of 1364 kilohertz for the V300 
system. Thus it is not fully regulated as is the 
case with thf'. main repeaters which, in addition, 
can use the 60-kilohertz pilot frequency. Figure 
6 shows that the pilot-regulated dependent re­
peater contains, in addition to the units of the 
temperature-controlled repeater, a pilot regulat­
ing equipment consisting of band-pass filter, 
amplifier with rectifier, and regulator for each 
direction of transmission. A further zener diode 
and shunt capacitor are included in the power 
supply circuit for the pilot regulating equipment. 

The outline circuit diagram of the line ampli­
fier for V960 is shown in Figure 7. The line 
amplifier consists of a pre-equalizer network, a 
preamplifier, and a final amplifier. The pre­
equalizer, a bridged-T network, compensates for 
the slope of the gain of the preamplifier and final 
amplifier. As is seen in the section dealing with 
equalization, the required nominal overall gain 
at 60 kilohertz is 0.7 neper ( 6 decibels) and at 
4028 kilohertz is 4.9 nepers ( 42.4 decibels) giv-

PI LOT 
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! RECE IVER i 
POWER

.._ ------i <J J ! 1--..-�
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SEPARAT ING  L I N E  SEPARATI NG  
FI LTER A M P L I F I ER FI LTER  

Figure 6-Pilot-regulated dependent repeaters for 
V960 aml V300. 

ing a slope in gain between high and low fre­
quencies of 4.2 nepers ( 36.4 decibels) .  Using 
the pre-equalizer this slope is reduced to ap­
proximately 2 nepers ( 17.5 decibels) .  

This gives advantages regarding the singing 
margin of the amplifier and its noise figure at 
high frequencies. This worsening of the noise 
figure at low frequencies due to the attenuation 
of this pre-equalizer network is insignificant 
since the receive level at the input of the line 
amplifier is still considerably higher at low fre­
quencies than at high frequencies even with 
pre-emphasis. 

The preamplifier has two stages with high 
negative feedback and uses, as does the final 
amplifier, silicon planar transistors. The hybrid­
coil bridges at the input and output are in­
cluded in the negative feedback path and 
constitute an optimum circuit for low noise in 
the input stage and for maximum power output 
in the output stage. 

Changes in attenuation due to changes in the 
temperature of the coaxial line are compensated 
for hy an equalizing network inside the feed­
back loop of the preamplifier. Changes in the 
cable temperature at a depth of 0.8 meter ( 32 
inches) of ± 10 degrees Celsius from a nominal 
temperature of + 10 degrees Celsius cause 
changes in cable attenuation of ±0. 1 neper 
( ±0.9 decibel) at 4028 kilohertz per repeater 
section. In the case of the temperature-con­
trolled repeater, the equalizing network of the 
preamplifier includes a resistor whose value 
depends on the ambient temperature. It is able 
to satisfactorily equalize attenuation changes of 
±0. 1 5  neper ( ± 1 .3 decibels) at 4028 kilohertz. 
In extreme cases a small residual equalization 
error of the order of 1 percent cannot however 
be avoided. As has already been mentioned, 
pilot-regulated repeaters are provided to com­
pensate for this error. The only difference 
between the pilot-regulated and the tempera­
ture-controlled line amplifiers is that the 
ambient-temperature-controlled thermistor is 
replaced by a thermistor that is controlled from 
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the pilot regulating equipment. The range of 
gain variation of the preamplifier is in this 
case ±0.3 neper ( ±2.6 decibels) at 4028 kilo­
hertz, which is sufficient to equalize the attenua­
tion changes due to variations in the tempera­
ture of the adjacent repeater section and also 
the accumulated temperature-dependent equali­
zation errors of the preceding temperature­
controlled repeaters. Finally the preamplifier is 
able to correct residual errors in the equaliza­
tion of cable lengths, for which adjustments are 
in 0.1-neper (0.9-decibel) steps at 4028 kilo­
hertz. 

The final amplifier is a 3-stage unit also having 
high negative feedback. The second grounded­
collector stage is necessary to drive the output 
stage. Since the noise figure of this amplifier is 
not critical, the hybrid-coil bridge at the input 
has been discarded. The network in the feed­
back loop allows correction of cable attenuation 
values deviating from the mean cable attenua­
tion of 4.9 nepers ( 42.4 decibels) at 4028 kilo­
hertz and 10 degrees Celsius, varying the ampli­
fier output by ±0.3 neper ( ±2.6 decibels) in 
steps of 0. 1 neper ( 0.9 decibel) .  Expressed as 
a cable length this is equivalent to ±250 meters 
( ±820 feet) .  This length, however, can be 
fully used only if no allowance is required for 
tolerances in cable manufacturing. 

As already mentioned a fine protection must be 
provided within the equipment for the protec-
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tion of the transistors, and this is shown sym­
bolically at the input and output of the line 
amplifier in Figure 7. The fine protection con­
sists of 2 parallel discharge tubes having nomi­
nal striking voltages of 1 50 volts and a diode 
circuit. These are aided by the components of 
the repeater proper, the pre-equalizer network 
at the input, and the hybrid-bridge resistor and 
leakage inductance of the output transformer, 
which are utilized for current limitation. The 
diode circuit consists of 2 fast-acting radio­
frequency diodes in parallel with opposite 
polarities and biased to avoid limitation of the 
output voltage and its attendant nonlinear dis­
tortion. These diode circuits together with the 
other protective devices provide protection 
against any kind of interference voltage. 

The equalization error of the line amplifier 1s 
less than 0.04 neper ( 0.35 decibel) relative to 
the nominal loss of the coaxial line, and the sys­
tematic component of this is less than 0.02 neper 
(0 .17 decibel) .  The second-order distortion 
margins obtained by the sum-and-difference­
tones method and measured at the fundamental 
tone level of - 1  neper ( -8.7 decibels) referred 
to 1 milliwatt are 9.7 nepers (84 decibels) at 
60 kilohertz and 8.6 nepers (75 decibels) at 
4028 kilohertz below the fundamental tone 
level in the worst case. These margins vary 
almost linearly across the frequency range and 
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Figure 7-V960 line amplifier. 
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exceed the required values by 0.4 to 1 . 1  nepers 
(3 .5 to 9.5 decibels ) .  

The third-order distortion margins at 60 and 
4028 kilohertz of 14.3 nepers ( 124 decibels ) 
and 12 nepers ( 104 decibels) are 2.4 to 0.8 
nepers (21 to 7 decibels) better than the re­
quired values. At the same time, the noise figure 
measured at 4 megahertz is on the average 0.5 
neper ( 4.5 decibels) against the planning value 
of 0.7 neper ( 6 decibels) .  Since the crosstalk 
meets its requirements satisfactorily and makes 
no noise contribution, the overall noise allowed 
by the recommendations of the International 
Telegraph and Telephone Consultative Com­
mittee is not fully used. The overload point at 
+2.25 nepers ( + 19.5 decibels ) referred to 1 
milliwatt is 0. 1 5  neper ( 1 .3  decibels) higher 
than required. 

The mechanical construction of the V960 line 
amplifier is shown in Figure 8. The two central 
boards accommodate the preamplifier and final 
amplifier including their power supplies while 
the outer boards mount the equalizer and fine­
protection circuits together with the power 
separating filters. 

The line amplifier for the V300 system similarly 
consists of a preamplifier and final amplifier 
with pre-equalizing networks in the feedback 
loops. The equalizer and the grounded-collector 

stage in the power amplifier were omitted in 
this case, while an additional hybrid-coil bridge 
was fitted to the final amplifier input. The func­
tion is identical with the V960 line amplifier. 

The network in the feedback loop of the pre­
amplifier is utilized for temperature equaliza­
tion. Variations in cable temperature of ± 10 
degrees Celsius result in attenuation changes 
at 1 300 kilohertz not exceeding ±0.1 neper 
( ± 1  decibel) per repeater section. Again the 
temperature-controlled preamplifier is easily 
able to offset these and greater attenuation 
changes. The pilot-regulated preamplifier has 
a regulating range of ±0.3 neper ( ±2.6 deci­
bels) at 1300 kilohertz, which is adequate for 
temperature equalization of the adjacent re­
peater section, correction of the accumulated 
residual errors of the previous temperature­
controlled preamplifiers, and residual errors 
due to the equalization of cable lengths. 

The network in the feedback loop of the final 
amplifier is userl to correct deviations in the 
attenuation from the mean cable attenuation at 
10  degrees Celsius, which amounts to 5 .6 nepers 
( 48.4 decibels ) per section at 1300 kilohertz. 
The final amplifier is capable of being adjusted 
at 1 300 kilohertz by ±0.3 neper ( ±2.6 deci­
bels) in steps of 0 .1  neper ( 0.9 decibel) ; this 
range is equivalent to ±430 meters ( ± 1410 
feet) . This length can be fully used only if  no 
allowance is required for tolerances in cable 
manufacturing. The fine protection against 
overvoltage at the input and output of the 
line amplifier can be slightly simplified com­
pared with the V960 line amplifier, as this 
VJOO amplifier can withstand a higher capaci­
tance load, which allows zener diodes to be 
used. 

The equalization error of the V300 line ampli­
fier is less than 0.04 neper ( 0.35 decibel) with 
a systematic component less than 0.02 neper 
(0 .17 decibel) referred to the nominal loss of 
the coaxial line. Due to the favorable distortion, 

Figure 8-Line amplifier for V960 system. noise, and crosstalk values, again the overall 
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noise allocation permitted by the recommenda­
tions of the International Telegraph and Tele­
phone Consultative Committee is not fully used. 

Figure 9 shows the line amplifier of the V 300 
system. The two boards mount the preamplifier, 
final amplifier, power supply, fine protection, 
and power separating filters. 

On both types of line equipment, the line pilot 
of 1364 or 4287 kilohertz is extracted at the 
output of the pilot-regulated line amplifier via 
a hybrid transformer. The pilot is selected by 
a band-pass filter and then passed to a rectifier 
circuit via an amplifier using silicon planar 
transistors. The rectified pilot is then compared 
with a reference voltage, and should it deviate 
by more than ±5 percent from the nominal 
value, an integrator regulator operates varying 
the current in the preamplifier thermistor until 
the rectified pilot voltage and the reference 
voltage coincide. To prevent the amplifier from 
being regulated to maximum gain in the event 
of pilot failure, the integrator regulator is 
stopped should the pilot level suddenly drop 
by more than 0.35 neper ( 3.0 decibels ) .  The 
gain of the line amplifier is maintained at the 
value set at the instant of pilot failure. 

The mechanical construction of the pilot-regu­
lated dependent repeater is shown in 'Figure 10. 
Each of the two units at the bottom houses a 
line amplifier with two power separating filters 
and a power supply. On their front panels, the 
plugs for correcting amplifier gain for differ­
ences in the cable length can be seen. Above 
the line amplifiers is a unit containing the pulse 
selecting filter, the series-connected diode, and 
the associated measuring resistor for the direct­
current fault locating circuits. The uppermost 
unit is left empty in temperature-controlled 
dependent repeaters. It houses the pilot regu­
lating devices. At the last repeater in the power 
feed section, the amplifiers and fault locating 
units are moved upward and an additional unit 
containing the pulse stop filter and line isolating 
transformers is inserted at the bottom. 

Standard Elektrik Lorenz Telephone System 

The plug-in repeater with its insulating cover 
is mounted in a cast metal casing. The German 
Post Office employs, in conjunction with the 
12-pair coaxial cable it uses, a metal casing for 
6 repeaters including cable seals. 

2.3 TERMINAL REPEATER 

The terminal repeater station, which is always 
above ground, contains apparatus for the line 
pilots, residual equalization, and power feeding 
in addition to the transmit and receive ampli­
fiers proper. 

Figure 9-Line amplifier for V300 system. 

Figure IO-Pilot-regulated dependent repeater for 
V960 and V300 systems, with cover removed. 
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Figure 1 1  is a schematic diagram of a V960 
terminal repeater, which forms the point of 
interconnection with the modulation equipment. 
The terminal repeater is designed for the levels 
recommended by the International Telegraph 
and Telephone Consultative Committee at this 
point : In the transmit and receive directions 
-3.8 nepers ( -33 decibels) referred to refer­
ence level or, optionally by strapping changes, 
-4.l nepers ( -36 decibels ) in the transmit 
direction and -2.6 nepers ( -23 decibels) in 
the receive direction both referred to reference 

level. Station-cabling equalizers are fitted in 
both directions of transmission to compensate 
for the frequency-dependent line loss occurring 
in wide frequency bands between the line distri­
bution and terminal repeater racks. These 
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equalizers are of the adjustable Bode type with 
constant input impedance [ 3] and have a maxi­
mum attenuation of 0.35 neper ( 3 decibels) .  
They make up for the losses in the station 
cables, which are of various lengths, so that 
they are not frequency dependent. Adjustment 
is made by strapping into the circuit fixed 
resistors in steps of 0.05 neper (0.4 decibel) 
referred to the highest-frequency channel. Since 
the equalizer has to fan out on only one side, 
the cost of components could be greatly reduced. 
The calculations required for this equalizer and 

most of the other networks were made with 
the help of an electronic computer. 

The transmit panel includes all high-frequency 
apparatus in the transmit direction. Pilot stop 
filters, employing crystals to meet the high 
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Figure 1 1-Schematic diagram of V960 terminal r epeater. Frequencies in kilohertz are in parentheses. 
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selectivity requirements, suppress unwanted 
tones from the modulation equipment at the 
line pilot frequencies of 60 and 4287 kilohertz, 
which are afterwards correctly injected. As the 
60-kilohertz pilot regulating equipment may be 
omitted, it is shown by broken lines in Figure 
1 1 . After the pilot stop filters, the signal passes 
through the pilot combining unit made up of 
resistance and transformer hybrid bridges. This 
unit has three inputs each of which is decoupled 
with respect to the others ; they permit the 
injection of the two line pilots and either test 
frequencies or the fault-locating pulses. The 
transmit panel also mounts the pilot oscillators 
required for each direction of transmission. To 
maintain the frequency stability of the 60-kilo­
hertz pilot oscillators without using a tempera­
ture-controlled oven, the 60-kilohertz pilot is 
derived from 1200 kilohertz by frequency divi­
sion. It is also possible to supply the 60-
kilohertz pilot from an external source for 
frequency comparison purposes, in ·which case 
the oscillator is replaced by a level stabilizer. 

The pilot injection unit is followed by two flat 
amplifiers to raise the signal to the required 
transmit level. A pre-emphasis network is in­
serted between the flat amplifiers. These flat 
amplifiers, which are also employed in other 
places in the surface repeater stations, are very 
similar to the final amplifier stage of the line 
amplifier. The equalizer network in the feed­
back loop is replaced by a resistor. Since the 
flat amplifier is frequently employed at points 
of lo-w input level, it has, as has the preampli­
fier, a hybrid input transformer. When used 
as a transmit amplifier it is fitted with fine 
protection against overvoltage. 

Each line pilot is extracted at the transmit 
amplifier outputs and fed to its pilot receiver 
consisting of a band-pass filter, amplifier with 
rectifier, and level indicator. These pilot re­
ceivers are electrically similar to the pilot regu­
lating devices on the line. As an integrator 
regulator is not included, an indicator and relay 
unit provide the necessary visual and audible 
alarms. These are triggered when the pilot 

Standard Elektrik Lorenz Telephone System 

drops by more than 0.35 neper ( 3 decibels ) 
from the nominal value. 

It is also possible by detaching the 60-kilohertz 
pilot receiver to carry out flat measurements 
over the line via a de-emphasis network. If the 
length of the repeater section between the 
terminal repeater station and the first buried 
dependent repeater is shorter than can be cov­
ered by the adjustment provided in the line 
amplifier, the difference can be equalized by a 
line building-out network shown in Figure 12, 
in the transmit panel. For this purpose net­
works are provided with an attenuation of 0.3, 
0.6, 1 .2, and 2 .4 nepers (2.6, 5 .2, 10.4, and 20.8 
decibels ) at 4028 kilohertz. These networks 
can be used in tandem as required. The signal 
band is passed to the line via the high-pass 
section of the power separating filter, which is 
fitted with a coarse overvoltage arrestor. 

The high-frequency equipment used in the 
receive direction is mounted in the receive and 
equalizer panels. The signal band received from 
the coaxial line is fed via the power separating 
filter and line building-out network to the line 
amplifier, which has a fine protector at its input. 
This line amplifier is identical in electrical de­
sign with the pilot-regulated line amplifier in 
the dependent repeaters and operates at the 
same output levels. 

The equalizer panel mounts an equalizer regu­
lated by the 60-kilohertz pilot. It corrects 
equalization errors in the lower part of the 

Figure 12-Line building-out network. 
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transm1ss1on band which are caused, for in­
stance, by the temperature coefficient of the 
cable being somewhat higher at these frequen­
cies. These equalization errors are only signifi­
cant in the case of long transmission systems 
so that under certain circumstances the 60-
kilohertz pilot may be omitted. From the 60-
kilohertz pilot-regulated equalizer, the signal 
band is passed to a fixed equalizer which com­
pensates for systematic errors. These are caused 
by the fact that the equalizing networks in the 
line amplifiers are of a simplified design and 
hence, even analytically, small differences result 
with respect to the frequency response of the 
coaxial line. 

Finally, an adjustable residual equalizer com­
pensates for the accumulated nonsystematic 
errors due to cable and equipment tolerances, 
while the pilot equalizers are used to set the 
pilots to their nominal values with great ac­
curacy. 

The residual equalizer consists of an echo 
equalizer and a resonance equalizer. Since the 
overall attenuation response of the echo equal­
izer builds up from the sum of a number of 
cosine curves, it is also called a cosine equalizer. 
The echo equalizer is shown in Figure 13 .  It 
consists of a chain of several equal delay net­
works with delay time t0, extraction elements, 
and a summing amplifier. The whole arrange­
ment is terminated in its characteristic im­
pedance. At the input and output, as well as 
between delay elements, voltages can be ex­
tracted and summated. Figure 14 shows the 
locus and the amplitude of the first three delay 

Figure 13-Echo equalizer. 

elements of the echo equalizer. It can be seen 
that the echo equalizer is analogous to the 
mathematical Fourier analysis. Depending on 
the number of the delay elements used, it is 
possible to equalize a given attenuation curve 
with any desired accuracy. To be able to ensure 
close equalization even at low frequencies and 
at a low cost in delay clements, a resonance 
equalizer is also provided. This enables a reso­
nance curve to be formed to raise or lower the 
levels. No reaction between resonance fre­
quency, amplitude, or bandwidth takes place. 

Between the pilot equalizer and the adjustable 
residual equalizer of Figure 1 1  is a flat ampli­
fier to raise the signal band to its prescribed 
level. In the equalizer panel are also mounted 
the pilot band-pass filter, pilot amplifier with 
rectifier, pilot level indicator with a device for 
pilot alarm, and 60-kilohertz regulator. This 
pilot regulating equipment is similar to that of 
the dependent repeater. As in the transmit 
direction, a pilot level indicator and a device 
for visual and audible alarms are also incor­
porated. 

The signal from the equalizer panel passes 
through another flat amplifier to two pilot stop 
filters. These are followed by a de-emphasis 
network, which compensates for the pre-empha­
sis imposed on the signal at the transmit ter­
minal. Finally the signal passes through a sta­
tion cabling equalizer to the line distributor, the 
pilot signals being picked off from the output 
of the last flat amplifier. A flat measuring point 
is provided at this point via a de-emphasis net­
work and this is also used for connection of the 
pulse receiver for the fault location system. 
The pilot regulating equipment, which uses the 
4287-kilohertz pilot, also includes a pilot level 
indicator and a device for initiating alarms. 

The terminal repeaters for the V300 system and 
for the V960 are similar. The terminal repeater 
for the former is also designed to conform with 
the international recommendations with input 
levels of -4. 1 nepers ( -36 decibels ) and out-
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put levels of -2.6 nepers ( -23 decibles ) ,  both 
referred to reference level. The station cabling 
equalizer, also required in this equipment, com­
pensates for the attenuation of the station cables 
of various lengths, producing a flat loss of 0. 1 5  
neper ( 1 .3 decibels ) . 

Power separating filters, power feeding equip­
ments, and the 24-volt power supply panel for 
both terminal repeaters are identical. In most 
other panels, however, the V300 system uses 
other units. The automatic pilot regulating 
equipment of 4287 kilohertz is replaced by one 
of 1364 kilohertz ; pre- and de-emphasis charac­
teristics differ, and the flat and line amplifiers 
must fulfill different requirements. In particular 
the equalizers are applicable only to the V300 
system. Three networks of the line building-out 
unit for the V960 equipment, that is to say 
those with attenuations at 1300 kilohertz of 
0.34, 0.68, and 1 .36 nepers (2.95, 5 .9, and 1 1 .8 
decibels) ,  can be used for the V 300 equipment, 
in addition to a further network corresponding 
to a line length of 4 kilometers (2.5 miles) .  
These panels are so constructed that they will 
also mount the printed boards for both V960 
and V300 equipments. 

In the V 300 transmit panel the cost was re­
duced a little when compared with the V960 
system. In addition to the 60-kilohertz pilot 
regulating equipment, the measuring and pilot 
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combining units are identical for both terminal 
repeaters. For the V300 system the pilot com­
bining unit is followed by a pre-emphasis net­
work and only one flat amplifier, this being 
sufficient to obtain the required transmit level. 
Here too, the flat amplifier was derived from 
the final amplifier of the dependent repeater. 
Thus it consists of two stages, the input and 
output of which employ hybrid coils, and all 
active units use silicon planar transistors. Simi­
larly the cost of the equalizer panel was re­
duced. Since the signal band for the V300 
system is approximately a third of that of the 

V960 system, the adjustable residual equalizer 
can be designed as a resonance equalizer, al­
ready described for the V960 equipment for one 
resonance curve operating only at low frequen­
cies. The V300 system uses four such equal­
izers, each of them capable of covering the 
signal band and designed so that the resonance 
frequency, amplitude, and bandwidth of each 
equalizer section neither influences nor is dis­
turbed by the adjacent equalizer. 

The power supply units of both terminal re­
peaters deliver 24 volts required to drive the 
amplifiers, pilot oscillators, and pilot receivers 
and regulators. The input to the power supply 
can be 220 alternating volts + 10 and -20 
percent or 60, 48, or 24 direct volts with toler­
ances of + 22 and -12 percent. 
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The remote power feeding equipment works 
from the same input voltages, delivering a con­
stant feed current of 60 milliamperes for V960 
or 40 milliamperes for V300 with an output 
voltage between 30 and 480 volts. The regula­
tion characteristic is represented in Figure 1 5 .  
Should the remote power feeding voltage ex­
ceed 520 volts through some fault such as a 
break in the power feeding circuit the supply 
automatically drops to 60 volts and at the same 
time an alarm is given. \Vhen the fault has been 

cleared, the voltage increases to its nominal 
value again. 

The terminal and main repeater equipments 
( including branching-off facilities ) are mounted 
in a rack 2.6 meters (8.6 feet) high. Figure 16 
shows the cabinet complete with four repeaters. 
At the top of the rack the power separating 
filters and station cabling equalizers are placed 
and immediately beneath these are four sets 

(/) 30 w 
ll'.'. 
w "-
:::;; 
4: 
:J 
=' 20 
:::!! 

50 

40 

30 

NORMAL OPERAT I N G  RANGE  

+2 PERCENT 

VOLTS 

540 
VOLTS 

Figure IS-Regulation characteristic of the direct­
current power feeding equipment. On open circuit, 
when the voltage exceeds 520 volts, the regulator 

reduces it to 60 volts automatically. 

of transmit, receive, and equalizer panels. These 
are followed by four power feeding equipments 
and finally by the 24-volt power supply at 
the bottom. 

Since the individual panels use common items 
for both the V960 and V 300 systems, a single 
standardized rack can be used. When changing 
the V300 to V960 equipment, the transmit, 
receive, and equalizer panels together with the 
station cabling equalizers at the top of the rack 
can be readily replaced by those of the V960 
equipment. The remote direct-current power 
feed can be altered from 40 to 60 milliamperes 
at will by resoldering straps. The power separa­
tion filters and the 24-volt supply remain un­
altered. 

Figure 16-Four terminal repeaters mounted in a 
cabinet. 
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2.4 MAIN REPEATER 

The main repeater without branching-off facili­
ties includes the essential receive and transmit 
sets and additionally the equipment required 
for extra equalization and remote power feed­
ing. Figure 17  shows the layout of the V960 
main repeater. The block diagram of the VJOO 
main repeater is similarly derived from its 
terminal repeater. Both repeaters use the same 
units as the terminal repeaters, but a test fre­
quency injection point with a pre-emphasis 
network is added. 

Each transmission path is equipped with a 
receive panel, an equalizer panel, and an inter­
connection panel. The equalizer panel of the 
main repeater is the same as used in the termi-

Standard Elektrik Lorenz Telephone System 

nal station. The receive panel is similar, only 
the pilot stop filters and the de-emphasis net­
work are removed, because the main repeater 
station is inserted in the coaxial line. 

The flat amplifier in the output is used as the 
transmit amplifier and is therefore provided 
with fine protection against overvoltage. The 
line building-out network, necessary if the sta­
tion cannot be accurately sited, is mounted on 
the interconnection panel. This confers the ad­
vantage that the receive panel can be used 
without any modification as the receive panel 
for the main repeater with branching-off facili­
ties. By plugging in the interconnection panel 
the terminal station rack can be easily turned 
into a main repeater rack without the necessity 
for any changeover. 

Pl LOT R ECE I V E R  R EC E I V E  PAN E L  -G-(S) * <l � 1--�(_42_8_7�) ---------. 

I LI N E  

I B U I LD I N G ­
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N ETWORK 

.--o--1% 
I 
L __ I 

I /t> 
LI N E  

AM P LI F I ER 

POW ER 
F E E D I N G  

EQ U I PM ENT 

1. - 1 
I I NTER- , 

CON N EC-

T I O N  I I PA N EL 

I I 
I 

� 
I 

I 
I 

I 
1-1 
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I I 

I 
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Figure 17-V960 main repeater. Frequencies in kilohertz are in parentheses. 
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Thus by simply exchanging the transmit panels 
with the interconnection panels and exchanging 
the receive panels of the terminal repeater with 
the receive panels of the main repeater, the rack 
normally mounting four terminal repeaters be­
comes a main repeater rack mounting the 
equipment for two systems. To extract and 
reinject signals, additional branching-off and 
blocking filter panels are needed. These can 
also be mounted in the repeater rack. 

In the case of the main repeater with branching­

off facilities, the branching-off panels are 
mounted in place of the interconnection panels 
and the blocking filter panels are mounted in 
other unused spaces. As shown in Figures 18, 
19, and 20, some units of the branching-off 
panel are already used elsewhere. Several ar­
rangements are possible. 

(A) The dropping of supergroups 1 and 2 
(for V300 the method is the same but with a 
pilot of 1364 kilohertz instead of 4287 kilohertz ) . 

(B) The dropping of supergroups 1 through 5 .  

(C) The dropping of  supergroups 7 through 16. 

The amplifier and supervisory part of the re­
peater remains the same even though there are 
various arrangements for extraction and re­
insertion units. Stop-band filters must be pro­
vided for the 60-kilohertz pilot when super­
groups 1 and 2 and supergroups 1 through 5 
are dropped and for the 4287-kilohertz pilot 
and the fault-location pulses when supergroups 
7 through 16 are dropped. The station cabling 
equalizers, which are required when super­
groups 1 through 5 or supergroups 7 through 
16 are dropped, are mounted at the top of the 
rack. In the case of supergroups 1 and 2, a 

Figure 18-V960 arrangement for dropping supergroups 1 and 2. 
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lmv-pass filter that admits only that band is 
also added. 

