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Introduction

The task of the Dr. Neher Laboratory as central laboratory
of the Netherlands Postal and Telecommunications Services is
to perform the development work on behalf of the various branches
of PTT, and to do research work in some limited fields.

In the present age of revolutionary progress in technics and
science, we should of course endeavour in the interest of the
rapidly expanding services, to recognize the future trend of
technical and scientific development.

Therefore it is an important feature of the laboratory's task
to follow and study these new dcvelopmcnts and to keep in view
the possibility of applying new working-methods in the Postal
and Telecommunications Services with its many aspects. Many
and various indeed, for they comprise i.a. telephony, telegraphy
and telex, both with regard to transmission via carrier cables
or via radio, and with regard to switching techniques and equip-
ment. The many problems to be dealt with refer to equipment
for radio broadcasting and television. to postal mechanisation,
to the introduction of automation in the Postal Cheque and
Clearing Service. and to the use of computers for data pro-
cessing. It is clear that system engineering, too, forms a field
ol action for the Laboratory.

With a limited scientific staff the Laboratory tries to ac-
complish all these tasks to the best of their abilities and it is
gratifying to note that the present issue of the "Tijdschrift van
het Nederlands Radiogenootschap” has entirely been devoted
to contributions of some of the Laboratory’s stafl. I hope that
these articles will give the readers an insight into the work
done at the Dr. Neher Laboratory and make them interested in it.
The Hague, October 1957.
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Director General of the Netherlands PTT.
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The interior of the right-hand hall showing the work rooms.
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Some problems concerning the choice
of cable-circuits for television transmission

by A. P. Bolle *)

Summary

In this article some problems concerning the choice of cable-circuits for
television transmission are discussed. T_}’pica! advantages and disadvant-
ages of the symmetrical and asymmetrical circuits in relation to television
transmission are shown.

The results of these considerations are applied to the different possibili-
ties of television transmission systems.

1. Introduction.

It can be shown, that for the television system (625 lines,
25 pictures per second) applied in the Netherlands and also
in many other countries, the highest frequency amounts to about
5 Mc/s. The lowest frequency is 25c¢/s, apart from the dc-
component in the signal, which component can be re-added to
the signal at an arbitrary point in the chain between camera
and receiver.

Due to this large relative bandwidth (25 c¢/s—5 Mc/s) high
demands are made on the transmission medium, especially if a
cable is chosen as such. For the frequency band which can be
used on cables usually lies under 12 Mc/s, (except in the case
of very short connections, which are not dealt with here),
because of the fact that the attenuation of a cable expressed
in dB increases at least with the square root of the frequency. This
means that on cables a television signal can be sent either as
a video-signal (i.e. unmodulated 25 ¢/s—5 Mc/s), or amplitude-
modulated on a carrier the frequency of which has been chosen
in such a way that both sidebands or one complete sideband
and one vestigial sideband are under 12 Mc/s. Even in the second
case the relative bandwidth is large. With radio-transmission
there are fewer difficulties in this respect, because of the fact
that higher frequency-bands can be chosen. As a result, the

*)  Transmission Branch.
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relative bandwidth is far smaller than in the case of cable-
transmission. In some cases a higher frequency-band is chosen
even on cables, in order to obtain a simple modulating appa-
ratus and a less large relative bandwidth.

2. Transmission requirements.

The transmission requirements which must be met can be
derived from the fact that for a good picture-quality it is
necessary that the time-dependency of the output-signal should
approximate the time-dependency of the input-signal of the
transmission-medium. From this it follows that the phase-fre-
quency characteristic plays as important a role as the attenu-
ation-frequency characteristic. This is in contrast with telephone-
transmission practice. Instead of describing the transmission
properties with the aid of the above-mentioned two character-
istics, it is also possible to do so by means of the so-called
pulse-response or wave-form response. Both methods are identi-
cal, as is well known, but since the television-signal itself con-
sists of a great number of successive voltage-steps, corresponding
to variations in lucidity, the last method is advantageous in
that it gives more direct information about the behaviour of
the transmission-medium. The C.C.I.T.T. has formulated a number
of provisional requirements for the transmission characteristics
as well as for the wave-form-response [1].

It is important that the cable used should have a good im-
pedance regularity. The result of too large an impedance ir-
regularity is, that after reception of the wanted (primary)
signal a more or less great number of secondary signals (German:
Mitfluss, Dutch: nasleep) are received which cause the so
annoying multiple pictures (ghosts). The C.C.I.T.T. basing itself
on the work of Kaden[2] and Fuchs [3] has formulated the
requirements for the impedance regularity which can be checked
either by steady-state measurements or by pulse measure-
ments [1]. Based on the same phenomenon there is also a re-
quirement for the minimal admissible return loss between the
cable-impedance and the input and output impedance of repeaters.

It is evident that there is also a requirement for the signal-
to-noise ratio; as well for continuous random noise as for
periodic noise [1].

All the C.C.I.T.T. provisional requirements are given for a
2500 km international hypothetical reference circuit for television
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transmission. Till now only little experience has been gained
as regards the contributions made by each of the constituent
parts of the reference circuit to the total admissible deviation
from the ideal case.