\,Yhereas a branching-off panel is required for 
each of the two directions of transmission in a 
system, only one blocking filter panel per sys­
tem is needed, since the blocking filter units 
(as shown in Figure 18)  are placed in a half 
panel. In the case of supergroups 1 and 2, a 
sharp-cut-off high-pass filter is required to stop 
the further transmission of those supergroups, 
but when dropping supergroups 1 through 5 
and 7 through 16 it is possible to use separating 
filters. The blocking filters are bypassed to the 
line pilots by band-pass filters. For the V 300 
system the blocking filter panel for the dropping 
of supergroups 1 and 2 differs from the V960 
arrangements in that the attenuators provided 
have different values. 

Standard Elektrik Lorenz Telephone System 

Out of the existing arrangements for extraction 
with reinsertion can be obtained arrangements 
suitable for extraction without reinsertion. At 
the same time attenuators with similar losses 
are substituted for the blocking filters in the 
blocking-filter panel. 

3. Data Summary 

V960 System V300 System 

Line band for signals, �60-4700 �60-1500 
pilots, and fault location 
(kilohertz) 

Line band for signals 60-4287 60-1364 
and pilots (kilohertz) 

Fault location signal, 4660 1450 
pulse carrier (kilohertz) 

Mean repeater section 4 (2.5) 8 (5) 
lengths [kilometers 
(miles) ] 

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

I 
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L I N E  
B U I LDI NG­
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Figure 19-V960 arrangement for dropping supergroups 1 through 5. 
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Mean amplifier gain 
[nepers (decibels) J 

Range of gain variation 
[nepers (decibels) J 

Transmit level [nepers 
(decibels) J referred to 
reference level 

Pre-emphasis [nepers 
(decibels) ] 

Measured overload point 
at the output of the line 
amplifier [nepers (deci­
bels) referred to 1 milli­
watt] 

Noise power* [picowatts 
per kilometer (picowatts 
per mile)] 

Required direct-current 
power per temperature-

4.9 ( 42.4) at 
4028 kilo-
hertz 

±0.6 ( ±5.2)  
at  4028 kilo-
hertz 

- 1  ( - 8.7) 
at 4028 kilo-
hertz 

1 . 1 5  ( 10) 

? +2.25 
( + 19.5) 

< 1  ( 1 .6) 

5.6 (48.4) at 
1300 kilo-
hertz 

±0.6 ( ±5.2)  
at  1 300 kilo-
hertz 

- 0.5 ( - 4. 3) 
at 1 300 kilo-
hertz 

1 . 1 5  ( 10) 

? +2.2 
( + 19) 

<1 ( 1 .6) 

0.81, 13.5, 60 0.55,  13. 7, 40 

,---------, I H A L F  B LO C K I N G  F I LT E R  PA N E L  I I T I I I 

I 
I 
L _ _  

,--
1 I I I 
I 
I 
L _ _  

I I 
I 1 

_ _  _J I 
_ _ _  _J 

controlled amplifier 
(watts, volts, milli-
amperes) 

Required direct-current 
power per pilot-regulated 

1 . 53, 25.5,  60 1 .07, 26. 7, 40 

amplifier (watts, volts, 
milliamperes) 

Maximum distance be-
tween two surface re-

1 00 (63) 200 ( 125) 

peater stations [kilo-
meters (miles) ] 

* With loading in accordance with Recommendation 
G322 of the International Telegraph and Telephone 
Consultative Committee. 
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Figure 20-V960 arrangement for dropping supergroups 7 through 16. 
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Multichannel Telephone Equipment of Standard Telephones 
and Cables for Small-Diameter Coaxial Cable 

R. E. J. BASKETT 
Standard Telep hones and Cables Limited ; London, England 

1 .  Introduction 

In the United Kingdom and throughout Europe, 
a demand exists for 300- and 960-channel 
telephone systems for use on the small-diameter 
coaxial pairs of 0 · 17 4-inch ( 4 · 4-millimetre ) 
diameter standardized by the International 
Telegraph and Telephone Consultative Com­
mittee ( CCITT ) .  

vVhen originally introduced these systems were 
primarily intended for use in developed c:oun­
tries on spur routes of 20 to 60 miles ( 32 to 
96 kilometres ) to join provincial towns with 
main trunk routes and for use in under­
developed countries as cheap main-line routes 
capable of forming a back-bone on which the 

telephone network could be extended. 

Since their introduction, however, they have 
been increasingly used in developed countries 
as main-line systems of up to 100 miles ( 160 
kilometres) and in less-developed areas routes 
of up to 500 miles ( 800 kilometres) have been 
proposed. In particular, railway administra­
tions and highway departments have shown 
great interest in these private and secure tele­
phone services. 

To meet these various demands, great flexi­
bility of equipment designs, hig-11 standards of 
reliability, and high performance must be 
coupled with low price. The two systems to 
be described have been produced by Standard 
Telephones and Cables to fulfill these needs 
and at the same time meet the specifications 
laid down by the British Post Office and the 
International Telegraph and Telephone Con­
sultative Committee. 

2. General System Considerations 

The following frequency plans have been 
adopted. 

2 .1  FREQUENCY PLAN FOR 300 CHANNELS 

The 300-channel system is capable of trans­
mitting 5 supergroups in the range from 60 
to 1300 kilohertz or one mastergroup from 
64 to 1296 kilohertz. 

Line pilots are provided at 1364 kilohertz ( the 
main regulating and control pilot) and 60 
kilohertz. The 60-kilohertz tone may be derived 
from the station frequency-comparison pilot or 
be internally generated. It is used for the dual 
purpose of monitoring the line system at low 
frequencies and carrying the comparison pilot 
around the telephone network. It is level sta­
bilized before application to the line system. 

2.2 FREQUENCY PLAN FOR 960 CHANNELS 

The 960-channel system transmits 16 super­
groups in the band from 60 to 4028 kilohertz 
with a regulating and control pilot at 4092 
kilohertz. It conforms with all the existing 960-
channel plant at present in service in the 
United Kingdom. The second line pilot, which 
is used solely for monitoring the system per­
formance, is at 308 kilohertz. 

A total bandwidth is available in the system to 
cover the range from 60 to 4500 kilohertz en­
abling the system, after modification of the line 
pilot frequency to 4287 kilohertz, to transmit 
the three master-group plans used elsewhere. 

2.3 SUPERGROUP ACCESS FACILITIES 

vVhile the dividing line between passed and 
dropped supergroups may theoretically be set at 
any point, experience has shown that a limited 
number of combinations of filters will satisfy 
almost all requirements, and the standard ar­
rangements follow. 
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Supergronps Passed 

All supergroups but 2 

Supergroups 2 upwards 

Supergroups 3 upwards 

Supergroups 5 upwards 

Supergroups 7 upwards 

Supergroups Dropped and Re-injected 

Supergroup 2 only 

Supergroup 1 only 

Supergroups 1 and 2 
Supergroups 1 through4 ( Group 1 of Supergroup 4 usedfor crossover) 

Supergroups 1 through 5 and part of supergroup 6.* 

* One or two groups are rendered unuseable in this case. 

In addition bypass filters may be provided, if 
required, for 60 and 308 kilohertz pilots, when 
the corresponding supergroups are dropped to 
provide a through path for those pilots with 
frequencies within the stop band of the filter. 

2.4 NOISE PLANNING 

The same basic arguments apply to noise on all 
types of coaxial equipment. 

The hypothetical reference circuit of the Inter­
national Telegraph and Telephone Consultative 
Committee of 1 575 miles (2500 kilometres) for 
coaxial line equipments is made up of 9 
homogeneous sections each of 175 miles (280 
kilometres ) . This means that the line signal 
is demodulated and re-combined at intervals 
of 175 miles (280 kilometres) in such a manner 
that the re-assembled channels may be con­
sidered to be re-connected at these points in a 
random manner. Thus the total permitted line 
noise contribution of 7500 picowatts may be ex­
pressed in the form of 4 · 8 picowatts per mile 
( 3 picowatts per kilometre) for purposes of 
practical comparison. 

Since the crosstalk performance of coaxial 
cables is inherently very good at high frequen­
cies, the overall crosstalk performance is within 
the province of equipment design, and so can be 
made very good. Hence no allocation of the 
system noise is made to this source and it is 
normally neglected. Radio-frequency break­
through of broadcast channels is sometimes 
found on wide-band systems, but again these are 
generally at a very low level and occupy at most 
only a few channels so that they may also be 

neglected. Noise from power units and from 
other sources may also be overcome. 

It is usual when planning the system to allocate 
proportions of the specified permitted noise to 
the thermal and intermodulation noise and this 
is determined in conjunction with the choice of 
the pre-emphasis characteristic to be used with 
the system. 

To reach an optimum solution to this problem 
in the case of the 960-channel system, a com­
puter was programmed to calculate the noise 
performance of the complete system as a func­
tion of amplifier gain, noise figure, non-linear 
distortion, phase characteristic, relative level, 
and pre-emphasis shape. The programme pro­
duced the proportion of noise in each channel 
due to thermal, second-order, and third-order 
distortion. 

From these calculations and the chosen section 
lengths, the output level of the repeater at the 
highest channel was fixed. 

2.5 LENGTH OF REPEATER SECTION 

The section length between repeaters is selected 
on the basis of the linearity, power handling 
capabilities, and bandwidth performance of the 
available transistors and is generally the sub­
ject of a recommendation of the International 
Telegraph and Telephone Consultative Com­
mittee. 

Repeater section length of 3 · 6 miles ( 5 · 8 
kilometres) for 300-channel systems and 2 · 5 
miles ( 4 kilometres) for 960-channel equip­
ments are employed in the systems. 
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2.6 TRANSMISSION AND OVERLOAD LEVELS 

Again the same basic arguments apply to both 
types of coaxial line equipment The output 
levels of the 960-channel and 300-channel sys­
tems at 4028 and 1300 kilohertz are -9 and 
- 13 decibels referred to reference level, respec­
tively. The pre-emphasis is, as internationally 
recommended, to have a maximum loss of S 
decibels in the case of the 300-channel system 
and to follow a defined law with a maximum 
loss of 10 decibels in the case of the 960-channel 
system. 

The minimum overload level for the 300-chan­
nel system is then calculated at + 1 1  decibels 
referred to 1 milliwatt, and for the 960-channel 
system of + 18 · 4  decibels referred to 1 milli­
watt. These correspond to output powers of 
+ 12 · 6 milliwatts and 67 milliwatts, respec­
tively. Both these output powers have been 
adequately exceeded, leaving substantial margins 
in the systems to allow for system level errors. 

2.7 EQUALIZATION 

A gain control range of approximately +4 
decibels i s  provided within the line ampli­
fiers of both systems to compensate principally 
for variations in the cable attenuation due to 
temperature. Other variations which are likely 
to occur are due to cable manufacturing toler­
ances, taken to be ±2 per cent of the nominal 
section attenuation but rarely reaching this ; 
siting errors which are limited individually and 
cumulatively to ±220 yards ( ±0 · 2 kilometre) ,  
amplifier gain errors, and amplifier-regulator 
adjustment errors. 

Taking the 300-channel system as an example, 
the variation in cable attenuation at the pilot 
'frequency of 1364 kilohertz for 10-degree 
Celsius change on the mean temperature is 
±0 · 72 decibel ; the cable manufacturing toler­
ance is controlled to within ±0 · 72 decibel ; the 
siting error gives ± 1  · 24 decibel, and the ampli­
fier gain errors taken over a large number of 
amplifiers is ±0 · 25 decibel from both causes. 

From examination of these figures it will be 
seen that apart from the cable attenuation vari­
ations with temperature, the remaining errors 
are all of a fixed nature and can be assessed at 
the time of installation. 

Providing that sufficient margin is available in 
the noise performance of the repeaters against 
level errors along the line and that some means 
of adjustment is available at the installation 
stage to cater for the fixed errors, it is possible 
to allocate all of the available range of control 
within the line amplifier to attenuation changes 
due to temperature and thus reduce the line 
plant to be installed. It is also feasible to allow 
these temperature changes to accumulate over 
a small number of repeater sections dependent 
on the range of cable temperature to be en­
countered. 

The 960-channel and 300-channel systems both 
employ this method of equalization and hence 
each have two distinct types of repeaters. One 
repeater contains a pilot-controlled amplifier 
and a second amplifier the gain of ·which is 
adjustable as the square root of frequency 
whilst the other equips two gain-adjustable am­
plifiers. The pilot-controlled amplifier contains 
a Bode equalizer which is terminated in a 
thermistor driven proportionally by a pilot 
regulator which monitors the pilot level at the 
output of the amplifier. The adjustable-gain 
amplifier employs the same network, this time 
terminated in a series of fixed resistors which 
allow the gain to be offset in 0 · 5-decibel steps 
at the top channel frequency. 

The pilot-controlled amplifier is sited so that it 
always works in the centre of its control range 
and is interspersed with the adjustable gain 
repeaters along the line. The 300-channel sys­
tem in the United Kingdom is equipped with 
pilot-controlled repeaters at intervals of ap­
proximately one in four stations and the 960-
channel system at intervals of one in three 
repeater stations. 

Overall level errors due to minor discrepancies 
in the match between the gain of the amplifier 
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and its adjacent line section, are compensated 
by a residual equalizer at the end of each line 
section. 

On longer routes of more than 24 intermediate 
repeater stations, a switched equalizer is fitted 
at the terminal stations in the receive directions 
of transmission to compensate for minor cumu­
lative level errors. These arise from the slight 
discrepancies which inevitably exist between 
the gain-control-network losses in each repeater 
and the attenuation changes in the cable due to 
temperature. These errors alter slowly with the 
temperature cycle over winter and summer. 

Since the cable temperature co-efficient changes 
substantially at the bottom end of the frequency 
band ( 0 · 26 per cent per degree Celsius at 60 
kilohertz and 0 ·  19 per cent per degree Celsius 
at 300 kilohertz and above) ,  care has been taken 
with the design of the gain-control network 
vvithin each amplifier to accommodate this, 
avoiding large accumulating level variations at 
60 kilohertz along the line system. 

The points for compensation of minor equaliza­
tion failures along the system coincide with the 
power feeding points. 

2.8 REMOTE POWER FEEDING 

The remote power supply for the repeaters is 
a constant direct current of 50 milliamperes as 
specified by the British Post Office, and is sup­
plied over the centre conductors of the coaxial 
tubes. Stringent requirements are laid down so 

Standard Telephones and Cables Telephone System 

that under no circumstances can this current 
through a 2000-ohm resistor ( intended to simu­
late a human being) be exceeded for longer 
than 250 milliseconds. The feeding voltage is 
limited under British Post Office regulations 
to 250-0-250 direct volts although an alterna­
tive of 300-0-300 volts is available within the 
power unit. 

The power feeding arrangements for the two 
systems differ slightly due to the basic config­
urations of the repeaters and the operating con­
ditions of the systems. The 960-channel repeater 
consists of a pre-amplifier and an output ampli­
fier each of which requires 12 volts, a total of 
24 volts per repeater. The power separating 
filter drops 0 · 25 volt and hence the total re­
peater (both directions of transmission) re­
quires 48 · 5 volts at a direct current of 50 
milliamperes (2 · 4 watts) .  The regulator unit 
is connected in shunt with the input amplifier 
and does not add to the total voltage. 

The 300-channel system employs a 12-volt 
amplifier for each direction of transmission and 
one regulator fed in series with the amplifiers 
and driven from 15  volts. The power separating 
filter requires a voltage drop of 1 · 2 volts and 
the complete repeater therefore requires 40 · 2 
volts (2 watts ) for both directions of trans­
mission. 

Table 1 shows the characteristics of the two 
systems derived from these facts and is based 
on regulation being provided at alternate repeat­
ers as in most exported systems ; slightly longer 

TABLE 1 

CHARACTERISTICS OF Two SYSTEJ\fS 

I Power Feed Distance 

System (Channels) Cable (Millimetres) Supply (Volts) Repeater Sections 

(Kilometres) (Milc8) 

300 4.4 250-0-250 1 22 75 .7 21 
300 4.4 300-0-300 145 90 25  
960 4.4 250-0-250 76 47.5 1 9  
960 4-4 300-0-300 92 57  23 
960 9 .5 250-0-250 1 7 1  106 19 
960 9 .5 300-0-300 207 129 23 
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distances are possible if the regulators are 
spaced at ¥.rider intervals. 

The power feeding stations are situated above 
ground at points where alternating-current mains 
or a central battery are available as a primary 
power supply. The equipment will operate from 
a central battery of 24 volts, which may vary 
between 28 · 1 S and 2 1 · 8  volts, and from single­
phase 4S-to-66-hertz 90-to-130 volt or 180-to-
260-volt alternating-current mains with the 
selected nominal voltage regulated to within ±5 
per cent. 

2.9 OVER-VOLTAGE PROTECTION 

The surge protection provided may be divided 
into primary and secondary protection, the 
primary protection being employed to divert the 
bulk of the surge away from the repeater equip­
ment and the secondary protection to reduce or 
clip the residual pulses to a level below which 
damage cannot occur in the equipment. In gen­
eral the collector-emitter voltages of the 
transistors employed is limited by the manufac­
turers to 30 volts and thus the residual inter­
fering pulses are reduced to less than l S  volts 
before they reach the transistors. 

Primary protection takes the form of gas dis­
charge tubes placed directly across the line 
terminals of the repeater at its input and output. 
Breakdown of these gas tubes occurs at 3SO 
direct volts, which is higher than the maximum 
power feeding voltage to avoid continuous igni­
tion from the power supply. The gas tube will 
also, should it inadvertently strike, carry the 
SO-milliampere feeding current permanently 
without damage and automatically extinguishes 
after the passage of a surge through the cable. 
Fast secondary protection is provided at the 
input and output of the repeater amplifiers by 
the connection of diodes and zener diodes, and 
the power supplies to the repeater are also indi­
vidually safeguarded. Care was taken when 
adding the diode circuits to the amplifier to 
ensure that their non-linear performance did 

not interfere 1vith the amplifier's harmonic per­
formance. 

In addition to these precautions a SO-hertz by­
pass filter is provided within each repeater 
power supply. This avoids SO-hertz hum modu­
lation interference clue to induced alternating 
currents. 

Each individual interstice \Vire is also protected 
by a 3SO-volt gas tube connected between the 
wire and the coaxial outer conductor. 

2 . 10 ]\foNITORING FACILITIES 

The line regulating pilots are used to monitor 
the complete transmission section, and an alarm 
is given by chart recorders when the pilot level 
rises or falls by 3 decibels. Meters continuously 
display the pilot levels. 

The regulating pilot level at the output of the 
regulated repeaters is monitored and an alarm 
passed to the terminal equipment when this 
changes by ±4 decibels. 

2. 1 1  FAULT LOCATION 

The method used for the location of faulty re­
peaters is imposed in the interests of standardi­
zation on all manufacturers of equipment 
tendering to the British Post Office. It employs 
a direct-current circuit using three of the inter­
stice wires within the cable, selection of the 
appropriate two out of the three wires indicat­
ing the type of fault at the dependent repeater. 

At the faulty repeater a large-value resistor is 
connected across the wires and the monitoring 
of a direct current flowing in this resistor at 
the terminal repeater indicates directly on a 
meter the position of the faulty repeater. 

Power failure or pilot failure in either direction 
of transmission is shown. Location of faults on 
a second system on the same cable is possible 
with the original alarm scheme when the fault 
resistors of the second system are added in 
parallel with the first system. Diodes provide 
discrimination between the two systems. 
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2.12 ENGINEERING SPEECH CIRCUIT 

Engineers visiting a repeater may communicate 
with one or both of the adjacent terminal re­
peaters. To do this audio amplifiers are em­
ployed at the surface stations and a portable 
telephone unit is taken to the repeaters and 
plugged into the line to complete the link. 
Power for the portable telephone, which uses 
direct-current loop calling and its loudspeaker 
as a microphone, is obtained from self-contained 
batteries. A 10-pound pair of interstice wires, 
loaded at 88 millihenries per mile ( 55 milli­
henries per kilometre) is used to make the 
circuit independent of the coaxial repeaters. 

A single amplifier driven from and driving a 
loudspeaker at the terminal station is employed 
in conjunction with a send-receive switch for 
both directions of speech transmission. 

3. Carrier Line Equipment 

3.1 MANUFACTURING AND MAINTENANCE 

A prime objective of the equipment design has 
been to obtain the lowest cost in both manu­
facture and maintenance consistent with relia­
bility and high performance. 

Silicon transistors have been used in general 
for the more-arduous circuit conditions where 
linearity, low saturation voltage, or temperature 
stability have been required. Circuits have been 
kept simple, and the number of different cir­
cuits kept to a minimum by using the same basic 
layout and configuration in the terminals and 
repeaters where appropriate. 

Uniform cards, rack layouts, and assemblies 
have been used between the various shelves of 
the terminal repeaters, and in addition, great 
care has been taken to avoid the excessive use 
of lamps, relays, and other items which might 
waste power. 

Reliability has been improved by the use of 
specially approved and vigorously tested com­
ponents. 

Standard Telephones and Cables Telephone System 

3.2 DEPENDENT REPEATER FOR 300 CHANNELS 

A regulated dependent repeater is shown in 
Figure 1 and its general schematic in Figure 2. 
An installed repeater in an early design of 
housing is shown in Figure 3. The repeater 
consists of 5 cards which slide into a position 
inside a shortened ITT Europe standard sub­
frame. Each card has splashproof covers on its 
front and rear which also serve to electrically 
shield the individual transmission paths from 
each other. The subframe contains a power sep­
arating filter ·which splits the high-frequency 
bands from the power feeding direct current at 
the input to the repeater and re-combines them 
at the output. This power separating filter is 
made in two parts and one part is associated 
with each direction of transmission. The two 

Figure I-Dependent repeater for 300-channel system. 
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amplifiers required for transmission are placed 
at each end of the subframe adjacent to the 
power separating filters and the central position 
is allocated to the pilot control regulator which 
is permanently wired to one amplifier. This 
amplifier and regulator are employed at suc­
ceeding stations along the route in each direc­
tion of transmission as regulation is required. 
The other amplifier may be adjusted in discrete 
steps of gain and is employed to compensate for 
the fixed errors due to siting tolerance, et cetera, 
to be found within each regulated line section. 

Power for the amplifiers is picked off from the 
centre of the power separating filters by means 
of a zener diode which is by-passed to SO hertz 
by a large capacitor. Power separation is done 
by a simple prototype filter section, and direct­
current blocking capacitors are fitted at the 
input and output of the repeater amplifiers. 

The circuits for the alarm and fault location 
system are also equipped inside the separating 
filter. The amplifier, which has 4 stages of 
common-emitter transistors, has its gain con­
trol network fitted with a directly heated 

1 2  VOLTS 

Figure 2-Diagram of 300-channel dependent repeater. 

thermistor and is driven by the pilot regulator. 
This is placed in the centre of the amplifier be­
tween two input and two output stages. Overall 
and local feedback is employed and a beta net­
work provides partial gain shaping. The gain 
shaping is completed by an input equalizer 
network. 

The pilot regulator which is of the proportional 
type consists of high-pass coil-capacitor pick­
off filter, tuned amplifier, comparator circuits, 
and direct-current amplifier. A transistor-oper­
ated switch provides the ±4-decibel level 
change alarm for the supervisory circuit. 

Silicon epitaxial planar transistors are used 
throughout the amplifier and regulator high­
frequency circuits. 

The repeater is coupled by plug and sockets to 
the cable and is mounted in a housing which 
will take two such repeaters. 

Figure 3-Repeater installed in an early type 

of housing. 
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The fixed-gain amplifier is exactly similar to the 
regulated amplifier except that the thermistor is 
replaced by a number of resistors which enable 
the control network to be offset at 1300 kilo­
hertz by ±4 decibels in 0 · 5-decibel steps. The 
nominal spacing for this repeater is 3 · 6 ± 0 · 13  
miles ( 5 · 8 ± 0 · 2 kilometres) a t  10  degrees 
Celsius, which corresponds to a gain of 36 
decibels at 1300 kilohertz. 

The repeater meets the recommendations of 
the International Telegraph and Telephone 
Consultative Committee with regard to noise, 
crosstalk, et cetera, and matches the repeater 
section of cable to within 0 · 35 decibel. A cable­
simulating network is available for occasional 
use, when it is geographically difficult to pre­
cisely site all the repeaters. It is installed inside 
the repeater housing but outside the repeater 
unit. The repeater performance is given in the 
data summary at the end of this paper. 

3.3 DEPENDENT REPEATER FOR 960 CHANNELS 

The 960-channel dependent repeater shown in 
Figure 4 has exactly the same physical dimen­
sions as the 300-channel repeater and contains 
four plug-in cards. The power separating filters 
for both directions of transmission are mounted 
together at one end of the repeater subframe. 
The small printed circuit required for the super­
visory scheme is mounted beneath the power 
separating filters. 

All the units are mounted on printed-circuit 
cards and are contained in front and rear cases 
which are connected directly to the outer con­
ductor of the cable. Insulation is provided at the 
front of the repeater to avoid accidental hand 
contact with the insulated outer conductor.  The 
units, as before, are two amplifiers, one for each 
direction of transmission, a regulator, and a 
cable-simulating network (this time inside the 
repeater unit) .  

A special feature of this system i s  the crosstalk 
performance which has been extended to pro­
duce programme performance throughout the 
whole band from 60 to 4028 kilohertz. Crosstalk 
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margins of greater than 106 decibels at 4028 
kilohertz have been obtained ; these are some 8 
decibels better than is required per repeater. 
To achieve this it has been necessary to elimi­
nate earth loops and long earth connections ; the 
power separating filters are grouped close to­
gether and each is totally enclosed. 

The dependent repeater shown in Figure 5 
consists of two amplifiers in each path ; one has 
a sloping gain and provides some of the equali­
zation required for the preceding cable section 
and the other has a flat gain characteristic and 
provides the output power. A Bode network 
bet\veen the two amplifiers controls the overall 
gain of the repeater amplifier, and the network 
loss is varied by the changing resistance of a 
directly heated thermistor or by fixed resistors. 
The thermistor, which is especially chosen and 
designed to impart good dynamic performance 
characteristics to the overall system, is used in 
pilot-controlled repeaters vvhilst resistors are 
employed in gain-adjustable repeaters again 
used to compensate for fixed errors in system 

Figure 4-Dependent repeater for 960-channel system. 
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gains and losses. Silicon epitaxial planar tran­
sistors are used throughout the repeater ampli­
fiers and again both local and overall feedback 
is applied individually to each amplifier. The 

Figure 5-Diagram of dependent repeater for 
960 channels. 

input amplifier is gain shaped by a network in 
its feedback path and this is supplemented by 
an input equalizer network to complete the 
overall gain shaping. 

The circuit arrangement and a photograph of 
the 960-channel amplifier are given in Figures 6 
and 7. Typical performance figures appear in 
the data summary at the end of this paper and 
the total calculated system noise is shown in 
Figure 8. 

The pilot regulator is similar in design to that 

used with the 300-channel equipment except 
that a crystal pilot pick-off filter is provided. 

Since this transistor-type repeater is also cap­
able of providing 960 channels as a direct re­
placement for the valve-type repeaters on the 
large-diameter 0 · 37 5-inch ( 9-millimetre) cable 
where repeater spacings vary considerably, the 
cable-simulating network has been built into the 
repeater subframe. It is not provided for 1 · 2/ 
4 · 4-millimetre cable systems unless specifically 
required. It contains networks simulating 0 · 15 ,  
0 · 3, 0 · 6, and 1 · 2 miles ( 0 · 25, 0 · 5, 1 ,  and 2 
kilometres) of small coaxial cable for each 
direction of transmission, each set of networks 
being in separate containers. 

·rrPILOT 
PICK-
OFF 

Figure 6-Explanatory circuit diagram for amplifiers in  the dependent repeaters for 960-channel working. 
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3.4 REPEATER HOUSING 

Designed for use within an underground box or 
cable chamber (manhole) ,  the repeater housing 
will take two subframes of either or both types 
side by side. In addition it provides a mounting 
for a flat plate which carries the interstice wire 
protectors and alarm diodes. A small, portable. 
battery-powered oscillator used for transmitting 

Figure 7-Line amplifier of 960-channel dependent 
repeaters. 

w 1 -4 
er 
f­
w 
::;; 1 · 2  
0 _J 
"' 
er l ·O 
w D.. 
� 0·8 
f­
<1 
:;i: 
0 u 
a: 
z 
w -� 

0·6 

0-4 

Ci 
z 0·2 

·-L---

/ :,/" 
-

/' 
/" /v 

"" 

0 0· 5 1 ·0 1 · 5  2·0 2 · 5  3·0 3 · 5  4·0 
FREQUENCY IN M EGAHERTZ 

Figure 8-Calculated noise in picowatts referred to 

zero level psophometric for a 1 75-mile (280-kilometre) 

section of small-diameter coaxial cable for a 960-

channel system. No allowance has been made for level 

misalignment or for terminal or power feeding stations 

required in this route. 
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a monitoring pilot over short sections of the line 
for fault tracing purposes can also be slotted 
into this plate. 

The box itself illustrated in Figures 9 and 10 
is prefabricated from o/i0-inch ( 4 · 7-millimetre) 
mild-steel plate, which is seam welded into the 
shape shown. Stiffening ribs are provided inside 
the slightly domed lid, and the ends of the box 
are drawn out to provide a mounting for the 
cable sealing ends and to ensure easy access 

Figure 9-Repeater housing fully sealed. 

Figure 10-Repeater housing with cover removed 
showing one dependent repeater installed. 
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to them. The main cable may be brought in and 
out at one end of the box or at each end as 
desired and the third sealing end is used to 
provide a ground-level test point. 

The use of a ground-level test point sited above 
the water line in the manhole enables the out­
puts of each repeater amplifier to be measured 
and easy access to the engineering speaker 
circuit without having to pump out the manhole 
or open the box. 

The box may be equipped with a loading coil for 
the speech circuit and a gas-pressure contactor 
which will signal to the terminal repeater a fall 
in pressure from the normal internal box pres­
sure of 8 pounds per square inch ( 0 · 6 
kilogramme per square centimetre) to approxi­
mately 3 pounds per square inch ( 0 · 2 kilo­
gramme per square centimetre) . This allows 
remedial action to be taken to restore the seal 
before water can enter the box. 

The box is equipped with an 0 ring to complete 
the lid seal and has feet on the lid to prevent the 
seal touching the ground when the lid is re­
moved and placed to one side. Two Schrader 
valves in the lid allow the box to be flushed with 
dry air and the single-bolt fixing is safeguarded 
to avoid removal of the lid whilst still under 
pressure. 

Earth lugs are provided inside and outside the 
housing, which may also be bolted to the floor 
of the manhole. 

The cable sealing ends are epoxy resin mould­
ings equipped with neoprene 0 ring seals against 
the housing. Individual coaxial connectors are 
brought out for each coaxial tube and a small 
socket is equipped to terminate the 10 inter­
stitial wires normally found within the cable. 

3 .5  TERMINAL REPEATERS FOR 300 AND 960 
CHANNELS 

Manufactured in standard equipment practice, 
these equipments are mechanically and sche­
matically similar, except that an extra amplifier 

having flat gain is required in the transmit 
shelf of the 960-channel version to compensate 
for higher network losses. The schematic for the 
960-channel equipment is shown in Figure 1 1 ,  
and the terminal repeater is illustrated in Fig­
ure 12. A typical terminal repeater card for the 
4092-kilohertz pilot oscillator is shown in 
Figure 13 .  

The high-frequency sections of  the terminal 
repeater comprise transmit, receive, and com­
mon shelves, the latter providing functions 
common to both receive and transmit directions 
of transmission such as spare amplifiers and 
changeover apparatus. The supervisory shelf 
contains all the alarm and location apparatus 
for one terminal repeater including an inbuilt 
20-volt to 120-volt direct-current to direct­
current converter to drive the fault location 
apparatus. The power supply unit for the ter­
minal and remote power supply unit for the 
repeaters each take up one shelf and the re­
corder and pilot display meters require two 
shelves. 

The range of input levels possible on both 
equipments is designed to cater for all applica­
tions of line equipment including radio systems 
and recommendations of the International Tele­
graph and Telephone Consultative Committee 
and the British Post Office. Levels are - 1 5  to 
-27 decibels referred to 1 milliwatt in 75-ohm 
unbalanced circuits at the output and - 1 5  to 
-45 decibels referred to 1 milliwatt at the 
input of the systems. 

Signals applied at the input to the high­
frequency line are first passed through pilot 
stop filters of 308 and 4092 kilohertz for 960 
channels or 60 and 1364 kilohertz for 300 chan­
nels to ensure that no extraneous signals at 
these frequencies cause interference with the 
line pilots. These pilots are than injected into 
the signal band after amplification, pre-empha­
sis, and, if required, pre-residual equalization. 
After further amplification the signals go to the 
cable via cable-simulating- networks (which en-
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able the first repeater section to be short if 
required ) and power combining filter to the 
line. Duplicate pilot oscillators with fast change­
over are provided for the regulating line pilot 
whilst the second pilot may be generated (in the 
960-channel case of 308 kilohertz ) or stabilized 
( in the 300-channel case of 60 kilohertz) . Pilot 
alarms operating on yariations of level of the 
outgoing pilot frequency are fitted to the output 
of the generators to operate at 0 · S decibel to 
give an alarm and if necessary to change oscil­
lators. The changeover unit, which uses mer­
cury-wetted relays, may be preferentially set to 
either oscillator. 

Incoming signals from the coaxial line are 
received via a power separating filter and cable­
simulating net\vork similar to those in the 
transmit shelf. A line amplifier and regulator 
between them ensure that the correct levels are 
then passed on for de-emphasis and residual 
equalization. After amplification the line pilots 
are extracted and fed away to the monitoring 

FILTER FILTER P I L O T  
(4092) (308) COM BI N I NG  

OSCI LLATOR (4092) 

L I N E  
RESIDUAL 

EQUALIZER 
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and recording equipment, ensuring that all the 
amplifiers in the system are guarded by the 
pilots against failure. The main high-frequency 
signal band is then passed via pilot stop filters 
to the output from the line equipment for con­
nection to the frequency-translating apparatus. 

The receive line amplifier, except for the card 
on which it is mounted, is identical with that in 
the underground repeater. A switched simula­
tion error equalizer may be fitted in the receive 
path on systems of greater than 24 repeater sec­
tions, should this prove to be necessary in 
service. 

The monitor units consist of crystal pick-off 
filter, amplifier, and rectifier circuits, driving 
independently controlled chart recorders and 
decibel meters. 

The 60-kilohertz pilot on the 300-channel equip­
ment is, in addition, amplified and supplied to 
various distribution outlets for frequency com­
parison purposes. 

Figure l l�Terminal repeater for transmit and receive for 960-channel system. Frequencies are shown in kiloherh 
in parentheses. Amplifier gains are in decibels. 
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Protection is provided against current surges 
for the incoming and outgoing signal paths at 
the line terminals and for each interstice wire. 

As a special requirement for the British Post 
Office and not generally supplied on export 
equipment, the common high-frequency shelf 
mounts a jack field for the selection of the input 
and output terminals of any working amplifier. 
This together with amplifier changeover cir­
cuits enable any amplifier to be replaced with 
less than I-millisecond break in transmission. 

The supervisory shelf provides a terminal alarm 
panel on which a variety of faults are shown 
such as power feed current failure, blown fuses, 
incoming or outgoing pilot failure, et cetera. 
In addition dependent alarm location and other 

Figure 12-Terminal repeater for 960 channels. 

subsidiary facilities are provided. The terminal 
apparatus for the speaker circuit is provided on 
this shelf, and this consists of a loudspeaking 
telephone and audio amplifiers. The circuit is 
normally loaded at 88 millihenries per mile (SS 
millihenries per kilometre)  giving a useable 
frequency band from 300 hertz to 3 · S kilohertz 
up to 90 miles ( 144 kilometres) in length and 
may be of 2 or 4 wires. 

3.6 POWER FEEDING REPEATER 

This is a rack mounted dependent repeater 
equipped with residual-equalization facilities 
and with power feeding units. This replaces 
the more conventional main station, which is 
not included in the range of equipment since 
it would have only a marginal noise advantage 
(one flat amplifier omitted) over a back-to­
back terminal repeater and is rarely required. 
On occasions however, the route length exceeds 
the power feeding distance thus requiring extra 
power units. To avoid the relatively expensive 
solution of back-to-back terminal repeaters, the 
power feeding repeater is used. 

This repeater is mounted in one shelf, the three 
power units (for power feeding each direction 
of transmission and for general power supplies) 
completing the repeater. 

Figure 13-Typical card of a terminal repeater. It is 
for the 4092-kilohertz pilot oscillator in the 960-channel 

system. 
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4. Data Summary 

4.1  REPEATER AMPLIFIER FOR 960 CHANNELS 

Nominal Gain :  6· 3 decibels at 60 kilohertz and 
43 · 28 decibels at 4092 kilohertz. 

Gain Control Shape:  ±0 · 75 decibel at 60 kilo­
hertz and ±3 · 90 decibels at 4092 kilohertz. 

R eturn Loss: Compared with 75 ohms, >23 
decibels at 60 kilohertz and > 20 decibels at 
4092 kilohertz. 

Overload Point: +20 decibels referred to 1 mil­
liwatt with a series direct-current feed to the 
amplifier of 48 milliamperes and with a sine­
wave input. 

Noise Figure: 5 · 3 decibels average compared 
with - 139 decibels referred to 1 milliwatt in a 
3 · 1 -kilohertz bandwidth as zero level. 

lntermod'tt!ation: Measured as the sum and dif­
ference products of two tones, each fundamental 
tone giving an output of + S decibels referred to 
1 milliwatt with the amplifier adjusted to 
nominal gain. 

Fundamental Frequencies 
in l\Iegahertz 

A B 

4·1  
2 ·2  
1 ·9(2A) 
3·6(2A) 

3.9 
1 ·9 
3 ·6 
3 ·1  

S u m  or 
Difference 

in :rvfegahertz 

0·2 
4 · 1  
0·2 
4· 1  

Intermodulation in 
Decibels Referred to 

1 Milliwatt 

- 75·6 
-59 ·0 
- 84·5 
- 73 -5 

Tran� ;Nit Levels: - 19 decibels referred to ref­
erence level at 60 kilohertz and -9 decibels 
referred to reference level at 4028 kilohertz. 

A mbieni Temperature : Gain changes 0 · 02 
decibel at 4 megahertz for a rise of 24 degrees 
Celsius in ambient. 

Noise Power: Calculated to he 2 · 03 picowatts 
per mile ( 1 · 27 picowatts per kilometre) assum­
ing ideal line levels throughout a homogeneous 
section of 175 miles (280 kilometres) . 

Power Consumptio n :  Pre-amplifier is 25 milli­
amperes. power amplifier is SO milliamperes, 
and regulation is 37 milliamperes, all at 12 volts. 
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Line Pilots : 308-kilohertz for monitoring and 
4092 kilohertz for line regulating. 
Repeater Spacing : 2 · 5 miles ( 4 kilometres) .  

4.2 REPEATER AMPLIFIER FOR 300 CHANNELS 
No minal Gain : 8 · 6  decibels at 60 kilohertz and 
35 · 8 decibels at 1 364 kilohertz. 
Gain Control Shape :  ± 1 · 3  decibels at 60 hertz 
and ±3 · 7 decibels at 1 364 kilohertz. 
Return Loss: Compared with 75 ohms, >25 
decibels at the input and output of the amplifier. 
O·verload Point: + 17 decibels referred to 1 
milliwatt with a series direct-current feed of 28 
milliamperes and with a sine-wave input. 
Noise Figure : 12 decibels average compared 
with - 139 decibels referred to 1 milliwatt in a 
3 · 1-kilohertz bandwidth as zero level. 
Harmonic Performance: Measured with the 
fundamental adjusted to + 10  decibels referred 
to 1 milliwatt at output of amplifier. 
Fundamental 
in Kilohertz 

100 
400 
650 

Decibels Referred to 1 Milliwatt 

2nd Harmonic 3rd Harmonic 

- 60 - 77 
not measured - 65 

-58 outside band 

Trans11tit Levels: - 18 decibels referred to ref­
erence level at 60 kilohertz and - 13 decibels 
referred to reference level at 1364 kilohertz. 
Ambient Temperature: Gain changes +0 ·  1 
decibel for a rise of 45 degrees Celsius in 
ambient. 
Noise Power: Calculated to be 4 · 8  picowatts 
per mile ( 3 picowatts per kilometre) assuming 
ideal line levels throughout a homogeneous sec­
tion of 17 5 miles ( 280 kilometres) .  
Poiuer Consu mption : Amplifier is 28 milliam­
peres at 12 volts and regulator is 37 milli­
amperes at 1 5  volts. 
Line Pilots: 60 kilohertz for monitoring and 
frequency-comparison and 1364 kilohertz for 
line regulating. 

Repeater Spacing : 3 · 75 miles (6 kilometres) .  
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Ralph Baskett was born in London on 5 Feb­
ruary 1 933. He received a Higher National 
Certificate in Telecommunications from Wool­
wich Polytechnic where he studied on a part­
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Except for his National Service from 1 954 to 
1 956, he has been with Standard Telephones 
and Cables since 1 950. He is presently re­
sponsible for the design of local area systems 
involving pulse code modulation having just 
previously been responsible for equipment for 
small-diameter coaxial-cable systems. 
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Multichannel Telephone Equipment of Standard Tele phone et 
Radio for Small-Diameter Coaxial Cable 

P .  GFELLER 
Standard Telephone et  Radio S.A. ; Zur ich ,  Switzerland 

1 .  I ntroduction 

The first article in this series describes the 
primary planning for carrier telephone systems 
connected by small-diameter coaxial cable [ 1 ] .  
Parts 2 and 3 give the details of the equipment 
designs by Standard Elektrik Lorenz [2] and 
Standard Telephones and Cables [3 ]  to meet 
the special requirements of their countries and 
customers. Part 4 now outlines the special fea­
tures of the 300- and 1260-channel systems 
designed hy Standard Telephone et Radio 
( Switzerland) .  

The 300-channel system, the first of which was 
put into service recently, has a repeater spacing 
of 6 kilometers ( 3.75-miles) .  This system was 
specified in close collaboration with the Swiss 
Post, Telegraph, and Telephone Administration 

LI N E  

FAULT 
LOCAT ION 

OSCI LLATOR 

L I N E  

TEST 
POI N T  

r'-' nu 

PI LOT 
REG ULATOR 

<I �  nu 

POWER TO 
T R A N S I STOR 

POW E R  TO 
TRA N S I STOR 

� [> �  nv 
PI LOT 

REG ULATOR 

<I 
LI N E  A M PLI F I E R  

r'-' 
nu 

TEST 
PO I NT 

LI N E  

L I N E  

Figure I-Block diagram of the 300-channel dependent 
repeater. 

and in accordance with the recommendations of 
the International Telegraph and Telephone 
Consultative Committee. To extend the band­
width of the small-diameter coaxial cables, the 
Swiss Post, Telegraph, and Telephone Admin­
istration has decided to divide the 6-kilometer 
( 3.75-mile) repeater sections of the 300-channel 
system into two sections of half this length and 
transmit 1260 channels in accordance with the 
recommendations of the International Telegraph 
and Telephone Consultative Committee. The 
main reason for this decision is that the existing 
Swiss standard-diameter coaxial network, which 
is equipped vvith valve repeaters at a 9-kilom­
eter ( 5 .6-mile) spacing, has a capacity of 
1260 channels. In addition, the 4000-megahertz 
radio relay network will in the near future be 
expanded from 960 to 1260 channels. Thus in a 
few years a uniform band of 1260 channels 
will be transmitted in the band from 60 to 5564 
kilohertz on all long-haul connections of the 
Swiss coaxial-cable and radio relay network. 
The 1260-channel system is novv being devel­
oped for a field trial in 1967. 

2. Characteristics for 300 Channels 

The block diagrams of the dependent repeater 
( Figure 1 )  and of the terminal repeater ( Fig­
ure 2) , which are not explicitly dealt with in 
the text below, indicate the general layout of 
the line equipment. 

2 . 1  CABLE 

The cable standardized by the Swiss Post, Tele­
graph, and Telephone Administration contains 
10 coaxial pairs of the expanded-insulation type 
with 1 .2/4.4-millimeter diameter coaxial con­
ductors, the outer conductor being 0. 1 5  milli­
meter thick. All outer conductors are connected 
together and earthed. Six intersticial pairs of 
0.6-millimeter conductors are provided for op­
erating and power feeding of the fault location 
oscillators, for the speaker circuit, and as spare 
pairs. 
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2.2 REPEATER SECTIONS 

The nominal value of the repeater section 
length is 5.94 kilometers ( 3.7 miles ) and the 
tolerance allowed is ±200 meters ( ±656 feet) ,  
for which no gain adjustment is provided. There 
is no cumulative inaccuracy of section length 
since the sum of n section lengths (neglecting 
the end sections) will be within n times 5 .94 
±0.2 kilometers. 

The end sections, which may be short, can be 
extended to 5.94 ±0. 1 kilometers ( 3.7 ±0.06 
miles) by a line building-out network. Up to 12 
dependent repeaters may be employed between 
terminal repeaters. 
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2.3 FREQUENCY PLAN 

The frequency band employed for telephone 
circuits extends from 60 to 1300 kilohertz, and 
the 14 repeater checking frequencies are located 
within the band 1320 to 1 333 kilohertz. A 

1364-kilohertz line regulating pilot is used, 
and a second line pilot is transmitted at 308 
kilohertz. For frequency comparison purposes 
60 kilohertz is also transmitted. 

2.4 LINE LEVELS AND NOISE 

The transmit levels at the input of each re­
peater section at 1300 and 60 kilohertz are - 13 
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Figure 2-Block diagram of the 300-channel terminal repeater station. Frequencies in kilohertz are in parentheses. 
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and -22 decibels referred to reference level, 
respectively, and between these two frequencies 
the transmit level slopes approximately in ac­
cordance with 10 log [ 1 +6.4 (f/fmax ) 4 ] . The 
corresponding levels at the end of a repeater 
section are, at average cable temperature, -49 
decibels referred to reference level at 1300 kilo­
hertz and -31  decibels referred to reference 
level at 60 kilohertz. 
\\Tith a repeater noise figure of less than 8.7 
decibels at the highest frequency, the basic line 
noise per channel per kilometer will not exceed 
0.7 picowatt psophometric referred to zero 
relative level. 
The total noise measured with white-noise 
loading of +9.8 decibels relative 1 milliwatt re­
ferred to a point of zero relative level and with 
nominal levels is less than 2 picowatts psopho­
!metric referred to zero relative level per 
kilometer in each channel. 

2.5 LEVEL REGULATION 

Having regard to the large tolerance on re­
peater section length of ±200 meters ( ±656 
feet) and due to some uncertainty, it has been 
decided to provide pilot regulation in each 
dependent repeater in the first systems. The 
control ratio of the regulators in the dependent 
repeaters is approximately 4 to obtain a good 
dynamic characteristic for the line. The regu­
lators in the terminal repeaters are designed 
with a control ratio of 1 5 .  In the case of an 
interruption of the line regulating pilot, the gain 
of a pilot-regulated dependent repeater ·will be 
increased by about 4.3 decibels at 1300 kilohertz 
and by 1 .7 decibels at 60 kilohertz. 

2.6 MONITORING AND FAULT LOCATION 

In the terminal repeater stations the 308-kilo­
hertz and 1364-kilohertz line pilots are moni­
tored by pilot receivers that initiate an alarm if 
the pilot level decreases by more than 1 .3 to 1 .7 
decibels. Individual measuring instruments 
show the level deviations of each of the pilots 
of the 5 systems, and an inbuilt centralized 

Standard Telephone et Radio Telephone System 

twin-channel chart recorder enables the two 
pilots of one system to be supervised simul­
taneously. 
As the pilot regulators have no memory and 
since no alternative heating is provided for the 
thermistors, the line will increase its gain in 
the case of a failure of the line regulating pilot. 
Thus a noise-monitoring device is provided 
in the terminal repeater station. This device 
separates a 10-kilohertz band of noise at 1420 
kilohertz by filtering, this noise band is ampli­
fied and then translated with the aid of a 1420-
kilohertz auxiliary oscillator. The voice-fre­
quency noise band received in this way is passed 
via a logarithmic network to a rectifier. Two 
alarm triggers, whose operating levels may be 
adjusted, evaluate the direct-current signal and 
operate urgent and nonurgent alarms. \\Then the 
urgent alarm is given at a noise level of about 
106 picowatts psophometric referred to a point 
of zero reference level, the system output after 
a short time (adjustable between 1 and 20 sec­
onds ) is short-circuited. The twin-channel chart 
recorder can also be used to monitor the system 
noise and one pilot simultaneously. Special 
paper allows the noise level to be read directly 
as picowatts psophometric referred to a point of 
zero reference level at 1420 kilohertz. 
For fault location an oscillator is installed in 
each dependent repeater and terminal repeater 
station to generate a checking frequency that is 
specific to that repeater station, and inj ected 
at the input of the repeater. The 14 frequencies 
required have a nominal level of - 17 decibels 
relative 1 milliwatt referred to a point of zero 
relative level and are spaced at 1 kilohertz be­
tween 1320 and 1333 kilohertz. In the terminal 
repeater station a fault location receiver is 
used to check the condition of the line. The 
fault location oscillators are switched on as 
necessary, this being done via an intersticial­
pair loop from one of the two terminal stations. 

2.7 REMOTE POWER FEEDING 

As with the other systems described, the remote 
power feeding is by direct current with series-
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connected repeaters and the current is trans­
mitted over the inner conductors of the system. 
The maximum feeding power allowed by the 
Swiss Post, Telegraph, and Telephone Admin­
istration is 50 milliamperes at 200-0-200 volts, 
and the maximum length of a power feeding 
section is fixed at 78 kilometers ( 49 miles) with 
12 dependent repeaters. In this system up to 6 
repeaters are power fed from one end with 40 
milliamperes at 165-0-165 volts, and to feed 7 
to 12 repeaters two feeding loops are required, 
one from each end. The coaxial outer conduc­
tors from this system are earthed over the 
whole cable length and are through connected. 

2.8 OvERVOLTAGE PROTECTION 

The repeaters are protected by gas discharge 
tubes as primary protection and by diodes as 
secondary protection in such a way that they 
are able to withstand without damage transient 
surges of 4 kilovolts peak with a rise time of 1 
microsecond and a fall time to half voltage of 
SO microseconds as well as 1200 volts at 50 
hertz for 1 second. In the case of permanent 
induction from electric railways, longitudinal 
voltages on the cable of 1 50 volts at 16.6 hertz 
'Nill not cause any interference with transmis­
sion. 

2.9 MECHANICAL CONSTRUCTION 

The 300-channel system consists of the de­
pendent repeater case, a terminal repeater rack, 
and an auxiliary rack. These are described 
below. 
The two racks that house the terminal equip­
ment are designed in the new equipment prac­
tice 62 ( BW 62) ,  which is the result of 
cooperation among the Swiss Post, Telegraph, 
and Telephone Administration and its suppliers 
[ 4] . The B\V 62 racks have dimensions of 2736 
by 540 bv 225 millimeters ( 108 by 21 by 9 
i�ches ) �nd are subdivided into 19 shelves 
equipped with plug-in units of different widths. 
The dependent repeater case, shown in Figures 
3 and 4, is a watertight cast-iron box, standard-

ized by the Swiss Post, Telegraph, and Tele­
phone Administration. It contains 3 cable ter­
minations. A frame for the plug-in units can 
be swung out of the case. Two of the cable 
terminations at the top provide for the 10 
coaxial pairs and 6 intersticial pairs required 
for the two directions of transmission, and the 
third termination carries measuring points to 
the outside of the case. The frame for the plug­
in units can be equipped with line amplifiers for 
5 systems, which are also constructed in equip­
ment practice 62. Turning the frame inward 
provides access to the cabling, while turning it 
outward exposes the units. The power sepa­
rating filters are located to the left half of the 
top section adjacent to the preamplifier, out­
put amplifier, and pilot regulators for the 
A-B direction of system 1 .  Equipment for the 
B-A direction of that system is placed on the 
right half of that section. The lower 4 sections 

Figure 3-Dependent repeater in the turned-out position 
to provide access to the panels. 
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contain the repeater equipment for systems 2 
through 5 in the same way. 

The terminal repeater rack in Figure 5 houses 
the main part of the transmission and monitor­
ing equipments for 5 systems. The plug-in units 
belonging to one system are arranged vertically, 
v:hich is somewhat unusual in this equipment 
practice. 

In the auxiliary rack to the left is the equip­
ment directly associated with the cable. This in­
cludes cable terminations, line building-out net­
works, power separating filters, and the power 
feeding units. From these cable terminations 
each coaxial pair is led to U links that allow a 
through connection of two line regulating sec­
tions. This through connection is only possible 
when the two adjacent repeater sections are 
shorter than 2.97 kilometers ( 1 .85 miles) .  The 
rack also contains the fault location receiver and 
the chart recorder. A jack field allows measure-

Figure 4-Dependent repeater in the turned-in position 
to provide access to the cabling. 

Standard Telephone et Radio Tel ephone System 

ments to be made with additional measuring 

frequencies (auxiliary pilots) and also for the 
connection of the fault location receiver with 
any of the 5 systems. 

Figure 5-300-channel terminal repeater station. On 

the left-hand side is shown the auxiliary rack, equipped 

with two power feeding units, and on the right-hand 

side the terminal repeater rack, equipped with 3 

systems each in a vertical array. 
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3. Characteristics for 1 260 Channels 

The 1260-channel system is an extension of 
the existing 300-channel system and not all fa­
cilities are yet fixed. 

The repeater section length is 2.97 kilometers 
( 1 .85 miles) with a tolerance of ±200 meters 
( ±656 feet) on existing routes and ± 100 meters 
( ±328 feet) on new routes. The maximum 
number of repeaters between two terminal sta­
tions is 26. The frequency band occupied by 
the telephone channels lies between 60 and 5564 
kilohertz and the band for the checking fre­
quencies is approximately 5600 to 5800 kilo­
hertz. The frequency allocation is as follows. 

Supergroups 1 through 16 are transmitted in 
the normal way between 60 and 4028 kilo­
hertz, and supergroups 1 7  through 21 are trans­
lated into the band 4332 to 5 564 kilohertz in an 
inverted position. This frequency band is the 
same as that of master group 4 in the 12-mega­
hertz system. 

The frequency of 4287 kilohertz is used as a 
main line regulating pilot and 308 kilohertz is 
provided as a second line pilot. 

The transmit level and the pre-emphasis char­
acteristic are in accordance with provisional 
Recommendation G344 of the International 
Telegraph and Telephone Consultative Commit­
tee, which calls for - 13 decibels relative refer­
ence level at 5564 kilohertz, - 17 decibels relative 
reference level at 4287 kilohertz, and -23.5 
decibels relative reference level at 60 kilohertz. 
The pre-emphasis characteristic follmvs the 
law 

= 10 log 1 + ? 20 
[ 10 l 

l + (j/ fr ·:__ J,.j J)2 

where fr is the resonance frequency of 5 .75 
megahertz and the repeater input levels are - 50 
decibels relative reference level at 5 564 kilo­
hertz and - 26.4 decibels relative reference 
level at 60 kilohertz. 

The noise figure in the highest telephone chan­
nel is less than 6 decibels and thus the basic 

n01se is approximately 1 picowatt psophometric 
relative a point of zero reference level per 
kilometer. 

The overload point is + 17.4 decibels referred 
to 1 milliwatt and this value is 7 decibels 
greater than the value recommended by the In­
ternational Telegraph and Telephone Consulta­
tive Committee for a system with 1260 channels. 

For comparison some typical data for the 300-
and 1260-channel repeaters are given below. 

300 1260 
Channels Channels 

Repeater spacing in kilo- 6 3 
meters 

Repeater spacing in miles 3 . 75 1 .88 

Transmit level at maxi- - 1 3  - 1 3  
mum frequency i n  deci-
bels relative reference 
level 

Input level at maximum -48. 7 - 50 
frequency in decibels rela-
tive reference level 

Pre-emphasis in decibels 8 .7  10.5  

Required overload point 
with 7-decibel margin 

+ 1 2  + 1 7.4 

(power reduction due to 
pre-emphasis assumed to 
be 4.3 decibels) in deci-
bels referred to 1 milli-
watt 

Noise figure of the re- 8 .7  6 
peater in decibels 

Basic noise at maximum 0.7 
frequency in picowatts 
psophometric relative to 
a point of zero reference 
level per kilometer 

Harmonic distortion re- HZ HZ +9 decibels 
quirement (the same H3 H3 + 1 8.3 decibels 
effect of pre-emphasis 
assumed) 

This comparison shows that the transmit level 
at maximum frequency of both systems is the 
same. Therefore to get the same basic noise the 
noise figure of the repeater with the broader 
frequency band must be better by about 4.3 
decibels. It can further be seen from this table 
that the 1260-channel repeater for 3 kilometers 
( 1 .9 miles) is somewhat easier to realize than 
the 960-channel repeater for 4-kilometer (2.5-
mile) repeater spacing [2] .  
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The 1260-channel system is planned with a 
level control that is a combination of pilot and 
thermometer regulation, and in the event of a 
failure of the line regulating pilot the increase in 
repeater gain will be limited either by an alter­
native method of heating the thermistor or by a 
memory-type regulator. 

Monitoring of the noise will also be provided 
in this system at a frequency of about 4170 
kilohertz. 

The remote feeding power allowed is 60 milli­
amperes and 250-0-250 volts, with a maximum 
length of 81 kilometers ( 5 1  miles) for each 
power feeding section, and a maximum of 13  
repeaters are power fed from one end of  the 
main section. 

The line equipment will be designed initially for 
telephone transmission only, vvith a possible re­
quirement for television transmission at a later 
date. This will entail a specially designed 
repeater. 

4. Conclusion 

The two carrier line equipments described here 
·will be used in a wide network of small-diam-

Standard Telephone et Radio Telephone System 

eter coaxial cables and will help to satisfy the 
ever-increasing demand for long-distance tele­
phone circuits. 
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High-Power Varactor Frequency-Doubler Chains 

H. B.  WOOD 
D. R. H ILL 

V. H .  K N IGHT 

R. C. BARON 
Standard Telecommunication Laboratories Limited ; Harlow, Essex, England 

Economical design of high-power varactor fre­
quency multipliers requires that the varactor 
diodes are operated under conditions of for­
ward drive. Both lumped and distributed 
coupling netvvorks may be used and experi­
mental results are compared with design pre­
dictions for a 6-stage circuit producing an 
output of 1 watt at 4 gigahertz from an input 
of 10 watts at 67 megahertz. The techniques 
described have also been applied satisfactorily 
to the design of multistage circuits capable of 
an output of 5 watts at 4 gigahertz. Methods 
of testing complete multiplier chains are 
described. 

1 .  Introduction 

A considerable number of papers have been 
published in the past few years concerning the 
design and performance of varactor frequency 
multipliers, but the basis of design has in­
variably been the capacitance-voltage char­
acteristic of the varactor in the reverse-bias 
condition C ex (</> - V)-1/x, where x is 2 or 3 
depending on the type of junction. 

If ,  however, the voltage across the varactor 
is not restricted to the reverse-bias region, but 
is allmved to drive the varactor into the 
forward-bias region for a fraction of the cycle, 
charge storage effects are apparent, and the 
power handling capacity of the varactor is 
increased by a factor often in excess of 
10 times that corresponding to reverse-bias 
operation. For operation in the forward-bias 
region, many of the considerations for reverse­
bias operation no longer apply. 

As there is no suitable theory to describe the 
operation of a varactor in the forward-bias 
region, the design of circuits must be based on 
the results of measurements made on typical 
varactors. The present work is restricted to a 
consideration of frequency doublers, however, 

for in this case the power handling capacity 
of the varactor is maximized. 

The varactors used in the experimental work 
were all silicon types and they are representa­
tive of the products of a number of manu­
facturers. 

2. Dynamic I m pedance of a Varactor 

To design the coupling networks betvveen a 
source and a varactor and between the varac­
tor and a load, it is necessary to know the 
input and output impedance of the varactor 
under dynamic conditions. 

lVleasurements were made, therefore, on the 
simple doubler circuit shown in Figure 1, in 
·which capacitor C1 tunes the input circuit to 
resonance at f and C2 tunes the output circuit 
to 2.f. The taps on the auto-transformers were 
adjusted to give optimum performance be­
tween SO-ohm terminations. 

The input match was observed by means of a 
directional power meter, and the circuit was 
adjusted for maximum efficiency, using an 
input frequency of 67  megahertz, for a number 
of input power levels between 1 and 20 \vatts. 
At each power level , the varactor was dis­
connected from the circuit and replaced by a 
series resistance-capacitance circuit, which 
was then adjusted to give a good input match. 

I t  was found that the input resistance of the 
varactor was essentially constant at 22 ohms 
for all power levels, but that the input 

Figure 1-Circuit used to measure varactor input 
impedance. 
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capacitance varied as a function of power 
level as indicated in Figure 2. It is interesting 
to note that the input capacitance C is greater 
than the zero-bias capacitance Co of 28 pico­
farads, even at the 1-\Yatt level. An equivalent 
input circuit of the varactor is, therefore, as 
shown in Figure 3 ,  where r is the series 
resistance of the diode-a parameter fre­
quently specified by the manufacturer-in 
series with a conversion resistance R, capaci­
tance C, and inductance L. The circuit is 
shunted by the case capacitance of the diode 
Cc. The conversion resistance represents the 
ability of the varactor to convert power at 
frequency f to 2f. 
If one assumes that all silicon varactor types 
which exhibit charge storage effects are similar 
except for zero-bias capacitance, series resist­
ance, and breakdown voltage, then it is 
possible to estimate the behaviour of the other 
types. 

Thus , a varactor which has a nominal capaci­

tance C behaves in a similar manner to two 
varactors of capacitance C/2 connected in 
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Figure 2-\Vorking capacitance of silicon varactors. 
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Figure 3-Equivalent circuit of varactor. 
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parallel ; that is, the conversion resistance is 
halved and the capacitance doubled. 

The conversion resistance R was assumed to 
vary inversely as the input frequency. This is 
in accordance with the predictions of the 
theory of reverse-bias operation. Subsequent 
measurements at higher frequencies proved 
the validity of the assumption. The conversion 
resistance of a silicon varactor is plotted as a 
function of frequency in Figure 4, and the 
input capacitance is shown as a function of 
power level in Figure 2. 

2 . 1  CHOICE OF OPTIMUM LOAD RESISTOR 

To determine the optimum load to present to 
a varactor operating as a doubler, a circuit 
vvas set up in which the input circuit was the 
same as that used in Figure 1 ,  but the output 
circuit was replaced by a double-tuned band­
pass circuit employing a length of short­
circuited SO-ohm line as the coupling inductor. 

It is well known that a circuit of this type has 
the property of matching resistors RP and R, 
connected to the primary and secondary 
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Figure 4-Conversion resistance of a doubler. 
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branches if X2 = RPRS! where x is the cou­
pling reactance. As Rs = SO ohms and X can 
be accurately estimated from the length of 
line, this provides a method of calculating RP 
under dynamic conditions. As might be ex­
pected , the change in efficiency with variation 
in RP is quite slow, but a value of RP = R, the 
conversion resistance, seemed to be the 
optimum value. 

3. Varactor Efficiency 

Once the conversion resistance and optimum 
load resistance are known, it is possible to 
calculate the efficiency of the varactor. 

Thus, if the varactor receives an input power 
P at frequency f, the fraction PR/ (R + r) is 
converted to 2f, the remainder being dissi­
pated in the series resistance r of the varactor. 
As current at the output frequency 2f must 
also flow through the series resistance r, the 
useful output power is further reduced by the 
ratio R/ (R + r) . It follows, therefore, that the 
ratio of output power at 2f to input power 
at f is 

11 = R2/ (R + r)2 

which is the varactor efficiency. 

The varactor loss Pa is obviously 

(1) 

p = P (' l  
_ ) = 

Pr (2R + r) 
(2) a 11 (R + r)2 

In addition to the varactor loss, circuit losses 
will occur in both the input and output 
circuits. The circuit loss depends on the 
circuit configuration, and this will be discussed 
in Section 4. 

3. 1  EFFICIENCY AS A FUNCTION OF CUT-OFF 

FREQUENCY 

The cut-off frequency fc of the varactor, de­
fined as the frequency at which the reactance 
of the varactor at break-down voltage is equal 
to the series resistance, is often used as a 
figure of merit. Thus 

where Cb is the capacitance at break-down 
voltage. 

Now from Figure 4, the conversion resistance 
is proportional to the reactance of the varactor 
at input frequency f. Hence 

R _ K _ Krfc Cb 
- hfCo - -f- Co 

where K is a constant. 

Substituting (3) into (1 )  gives 

K2fc2CN f2Co2 
1) = ( 1 + KfcCb/fCo)2 • 

(3) 

Now from the data relating to the varactor 
used in the experiment we have R + r = 22 
ohms, r = 1 ·65 ohms, Cb = 3·9 picofarads, 
and Co = 28 picofarads. Hence fc = 24·7 
gigahertz and 

which gives 

K = CofR 
= 0·24 

Cb fer 

5 ·76 X 10-2PCN f2Co� 
1) = ( 1  + 0·24Cbfc/ fCo)2 • 

The varactor loss is plotted in Figure 5 as a 

function of the parameter Cbfc/ Cof. 

3 .2 POWER HANDLING CAPACITY 

The power handling capacity of a varactor 
may be limited by either the varactor dissipa-

'.'.] 3·5 
w 
CD 3·0 u w 0 2·5 
z 
U) 2·0 
U) 
0 _J 1 ·5  
z � l ·O 
"" 
!5! 0·5 
z 
8 0 

2 

' 

� 
\ 

' 

4 6 6 
1 0  

II. 

\. 
� 

"-
2 4 6 6 2 "' 6 8 

1 00  I OOO 

Figure 5-Conversion loss of a varactor diode in a 
doubler circuit. 
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tion Pa given by (2) reaching the maximum 
permissible level or by the peak voltage 
developed across the varactor reaching the 
break-down value. The voltage developed 
across the varactor has two main components, 
the voltages at f and 2j, respectively. The 
peak current I1 at frequency f is given by 

_ ( 2P ) }� 
11 - --R + r  

vvhere P is the input power. 

From Figure 3, the input impedance Z1 of the 
junction at frequency j is 

Z 1 = ( R2 + )c2 y2 
and consequently the peak voltage V1 at 
frequency f developed across the varactor is 

(4) 

Similarly, the peak output current at fre­
quency 2j is 

. _ ( 2riP ) �2 
12, - R . 

As the maximum power transfer occurs when 
the load circuit is the conjugate of the varactor 
impedance, it follows that the varactor im­
pedance at 2 f is 

The peak voltage developed across the var­
actor at 2f is therefore 

r { 2riP ( " 1 ) } ! 2 
T 21 = R R" + 4w2c2 • (5) 

Now it may be shown that the maximum 
peak-to-peak value of the function sin (wi + O) 
+ A  sin 2wt is approximately 3 �/2 (1 + A ) for 
the range 1 > A > 0·25. 

I t  follows, therefore, that the peak-to-peak 
voltage developed across the varactor junction 
lS 

(6) 

H igh-Power Varactor Frequency-Doubler Chains 

and if it is assmned that the voltage drive 
into the forward region is small, then the value 
given by (6) must be less than the break-down 
voltage of the varactor. 

3.3 WORKING CAPACITANCE AS A FUNCTION 

OF FREQUENCY 

The capacitance C in the above equations is 
the working capacitance of the varactor at a 
power level P and frequency f. It is necessary 
therefore to consider the variation of this 
capacitance as a function of power and 
frequency. 

The capacitance C can be considered as the 
sum of the mean depletion-layer capacitance 
C;; and the mean diffusion capacitance Cd of 
the varactor, the former being independent of 
frequency whilst the latter varies [1]  as (f)-! 2 . 
Thus 

C/Co = (C, + Ca)/ Co. 

The mean depletion-layer capacitance Cc is 
the capacitance corresponding to the negative 
bias voltage across the varactor, and hence 
C;; is generally small compared with the zero­
bias capacitance Co. It is shown later that 
C, � 0·2 Co for the conditions commonly en­
countered in practice, and so the diffusion­
capacitance component of the total working 
capacitance may be estimated by subtracting 
0·2 from the ordinate of the solid curve in 
Figure 2. It follows therefore that the diffusion 
capacitance can be obtained at a frequency f 
from the relation Cd = mC0 (67 X 106/ f) 1 i ,  
where m i s  the ordinate of  the dashed curve 
in Figure 2. Clearly at infinite frequency 
the diffusion-capacitance contribution to the 
working capacitance is zero, and the latter is 
then equal to the depletion-layer capacitance. 
The diffusion capacitance is, of course, con­
trolled by the magnitude of the forward drive, 
which in turn depends on the value of the 
self-bias resistor. The value of the self-bias 
resistor is not very critical ,  and experience 
has shown that a value in the range from 
3 X 10-1/Co to 8 X 10-1; c0 is suitable. If we 

ELECTRICAL COMMUNICATION • Volume 41, Number 3 • 1 966 323 

www.americanradiohistory.com

www.americanradiohistory.com


High-Power Varactor Frequency-Doubler Chains 

consider a varactor handling a power P watts 
at an input frequency f, then from (3) and (4) we have 

·where C = C,, + Ca. Let 

C,, = A  Co 
and ( 67 X 1Q6 )Y2 Cd = mCo f = B Co. 

Then 

Similarly 

Hence 

l'2 6PK { (  1 ) ''.! 
-:;/ = wCo 1 + K2(.A + B)2 ( 1 ) ' ' } 2 + 1 + 4K2 (A + B)2 L • (7) 

Equation (7) is plotted in Figure 6 for a range 
of the parameter P / Co. It has been assumed 
in evaluating (7) that the diffusion capacitance 
is given by the dashed curve in Figure 2 
and that the depletion-layer capacitance 
C,, = 0·2 C0• Now for the abrupt-junction 
diode, the capacitance Cv at a voltage Tl is 

Cv/ Co = l <P/ (¢ - V) ) ! i 
where cp is the contact potential "-'0·6 volt for 
silicon. 

The mean depletion-layer capacitance Cv 
however [2] is approximately 2C. Thus the 
constant A is given by 

2 l¢/ (<P - V) l "'· 
From Figures 4 and 6, it is seen that maximum 
efficiency is obtained when the largest practi-

cable value of the parameter P/Co is chosen. 
If  one assumes reasonable efficiency of opera ­
tion, then V> 30 is usually possible provided 
that diode dissipation is not a problem.  

Hence A ::::; 0·28. A lower limit to A i s  set by 
the maximum available varactor break-down 
voltage, which is usually 150 volts . Thus A is 
restricted to the range 0· 125 to O· 28 in practice. 
The result of a variation of the parameter A 
is indicated in the case of the P /Co = 4 X 1010 

curve in Figure 6. The effect of a variation in 

A will, of course, be correspondingly smaller 
for larger values of the parameter P /Co. 
The choice of a suitable varactor to operate 
at a given input power level and frequency in a 
doubler circuit, with a specified conversion 
loss, may be made with the aid of Figures 5 
and 6. An example of the use of these curves 
appears in Section 9 . 1 .  

4 .  Coupling Networks 

The networks used to couple the varactor to 
the power source and to the load must have 
the following properties :-

(A) Provide the required band-pass char­
acteristic. 
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Figure 6-Variation of  V'/'7 with frequency. 
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(B) Minimize the flow of unwanted harmonic 
currents through the varactor. 

(C) Provide the required degree of suppres­
sion of unwanted harmonic power at the loan 
terminals. 

(D) Provide impedance transformation to 
match source and load impedances to the 
varactor impedance. 

(E) ?\Jot be excessively lossy in the pass band. 

Requirement (A) generally requires a moder­
ately low loaded Q factor whilst (B) and (C) 
both require high values of loaded Q. This is 
a common problem, and the usual solution is 
to employ a pair of circuits that give both an 
improved amplitude and phase characteristic 
within the pass band and twice the rate of 
cut off outside the pass band. To provide 
impedance transformation it would , in any 
case, be necessary to add an extra reactance 
to the single tuned circuit, making a total of 
3 reactances compared with 5 for the coupled 
circuit. 

The circuit loss of a series-tuned or double­
tuned coupling circuit is indicated in Figure 7 .  
As the unloaded Q value of  a lumped, micro­
strip, small-diameter coaxial , or waveguide 
coupling circuit is usually greater than 300, 
it is not difficult to limit the loss per coupling 
circuit to about 0·25 decibel. 

4. 1 BANDvVIDTH AND M ETHODS OF CASCAD ING 

Multipliers operating in the very-high- and 
ultra-high-frequency range generally have 
quite high efficiencies per stage of doubling, 
and it appears that the overall bandwidth of 
a chain of cascaded stages is only slightly 
smaller than that of any one stage. That is, 
the chain behaves substantially as if it were 
composed of pure reactances. The bandwidth 
of a coupling network depends on the loaded 
Q of the tuned circuits , but the range of 
loaded Q values which may be used is limited 
to a minimum value of 1 to 3, depending on 
power level, by the Q of the varactor itself. 
A more-practical limit is set by the difficulties 
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of making the resulting extremely small values 
of inductance required m the coupling 
networks. 

Very low Q values also present problems of 
preventing unwanted harmonics from reaching 
the output. There is no upper limit to the 
loaded Q factors of the coupling netvvorks, 
provided that the circuit loss can be tolerated 
(or very high unloaded Q values can be ob­
tained) and the pass band is stable with 
respect to temperature fluctuations, ageing, 
et cetera. Many workers in the varactor fre­
quency-multiplier field make individual multi­
plier stages with 50-ohm input and output 
impedances, and merely cascade a number of 
such stages to make a complete chain. The 
basic idea appears to be that testing a single 
stage is very much easier than testing a 
complete chain. 

This method of design appears to be un­
necessarily complicated in that extra circuit 
components are required to provide the 
necessary matching arrangements at the 
input and output of each unit, and conse­
quently the chains described in this paper 
were designed as integral units with no provi­
sion for testing individual stages. This method 
of design offers the possibility of making very 
compact circuits as the number of components 
is reduced. Methods of testing complete 
multiplier chains are described in Section 10. 

As the design procedures differ for multipliers. 
employing lumped and distributed circuits, it 
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Figure 7-Circuit loss. 
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is proposed to deal with them separately. 
Thus lumped-circuit design is described in 
Sections 4.2 through 6, and distributed 
cou piing circuits are discussed in Sections 7 
through 9. 

4.2  CHOICE OF COUPLING NETWORK FOR 
LUMPED CIRCUITS 

Having decided to employ double-tuned 
transformers as coupling networks, one then 
has a choice of coupling methods :-

(A) The type of coupling impedance : mutual 
inductance, self inductance, or capacitance. 

(B) The choice of T or 7r networks. 

The choice of network is, to some extent, a 
matter of convenience, but capacitive coupling 
has a major advantage since a wide range of 
low-loss capacitors is commercially available. 
Inductive coupling involves the adjustment of 
tapped coils, the relative positions of com­
ponents, or measurements in situ of the 
coupling impedances. Capacitance coupling is 
therefore to be preferred. 

The choice between T and 7r configurations 
may be made on purely practical grounds ; in 
the example to be described it was decided to 
use the 7r type of circuit where possible, as 
this resulted in the rotors of both tuning 
capacitors being at earth potential. In some 
cases, however, the coupling capacitance re­
quired in the 7r circuit becomes inconveniently 
small. The T circuit is then employed. 

S. Network Design 

The general coupling network used as an 
interstage between two varactors is shown at 
the top of Figure 8, and it is required to 
calculate the component values necessary to 
couple varactor A (represented by C1 and R,1) 
to B (represented by CB and RB) .  

The equivalent circuit a t  the bottom of 
Figure 8 is rather easier to solve, and hence 
its components are first calculated and then 
the T network of capacitors Cc,, CiJ , and Cr 

Figure 8-At top is shown a ,,. coupling network, while 
at bottom is shown the equivalent T network. 

replaced by the 7r arrangement C1, C2, and C3 
by means of the transformation from T to 7r. 

The steps in the design are as follows :-

(A) Using selectivity curves for a double­
tuned circuit [3] and the specified bandwidth 
of the chain, calculate the loaded Q of all 
coupling networks.* If  the multiplier chain is 

*It should be noted that the curve given in [3 J is for 
the case of infinite Q, and that the frequency response 
of a coupled circuit becomes asymmetric for low Q values. 
This results in a slope in the frequency response corre­
sponding to 0·5 decibel for a 10-per-cent bandwidth 
with primary and secondary Q values of 10, the sign of 
the slope depending on the type of coupling employed. 
The infinite Q curves give the mean response for either 
side of the centre frequency. If greater accuracy is 
required the ratio of the power transmitted Pw at a n  
angular frequency w t o  that at the centre of the band 
w0 may be calculated from 

where 

Pw 4 U 
Pwa ( 1 + U)2 + Q,,'x2( 1 - U)2 

wo2 
U = w2( 1  + Qh2) 

for a shunt coupling capacitor 

w' 
w o2( 1 + Q,2x2) 

for a shunt coupling inductor, and 

W WQ 
x = - - - .  wo w 
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required to operate over a very-small-percent­
age band,vidth, leading to high values of Q, 

it may be advantageous to choose an arbitrary 
Q value which is quite low to avoid circuit 
difficulties due to dynamic detuning, tem­
perature effects, et cetera. 

(B) Calculate the inductances Li and L2 

using the relationships Li = QRA/wo and 
Lz = QRB/ wo where wo is the angular fre­
quency at the centre of the pass band. 

(C) Calculate the coupling capacitance Cr 
from the relation C = 1/wo (RARs) Y2. 

(D) I t  now remains to calculate the tuning 
capacitances C" and C13. 

Both primary and secondary circuits are 
resonant when completed through the cou­
pling capacitor C,. That is 

and similarly 

Hence 

and 

� Ce 
Lf3 = � r QR (R R ) ' / l  - 1

. 
WoLB \ B - A B ' 2  

Finally Ca ,  C13, and C, are transformed to the 
7r network values using the relationship 

C2 = C13C,, c 

Co = CaC{3 
" c 
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5 . 1  SELF CAPACITANCE OF INDUCTORS 

If the inductance values calculated by the 
methods outlined above are so large that they 
are resonant with less than a 1 -picofarad 
tuning capacitance, then the circuit must be 
re-calculated using a lower value of loaded Q, 

for the minimum capacitance of a trimming 
capacitor will be of this order. 

If the inductors are measured at a frequency 
lower than that at which they are required to 
operate, it may be necessary to allow for the 
effects of self capacitance. 

Thus, if an inductor having several turns of 
wire is required to tune with a capacitance 
of 2 or 3 picofarads, the effects of self capaci­
tance will not be negligible, for the self 
capacitance CL in picofarads is of the order of 
0 ·75 times the radius of the coil in centimetres. 
The equivalent circuit of the inductor is then 
as shown in Figure 9 and the impedance is 

z 
= 

r + jw {L(l  - w2LCL) - CLr2 ) 

(1 - w2LCL)2 + w2CL2r2 

If the resonant capacitance is n CL, then the 
impedance Z is given by 

Neglecting the terms 1/nQ2 and 1/n2Q2 gives 

rn2 • ( n ) Z = 
( l )

" + ywL --
1 

. 
n - " n -

Thus if CL = 0·4 picofarad (say 1-centimetre­
diameter coil) and n = 3·5 corresponding to a 
1 -4-picofarad tuning capacitance, then the 

where C = C" + Cp + C7• Figure 9-Self capacitance of inductor. 
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effective inductance is 40 per cent too large 
and the effective series resistance is doubled. 

5 . 2  SMALL VALUES OF INDUCTANCE 

Values of inductance smaller than about 0·05 
microhenry cannot be adjusted satisfactorily 
using an inductance bridge because the exact 
shape of the circuit then becomes important. 
This difficulty can be overcome by calibrating 
the trimming capacitor and adjusting the 
inductance value in situ , using a grid-dip 

meter as an indicator of resonance. 

5 .3  SCREENING AND LAYOUT 

To ensure that the coupled circuits behave 
correctly, it is necessary to ensure that no 
stray couplings exist between the primary and 
secondary circuits. A convenient method of 
providing adequate screening is to build the 
individual halves of each coupled circuit on 
opposite sides of the chassis as shown in 
Figure 10. By careful attention to the layout 
and by choice of component types, it is 
possible to arrange that all the trimming 
capacitors are accessible from one side of the 
chassis. 

6. Example of Design 

An example of the design methods outlined 
above is given in Figure 1 1 ,  which corresponds 
to the physical arrangement of Figure 10. The 
unit comprises 4 cascaded doubler stages 
operating at an input frequency of 67 mega­
hertz and an output frequency of 1072 mega­
hertz. The circuit is designed to operate from 
a 50-ohm source, using the transforming 
properties of the input network, and to deliver 
power via a quarter-wave transformer to a 
50-ohm load. I t  is necessary to use the quarter­
wave transformer in the output circuit because 
the output circuit matches 10 ohms with the 
values indicated in the diagram. If the second­
ary circuit was required to match to 50 ohms 
directly, then the tuning capacitance would be 
one-fifth of the indicated value, which is 

impracticably small if the designed Q factor 
of 10 is maintained. I t  is also seen that a T 
coupling network is used instead of a r. net­
work at the output frequency. This is because 
the coupling capacitor required for the r. net­
work would be about 0 · 1 7  picofarad, which is 
too small for practical use. All the coupling 
capacitors in the chain are fixed values -in 
some cases it was necessary to use 2 capacitors 
in parallel to approximate the theoretical 
value, and in some cases it was necessary to 
select values from the nearest commercial 
classification. 

The coupling capacitor in the output circuit 
comprises the capacitance to ground from the 
small box which contains the tuning capacitors 
associated with the T network. The screening 
box was employed to reduce the stray capaci­
tance to ground from the tuning capacitors 
indicated by the dashed lines in Figure 12 .  
1 f  the stray capacitance i s  comparable to the 
required value of tuning capacitance, the re­
maining components in the T network become 
very small. By placing a screen around the 
tuning capacitors, however, as in Figure 13 ,  
the stray capacitances fall i n  parallel with 
their respective tuning capacitors and con­
sequently they have no deleterious effects. 

Figure 10-0pposite sides of X64 multiplier chain. 
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Figure 1 1 -Circuit of X 1 6  multiplier. Capacitance values are in picofarads, 
inductance values in microhenries , and resistance values in kiloh111s. 

6 . 1  VARACTOR B IAS 

I t  will be seen from Figure 1 1  that all the var­
actors have shunt bias resistors connected , the 
resistor being 10 kilohms for the MA4061B and 
56 kilohms for the MA "1-060C and MA 4060D 

types. 
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Figure 1 2-Stray capacitance in output circuit of X 1 6  
multiplier. 
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Figure 1 3-Effect of  screening in output circuit of X 1 6  
multiplier. 
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In addition to establishing the required charge 
storage conditions, the bias resistors stabilize 
the input-level-output-level characteristic 
[4] of the varactor and minimize the hys­
teresis effects* which otherwise occur. 

The bias resistors shown have little effect on 
the varactor efficiencies, circuit loss, et cetera. 

* Suitable choice of self-bias resistor results in a smaller 
variation of varactor impedance with change in power 
level than can be obtained with fixed-bias operation. 
Thus, the input capacitance of a self-biased varactor 
has a range from Co to mCo corresponding to a power­
level range from zero to a level P watts, where tn is 
given by curves of the type shown in Figure 2 .  The 
corresponding bias voltage will also vary from zero to 
some value E. A varactor operating with a fixed negative 
bias Eb, however, will have a working capacitance C 
which is considerably smaller than Co for very small 
input powers and will remain smaller than the self­
bias value at all power levels for which E < Eb. For 
Eb < E, however, the input capacitance for fixed-bias 
operation will be greater than that for the case of self­
bias working. The conversion resistance of the varactor 
would also be expected to show larger variations with 
change of power input for the case of operation with 
fixed bias, particularly for small values of input ; for 
example, for small input powers the conversion resist­
ance would be in accordance with the predictions of 
reverse-bias theory and thus would exceed the value 
corresponding to operation in the forward region by a 
factor of several times. 
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6.2 CALCULATED AND M EASURED Loss 

The following data are relevant :-

Input frequency in megahertz 
Input power level in watts 
Output frequency in mega-

hertz 

67 
10 

1072 

Output power level in watts 3 ·2  
1-decibel-down bandwidth ±4 per cent 
Loaded Q values of coupling networks : 

Input circuits to first varactor QL = 5 
All other circuits QL = 10 

From the above data, the estimated loss of 
the varactors and coupling circuits is 4 deci­
bels, whilst the measured loss is 5 decibels. 
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Figure 14-Life data for semiconductor junctions. 

This discrepancy may be due in part to errors 
in estimating the unloaded Q of the high­
frequency circuits. 

7. Choice of Varactors for Distributed 

Circuits 

In the foregoing sections, power handling 
capacity and cut-off frequency have been the 
major considerations in the selection of var­
actors for use at very-high frequency. At these 

frequencies the inductance L and shunt ca­
pacitance Cc of the diode equivalent circuit 
shown in Figure 3 can be ignored, but at 
microwave frequencies the effect of these 
parameters is considerable and has a major 
effect on circuit design. This is discussed in 
greater detail in Section 7 . 1 .  Problems also 
arise in the microwave region due to diffi­
culties of maintaining a high ratio of cut-off 
frequency to input frequency (J�/ j) leading 
to increased conversion loss. This is particu­
larly so if it is required to handle high input 
powers. As the thermal resistance of a micro­
wave diode is higher than one suitable for use 
at very-high frequency, the increased conver­
sion loss produces additional difficulties due to 
the increase in temperature of the junction. 
It is desirable to minimize junction tempera­
ture as this leads to improved reliability. A 
plot of failure rate against junction tempera­
ture is shown in Figure 14, which was produced 
from data supplied by a semiconductor manu­
facturer. These data are now over 2 years old 
and may be pessimistic.*  

To select a diode for a given application, it is 
of primary importance that it should be 

� Since the paper was written, additional life data have 
become available from a number of sources. There is 
broad agreement between the recent sources of data 
and it now appears that the failure rate of a silicon 
j unction is of the order of 0·005 per cent per 1000 hours 
at 80 degrees Celsius, and the failure rate doubles each 
1 2-degree Cebius increase in junction temperature 
above 80 degrees Celsius. 
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capable of handling the input power without 
going into reverse break-down. The diode may 
be selected by the following method. If the 
required varactor efficiency is r1 then the 
varactor dissipation Pa is given by 

Pd = P(l  - 71) .  (8) 
If  the permissible rise in junction temperature 
consistent with minimum life is T, it follows 
that the maximum thermal resistance 0 is 

e = T/Pa. (9) 
The value of e required to satisfy (9) may be 
obtained vvith a number of varactor types 
having different values of Co and Fb. 
The value of V is calculated with the aid of 
Figure 6 for the varactor having the smallest 
value of Co, and if this is less than the rated 
break-down voltage, it will be satisfactory 
provided that the series resistance is low 
enough to give the required efficiency. In some 
cases it may be preferable to employ pairs of 
varactors instead of a single varactor of higher 
capacitance, as higher values of cut-off fre­
quency are usually associated with low­
capacitance diodes. 

Should there be diodes of more than one type 
of encapsulation that satisfy all the foregoing 
conditions, then it may be desirable to tolerate 
the higher thermal resistance of, say, the 
"pill-with-prongs" type of encapsulation in 
exchange for the lower frequencies of parallel 
and series resonance of, say, the cartridge en­
capsulation as this permits greater bandwidths 
and larger tolerance of diode parameters. 

7 . 1  DIODE IMPEDANCE 

To design a suitable circuit to have the char­
acteristics outlined in Section 4, it is essential 
to know the diode impedance at the working 
power level and frequency. 

Figure 4 shows a plot of conversion resistance 
multiplied by zero-bias capacitance versus 
frequency. This curve was obtained from (3) , 
the constant K being determined from meas-

High-Power Varactor Frequency-Doubler Chains 

urements made at 67 megahertz. However, 
from work carried out at microwave fre­
quencies using silicon diodes in a pill-with­
prongs encapsulation, it was evident that this 
curve also applied at 2 gigahertz. 

I t  should be appreciated that the shunt 
capacitance Cc and series inductance L of the 
encapsulation seriously modify the value of 
the conversion resistance R as seen at the 
terminals of the diode. Reference to Figure 15 ,  
which i s  a plot of  the impedance at the diode 
terminals, illustrates this point. Component 
values are shown on the diagram and are 
those quoted in a manufacturer's catalogue 
for a cartridge diode. Further complication is 
introduced by the parasitics of the varactor 
mount. 

To find the working impedance of a diode in 
its mount, a simple microstrip circuit con­
taining the varactor is adjusted to give 
maximum efficiency at the required power 
level and frequency. If all the controls are 
within their range of adjustment and the 
efficiency is approximately that expected, it 
may be assumed that the condition for maxi­
mum efficiency is the condition of correct 
tuning and matching. The diode is then re­
moved and the conjugate impedance of the 
diode measured. 

8. Circuit Design 

The circuits that couple adjacent stages at 
microwave frequencies should have all the 
properties of lumped circuits outlined in 
Section 4, but with the additional requirement 
of providing adequate heat sinks. 

Generating high powers at microwave fre­
quencies will, in general, mean that large 
amounts of power are dissipated in the diodes 
and hence good heat-sinking of the diode is 
essential to keep the junction temperature 
low. Voltage-driven diodes as shown in Figure 
16.A. usually have both ends of the diode 
isolated from earth and so in general cannot 
be connected to an infinite heat sink. In the 
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special case of waveguide circuits it is possible 
for a voltage-driven diode to be connected to 
one wall of the waveguide, which in practice 
can be considered an infinite heat sink. \\Then 
using microstrip or coaxial circuits as a diode 
coupling circuit it is essential to use the 
current-driven mode shown in Figure 16B to 
get effective heat-sinking. This is achieved by 
connecting one end of the diode to a massive 
earth conductor. 

8. 1 POWER \VASTAGE 

Power wastage can come about for several 
reasons and a well-designed circuit should 
keep this power loss to a minimum. The un­
loaded Q of the circuit should be made a 
maximum by using lengths of high-quality 

0 

0 

transm1ss10n line as inductors and tuning 
these with lumped capacitors having low-loss 
dielectric. It should not be difficult to achieve 
Q's greater than 500 by this means. 

In a circuit containing distributed elements, 
the main band-pass characteristic does not 
necessarily indicate the performance at fre­
quencies harmonically related to the ma in 
response. This is due to the impedance trans­
formation effect of the lengths of transmission 
line. A simple example is illustrated by 
the well-known quarter-wave transformer. A 
length of line of characteristic impedance 
Zo = 1 and A/4 at .f is terminated at one end 
by a resistance R1 = 0·05. This is transformed 
to a resistance R2 = 20 at the remote end. At 
2.f, however, the length of line becomes A/2 
and R2 = 0·05. 

0 

Figure 1 5-Impedance plot 
of cartridge diode normalized 
to 50 ohms. At top is equiva­
lent circuit of a varactor 
where P = 5 watts, Co = 1 0  
picofarads, C= Co (0·2 +m(67 
X 106/f)7'2} , r = l  ohm, and R 

is given by Figure 4. 
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Because of this type of impedance transforma­
tion, the circuit performance has to be con­
sidered separately at all the frequencies which 
are likely to exist. The condition for low 
power wastage due to unwanted circulating 
currents in the circuit and the output load is 
satisfied by presenting a high impedance to 
all the unwanted frequencies at the varactor 
terminals. 

\Vhen the loss in a transmission line is small, 
the loss per half wavelength is given by [5 J 

Power loss on mismatched line 
,.._, ;t S + 1 S 

Power loss on same line matched - 2 ( / ) 

where S is the voltage standing-wave ratio. 
The necessity of keeping the standing-wave 
ratio close to unity is thus obvious, and hence 
the transformation along the line should be 
kept to a minimum. 

8.2 COUPLING CIRCUIT DESIGN 

The calculations involved in the mathematical 
design of pairs of coupling circuits between 
diodes would prove to be very laborious when 
all the circuit parameters were taken into 
account, that is, tuning, impedance matching, 
suppression of unwanted harmonics, desired 
frequency response, and minimum loss. An 

B 

r------; � t-----lll>------i � 1------. 

.l.. 
T 

2 f 

Figure 16-At top is a voltage-driven diode and below 
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empirical method of design which has con­
sistently produced good results will be de­
scribed. The method involves plotting the 
circuit components on a Smith chart. 

In general the circuit of Figure 1 7  will have 
inferior harmonic rejection to the lumped­
circuit equivalent unless precautions are 
taken. As previously indicated, it is possible 
for the length of tuning line to present a lower 
impedance at the harmonic than at the funda­
mental frequency. Also the value of the shunt 
reactance required for critical coupling is 
numerically equal to the real impedance at the 
coupling point, and if this impedance happens 
to be higher than the input or output im­
pedance, then the rejection of the higher 
frequencies will in general be reduced. 

If C1 and C2 in the circuit shown in Figure 1 8  
are equal, n o  impedance transformation is 
effected, but for C1 and C2 unequal the higher 
impedance occurs at the end with the smaller 
capacitance. \Vith one capacitance infinite, 
the impedance transformation is a maximum 
and depends primarily on the length of line ; 
it is almost independent of the characteristic 
impedance Zo unless this impedance is less 
than the loading resistance at the higher­
impedance end. 

The Q depends primarily on the line length 
and increases with increase in length. \Vhen 
using a single tuning capacitance, its reactance 
is approximately proportional to Zo and hence 
may vary considerably as Zo is changed with­
out significantly changing the Q. By inserting 
a second capacitor at the opposite end of the 
line (thereby reducing the capacitance of the 
first) and by increasing the line length, the 

is a current-driven diode. Figure 1 7-Distributed coupled circuits. 
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Q can be increased without changing the 
transformation ratio. Some of these properties 
are illustrated in the Smith chart of Figure 18. 
I t  should also be realized that whilst a single 
tuned circuit consisting of a length of line 
divided by a series capacitor behaves similarly 
to the circuit of Figure 18 at the fundamental 

- - - CAPACITANCE 

resonance, the impedance presented at the 
harmonic frequencies may differ considerably. 
Hence it is possible to choose the circuit 
arrangement which gives the best sup­
pression of the unwanted harmonic currents 
whilst maintaining the desired band-pass 
characteristic. 

LENGTH OF TRANSM ISS ION LI NE 

Figure 1 8-Some transformation effects of the distributed circuit shown. 

(a) ABCDA-Circuit with zero impedance trans­
formation. 

(b) ABFG-Circuit with maximum impedance trans­
formation ( C2 infinite). 

(c) ABC-Case (b) with C2 infinite and l reduced, 
illustrating reduced impedance transformation. 

(d) A'B'C'-Case (c) with Zo doubled. Reactance of 
C1 is approximately doubled but Q and transformation 
ratio are approximately as in (c) . 

(e) H IJC-Largest terminating resistance larger than 

Zo. 
(f) H'I'J 'C'-Case ( e) with Zo donb!ed. Impedance 

transformation arranged to be as in ( e) by adjustment 

of l. Reactance of C1 increased by approximately a 

factor of 4. 

(g) ABKLMC-Same impedance transformation as (c) 

but higher Q. 
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Since a low coupling reactance contributes 
significantly to the high-frequency rejection 
characteristics, it is normally preferable to 
use the impedance transformation along the 
length of line to effect the transformation 
rather than use a higher value of shunt react­
ance. In Figure 1 7 ,  for example, if Ri > R2, 
the components would be chosen so that the 
real component of the impedance was R2 at 
the common point on both l1, Z2, and the shunt 
capacitor Cv, and hence the magnitude of the 
coupling reactance vmuld be R2. Consequently, 
when transforming from the diode conversion 
resistance to, say, a SO-ohm load impedance, 
it is preferable to effect the impedance trans­
formation with the line length of the final 
circuit of the coupled pair. 

Rejection of the input frequency by the cir­
cuit resonant at second harmonic mainly 
depends on the reactance of the series tuning 
capacitors. 

Minimum loss is achieved by using high­
quality lines and capacitors and having mini­
mum reflection on the line, consistent with 
maintaining the required harmonic rejection. 
Minimum reflection is achieved by having 
minimum impedance transformation along the 
line. 

Using the Smith chart it is possible to select 
the appropriate component values to achieve 
tuning and matching. I t  is then necessary to 
check the circuit performance relating to 
bandwidth and harmonic rejection. Adjust­
ment of the component values may then be 
necessary to achieve the required results. An 
estimate of bandwidth can be made by deter­
mining component reactances at small fre­
quency differences from the centre of the 
band and plotting on the Smith chart (re­
normalized to the diode conversion resistance) 
the locus of the impedance seen by the diode. 
The reflection loss at any frequency deviation 
can then be calculated from the position on 
the Smith chart of the impedance locus at that 
frequency from 
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Reflection loss = 10 log 1 � 
P

2 decibels 

where p = (1 - S)/ (1 + S) = voltage reflec­
tion coefficient, and S = voltage standing­
wave ratio. 

Calling the full radius of the Smith chart 
unity, p is the radius of the reflection-loss 
circle. 

To simplify the design it is assumed that the 
output impedance of the preceding stage is 
constant within the pass band of the coupling 
network. 

9. Design Example 

9 . 1  SELECTION OF DIODE 

The method of diode selection and circuit 
design will now be illustrated by considering 
a particular example. 

It was desired to produce 1 ·0 watt at 4·288 
gigahertz from an input of 1 ·8 watts at 2 · 144 
gigahertz, and the output was required to 
vary by less than 1 decibel over a frequency 
band of 2 ·S  per cent. 

The maximum dissipated power is 0·8 watt 
and so, if the circuit loss is assumed to be 
0 ·2S decibel, Pd = 0·74 watt and rJ = O·S9. 
Assuming a maximum permissible failure rate 
better than 1 per cent per 1000 hours, Figure 
14 indicates a maximum permissible junction 
temperature of 1 10 degrees Celsius. Using (9) 
and the fact that a maximum heat-sink tem­
perature of 70 degrees Celsius is specified , the 
maximum value of thermal resistance is found 
to be S4 degrees Celsius per watt. 

From the discussion in Section 7 . 1  it is 
apparent that a pill-with-prongs encapsulation 
is preferable at microwave frequencies, and a 
thermal resistance of the order of SO degrees 
Celsius per watt is available in this encapsula­
tion for values of Co around S picofarads. 
Thus P /Co """ 3·6 X 1011 ,  which from Figure 6 
corresponds to a value of fr2/rJ = 2SOO, that 
is, TT = 38·4 volts. 
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An MA../-055C having the following character­
istics meets the above requirements. 

Co = 5 ·75  picofarads 
C,,b = 1 ·42 picofarads 
l/b = 53 volts (minimum value = 48 volts) 

e = so degrees Celsius per watt. 

The power delivered by the diode for 1 watt 
at the output terminal must be 1 ·06 watts, 
that is, a conversion loss of 2 ·3  decibels. From 
Figure 5 it follows that 

Cbfc > 13 ·8  Cof -
and this requires fc ;::: 120 gigahertz. 

This value of le is better than the standard 
classification and hence diodes must be 
specially selected. The actual diode used had 
the characteristics listed above together with 
a cut-off frequency of 190 gigahertz. This 
should result in a conversion loss of 1 ·55 
decibels, which together with a circuit loss of 
0 ·25  decibel leads to an overall loss of 1 ·8 
decibels. 

9 .2  DESIGN OF CIRCUIT 

The steps of the circuit design can now be out­
lined, and an illustrative example is given 
below. 

(A) Select the diode as outlined in Section 9 . 1 .  

(B) Ascertain the diode conversion resistance 
from Figure 4, and the working reactance from 

where m is given by Figure 2 .  If working close 
to the parallel resonance of the diode, its 
impedance is best found by measurement at 
the appropriate frequency and power level as 
described in Section 7 . 1 . 

(C) Using the Smith chart construction,  
design the primary side of  the coupled circuit .  
Choose the load impedance to  be  purely 
resistive and approximately the same magni-

tude as the output impedance of the diode. 
Check that the circuit has the desired QL and 
gives good suppression of umvanted har­
monics. If  the desired results are not realized, 
adjust the component values using the 
principles outlined in Section 8 .  

(D)  Design the secondary of  the coupled 
circuit using the Smith chart construction 
again (the input impedance being equal to the 
load resistance of the primary circuit, and the 
output impedance being either equal to the 
complex conjugate of the input impedance of 
the next diode or equal to the terminating 
load) . If the output load is in the form of a 
further stage of harmonic generation, ensure 
that a high impedance is presented to the 
varactor at the frequencies generated by the 
following stages. The value of loaded Q should 
also be checked as before and the necessary 
adjustments made. 

(E) Assuming a coupling circuit of the type 
shown at the top of Figure 19 ,  an impedance 
plot of the primary and secondary circuits 
similar to that shown a t  the bottom of Figure 
19 results, where the loci denoted by the 
symbols A through J represent the impedances 
at the corresponding points in the coupling 
circuit above. 

The chart shown in Figure 1 9  is normalized 
to the characteristic impedance of the line 
elements, which in this case is 100 ohms. The 
suffixes indicate the percentage frequency de­
viations from the band centre. It now remains 
to choose the reactance X of the shunt coup­
ling capacitor, which is numerically equal to 
the load resistance R of the primary circuit. 
The load resistance is given by the point 
where the locus of the primary impedance 
plot, produced in step (C) , intersects the real 
axis of the chart. 

The inclusion of the shunt coupling capacitor 
necessitates either an increase in the lengths 
of line in both the primary and secondary 
circuits or an increase in the series tuning 
capacitors equivalent to a change in series 
reactance of jR ohms. 
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Figure 1 9-The normalized values of the components 
of the 4-gigahertz output coupled circuit shown above 

are given on the following table. 

The Smith chart gives the impedance values of the 
circuit. The designations A through J refer to the 
impedance of R1 when i t  is transformed to the corre­
sponding points in the chart. 

R1 (ohms) 
C1 (ohms) 
z, (;\) 
Cz (ohms) 
lz (;\) 
CM ( mhos) 
! 3 (;\) 
c3 (ohms) 
[4 (;\) 
L (ohms) 
c (ohms) 
R, (ohms) 
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t1 
c, 

A 

B 

R, 

DE\TIATION IN PB..R CENT !<'ROM FREQUE�TY f 

- 5  - 2 ·5 ---
0.5 0 ·5  
2 · 10 2 ·05 
0 ·206 0 ·2 1 1  
0 ·588 0 ·575 
0 ·063 0 ·064 
8·50 8·75 
0· 109 0 · 1 1 3  
1 · 5 1  1 ·48 
0 ·086 0 ·088 
0 · 190 0 · 195 
0 · 147 0 · 144 

I 
0 i +1·5 

o.s1o.s 
2 ·00 1 ·95 
0 ·2 16  0 ·222  
0 ·560 0 · 546 
0 ·066 0 ·068 
9·00 9·25 
1 - 1 16 0 · 1 19 
1 ·44 1 -41  
0 ·090 0 ·092 
0 ·200 0 ·205 
0 · 140 0 · 1 3 7  
0 · 1 1  

+s ---
0·5 
1 ·90 
0 ·227 
0 .533 
0 ·069 
9.50 
0 · 1 22 
1 -37 
0 ·095 
0 ·210  
0 · 133 
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These modifications are in general small, and 
so the effect on the performance of the circuit 
can normally be ignored. In the example, Z2 
is the minimum practical length in which the 
necessary components can be accommodated 
so it is necessary to adjust 71. 
(F) The final step is to ensure that the desired 
frequency response of the stage is obtained. 
The locus J in Figure 19  represents the 
impedance of the load resistance R1 ·when 
transformed through the entire coupling net­
work to the terminal P in the coupling circuit 
at top. Renormalizing the chart to the diode 
conversion resistance transforms the locus J 
such that at the centre frequency the imped­
ance remains real. The locus X YZ in Figure 
19 results, and hence the frequency response 
of the stage can be estimated by comparing 
the Smith chart reflection-loss circles with 
the frequency steps marked on the locus. 

9.3 RESULTS 

This section gives typical results where the 
measured efficiency and bandwidth are com­
pared with the predicted values together with 
the measured values of spurious outputs when 
driven by a varactor frequency-multiplier 
chain comprising 3 lumped-circuit stages and 
a distributed circuit of similar design to the 
one described. These stages can be identified 
easily in Figure 10. 

Combining the predicted frequency response 
of the 4-gigahertz circuit under discussion 
with the known variation of output power 
with frequency of the preceding stages, a 1-
decibel bandwidth of 6 per cent vvas expected 
from the complete chain. The measured out­
put from the chain indicated that the loss of 
the last stage was 2 ·2  decibels and the overall 
frequency response was 1 decibel down for a 
bandwidth of 4 per cent. The measured loss 
is in reasonable agreement with the 1 ·8 deci­
bels predicted, whilst the discrepancy between 
the measured value of 4 per cent and the 
predicted value of 6-per-cent bandwidth for 

1 -decibel loss was probably due to dynamic 
detuning and the variation of both source 
impedance and conversion resistance \vith fre­
quency (both of these parameters being as­
sumed constant in estimating the bandwidth) .  

The input-output power relationship was ap­
proximately linear and the frequency response 
remained continuous with variations in pm'.'er 
level down to zero input, showing that the 
varactor had a good resistive match over a 
wide range of power levels. 

Measured power levels of harmonics of 1 
gigahertz, relative to peak power output, are 
given below. 

Harmonic Frequency 

Fundamental ( 1  gigahertz) 
2nd 
3rd 
5th 
6th 
7th 
8th 
9th 

10th 

Power Level in Decibels 

-49 
- 18 
- 19 
-30 
-37 
- 5 1  
- 47 
- 80 
- 28 

In  the particular example described, an im­
provement in the suppression of the 2nd and 
3rd harmonics of 1 gigahertz would be desir­
able. Some adjustment of C1 and C2 of Figure 
19 would probably improve the 2-gigahertz 
and 3-gigahertz suppression without appreci­
ably degrading the remainder of the harmonic 
performance. 

It is of interest to note that where close 
agreement between predicted and measured 
efficiencies have differed appreciably it has 
always been found that the diodes had either 
poor charge storage capability, an actual cut­
off frequency lower than that quoted by the 
manufacturer, or both. 

1 0. Methods of Testing Multiplier Chains 

To adequately test a frequency-multiplier 
chain the following equipment is essential :-

(A) A power source, having the required out­
put level , which may be swept automatically 
over a range of output frequencies somewhat 
in excess of the required operating range. 
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(B) A directional power -meter, which may be 
used for checking the input match of the 
multiplier chain. 

(C) A puwer meter, preferably of the calori­
metric type, for measuring the output power. 

(D) A band-pass filter centred on the output 
frequency, or a suitable \vavemeter. 

(E) A range of suitable attenuators. 

10. 1 ADJGSTMENT OF THE CHAIN 

A test circuit comprising power source, direc­
tional power meter, multiplier chain under 
test, and wavemeter should be set up. The 
power source should be set to the normal input 
level for the chain, and to the nominal centre 
frequency. The input stages of the chain 
should then be tuned for the best value of 
input match, as indicated by the directional 
power meter. When a reasonable input match 
has been achieved , it will be found that the 
third or fourth tuned circuit has some effect 
on the reflected power, and consequently ap­
proximate tuning conditions can be judged for 
these circuits. Examination of the output with 
a wavemeter, or a power meter connected 
through a suitable filter, will almost certainly 
indicate some output at the required fre­
quency. Adjustment of the output circuits to 
increase this output, adding attenuation when 
necessary to the wavemeter circuit, will in 
general affect the input match. Slight adjust­
ment should then be made to the whole 
circuit, watching both the input match and 
the output power. The output power level 
should be measured and, if it is of the right 
order, the input frequency should be swept 
and the amplitude response observed on an 
oscilloscope. Small adjustments should be 
made to eliminate steps and bursts of oscilla­
tion which may occur in the amplitude char­
acteristic within the pass band. 

If the chain comprises a large number of 
multiplier stages in cascade, it may be ad­
vantageous to divide the chains into two 
sections for the purpose of testing. 
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The low-frequency section should be adj usted 
first using a quarter-wave transformer to 
match the power at the point of separation 
to a SO-ohm load. Subsequently the second 
section should be directly coupled to the first 
and then adjusted. The condition of correct 
tuning should result from this procedure. 

1 1 . Conclusions 

Information has been presented enabling the 
design of high-power frequency-multiplier 
chains employing doublers. The design data 
are applicable over a wide range of frequencies 
from high frequency to super-high frequency, 
and examples of design over an appreciable 
part of this spectrum have been given. Com­
parison between predicted and measured 
efficiency of multiplier chains is good, whilst 
the discrepancy between the predicted and 
measured bandwidths is probably due mainly 
to the effects of dynamic detuning. I t  is 
emphasized that the data given relate to 
operation in the charge-storage mode, without 
which the construction of economical high­
power multiplier chains is impossible. 
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Trends in Rad io and Television Receiver Components 
in Germany 

J. HARMANS 
Standard Elektrik Lorenz AG ; Stuttgart, G ermany 

The trend in the development of components 
for broadcast and television receivers is con­
trolled by the manifold specifications related fo 
receiver appearance, to electrical functions and 
their controls, and to quality and price. 

This trend is particularly sensitive to the intro­
duction of new services such as radio-frequency 
stereophonic reception, ultra-high-frequency and 
color television, and to modern production 
methods such as the introduction of printed­
wiring boards and laminated plastic cards that 
replace the conventional metal chassis and per­
mit automation of component mounting. An­
other stimulus is the appearance of novel kinds 
of transistors, tunnel and zener diodes, and 
voltage-adjustable capacitors. This constant flow 
of suggestions to the equipment designer results 
in new solutions to existing problems and these 
in turn flow back to the component designer as 
suggestions for further modifications and im­
provements. 

In this constant exchange of information be­
tween equipment and component designers, the 
former must often assume the lead. In the end, 
each component within an equipment affects its 
operation, and the equipment designer neces­
sarily assumes the responsibility for component 
quality. People will readily say "This equip­
ment of the X Company was a failure" and 
rarely "The component of the Y Company 
caused the failure." 

The purpose of the common work devoted to a 

new component is therefore to make sure that it 
will operate under specified conditions ( tem­
perature range, humidity, overload, vibration, et 
cetera) ,  ·which may be simulated by severe life 
tests. 

Since the weakest link controls the strength of 
a chain, one of the objectives in this work is 
to equalize the durability and life expectancy 
of all the components used in an equipment or 
possibly in a product line. If the life is known 
to be limited, provisions are made for convenient 
replacement by means of plug-in connections. 

In choosing a component, the equipment de­
signer is inclined to favor one that can be 
obtained from several sources ; he is bound to 
seek independence from a single supplier in the 
first place because both he and his competitors 
might one day demand quantities far exceeding 
the supplier's capacity. This is particularly true 
of components used in many equipment types. 
The desirable interchangeability of components 
requires that the component producers provide 
accurate, complete, and comparable technical 
information. In actual practice, however, this 
requirement often conflicts with the component 
producer's attempt to coordinate with as many 
equipment producers as possible. These state­
ments essentially apply to manufacturers of 
passive components ; in the case of active com­
ponents the production of which is difficult and 
involves considerable investment in tooling, the 
few producers will tend to standardize and 
coordinate their products. 

Thus such German producers of active compo­
nents as Siemens, Standard Elektrik Lorenz, 
Telefunken, and Valvo follow a pattern of co­
operation that is widely different from the 
methods employed by the countless manufac­
turers of passive components. A characteristic 
feature is the application-engineering service 
provided by such companies for their customers. 
This involves not only working out examples 
of applications and models, but also advising, 
assisting, and testing in the early stage of an 
equipment development. Of course all this work 
is undertaken in strict confidence. 

1 .  Trends in Development of Active 
Components 

For years interest has been focused on the 
competition between the vacuum tube and the 
semiconductor. It is wise to prepare for sur­
prising turns and inventions that will result 
from the attempts to decide this case. 

About 1 5  years ago, the first target of semi­
conductor engineering was the power rectifier 
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tube, known as a sens1t1ve component that 
caused frequent failures. The substitution of the 
selenium rectifier for this tube, however, led to 
many early difficulties that had to be overcome 
before the claim of "infinite life" became actual 
fact. Today the flat-type selenium rectifier, ab­
solutely reliable in operation, prevails in power 
supplies of broadcast receivers ; in television 
receivers it has been overtaken by highly effi­
cient silicon rectifiers that feature reliability and 
smaller size as is evident in Figure 1 .  

The rectifier tube is  still found in the high­
voltage section of a television receiver where 
it is indispensable for handling up to 20 kilo­
volts. In portable television receivers in which 
these voltages are much lower, however, semi­
conductor rectifier stacks are beginning to re­
place the tube. 

The next success of semiconductor devices oc­
curred when matched pairs of germanium diodes 
began to be used in demodulators of frequency­
modulation receivers. It was the Schaub Com­
pany in close cooperation with Siiddeutsch 
Apparate Fabrik who assumed the risk of intro­
ducing this new component on a large scale. 
Today germanium diodes are primarily em­
ployed in ratio detectors of frequency-modula­
tion equipment and demodulators of television 
sets. 

The use of semiconductor diodes in receiver 
circuits paved the way for the transistor. There 

Figure 1-Power rectifiers for television sets. From 
left to right are shown early selenium, later selenium, 

and silicon types. 

is no decline in the unmatched success of the 
transistor from its first application in 1956, just 
8 years after its invention had been disclosed to 
the public. The tentative application experi­
ments with transistors in audio circuits of the 
first battery-operated broadcast receivers were 
rapidly followed by all-transistor amplitude� 
modulated receivers, and the first all-transistor 
portable receivers that featured a very-high­
frequency section appeared on the market as 
early as 1959. 

The Graetz Company, now a division of Stand­
ard Elektrik Lorenz but then still independent, 
presented the first experimental all-transistor 
very-high-frequency receiver at the Radio Ex­
hibition in Duesseldorf in 1957, while the 
Schaub Company was the first to show, at the 
Hannover Fair in 1959, a 4-band (including 
very-high-frequency) all-transistor universal 
portable, home, and automobile receiver, and 
to manufacture this set immediately thereafter. 
This receiver, named TO URING, has since 
been improved and is being produced in quan­
tities unpredicted by its forerunner, the first 
tube-type portable adapted to automobile op­
eration in 1954. Transistors, wiring boards, and 
a simpler design make modern receivers much­
less likely to need repairs. 

When transistors had been proved to be su­
perior to tubes for all receiver applications, all 
portables almost simultaneously were equipped 
·with transistors in 1960. The purely mechanical 
advantages alone were stimulating : simpler 
power supply, no B battery, no heaters, sub­
stantially reduced cost of operation, and reduced 
space requirements. On top of that, there were 
electrical advantages. \Vith transistors it be­
came possible to provide a radio-frequency in­
put stage for the very-high-frequency tuner 
shown in Figure 2. This resulted in a marked 
increase of sensitivity while the spurious oscil­
lator radiation was simultaneously reduced. 
Reduction of spurious radiation had been a 
particular problem in portable sets and was ag­
gravated by the changing of their locations 
with respect to other receivers with which they 
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could interfere. Tubes in battery-operated re­
ceivers had noise figures of 20 to 30 kT 0 ;  
with mesa transistors in the very-high-fre­
quency input stage, noise figures have been 
reduced to 3 to 4 kT0 and are now comparable 
to the optimum values that can be achieved with 
tubes operated from power mains. 

From the very beginning the power output of 
portable sets was comparable to the 200 milli­
watts offered with conventional tubes in class-A 
operation. The equivalent transistor receiver 
used a push-pull class-B output stage. Its power 
output has been increased in several develop­
ment steps so that 6 watts are available from 
first-class receivers in motorcar operation, 
while in portable operation their output is 
limited to 2 or 2.5 watts to reduce the battery 
current drain. High-power output circuits re­
quire careful heat-dissipation control by mount­
ing on ample cooling surfaces, compensating 
circuits employing thermistors, and negative 
temperature coefficients in the base-circuit re­
sistances, in addition to careful adjustment of 
the idle current and satisfactory dimensioning 
of the driver stage. The transistor pairs are 
sorted for identical characteristics and current 
gain, and stringent requirements apply to cur­
rent gain with high peak currents. The develop­
ment of germanium transistors suitable for 
portable receivers has left nothing of impor­
tance to be desired ; the function, price, and 
quality of these transistors are fully satisfactory. 
Development work is therefore going on mainly 
in power-stage circuit design where transform­
ers can be eliminated if pairs of p-n-p and n-p-n 

transistors are used. However, the power out­
put of this type of stage drops below the rated 
value when the operating voltage is low. 

Battery-operated receivers must function satis­
factorily down to half the rated battery voltage. 
This has required the development of stabilizing 
elements. Originally, nickel-cadmium cells with 
short charging periods and a stabilized voltage 
of 1 .35 volts proved suitable ; now, however, 
these are being replaced increasingly by circuits 

Trends in Receiver Components in Germany 

with silicon diodes using the steep-slope knee 
at 0.7 volt of the diode characteristic. 

In the beginning, zener diodes were preferred 
to stabilize the voltage in motorcar operation ; 
they prevented the undesirable variation �n the 
frequency of the very-high-frequency oscillator 
as a result of battery voltage fluctuations caused 
by the necessary changes in the speed of the car 
engine. Now the use of zener diodes is virtually 
limited to voltage dividers in which the 12 volts 
of the car batterv are reduced to the receiver 
rating-in most 'cases 7.5 volts-to equal the 
voltage of the battery in the receiver. 

Varicaps, which are diodes having a capacitance 
that can be voltage controlled when biased in 
the nonconducting region, are generally used for 
automatic frequency control of very-high-fre­
quency oscillators in universal portable radios, 
because an automatic-frequency-control voltage 
is available from the ratio detector. Develop­
ment trends indicate the possibility of using 
varicaps for tuning through the very-high­
frequency band. This feature would be of par­
ticular interest because it could be combined 
with push-button tuning and remote control at 
moderate cost. The operating voltage needed 
to tune through the very-high-frequency band 
is about 20 volts ; it can be provided from 
a direct-current-to-direct-current system. 

Figure 2-Reduction in size of the very-high-frequency 

tuner between 1954 and 1964. 
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In future years the possibility of electric tun­
ing by varicaps will surely be closely scruti­
nized, and the component designers will have 
to meet tight specifications from equipment 
designers. 

The introduction of transistors into mams­
operated broadcast home receivers and consoles 
is at a much slower pace. Here vacuum tubes 
have reached a state of relative perfection after 
many years of development, and special combi­
nation tubes permit the design of optimum 
circuits. Moreover, the tubes have excellent 
regulation properties and are capable of 
processing the high input signal voltages ob­
tained from outdoor and community antennas. 
Although new up-controlled 1 transistors permit 
the problem of automatic gain control to be 
solved, and although progress has been made in 
their handling of high input signal voltages, 
price considerations have so far favored full 
transistorization only of simple mains-operated 
receivers with single-channel audio amplifiers 
having power outputs not exceeding 3 watts in 
class-A operation. High-quality receivers with 
two-channel audio sections for stereophonic re­
production are predominantly equipped with 
tubes. An exception is the built-in radio-fre­
quency stereo decoder, which makes use of the 
transistor advantages of low space requirements 
and low current drain ; usually this circuit is of 
the plug-in type for convenient addition to the 
set. Occasionally the very-high-frequency sec­
tion also uses transistors because the achievable 
noise figure is comparable to conventional 
values obtained with vacuum tubes. 

Transistors in the power stages would require 
a costly power supply, as high currents are re­
quired at low operating voltages. An additional 
transistor stage in the base circuit, controlled 
by a zener diode, is a standard requirement to 
stabilize the power supply. 

1 Siemens "Technische Mitteilungen Halbleiter," num­
ber 1-6300-091, pages 4-16 ;  October 1964. 

Commercial tuners for high-fidelity systems 
with excellent electrical properties have proved 
the feasibility of all-transistor high-quality re­
ceivers ; here, however, price considerations are 
not as important as in the conventional home 
receiver. 

In television receivers, the introduction of 
transistors started, not unexpectedly, in the 
limiter stage of the intermediate-frequency 
amplifier. When the AF 139 mesa transistor 
became available, however, transistors sud­
denly appeared in the ultra-high-frequency unit, 
for it markedly increased the receiver sensitiv­
ity. Equipping this unit with two AF 139 
transistors suddenly became compulsory ; the 
rate of introduction of this transistor was de­
termined by the production capacity at Siemens. 

While transistors \vere originally used to re­
place tubes, the present state of the art in ultra­
high-frequency units exploits all inherent possi­
bilities of the transistor. Characteristic features 
are quarter-wave lines with 4-gang tuning 
capacitors in miniature compact units. The 
very-high-frequency tuner, a drum-switch unit 
derived from American models, had finally 
reached a state of development characterized by 
a low-noise cascode input stage with the special 
double-triode PCC 88 tube, a mixer, and a 
separate oscillator using the PCF 86 tube and 
having low spurious radiation. The designs 
used today feature transistors and station pre­
selection by keys or multiposition switches as 
had been used earlier, a simplified switch-type 
tuner with neutrode input stage, and variometer 
tuning. 

Two solutions are particularly interesting. One 
of them is the so-called integrated tuner, 
equipped with 2 to 5 transistors and only ultra­
high-frequency-type tuning capacitors, tun­
able through all television bands. In switching 
from band to band, additional coils become 
series-connected to the ultra-high-frequency 
tuning lines while some of the transistors are 
involved in the switching. It is good practice 
to assemble this unit with a high-precision 
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mechanical preselecting unit that permits rapid 
access to preset channels. The inherent features 
in this solution will influence the development 
trend in future years. 

The other solution is the all-transistor very­
high-frequency tuner with diode tuning. Three 
varicaps are tuned by a special voltage control, 
the operation of which includes a cam that 
switches the coils between bands 1 and 3. The 
frequency response is uniform with a flat char­
acteristic of the control resistor. The main ad­
vantages of diode tuning are reduced space 
requirements, better operating reliability due to 
the small number of changeover contacts, and 
low torque. The last-mentioned advantage is 
being utilized by Grundig, the originator of 
this solution, for smooth drive of a single-knob 
control for 6 stations that can be selected as 
desired from the very-high- or ultra-high­
frequency bands. 

Vacuum-tube stages are still being used in the 
video intermediate-frequency amplifiers. Ex­
amples of such tubes are the EF 183 and EF 
184 wide-band pentodes offering high gain. 
Also employed are amplifiers with an auto­
matic-gain-control tube in the input. Generally 
3 or 4 transistor stages are used ·with up-control 
types in the input stages. The existing trends 
point to all-transistor versions, but the pace is 
slow because economic considerations are at 
least as important as technical factors. 

An accelerated development appears feasible in 
connection ·with the new• silicon transistors BF 
167 and BF 168, which have very-low feedback 
capacitances as a result of a novel combined 
evaporation-and-diffusion method that permits 
the generation of a screening electrode between 
base and collector. 

Standard Elektrik Lorenz produced the first 
silicon transistor actually used in a receiver. It 
is the type BFY 41, forming part of the circuit 
of the HANSEA T receiver manufactured by 
Mende. This transistor has been further de­
veloped and now has the voltage-breakdown 
stability between collector and emitter that is 

Trends in Receiver Components in Germany 

needed for the full control range of the tele­
vision picture tube. Combined with a common­
emitter input stage BFY 39, this n-p-n planar 
transistor, now coded BFY 43, enjoys an ever­
increasing field of application. 
Disregarding obvious transistor applications in 
the intermediate-frequency amplifier and the 
clipper, considerable time will elapse before 
transistors are exclusively used in mains-oper­
ated receivers. This is so because the power 
stages will require an additional costly power 
supply and because the problem of a reliable 
low-cost transistor for the horizontal output 
stage remains to be solved. 

On the other hand, most portable receivers are 
fully equipped with transistors because low­
power output stages produce enough power to 
deflect the electron beam in picture tubes up to 
30 centimeters ( 12 inches) in diameter. Such 
receivers can be operated from the power mains 
as well as from a storage battery. However, the 
latter gives only a few hours of operation from 
one charge. 
In Germany there is a trend toward 28- and 
30-centimeter ( 1 1- and 12-inch) picture tubes 
in portable television sets, while smaller tube 
sizes are less favored. In the case of nonport­
able receivers, the 65-centimeter (25-inch) tube 
will compete with the 59-centimeter (23-inch) 
tube that has been the standard for several 
years. In 1964 the public seemed to be im­
pressed by the idea of a picture aspect ratio of 
3 : 4. However, manufacturers seem to be mov­
ing away from this by their reluctance to 
produce 3 :  4 picture tubes on the ground of 
difficult glass processing, high weight, and high 
price. 

The design of the implosion-proof picture tube 
has covered virtually the whole field. Very few 
picture tubes are still being coated with a trans­
parent plastic sheet for protection against the 
consequences of implosion. 

Silicon transistors seem to be invading the field 
of television receivers, but their greatest pros­
pects should be in motorcar receivers, where 
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their excellent performance under varying am­
bient temperatures will be particularly appre­
ciated. 
In conclusion, it may be stated that all tubes 
could be replaced with equivalent-function 
transistors, excepting the picture tube, high­
voltage rectifiers, and indicator tubes. Techni­
cal and price developments will set the pace and 
determine the percentage of silicon transistors. 
Totally unanticipated changes may result from 
new semiconductor devices. 

2. Trends in Development of Passive 
Components 

Traditional receiver components are resistors, 
capacitors, inductors, electromechanical trans­
ducers, relays, and loudspeakers. 
Fixed resistors are available in a wide range of 
resistance values with tolerances of ±20, ±10, 
and ±5 percent. Their power ratings range 
down to 1/20 watt. In the future, physical size 
will be of increased importance and the range 
of sizes will be reduced in favor of optimum 
properties. Since the power rating depends on 
the ambient temperature, it will be stated in 
the form of a characteristic. 
Resistors are available in batches of 1000, color 
coded to identify resistance values, and belted 
on paper tape for use in automatic assembly 
lines. In the future, physical designs for mount­
ing normal to the circuit board are to be ex­
pected, and this may frustrate the automation 
of the assembly line. Connecting leads cut to 
size and reinforced or bent to fit board mount­
ing holes will increase reliability and shorten 
assembly time. 
Almost fully automatic production methods 
have resulted in fixed resistors of very-uniform 
quality and very-low price. 

Adjustable resistors for conventional volume, 
tone, contrast, and brightness controls, open or 
enclosed, have now been supplemented by 
double adjustable resistors for ganged control 
of stereo amplifiers. 

Controls for electronic tuning are under devel­
opment. High accuracy of repetitive adjust­
ments and close tolerance of resistance versus 
angular position are required for indication of 
the tuning position on a calibrated scale. Pos­
sibly the slide resistor will be revived for this 
application, the slide being used as a scale 
pointer. Vernier controls with preset station 
selection, combined with switches or keys, can 
be expected to appear on the market. 

Capacitors are being offered in bewildering 
varieties. Among them are fixed ceramic types 
with excellent radio-frequency properties, types 
having closely staggered temperature-coeffi­
cient ranges for compensating circuits in filters 
and oscillators, and numerous types resembling 
stalks, discs, caps, et cetera. The standard 
series are no longer satisfactory, as radio-fre­
quency circuits often call for close capacitance 
tolerances to meet a particular design. Apart 
from ceramic types, wound styroflex capacitors 
are often used in filters because of their rela­
tively low price ; their weakness is a heat sensi­
tivity that presents difficulties in dip soldering 
or in physical contact with a hot soldering iron. 

A clearly noticeable trend in large wound ca­
pacitors is in size reduction where paper is 
replaced by plastic as the dielectric. ( See Fig­
ure 3 . )  

Figure 3-Pairs of equivalent wound capacitors using 
paper (left) and plastic (right) dielectrics. 
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Automatic assembly of capacitors is not being 
employed, as thin connecting leads of various 
diameters are necessary to avoid contact diffi­
culties. 

Electrolytic capacitors for transistor circuits 
show the same trend toward miniature size for 
convenient mounting on boards. The solid­
electrolyte tantalum capacitors that may be 
favored in tight locations of future designs are 
particularly small. Generally the use of boards 
and cards controls the standardizing of capaci­
tor and connecting-lead shapes and sizes in 
compliance with standard grids. Special capaci­
tors are available for booster circuits in tele­
vision sets, for protecting circuits in accordance 
with various national standards, and for lead­
through applications for radio-frequency block­
ing. 

Adjustable capacitors are still the most-suitable 
tuning means for broadcast receivers. Two-gang 
capacitors for superheterodyne receivers have 
frequency-corrected stator-plate designs and 
built-in transmission gears stressed to prevent 
lost motion. In the very-high-frequency case 
tuning variometers and varicaps are also em­
ployed. Equipment designers have demanded 
varicaps suitable for the medium-wave range, 
too. Early realization of this requirement by 
component producers is not probable because 

Figure 4-Reduction in size of intermediate-frequency 

filters and coils. 
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the relatively large bandwidth presents serious 
difficulties. The use of tuning varicaps in the 
ultra-high-frequency section of television sets 
seems feasible if the losses can be kept small for 
frequencies up to 1 gigahertz. 

Coils are now also being used with cards, es­
pecially in radio-frequency circuits in transistor 
sets. They are tapped for matching or neutral­
izing. Various methods are used in the coil­
winding process to connect the proper wire end 
to the proper terminal. A possible solution of 
this problem is double dip soldering, the first 
time after the coil-winding process and the 
second after insertion into the card. Cam­
controlled moving cross-coils are often being 
employed in input circuits where ferrite an­
tennas or tuning variometers are provided. 

Intermediate-frequency filters are designed for 
alignment from one side and simple mounting 
(see Figure 4) ; in their production, automatic 
coil winding is applied. The era of printed coils 
seems to have begun with the wide-band circuits 
of the video intermediate-frequency amplifiers. 
Forerunners of printed coils may be found 
in very-high-frequency channel selectors, in 
printed-wiring matching circuits for very-high­
frequency antennas, and in printed Guanella 
transformers (2 pairs of coupled coils giving 
Z /2 to 2Z impedance conversion) . Radio-fre­
quency coils present primarily a problem of 
printing technology because the spacing of the 
coil turns must be very close to produce useful 
inductance values. 

Only electromechanical filters can be expected 
to supersede the conventional amplitude-modu­
lation intermediate-frequency coils. The first 
experiments with ceramic resonators called for 
additional wound coils for matching and for 
suppression of undesired radiation. These prob­
lems should be solved in the near future. 

Transformer design is also receiving attention, 
particularly for a suitable production method 
for the manufacture of low-leakage tape-wound 
cores. Pocket receivers require either small 
transformers or output stages that need no 
transformer. Thus the automatic winding of 
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coreless transformer coils and their automated 
a�sem�ly with core laminations is in competi­
tl�n with new circuit designs. The output stages 
without transformer need higher voltages, how­
ever, than can be obtained from a car battery. 

Horizontal output transformers of television 
sets ( see Figure 5 )  have become much more 
reliable because of reduced leakage in the 
coupling of the windings, better impregnation 
of high-voltage coils, more-effective arrange­
ment of parts, and improved core material. 
Plug-in types are still being favored for more­
convenient servicing. The trend toward higher 
and higher voltages entails occasional failures 
although designers have learned to keep tern� 
peratures of core and windings within safe 
limits even under adverse conditions. 

Further development of line transformers is 
necessitated by more-stringent requirements for 
television receivers and by the miniature size 
required for portable sets. The same is true of 
deflection coils, the development trends of 
which are controlled by transistor application, 
miniature parts, color, and picture-tube dimen­
sions. 

The loudspeaker is the most-important trans­
ducer. Its development is also determined by a 
number of factors. The range of application ex­
tends from the miniature type in the pocket 
radio to the bass loudspeaker in a high-fidelity 
system. The former calls for small dimensions 
and high efficiency ; the latter should have a flat 
response-frequency characteristic and no distor­
tion. Ferrite magnets help to reduce the depth 
of components in portable sets ; however, their 
leakage field may affect the radio-frequency and 
intermediate-frequency circuit tuning. There­
fore, either problems in the alignment of these 
tuned circuits or the use of a leakage-compen­
sated and more-expensive loudspeaker must 
be faced. 

In high-fidelity reproduction, a new loud­
speaker arrangement has been introduced. It 
has low efficiency but excellent tone reproduc­
tion. The housing volume is relatively small. 
The desired result is achieved by use of a 

very-low resonant frequency of the speaker and 
by filling the housing with damping mineral 
fibers. 

The loudspeakers used in home receivers are 
mostly oval, with axis ratios between 1 .5 : 1 and 
4 :  1. High ratios such as the last-mentioned 
meet the requirements of industrial designers 
better than those of acoustical engineers. 

The electrodynamic loudspeaker is clearly pre­
dominant while the dielectric speaker, used for 
the upper audio range for many years, is now 
of very-limited significance. The demand by 
the equipment designer for a loudspeaker with 
much-higher efficiency has not been met in the 
past 40 years. 

It is hardly necessary to dwell for long on 
relays. Their range of application is limited 
and their use is costly ; even today there is no 
inexpensive manufactured product that will re­
tain the required reliability over a long life. 
Relays are used only in special equipment such 
as multistandard receivers for television, re­
mote-control equipment, et cetera. 

Keyboards for band switching, preferred in 
broadcast receivers, matured to separate units 
during the wired-chassis era. Apart from the 
switching contacts, they comprised also tone 
controls with indicators, tone-control keys, scale 
holder, et cetera. Today they are much less 
expensive because of automated production ; 
they are light, made primarily of plastic, and can 
be directly inserted into wiring boards. These 
keyboards have inherent disadvantages : The 
number of keys cannot exceed a certain limit 

Figure 5-Horizontal output transformers. The newest 
type at the right is a plug-in unit. 
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if mechanical stability is to be maintained. 
Mechanical switching of solid duplex drives 
presents difficulties. It is impossible to use sec­
ondary switches controlled by levers. However, 
the process of adaptation to the new conditions 
is in full swing, so improved solutions may still 
come forth. 

Other keyboards are used in television sets to 
preselect desired stations. A precise mechanism 
is indispensable, as the accuracy of adjustment 
must be within 10 to 20 micrometers. Avail­
able mechanisms operate with an accuracy that 
eliminates the need for automatic frequency 
control in some cases. These arrangements, 
complemented by multiposition switches of 
comparable accuracy, have superseded costlier 
solutions such as automatic station hunting and 
motor-operated channel selectors. 

Extreme precision is also necessary in key­
boards of car receivers, in which the job is 

Trends in Receiver Components in Germany 

complicated by the difficult coil-winding process 
for the variometer required for tuning. In 
Germany these devices are manufactured by 
producers of car radios for their own use and 
are not commercially available. 

3. Summary 

The trend in the development of components for 
broadcast and television receivers is essentially 
following the specifications resulting from the 
use of transistors, miniature parts, and printed­
wiring boards. 

In the future, most of the progress will be in 
the area of miniature parts. Thin-film devices 
are going to be used in the very near future. 
Attention is being paid to thick-film circuits 
and integrated semiconductor circuits ; the 
prices for these devices soon may drop very 
rapidly to attractive levels. 

Jan Harmans was born on 17 February 1912 
in Dresden, Germany. He graduated from the 
Technische Hochschule in Dresden as a 
Diplom-Ingenieur in 1936 and received his 
Dr.-Ing. degree in 1940. Thereupon he worked 
on the development of aircraft guidance systems 
and radar techniques. 

In 1949 Dr. Harmans joined Standard Elektrik 
Lorenz, where he is now in charge of the devel­
opment of radio receivers. 
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Recent Achievements 

Mil l ionth Line Cut Over i n  New Carnot Ex­
change-The cutover of a new 10 000-line 
Pentaconta telephone exchange in Paris also 
completed the installation of the millionth line 
of automatic telephone subscriber equipment by 
Le Materiel Telephonique. 

The new exchange was officially inaugurated by 
Jacques Marette, Minister of Post and Tele­
communications, in the presence of about 300 
persons including R. Croze, General Director 
of Telecommunications, and M. Jambenoire, 
Director of Telecommunications of the Paris 
area. See Figure 1. The rotary 7 Al Carnot 
exchange being replaced by the "all-number" 
227 was the first automatic central office in 
Paris. It has operated continuously since 1928 
including the war years. It is now planned to 

replace all rotary m Paris with Pentaconta 
switching systems. 

The new center will handle part of the incoming 
traffic for the MacMahon rotary 7B1 office. 
Its building now houses SO 000 lines, of which 
14 000 are Pentaconta equipment and the re­
mainder are rotary. It includes the transit 
center for the northwest Paris suburbs. 

Of the million subscriber lines, 480 000 are 
rotary 7 Al, 430 000 are rotary 7B1, and 90 000 
are in Pentaconta system. In addition, several 
automatic toll exchanges and 2000-line concen­
trators have been produced and installed in 
France and abroad. 

Le Materiel Telephonique 
France 

Figure 1-Jacques Marette, French Minister of Post and Telecommunications, and M. Jambenoire, Director of 
Telecommunications of the Paris area, visiting the old Carnot exchange before its replacement by the new 227 

Pentaconta switching office. 
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Automation of Brussels Postal Check Office­
The Belgian Minister of Post and Telecom­
munications inaugurated the operation of the 
first equipment installed in Brussels for machine 
sorting and accounting of postal checks. See 
Figure 2. The installation of 8 more equipments, 
each consisting of 2 jacketers, 1 processing 
complex, 3 classifiers, and 2 unjacketers, will 
provide for processing 1 250 000 transactions 
per day. 

A jacketing machine first inserts documents 
(which vary in size and paper quality) individ­
ually into transparent mylar jackets. Each jacket 
is provided with a strip of magnetic tape on 
which the pertinent information from the docu­
ment is recorded. 

The jacketed documents then go to the proc­
essing complex, which consists of a computer, 
tape units, high-speed printer, and jacket 
reader-sorter. These are used for coding, sort­
ing, and bookkeeping operations. 

The classifying machine sorts a batch of 1200 
jackets according to their account numbers. In 

Recent Achievements 

the final operation, the unjacketing machine re­
moves the documents from the jackets and dates 
the documents. 

Bell Telephone Manufacturing Company 
Belgium 

Quasi-Electronic Telephone Exchange in Vienna 
-The first quasi-electronic telephone central 
office in Austria was cut over in March 1966 by 
Otto Probst, Austrian Minister of Telecom­
munications and Transport. Several officials of 
the Austrian telecommunications administra­
tion led by General Director Benno Schaginger 
also attended. 

In the business district of Vienna, the exchange 
serves 500 subscriber sets of dial and push­
button types. Abbreviated-number calling is 
available. 

The exchange is a development of the HE-60L 
system initially installed in Stuttgart in 1963. 
It uses transistors, diodes, magnetic cores, and 
integrated circuits for storage and selection of 
routes, and Herkon reed relays as switching 

Figure 2-Postal check processing office in Brussels. 
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Recent Achievements 

crosspoints. The control center 1s shown m 

Figure 3 .  

Standard Telephone f1 Telegrapben 
Austria 

Standard Elektrik Lorenz 
Germany 

P ulse-Code-Modulation Multiplex Set-The 
WC-101B pulse-code-modulation multiplex unit 
shown in Figure 4 and a CXL-5 microwave set 
combine to provide a complete 12-channel radio 

terminal approximately 1 cubic foot (0.03 cubic 
meter) in volume and about 55 pounds (25 
kilograms) in weight. Less than 100 watts is 
drawn from a self-contained power supply. 

The time-division-multiplex unit provides for 
bit synchronization of the 6-bit code and for 

bipolar modulation. Two multiplexers can be 
used with a combiner to provide 24-channel 
capability. 

Built-in facilities for alignment, fault detection, 
and isolation make external test equipment un­
necessary. The low-power microelectronic cir­
cuits have extremely high stability and reliabil­
ity with minimum maintenance. 

ITT Federal Laboratories 
United States of America 

P ulse-Code Modulation for Mobile Radioteleph­
ony-A coder-decoder to permit pulse-code 
modulation to be used on single-channel mobile 
radiotelephone sets can be accommodated in a 
volume of 0 . 1  liter ( 6 cubic inches) with a 
weight smaller than 200 grams (7  ounces) .  

Figure 3-Testing and control center of quasi-electronic telephone exchange in Vienna. 
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Using integrated circuits, 6-bit codes are pro­
duced at an 8-kilohertz sampling frequency. A 
4-slope multilinear companding law gives a 
companding improvement of 26 decibels. It is 
compatible with a military integrated telephone 
network. 

A digital counting coder uses a varying rate of 
counting with amplitude to introduce amplitude 
compression. 

Laboratoire Central de Telecommunications 
France 

Computer-Based Communications System 6300-
ADX-The 6300ADX is an on-line stored-pro­
gram digital system designed to operate on a 
real-time basis in telecommunication networks 
having up to 60 duplex lines. 

A message received at a typical station in a 

telegraph network may be retransmitted to sev­
eral other stations and then in turn rerouted 
and processed in a complex pattern. The 
6300ADX controls each relay center according 
to a stored program and automatically routes 
messages and data from manual keyboards, 
automatic machines, or from other computers. 

Figure S shows the method of operation. In­
formation from incoming lines is stored mag­
netically to drive the outgoing lines. Routing 
and queuing decisions are performed by the 
central processor at electronic speed and a 
message need not be fully received before it is 
processed and placed on an outgoing queue. 

Figure 4-Microelectronic multiplexer for 12-channel 
pulse-code modulation. 

Recent Achievements 

The central processor stores 12-bit words in 
ferrite cores in modules of 4096 words, up to a 
maximum of 32 768 words, for programing and 
for buffering of input and output information. 
The cycle time is LS microseconds. The main 
store is a magnetic drum with a maximum 
capacity of 262 144 words. Magnetic tape can 
be used for auxiliary storage. 

Multiplexors enable up to 60 duplex land lines 
or radio circuits to be served in real time. 
Transmission speeds between SO and 2400 
bauds can be accommodated. Speed, code, and 
format conversion can be provided for inter­
communication irrespective of such differences. 

Typical applications of the system include : tele­
graph message and data switching, message 
collection and distribution, man-to-computer in­
formation interchange, integration of multiple 
computer networks, message accounting, traffic 
statistics, stock control, and reservation systems. 

Standard Telephones and Cables 
United Kingdom 

Advances in  Components-The ant-size tanta­
lum capacitor shown in Figure 6 is available 
in ratings up to 3S volts and up to lSO micro­
coulombs. Its size, excellent frequency perform­
ance, working temperature from -SS to +8S 
degrees Celsius, and stable low leakage current 

I N D l ­
V I DUAL 
L I N E  
U N IT 

I NCOM I N G  
L I N E S  

SUPER­
V I S ORS 

CONTROL 

M U LT I­
PLEXOR 

CENTRAL 
PROCESSOR 

I N D l ­
V I  DUAL 
L I  N E  
U N IT 

OUTGO I N G  
L I N ES 

MAGNET IC  
DRUM 

MAGN ETIC 
TAPE 

Figure 5-Block diagram of 6300ADX system. Addi­
tional multiplexors with their individual lines and 
additional storage can be connected to the central 
processor to increase the line capacity of the system. 

ELECTRICAL COMMUNICATION • Volume 41 , Number 3 • 1 966 353 

www.americanradiohistory.com

www.americanradiohistory.com


Recent Achievements 

make it superior to the hitherto-used wet elec­
trolytic aluminum capacitor for portable radio 
and television sets and car radios. 

A new metallized paper capacitor will withstand 
a case temperature of 100 degrees Celsius 
against 85 degrees for conventional units. 

Taking advantage of the development of selen­
ium high-voltage rectifier stacks by Standard 
Telephones and Cables, the rated reverse volt­
age has been increased to meet the requirements 
of the German market. A 20-kilovolt stack has 
a length of 130 millimeters ( 5. 1  inches) and is 
4.5 millimeters (0.18 inch) in diameter. 

Developments in passive and hybrid thin-film 
circuits have resulted in production of thin­
film circuits for electronic desk-size calculators 
and car radios to obtain the advantages of small 
size and reliability. 

Standard Elektrik Lorenz 
Germany 

Figure 6-Bead-type tantalum capacitor compared 
with an ant. 

Very-High-Frequency Radiotelephone T ranslTT-
8-Smaller than most car radios is the 
TransITT-8 transmitter-receiver shown in Fig­
ure 7. Intended for dashboard mounting, it is 
powered directly by the 12-volt car battery. It 
is designed for operation in the 68-88 and 146-
174 megahertz bands with phase modulation 
and channel separation of 20, 25, or 50 kilo­
hertz. 

This set is part of a new line of very-high­
frequency equipments for portable, mobile, 
fixed, and marine stations. Ministac construc­
tion allows very small modules even when using 
reliable components of normal size. Most mod­
ules are identical for the whole line of equip­
ments, which simplifies maintenance and 
production. 

Standard Electric 
Denmark 

From Learning to Computing-A task presented 
to the STeLLA learning machine is in the form 
of a changing binary pattern, a number of 
actions, and a binary channel for "reward sig­
nals." STeLLA is designed to obtain a reward 
signal as often as possible by performing the 
actions, given no other information than the 
binary pattern. She learns the consequences of 

Figure 7-Radiotelephone set Trans!TT-8 
for mobile use. 
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the actions, the relevance of the input, and the 
nature of the task for which she is being re­
warded. Experience of her tasks is stored in the 
form of paths of pattern clusters on a adaptive 
hill, rising to reward. General experience of her 
environment is stored in an adaptive model 
which enables her to construct forward trajec­
tories by prediction and to use such "hypoth­
eses" to optimize her strategies. 

Various tasks have been presented to STeLLA 
with encouraging results. Figure 8 shows a 
"hill of paths" developed in her memory for an 
automobile-steering task. She is given the posi­
tion across the road of the vehicle and its angu­
lar position relative to the direction of the road, 
coded as a 10-bit word. STeLLA neither starts 
with any information about the significance of 
this coded word nor of the three actions which 
cause the vehicle to be steered either ahead, to 
the left, or to the right. Shown in the figure 
above a position-angle plot, shaded areas repre­
sent the positions and angles of the vehicle 
for which STeLLA has found particular ac­
tions appropriate. Given quite different prob­
lems, she would develop a similar hill of paths. 
Efficient strategies have been developed for 
STeLLA by observing her behavior with diffi­
cult tasks when her memory store is severely 
limited. 

Recent Achievements 

So far, STeLLA and her environment have 
had to be simulated on a digital computer, but 
with the progress of microcircuitry the possibil­
ity of building a model is becoming more feasi­
ble. The ADDIE adaptive digital circuit was 
developed to this end. Now it has become ap­
parent that the ADDIE is but one element 
appropriate to a new form of computing which 
employs stochastic sequences to represent vari­
ables. The stochastic computer promises the 
realization of complex systems for process con­
trol, aircraft and missile guidance, and pattern 
recognition, with all the benefits of microminia­
turization and digital compatib!Jity. 

Standard Telecommunication Laboratories 
United Kingdom 

Miniature H igh-Voltage Power Suppl ies-Out­
puts of 12 and 16 kilovolts at 1 microampere 
with a maximum ripple of 1 percent are obtain­
able from inputs of 1 .5  volts at 18 milliamperes 
or 1 .34 volts at 15 milliamperes with a standard 
line of power supplies shown in Figure 9. The 
units are 2.7 inches ( 69 millimeters) long by 1 
inch (25.4 millimeters) in diameter and weigh 
4 ounces ( 1 13  grams) .  

EXP ECTAT I O N  

A D I F FE R ENT F E E D B AC K  PATTERN I S  S E E N  
W H E N  V E H I C L E  I S  I N  E A C H  R E C TA N G L E  
O F  P H A S E  PLAN E 

FEEDBACK PATTER N  I N DI CATES THAT 
V E H I C L E  IS I N  TH I S  RECTA N G L E 

STe LLA' s GOAL IS TH I S  ( U N K NOWN ) 
DEM A N D  A R E A  IN W H I C H  
S H E  R EC E I V E S  R E W A R D  

2-STEP PAT H .  P R E D I CTED 
I N TO POLI CY A RE A  

Figure 8-Experience of learning machine in the form of steps leading up to a\vard. 
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Recent Achievements 

Other models in rectangular cases 1 inch ( 25 
millimeters) square by 4 inches ( 100 milli­
meters) long feature inputs of 12, 20, or 28 
volts with outputs in 300-volt steps between 
1200 and 3000 volts. Ripple is 1 volt peak-to­
peak. 

These supplies are useful for operating photo­
emission tubes, ultraviolet and infrared detec­
tors, photometers, spectrometers, and electro­
optical imaging systems. 

ITT lndt£Strial Laboratories Division 
United States of America 

Jewel Box Subscriber Set-Soon to be distrib­
uted internationally is the Jewel Box sub­
scriber set shown in Figure 10. Starting with 
the finest quality for transmission and reception, 
it offers a new shape of harmonious proportions 
coupled with ease of handling, 5 different colors, 
an electronic bell of pleasing tone and adjust­
able intensity, automatic rewind of handset 
cord into the base, and sturdy construction. 
Weighing only 950 grams ( 33.5 ounces) it 
measures 216 by 120 by 92 millimeters (8.5 by 
4.7 by 3.6 inches) . 

Fabbrica Apparecchiature per Comunicazioni 
Elettriche Standard 

Italy 

Relay for Printed Circuits-The P Z relay 
shown in Figure 1 1  is designed for direct sol-

Figure 9-High-voltage power supplies for phototubes 
and similar devices. 

dering on printed-wiring boards. This is aided 
by keeping the terminals at least two modules 
(a module is 2.5 or 2.54 millimeters) apart. The 
height of the relay has been reduced as this is 
often a problem. Four changeovers are provided 
with double contacts. Relays are available for 
direct-current operation at 12, 24, 36, and 48 
volts. A dust-proof protection cover is supplied. 
Dimensions are 1 5  by 23 by 28 millimeters (0.6 
by 0.9 by 1 . 1  inches) .  The weight is 17 grams 
(0.55 ounce) .  

Contact pressure � 1 0  grams, operate time is 5 
milliseconds, and release time """2.5 milli­
seconds. 

Standard Telephone et Radio 
Switzerland 

Test Jock Strip-A new test jack strip for use 
on main distributing frames in telephone offices 
has the same size but twice the capacity of the 
present units ( 40 pairs instead of 20 pairs) 
and also replaces the existing protector mounts. 
A variant used on the horizontal side of the 
distributing frame has 1 or 2 extra pairs used 

Figure 10-J ewe! Box subscriber set. 
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as pilot lines. The required floor space and 
amount of jumper wire is reduced to about 40 
percent. 

Independent wafers are stacked with a change 
in color every 5 wafers for identification as 
shown in Figure 12. Individual wafers may be 
replaced without disturbing the others. 

Color-coded plugs are inserted to perform the 
following functions : connect tone or voice to a 
subscriber line, test outer and inner lines, test 
insulation of 1 or 5 lines simultaneously, dis­
criminate the type of subscriber line and current 
supply, and protect against abnormal voltages 
and currents. These latter plugs carry 2 delay­
action fuses and replace existing protectors. 

Standard Electrica 

Spain 

Figure 1 1-Relay for mounting on 
printed-circuit boards. 

Figure 12-New test jack strip for telephone 
main distributing frames. 

Recent Achievements 

Optical Document Sorter ODS 2-The ODS 2 
shown in Figure 1 3  reads and sorts documents 
varying in size between 105 by 65 millimeters 
(4. 1 by 2.5 inches) and 210 by 105 millimeters 
( 8.3 by 4. 1 inches) .  Paper weight may be from 
80 to 170 grams per square meter (approxi­
mately 20 to 40 pounds per 500 sheets of 17  by 
22 inches) .  The constant transport speed at the 
reader of approximately 2 meters (79 inches ) 
per second permits sorting 45 000 of the small­
est documents per hour. 

Special characters, OCR-A, provided for in 
German standard DIN 66 008, are shown in 
Figure 14. There are 4 characters per centi­
meter ( 10 per inch) . Only numbers and four 
special signs are used. Printer's type, high­
speed printers, typewriters, and adding ma­
chines are available for producing these special 
characters. 

Sorting may be to 10 destination pockets with 
an additional pocket for nonidentified items 
and another pocket for special items. The sorter 

Figure 13-0ptical sorter ODS 2. 

Figure 14--The optical sorter uses these 
special characters. 
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Figure 15-Multimeter with clip-on 
current-transformer probe. 

Figure 16-Bergamo N transit exchange connected 
with the local exchanges A and B. 

can be adapted for on-line operation with a 
computer. 

Standard Elektrik Lorenz 
Germany 

Multimeter With Cl ip-On Current Probe-The 
404B alternating-current instrument shown in 
Figure 15 has a 12-position rotary switch to 
select function and range. A clip-on current 
transformer permits current measurements 
without breaking the circuit to be measured. 
A transistor amplifier is used for some ranges. 

With the clip-on transformer, alternating-cur­
rent ranges are from 0.1 to 1000 amperes, and 
without it from 0.1 milliampere to 1 ampere. 
Voltage ranges are 150 and 600 volts with 
5000 ohms per volt. The single resistance range 
is of 100 kilohms with the center-scale value 
being 2 kilohms. 

Everything is contained in a leather case 180 
by 120 by 260 millimeters (7.1 by 4.7 by 10.2 
inches) and weighs 3.6 kilograms (8 pounds) .  

Compagnie Generale de Metrologie 
France 

Expansion of Bergamo Pentaconta I nstal lation 
-Two new Pentaconta switching offices were 
cut over in Bergamo, Italy. One was a transit 
exchange with 327 incoming and 273 outgoing 
junctions, Bergamo N, and the other was a 
6000-line extension, Bergamo B, of the exist­
ing local exchange, Bergamo A. 

Bergamo is  now the largest Pentaconta installa­
tion in the world, consisting of a local ex­
change in Pentaconta 500 switching having 
20 000 subscriber numbers, the new extension 
in Pentaconta 1000 switching with 6000 sub­
scriber lines and capacity for 30 000 lines, and 
the trunk transit exchange for subscriber direct 
toll dialing and semiautomatic traffic originating 
and terminating in the local exchanges, Thus 
the local exchanges have 26 000 subscriber 
numbers in use and there are 1565 junctions to 
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and from Bergamo. Figure 16 shows Bergamo 
N connected with A and B. 

Fabbrica Apparecchiature per: Comunicazioni 
Elettriche Standard 

Italy 

Transistor Test Set-The 74163B test set shown 
in Figure 17 will measure dynamic current gain 
of both silicon and germanium p-n-p and n-p-n 
transistors. Gains up to 200 are indicated on 
a direct-calibrated dual-scale meter. The emit­
ter current is approximately 1 milliampere and 
collector voltage is approximately 5 volts. 

The appropriate circuit is obtained by push­
button switching. The transistor can be con­
nected to either a 3-pin socket or 3 terminals. 
The voltage of the operating battery can be 
checked on the meter. 

Overall dimensions including the handle are 
7% by S)'.4 by 3% inches ( 197 by 133 by 92 
millimeters) . The weight is 3)'.4 pounds ( 1 .5  
kilograms) . 

Standard Telephones and Cables 

United Kingdom 

Secondary-Radar Transmission System FAS-3-
The additional data available from secondary 
radar beyond that obtained with primary radar 
makes it an important element in air-traffic 
control. Further improvement results from 
placing some secondary radars at a distance 
from the air-traffic-control center. 

The FAS-3 system extracts only the essential 
information from a secondary radar and en­
codes it for transmission over conventional 
telephone lines to the air-traffic-control center. 
The 4096 possible codes are decoded at the 
receive end for actuating the display equipment. 
Either the position of an identified aircraft 
(passive decoding) or the identity of a visible 
target (active decoding) can be obtained. 

Standard Elektrik Lorenz 
Germany 

Recent Achievements 

Alternating-Current Mil l ivoltmeter - Useful 
over the frequency range from 20 hertz to 1 
megahertz is the model 777 A voltmeter shown 
in Figure 18. Its 10 ranges vvith full-scale 
values from 1 millivolt to 30 volts may be 

Figure 17-The 74163B transistor test set features 
portability, robustness, and extreme simplicity of 

operation. 

Figure 18-Alternating-current millivoltmeter. 
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multiplied by 10 with a probe having a built-in 
voltage divider. The probe reduces the input 
capacitance at high frequencies. The input 
impedance without probe consists of 1 megohm 
in parallel with 30 picofarads. 

A transistor amplifier on printed-circuit boards 
is flat within ±0.3 decibel over the frequency 
range and operates a galvanometer. A negative­
feedback loop gives a linear scale. An amplifier 
outlet on the panel permits adjustment of the 
gain or attenuation of the amplifier. Its maxi­
mum output of 1 volt direct current corresponds 
to full deflection of the galvanometer. Error 
does not exceed 1 .5  percent for battery opera­
tion or 2.5 percent for mains operation. 

Either 6 torch-type dry cells giving 9 volts will 
operate the instrument, or a hybrid battery-and­
mains supply may be used. A 9-volt regulated 
supply is obtained from a rechargeable battery 
which may be operated while being charged. 
'When operated without charging, a 1 -volt 
reference voltage is available for calibration. 

The dimensions are 235 by 180 by 200 milli­
meters (9.3 by 7.1 by 7.9 inches ) and the 
weight is 4 kilograms ( 8.8 pounds) .  

Compagnie Gfoerale de Metrologie 
France 

Lil lo Subscriber Set for Hotels-Derived from 
the well-known Lillo subscriber set, the hotel 
model shown in Figure 19 offers high electro­
acoustic quality at a low price. It is available 
in several colors for wall mounting or for table 
use. 

Fabbrica Appareccbiature per Comunicazioni 
Elettricbe Standard 

Italy 

Improved Storage-Type Cathode-Ray Tube­
The AS17-21 dark-trace cathode-ray tube for 
storing oscillographic images has been replaced 
by the AS17-21A, which is capable of higher 
erasing frequency. It is shown in Figure 20. 

With intermittent operation, life is approxi­
mately 40 000 write/erase cycles and with con­
tinuous erasing it is more than 3500 hours. It 
is useful in measuring, recording, and control 
instruments where the graphic presentation of 
a process has a duration greater than 20 to 30 
seconds and where a complete series of a large 
number of successive transients at long inter­
vals must be recorded. 

Standard Telephones and Cables 
United Kingdom 

Telephone Terminal Equipment for Mobile 
Rad io-In many mobile radiotelephone systems, 
the fixed station must interconnect with exist­
ing telephone networks. As both radio and 
telephone systems vary greatly, the interface 
equipment has been designed to be readily 
modified to fit each particular set of conditions. 

Among the numerous variations are simplex or 
duplex operation, 2-wire or 4-wire telephone 
connections, selective radio calling, direct dial­
ing in both directions, and the distances be­
tween the fixed radio station, radio operating 
room, and telephone exchange. 

The interface equipment shown in Figure 21 is 
constructed in International Standard Equip-

Figure 19-Hotel-type Lillo subscriber set. 
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ment Practice using printed-circuit boards and 
modules. Semiconductors and Herkon relays 
are used in the voice-frequency circuits, and 
miniature plug-in relays perform auxiliary 
functions. 

\Vithout changing the overall wiring, printed­
circuit boards can be selected to fit the needs of 
a particular installation. For instance, a linear 
amplifier or a voice-operated gain-adjusting de­
vice ( VOGAD ) may be used, either a 2-wire 
or a 4-wire relay may be plugged in, or a 
transistor chopper may provide for 25-hertz 
ringing voltage. 

If a hybrid is needed having a high safety fac­
tor against radiation of the echo of the received 
signal by the transmitter regardless of varia­
tions in impedance of the 2-wire system, a self­
regulating unit can be inserted without disturb­
ing the rest of the equipment. 

Standard Elektrik Lorenz 
Germany 

Precision Signal Generator 932ATR-The 932-
A TR generator covers from 50 kilohertz to 50 
megahertz in 9 bands with direct indicating 
scales accurate to within ± 1 percent. 

The use of symmetrical circuits, output level 
control, low-frequency negative feedback, and 
stabilized power supply gives a frequency sta­
bility better than ±5 X 10-5 over 10 minutes. 
Frequency modulation due to hum is lower than 
±5 hertz over the entire frequency range and 
that resulting from the intended 30-percent 
amplitude modulation is less than ± 10-6 of the 
indicated carrier frequency. Step and con­
tinuously adjustable attenuators provide for 
all amplitudes between 2.23 volts and 0.2 micro­
volt into a SO-ohm load. The attenuators are 
calibrated in volts and in decibels referred to 1 
milliwatt. 

Modulation at 1000 hertz ±5 percent is pro­
duced by an internal resistance-capacitance 
oscillator. Modulation depth is indicated on a 
galvanometer to ± 5  percent and is adjustable 

Recent Achievements 

to 100 percent. External modulation between 
20 and 20 000 hertz may be applied. The modu­
lating frequency must not exceed 6 percent of 
the lowest value of the frequency range being 
used for 30-percent depth of modulation and 2 
percent for 80-percent modulation. A root­
mean-square voltage of 0.6 volt is required for 
100-percent modulation. 

A quartz-controlled harmonic generator oper­
able at 100 kilohertz and at 2 megahertz with 
a precision of 5 X l Q-5 provides a check of the 
frequency of the main generator. The maximum 
error is 0.1 percent for any frequency between 
two check points in a band. 

The 932A TR will operate from a l l 5- or 250-
volt source between 48 and 400 hertz, requiring 

Figure 20-Dark-trace cathode-ray tube AS17-21A for 
use in storage-type oscillograph instruments. 

Figure 21-Modular equipment for interconnecting 
mobile radio systems and telephone networks. 
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1 50 voltamperes. Its weight is 44 kilograms (97 
pounds) and its dimensions are 610 by 420 by 
370 millimeters (24.1 by 16.6 by 14.6 inches) .  

Compagnie Generale de Metrologie 
France 

Ita l ian Coaxial Cable System to Be Expanded­
Following extensive favorable field trials, the 
Italian telecommunications administration has 
placed orders with us for terminal and line 
equipment for 12-megahertz coaxial cable sys­
tems handling 2700 channels over a pair of 
tubes. It will be installed along the main tele­
phone trunk lines between Milan and Rome 
and between Ferrara and Pescara, about 1000 
kilometers ( 625 miles) .  

Fabbrica Apparecchiature per Comunicazioni 
Elettriche Standard 

Italy 

Mil l iwatt Test Set Restyled-The redesigned 
74166A milliwatt test set shown in Figure 22 
has the same facilities in only half the volume. 
Push buttons replace the rotary switch and the 
meter is behind the panel to give more protec­
tion. Two models differ only in input connec­
tors, H being fitted with British Post Office 
Number 1 coaxial plugs and J with BNC 
connectors. The sets provide for accurate termi­
nated level measurements of + 1 to - 1  decibel 
referred to 1 milliwatt on 75-ohm unbalanced 
circuits at frequencies up to 30 megahertz. They 
also measure heater voltages between 5.6 and 

7.0 volts. 

A wired-in thermocouple is used with its heater 
impedance shunted down to 75 ohms and there­
fore the instrument cannot be used for measur­
ing through levels. High measuring accuracy is 
possible from a built-in miniature Weston 
standard cell, against which the circuit is 
standardized by a series of simple switching and 
adjusting operations. A further feature is that 
the standardizing circuit can be used to send a 
direct-current power of 1 milliwatt into an ex­
ternal 75-ohm circuit for calibrating other 
apparatus. 

Both models operate from three 1.5-volt dry 
cells. Their dimensions are 12� by 8 by 7% 
inches ( 3 1 1  by 203 by 181 millimeters) with 
the lid in position. Weight is 12 pounds ( S.S 
kilograms) . 

Standard Telephones and Cables 
United Kingdom 

German Adm in istration Adopts GH201 1  Data 
Modem-The GH2011 data modem has been 
adopted by the German Federal Republic for 
handling data over the public telephone net­
work. This modem permits use of any code 
required by the input and output devices, such 
as tape and card punches and readers, key­
boards, computers, and magnetic-tape stores. 
Signaling rates of 1200 and 600 bits per second 
are provided. 

The interface performance of these modems 
complies with the recommendations of the In­
ternational Telegraph and Telephone Consulta­
tive Committee. They are available to telephone 
subscribers on a rental basis. 

Standard Elektrik Lorenz 
Germany 

Signal Generator 919A-The frequency range 
from SO kilohertz to SO megahertz is covered 

Figure 22---Milliwatt test set. 
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in 7 bands by the 919A signal generator shown 
in Figure 23. An expanded band from 400 to 
500 kilohertz is a convenience for adjusting 
intermediate-frequency amplifiers. 

The stabilized oscillator requires no amplitude 
adjustment as frequency is varied. Step and 
continuously adjustable attenuators permit any 
output level between 100 millivolts and 1 micro­
volt into a 75-ohm load. An internal oscillator 
at 1000 hertz ±5 percent will modulate the 
radio-frequency output to 30 percent ±5 per­
cent. Envelope distortion is less than 5 percent 
over the entire frequency range. An external 
source between 50 and 10  000 hertz at 5 volts 
root-mean-square for an input impedance of 
10 kilohms will produce 30-percent modulation. 

Power consumption is 60 voltamperes from the 
50-hertz 1 1 5-250-volt mains. Cabinet dimen­
sions are 495 by 250 by 310 millimeters ( 19.5 
by 9.9 by 12.2 inches) and weighs 17.5 kilo­
grams ( 38.5 pounds) .  For rack mounting the 
dimensions and weight are slightly smaller. 

Compagnie Ginfrale de Metrologie 
France 

London Borough Mobile Radiotelephone System 
-A London Borough has installed a radio­
telephone base station and 34 vehicle stations to 
improve communication in its public works 
department. 

The frequency-modulation base station delivers 
25 watts to a 75-ohm load measured at the 
extremes of the band with a spurious output 
less than 2.5 microwatts. The frequency stability 
is ± 1 .5  kilohertz for a temperature variation 
between - 10 and +40 degrees Celsius and a 
± 10-percent change in power supply voltage. 
The solid-state double-superheterodyne receiver 
incorporates muting during the absence of a 
signal. 

Mobile station transmitters provide 10  watts 
into a SO-ohm load at the upper end of the band. 
For the conditions noted above, frequency sta­
bility is ±2 kilohertz. Solid-state muted double­
superheterodyne receivers are used in the 

Recent Achievements 

vehicles also. Operation is from the 12-volt car 
battery with a drain of 6 amperes during 
transmit. Mobile sets normally intercommuni­
cate through the base station but talk-through 
facilities between vehicles are available for 
emergencies. All receivers and transmitters are 
crystal controlled at the chosen operating fre­
quency in the band from 71 to 175 megahertz. 

Standard Telephones and Cables 
United Kingdom 

Static I nverter-A static inverter has been de­
veloped for demonstration to the Italian and 
German telecommunication administrations. 
Two units may be operated in parallel with 
control and supervisory elements that ensure 
proper operation under all load conditions as 
well as shutdown of a unit in trouble. Hall 
generators with amplifiers assess the wattage 
and reactive power outputs. The electronic con­
trol circuits employ silicon semiconductor 
elements. 

Standard Elektrik Lorenz 
Germany 

Control for Paral lel-Operated Power Supplies­
A power supply employing three parallelled 
rotary converters has been installed in a junc­
tion center of the German public telephone net­
work. In addition, three parallelled rectifier 
equipments, each rated at 212 volts and 400 
amperes, have been put in operation. Standard 

Figure 23-Signal generator covering 50 kilohertz 
to SO megahertz. 
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Elektrik Lorenz supplied the thyristor sets for 
the rectifiers as well as the electronic controls 
and regulators required for parallel operation 
of the three converters and three rectifiers. 

Standar:d Elektrik Lorenz 
Germany 

Television Test Pattern Generator 266A-Test 
signals for both 62S- and 819-line television 
receivers are generated in the very- and ultra­
high-frequency television bands used in Europe 
by the 266A test set shown in Figure 24. 

A carrier frequency accuracy of 2 X 10-4 is 
obtained in the very-high-frequency band with 
crystal-controlled oscillators. The output level 
is 10 millivolts into a 7S-ohm load and can be 
continuously adjusted from 0 to -60 decibels. 
The sound level is 10 decibels below the picture 
level. 

The rotary switch at the lower left permits any 
one of 1 1  interchangeable tuning straps to be 
selected for the very-high-frequency channels. 
In the 12th position it places the ultra-high­
frequency system in operation, which is con­
trolled by the continuous tuning dial at the 
lower right. Here the sound and picture car­
riers are obtained by adding crystal-controlled 
frequencies to a continuously adjustable fre­
quency. The picture carrier frequency is indi­
cated directly on the control dial. 

For 819 lines a 20 47S-hertz oscillator and for 
62S lines a l S  62S-hertz oscillator, both adjust­
able over ± 1 percent, and the SO-hertz mains 
frequency produce line and picture synchroniz­
ing signals together with a controllable number 
of pulses and square waves to form horizontal 
and vertical bars to test scanning linearity. 

A definition oscillator, the frequency of which 
can be controlled from 3.S to 10 megahertz by 
a calibrated dial, permits the bandwidth of the 
receiver to be measured. This video signal 
modulates the picture carrier either positively 
or negatively as required and is adjustable for 
up to 70-percent modulation. This signal is 
available at a video outlet. 

The sound carrier may be internally modulated 
at 1000 hertz or by an external source of 1 .S  
volts between 50 and 10 000 hertz. For fre­
quency modulation, the audio-frequency signal 
modulates the definition oscillator, which is set 
at S .S megahertz as a subcarrier, over an ex­
cursion of ±lS  kilohertz. 

The test set is operated from the SO-hertz power 
mains at any of several voltages between 1 l S  
and 240. I t  takes S S  voltamperes. Dimensions 
are 407 by 22S by 217 millimeters ( 16.1 by 
8.9 by 8.6 inches) and the weight is 1 1  kilo­
grams ( 24.2 pounds) . 

Compagnie Generate de Metrologie 
France 

Air Navigation Equipment for Bulgaria-Ground 
navigation aids, ground-to-air communication 
equipment, airborne calibration sets, omnidirec­
tional radio range beacons, and direction finders 
are being built for installation in Bulgaria. 

Very-high-frequency direction finders of the 
Doppler type DDF1 will be installed on the 
Black Sea coast at Burgas and Varna. The 
very-high-frequency omnidirectional radio range 
beacons (VOR) will be the 200-watt BQ3A 
type, which provides a lima<;on rotating pattern 
at 30 hertz from 12 dipole slots with mechanical 
commutation. The operating frequency can be 
in the range from 1 12 to 1 18 megahertz. 

Figure 24-Test set for 625- and 819-line 
European television receivers. 
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The solid-state calibration equipment is com­
pletely demountable and is for use in aircraft to 
check the ground beacons for the very-high­
frequency omnidirectional range and for an 
instrument low-approach system previously in­
stalled in Sofia. The calibration equipment can 
operate a pen recorder which will simultane­
ously record S channels of information. 

The very-high-frequency communication equip­
ment consists of a D V8B 60-watt transmitter 
and a RX2SA receiver. 

The Bulgarian maintenance personnel will be 

trained in the United Kingdom. 

Standard Telephones and Cables 
United Kingdom 

fire Alarm System for Large Ferries-The 
Bremerhaven Seebeck dockyard has launched 
two large ferries capable of carrying 23S pas­
sengers and 200 cars for service between 
Europe and England. An alarm system that re­
sponds quickly to an outbreak of fire and indi­
cates the location of the fire protects both ships. 
It was developed and installed in cooperation 
with the Selbsttatige Feuerloschgesellschaft 
(Automatic Fire Extinguishing Company) of 
Hamburg. 

Standard Elektrik Lorenz 
Germany 

Electronic Thermostat for Electric Appliances­
To improve the performance of thermostats 
used in washing machines and similar appli­
ances, an electronic thermostat uses a thermis­
tor in a resistance bridge as the temperature 
sensing element and a transistor amplifier to 
provide operation within ± 1  degree Celsius in­
stead of ± S  degrees for former designs. Sev­
eral temperature steps can be provided for. 

Standard Elektrik Lorenz 
Germany 

Television Receiver Alignment Wobulator 241 A 
-The 241A wobulator produces any frequency 
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between 470 and 870 megahertz with frequency 
modulation continuously adjustable to ± l S  
megahertz around the center frequency. 

The operating center frequency, indicated on 
the large dial of Figure 2S, is produced by a 
Lecher wire oscillator. It is frequency modu­
lated by a capacitor vibrating at SO hertz. An 
automatic control of the oscillator supply volt­
age reduces parasitic amplitude modulation and 
maintains a constant output level independent 
of frequency. For a total frequency excursion of 
20 megahertz, the parasitic amplitude modula­
tion does not exceed 0.5 decibel, the parasitic 
frequency modulation is less than 0.002 of 
the frequency indicated on the dial, and the 
error is less than 5 percent. 

For models with an attenuator, the output level 
to a matched load is adjustable from 1 to 2SO 
millivolts root-mean-square, calibrated from 0 
to -40 decibels with a zero level of 100 milli­
volts. For models without this attenuator, the 
output is 1 volt root-mean-square and a 6-
decibel pad can be inserted by pushing a button. 

Output impedance may be SO or 7S ohms. An 
outlet is provided for a marker signal. For the 
horizontal deflection of the oscilloscope, a 10-
volt peak-to-peak SO-hertz output is available. 
Phase adjustment over about 120 degrees is 
provided. 

The equipment operates from the l l S-220-volt 
SO-hertz mains. It is available in a cabinet 518 

Figure 25-Television receiver alignment 

wobulator z,JlA .  
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by 261 by 320 millimeters (20.5 by 10.3 by 
12.6 inches) or in a rack 483 by 221 .5  ( 5 units) 
by 275 millimeters ( 19.1 by 8.7 by 10.9 inches) 
and weighs 17.5 kilograms ( 38.5 pounds) .  

Compagnie Generale de Metrologie 
France 

Greek Telephone N etwork Expansion-The 
Hellenic Telecommunication Organization has 
ordered crossbar switching equipment to serve 

68 000 lines. This expansion of service will be 
made in the automatic local exchanges for 
Keramikos, Patissia, Daphne, Nikea and 
Salonica. 

This order permits us to continue our leading 
role in expanding and modernizing the Greek 
toll dialing service and long-haul communica­
tions network 

Standard Elektrik Lorenz 
Germany 
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nited States Patents I ssued to I nternational  Telephone 
and Teleg raph System; May 1 965-J u ly 1 

Between 1 May 1965 and 3 1  July 1965, the 
United States Patent Office issued 69 patents 
to the International System. The names of the 
inventors, company affiliations, subjects, and 
patent numbers are listed below. 

R. T. Adams, ITT Federal Laboratories, De­
modulator System for Angularly Modulated 
Signals Having Improved Noise Immunity, 
3 195 059. 

R. T. Adams and J. B. Harvey, ITT Federal 
Laboratories, Signal Generator Having a Con­
trollable Frequency Characteristic, 3 195 069. 

R. T. Adams and K. J. Staller, ITT Federal 
Laboratories, Diversity Communication Sys­
tem, 3 195 048. 

H. H. Adelaar, Bell Telephone Manufacturing 
Company (Antwerp) ,  Resonant Transfer Time 
Division Multiplex System Utilizing Negative 
Impedance Amplification Means, 3 187 100. 

H. H. Adelaar, F. Clemens, and J. L. Masure, 
Bell Telephone Manufacturing Company (Ant­
werp ) ,  Master-Slave Memory Controlled 
Switching Among a Plurality of TDM High­
ways, 3 187 099. 

B .  Alexander and G. A. Deschamps, ITT Fed­
eral Laboratories, Velocity and Position Com­
puter, 3 194 948. 

F. ]. Altman and A. T. Brown, 3rd, ITT Fed­
eral Laboratories, Radio Diversity Receiving 
System With Automatic Phase Control, 
3 195 049. 

S. R. Atkins, ITT Cannon Electric, Coaxial 
Cable Connector With Internal Crimping 
Structure, 3 184 706. 

R. C. Bassett, ITT Federal Laboratories, Per­
spective Vectorcardioscope, 3 186 403. 

J. Bernutz and P. Jordan, Mix & Genest 
Werke ( Stuttgart) ,  Bare-Wire Multiple Ar­
rangement for Crossbar Switches, 3 188 436. 

F. Buchwald, Informatik Division of Standard 
Elektrik Lorenz ( Stuttgart) ,  Arrangement for 
Avoiding Double Pull-Offs in Systems Serv­
ing Singling-Out of Flat Articles, 3 194 552. 

T. Case, ITT Federal Laboratories, Pulse­
Count Control Circuit \i\Therein the Input is 
Sampled and Inhibited Upon Input Exceeding 
Predetermined Frequency, 3 187 202. 

F. T. Cassidy, Jr., American Cable & Radio, 
Start-Stop Regenerator, 3 188 387. 

R. F. Chapman, ITT Federal Laboratories, 
Function Encoding System, 3 187 3 18. 

J. R. Collard and Z. A. Wojtowicz, ITT Fed­
eral Laboratories, Parametric Amplifier \i\Tith 
Lumped Constant Turnable Resonant Loop in 
Idler Cavity, 3 195 063. 

J. C. Curran, General Controls, Flow Tubes, 
3 196 680. 

B. Cutler, ITT Gilfillan, Radar System With 
Improved Area Type Moving Target Indicator, 
3 196 434. 

R. A. DeRose and J. M. Leo, ITT Kellogg, 
Hand Tool for Extracting Printed Circuit 
Cards from Library Racks, 3 181 906. 

R. H. Ellis, ITT Cannon Electric, Contact 
Positioning Structure for a Resilient Connector 
Insulator, 3 184 701 .  
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US Patents to ITT; May-July 1 965 

W. J. Frankton, Standard Telephones and 
Cables (London) ,  Carrier Current Com­
munication Systems Incorporating Repeaters, 
3 189 694. 

S. L. Fudaley, ITT Kellogg, 2-to-4 Wire Con­
verter, 3 189 693. 

G. G. Gassmann, C. Lorenz (Stuttgart) ,  Cir­
cuit for Producing a Directive Voltage as a 
Function of the Phase Difference Between Two 

A.C. Voltages, 3 194 971 .  

A .  F .  Giordano, ITT Federal Laboratories, 
High Density Data Storage System, 3 195 1 13. 

J. Gittler and J.  Broux, Bell Telephone Manu­
facturing Company (Antwerp) ,  Time Division 
Multiplex Resonant Transfer System, 3 187 101 .  

R.  W. Greene, Jr. and G. J .  Haufler, ITT Nes­
bitt, Lateral Valve Control for Air Condition­
ing Equipment, 3 195 622. 

E. R. Haskins, ITT Kellogg, Two Digit 
Repertoire Dialling System, 3 194 890. 

J. S. Hawkins, Jennings Radio Manufacturing 
Corporation, Hermetically Sealed Electro­
magnetic Relay, Design 201 080. 

L. J. Heaton-Armstrong, Standard Telephones 
and Cables (London) ,  Radio Transmitter 
Overload Protection System, 3 182 260. 

H. Heitmann and H. Aumuller, Mix & Genest 
W erke ( Stuttgart) , Circuit Arrangement for 
PABX Systems, 3 197 567. 

A. J. Henquet and F. Silerme, Le Materiel 
Telephonique ( Paris ) ,  Electromechanical 
Switch for Use as a Crosspoint for Conversa­
tion Circuits, 3 188 425. 

J. Hill, National Transistor, Apparatus for 
Assembling Semi-Conductor Devices, 3 191 280. 

W. Hinz, Standard Elektrik Lorenz ( Stutt­
gart) ,  Photoelectric Control Device, 3 186 708. 

J. E. Jennings, Jennings Radio Manufacturing 
Corporation, High Power Vacuum Fuse, 
3 190 986. 

J. E. Jennings, Jennings Radio Manufacturing 

Corporation, Internal Shield and Seal Struc­
ture for Vacuum Sealed Switch Envelope, 
3 189 715 .  

J. E. Jennings, Jennings Radio Manufacturing 
Corporation, Shield Structure for Vacuum 
Switches and the Like, 3 190 991 .  

N. T .  Jennings and J. P. Etcheverry, General 
Controls, Biased Seal Structure for Ball Valves, 
3 181 834. 

C. E. Jones, Jr., ITT Federal Laboratories, 
Magnetic Duplicating Device, 3 195 143. 

R. G. Knight and A. C. Beadle, Standard Tele­
phones and Cables (London) ,  Voice-Frequency 
Key-Dialing Subscriber's Station, 3 187 107. 

E. H. Lambourn, Standard Telephones and 
Cables (London) ,  Telephone Subscriber Sets 
Using Amplifiers, 3 197 570. 

H. R. Ligotky, ITT Kellogg, Electronic 
Counter of Scanner Using Memory Means and 
Logic Gates, 3 183 365 . 

R. Luce, Standard Elektrik Lorenz ( Stutt­
gart) ,  Relay Timing Circuits, 3 188 527. 

M. Mandel, ITT Federal Laboratories, Control 
Circuit Utilizing Avalanche Characteristic De-
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vices Having Different Minimum Holding Cur­
rent, 3 194 987. 

F. P. Mason, Creed and Company (Brighton) ,  
Hall Effect Receiver for Mark and Space 
Coded Signals, 3 194 886. 

B. McAdams, ITT Federal Laboratories, Time 
Division Multiplex System, 3 194 889. 

F. M. Michiels, Bell Telephone Manufacturing 
Company (Antwerp) ,  Reel Type Tape Unit, 
Design 201 363. 

A. M. Midis and W. C. Howe, ITT Kellogg, 
Line-Monitor Circuit, 3 183 498. 

W. Morello, Jr., ITT Cannon Electric, Crimp 
Type Coaxial Cable Connector, 3 196 382. 

E. R. Myatt, Standard Telephones and Cables 
(London) ,  Magnetically Controlled Reed 
Switching Device, 3 184 563. 

G. Natali, Fabbrica Apparecchiature per Com­
unicazioni Elettriche Standard (Milan ) ,  Hands 
Free Telephone Subset, Design 201 443. 

T. A. Pickering, ITT Kellogg, Electronic 
Single Pole-Double Throw Switch, 3 183 364. 

J .  R. Piper, ITT Bell and Gossett, Tank-Load­
ing and De-Aeration of Viscous Materials, 
3 196 597. 

D. I. Pomerantz, Clevite Corporation, Semi­
conductor Device, 3 190 954. 

W. 0. Ramser, Clevite Corporation, Prepara­
tion of Alloy Contacts, 3 186 046. 

US Patents to ITT; May-J uly 1 965 

A. Rappold, Standard Elektrik Lorenz ( Stutt­
gart) ,  Contrast Control Arrangement for Tele­
vision Receivers Providing Non-Linear Cray 
Scale, 3 187 095. 

W. A. Ray, General Controls, Electric Ignition 
Gas Control System, 3 191  661 .  

R .  Rosen, General Controls, Thermostat Case, 
3 181 724. 

V. Sigrist and A. Muller, Standard Elektrik 
Lorenz ( Stuttgart) ,  Gyromagnetic Resonance 
Waveguide Isolator With Ferrite Strips and 
Overlapping Ferrite Bar, 3 197 718. 

K. J .  Staller, ITT Federal Laboratories, 
Mechanical Variable Elements to Calculate 
Check Symbols, 3 186 639. 

F. Steiner, C. Lorenz ( Stuttgart) ,  Wide Base 
Doppler Radio Navigation System, 3 195 134. 

0. Steinmetz, Mix & Genest Werke (Stutt­
gart) ,  Telephone Ring-Trip Arrangement, 
3 187 106. 

A. Stoop, Bell Telephone Manufacturing Com­
pany (Antwerp) ,  Automatic Gain Control Cir­
cuit for an Amplifier, 3 188 577. 

G. Trautwein, C. Lorenz ( Stuttgart) , Circuit 
to Eliminate Noise Pulses in Pulse Signals, 
3 195 056. 

F. J .  L. Turner and R. G. Moore, Creed and 
Company (Brighton) ,  Tape Storage Devices, 
3 187 165. 

F. Ulrich, Mix & Genest Werke ( Stuttgart) ,  
Circuit Arrangement for Binary Storage Ele­
ments, 3 187 3 12. 
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US Patents to ITT; May-July 1 965 

F. Ulrich, Mix & Genest W erke ( Stuttgart) ,  
Multistable Storage Device, 3 195 019. 

G. Vogel, Standard Elektrik Lorenz ( Stutt­
gart) , Voice Frequency Signalling System, 
3 187 109. 

R. C. Webb and S. B. Peterson, ITT Bell and 
Gossett Hydronics, Shaft Angle Encoding Ap­
paratus, 3 188 627. 

G. Wessel, Mix & Genest W erke ( Stuttgart) ,  
Make Before Break Magnetically-Operated 
Reed-Type Contact, 3 188 426. 

W. H. D .  Yule, Standard Telephones and 
Cables (London) , Electromagnetic Relays, 
3 182 232. 

Master-Slave Memory Control led Switching 
Among a Plurality of TDM H ighways 

3 187 099 

H. H. Adelaar, F. Clemens, and J. L. Masure 

The patent discloses a time-division telephone 
multiplex system in which a plurality of lines 
may be selectively connected with any one of 
a plurality of highways, the lines being sequen­
tially connected to the highways selectively dur­
ing recurring time intervals. The system is 
provided with a slave control equipment asso­
ciated with each highway to memorize the time 
positions when certain line gates are unblocked. 
A common equipment supplies a memory as­
sociated with a plurality of the slave control 
equipments to control the routing and release 
of calls over the highways. 

Pulse-Count Control Circuit Wherein the 
Input is Sampled and Inhibited Upon I nput 
Exceeding Predetermined Frequency 

3 187 202 

T. Case 

In certain systems of pulse communication, such 
as air-to-air communication systems, it is neces­
sary to limit the times that pulses may be 
received in order to prevent overload of trans­
ponder modulators. This invention provides a 
pulse-count control circuit to control receipt 
of pulses by sampling the received pulses and 
setting a reference pulse-count rate. If this 
rate is exceeded, an inhibit gate is operated for 
a predetermined period to limit the pulses re­
ceived to the reference count rate. 

Contact Positioning Structure for a 
Resilient Connector Insu lator 

3 184 701 

R. H. Ellis 

In connectors, particularly for small-size con­
nectors in which the connector insulators are of 
resilient material which facilitates the construc­
tion of multiple-contact connectors, there is 
provided a rigid insulating body molded into 
the insulator to form a stop shoulder limiting 
the depth of insertion of the contact pins into 
the receiving bore. 

Carrier Current Communication Systems 
I ncorporating Repeaters 

3 189 694 

W. J. Frankton 

A system is described for testing the response 
of tandem connected repeaters of a submarine 
cable, for example, in which the successive 
repeaters each respond to two different test 
frequencies. At the repeater being tested, one of 
the test frequencies is multiplied and used to 
modulate the other test frequency. One modula­
tion sideband is selected and returned to the 
attended station from which the test signals 
are sent. 
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Radio Transmitter Overload Protection 
System 

3 182 260 

L. J. Heaton-Armstrong 

This is an overload protection system for a 
radio transmitter designed to provide a rapid 
cutoff to avoid difficulty found in anode current 
and anode heat type cutoff systems. It provides 
a cutoff relay responsive to the difference be­
tween a current proportional to the power out­
put of the transmitter and a current propor­
tional to the anode-cathode current in a tube of 
the transmitter. 

Telephone Subscriber Sets Using Amplifiers 

3 197 570 

E. H. Lambourn 

A transistorized telephone subset is described in 
which a loudspeaker is energized by an incom­
ing ringing signal which serves to bias the 

US Patents to ITT; May-July 1 965 

transistor to operate as a class-A amplifier, but 
on removal of the handset the switch hook 
connects the transistor to amplify outgoing 
speech. 

Gyromagnetic Resonance Waveguide 
I solator With Ferrite Strips and 
Overlapping Ferrite Bar 

3 197 718 

V. Sigrist and A. Muller 

This patent describes a gyromatic resonance 
waveguide isolator using ferrite, particularly 
adapted for use at high frequencies in which 
the conventional ferrite gyrators are difficult 
to manufacture and to position sufficiently close 
to each other. The ferrite gyrators are made in 
longitudinal strips in the walls intermediate the 
side walls of the rectangular waveguide, and a 
third ferrite strip is positioned vvithin the wave­
guide overlapping these strips. 
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Principal I TT System Products 

Communication Equipment and Systems 

automatic telephone and telegraph central of­
fice switching systems . . .  private telephone and 
telegraph exchanges-PABX and PAX, elec­
tromechanical and electronic . . .  carrier systems : 
telephone, telegraph, power-line, radio multi­
plex . . .  long-distance dialing and signaling 
equipment . . .  automatic message accounting and 
ticketing equipment . . .  switchboards : manual 
( local, toll ) ,  dial-assistance . . .  test boards and 
d.esk . . . . telephones : desk, wall, pay-station, spe­
c1al-env1ronment, field sets . . .  automatic an­
swering and recording equipment . . .  microwave 
radio systems : line-of-sight, over-the-horizon 
. . .  teleprinters and facsimile equipment . . .  
broadcast transmitters : AM, FM, TV . . .  studio 
equipment . . .  point-to-point radio communica­
tion . . .  mobile communication : air, ground, 
marine, portable . . .  closed-circuit television : in­
dustrial, aircraft, nuclear radiation . . .  slow-scan 
televjsion . . .  intercommunication, . paging, and 
public-address systems . . .  submarme cable sys­
tems . . .  coaxial cable systems 

Data Handling and Transmission 

data storage, transmission, display . . .  data-link 
systems . . .  railway and power control and sig­
naling systems . . .  information-processing and 
document-handling systems . . .  analog-d ig i ta l  
converters , . .  alarm and signaling systems . . .  
telemetering 

Navigation and Radar 

electronic navigation . . .  radar : ground and air­
borne . . .  simulators : aircraft, radar . . .  antisub­
marine warfare systems . . .  distance-measuring 
and bearing systems : Tacan, DMET, Vortac, 
Lora.n . . .  Instrument Landing Systems ( ILS ) 
. . .  air-traffic-control systems . . .  direction find­
ers : aircraft, marine . . .  altimeters . .  flight sys­
tems 

Space Equipment and Systems 

simulators : missile . . .  missile fuzing, launch­
ing, guidance, tracking, recording, and control 
systems . . .  missile-range control and instrumen-
tation . . .  electronic countermeasures . . .  power 
systems : ground-support, aircraft, spacecraft, 
missile . . .  ground and environmental test equip-
ment . . .  programmers, automatic . . .  infrared de-
tection and guidance equipment . . .  global and 
space communication, control, and data systems 
. . . system management : worldwide, local . . .  
ground transportable satellite tracking stations 

Commercial/I ndustrial 
Equipment and Systems 

inverters : st<l:tic, hi&"h-power . . .  power-supply 
systems . . .  ma1l-h.andl111g systems . . .  pneumatic 
tube systems . . .  mstruments : test, measuring 
. . .  �scilloscopes : . large-screen, bar-graph . . .  vi­
b:at10n . test equipment . . .  pumps : centrifugal, 
circulatmg (for domestic and industrial heat-
ing) . . .  industria_l heating and cooling equip-
ment . . .  automatic controls, valves, instruments, 
and accessories . . .  nuclear instrumentation 

Components and Materials 

power rectifiers : selenium, silicon . . .  transis­
tors . . .  �iodes : signal, zener, parametric, tunnel 
. . .  semiconductor materials : germanium, sili­
con, gallium arsenide . . .  picture tubes . . .  tubes : 
:eceiving, transmi_tting, rectifier, thyratron, 
image, stor.age, microwave, klystron, magne­
tr?n, travelmg-wave . . .  capacitors : paper, met­
alized paper, electrolytic, mica, plastic film, 
tantalum . . .  ferrites . . .  magnetic cores . . .  relays : 
telephone, industrial, vacuum . . .  switches : tele­
ph�ne (including crossbar) ,  industrial . . .  mag­
netic counters . . .  magnetic amplifiers and 
systems . . .  resistors . . .  var i s tor  s thermistors 
Silis�or devices . . .  quartz crystals .'. . filters : me� 
ch:1mcal, .quartz, optical . . .  circuits : printed, 
thm-film, mtcgrated . . .  hermetic seals . . .  photo­
cells, photomultipliers, infrared detectors . . .  
antennas . . .  motors : subfractional fractional 
integral . . .  connectors : standard, miniature, mi� 
crominiature . . .  speakers and turntables 

Cable and Wire Products 

multiconductor telephone cable . . .  telephone 
wire : bridle, distribution, drop . . .  switchboard 
and terminating cable . . .  telephone cords . . .  
submarine cable and repeaters . . .  coaxial cable : 
air and solid dielectric . . .  waveguides . . .  air-
craft cable . . .  power cable . . .  domestic cord sets 
. . .  fuses and wiring devices . . .  wire, general­
purpose 

Consumer Products 

television and radio receivers . . .  high-fidelity 
phonographs and equipment . . .  tape recorders 
. . .  microphones and loudspeakers . . .  refrigera-
tors and freezers . . .  air conditioners . . .  hearing 
aids . . .  home intercommunication equipment . . .  
electrical housewares 
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Maximum-Likelihood Smoothing 

On the Relation Between Time, Space, and Hold ing-Time. Distribution Functions 

Planning of Telephone Systems Using Small-Diameter Coaxial Cable 

Multichannel Telephone Equipment of Standard E lektrik Lorenz for Small-Diameter Coaxial Cable 

Multichannel Telephone Equipment of Standard Telephones and Cables for 

Small-Diameter Coaxial Cable 

Multichannel Telephone Equipment of Standard Telephone et Radio for Small-Diameter Coaxial Cable 

High-Power Varactor Frequency-Doubler Chains 

Trends in Radio and Television Receiver Components in Germany 
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