3. Possible cable circuits

There are two sorts of circuits; namely the symmetrical and
the asymmetrical circuits. A circuit is symmetrical when both
conductors have the same electrical position with respect to
earth. In the many forms of telephone cables a more or less
great number of symmetrical pairs are present. The phantom
circuit which can be made from two symmetrical pairs (the
side circuits) when these pairs together form a quad-structure,
is also a possible symmetrical circuit for the transmission of
television signals. In most cases these circuits are paper-insulated.
Due to the losses in the paper, the rate at which the attenu-
ation of the circuit increases is more than proportional to the
square root of the frequency. Of late a cable type with a
better sort of insulation material (e.g. poly-ethylene) has come
into use. In such cables the attenuation increases proportional
to the square root of the frequency as a result of the fact
that the losses occur practically exclusively in the conductor
material. This is a great advantage, especially when these
cables are used for high frequencies (e.g. television transmission).
There is little to be said about the impedance regularity of the
symmetrical circuit. It is reasonable to suppose that with cables
having plastic insulation the impedance regularity is greater
than with those having paper-insulation, because of the better
geometrical construction. For short distances the requirements
become less stringent. It is possible that even the older paper-
insulated circuits give satisfactory results in those cases.

The coaxial circuit is the most used asymmetrical circuit.
There are two types, one with solid insulation (poly-ethylene)
and one air-insulated. For both types the attenuation increases
proportional to the square root of the frequency. The impe-
dance regularity of the latter type is better than that of the
first. If a coaxial circuit with solid dielectricum for very long
distances is used for television transmission, some difficulties
may arise. As a rule several coaxial pairs are covered by one
sheath just as with symmetrical circuits.

Each of the two circuits (symmetric and coaxial) has its own
specific advantages and disadvantages.
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The advantage of the symmetrical circuit is that it is more
insensitive to asymmetrical interference from outside (mains
hum, strong transmitters). Small disturbances in the symmetry
give rise to the penetration of the interference into the wanted
signal. A disadvantage of symmetrical circuits is that they in-
fluence each other (crosstalk) especially at high frequencies when
there is no screen. As a rule the crosstalk increases with the
frequency. There are compensation methods, which are, how-
ever, never perfect. As a matter of fact the crosstalk determines
the highest admissible frequency on symmetrical circuits. As a
rule, for the successful application of symmetrical, circuits at
high frequencies it will be necessary to make a sufficiently good
screen around each symmetrical pair. Naturally, this is not
without influence on the attenuation and the price.

With the phantom-circuits the conditions are more favourable,
The construction of the quad being ideal, the external field of
the] phantom-circuit is very small. As a result the crosstalk
between phantom-circuits will be less than with the side-circuits.
Under these ideal conditions the screening can be omitted. The
quad configuration, however, is never perfect. The deviation
from the ideal construction is larger as the conductor diameters
are smaller and it is larger in paper-insulated cables than in
poly-ethylene-insulated cables. The advantage of the phantom-
circuits is complete, when no use is made of the side-circuits.
The crosstalk between the side-circuits and “their’” phantom-
circuit is fairly large, whereas the combined use of the side-
circuits and phantom-circuits makes the presence of complicated
provisions necessary, especially at high frequencies.

The advantage of the coaxial pairs is that the crosstalk
decreases with the frequency because of the fact that the outer
conductor acts as a screen. At lower frequencies (below say,
100 kc/s) the screening becomes insufficient as a rule. The use
of a coaxial pair for those frequencies may be dangerous. The
same holds with respect to the penetration of asymmetrical
interferences. These phenomena can be reduced to a more or
less large extent by making an additional screen or by prevent-
ing the flowing of currents, induced from the outside, into the
outer conductor. These currents cause a voltage drop on the
inside of the outer conductor, especially at low frequencies.
As a result a current arises in the coaxial circuit, which current
cannot be separated from the wanted signal. The flowing of
the above-mentioned currents can be prevented to a more or
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less large extent by inserting a high impedance into the outer
conductor. However, this high impedance should not be present
for the wanted currents. This can be done by winding the
inner and outer conductor together on a core. In this way the
so-called coaxial coil comes into existence, which coil introduces
into the coaxial pair some additional attenuation. The inter-
ruption of the outer conductor can also be reached by inserting
a transformer. This can only be done if the relative bandwidth
of the wanted signal allows the construction of a transformer
with good transmission properties

The attenuation of the different circuits must also be con-
sidered. For all circuits it is possible to choose the dimensions
in such a way that the attenuation has a minimum value. As-
suming that the attenuation arises from losses in the conductor
only and that both conductors are made from copper, the re-
sults are as follows [4]:

a@. The symmetrical pair (with screen) has a diameter which
is 1.63 times as large as the diameter of a coaxial pair for
the same attenuation. The quantity of copper is 1.3 times as
Iﬂrge.

6. The phantom-circuit (without screen) with the same out-
side diameter as the C.C.I.T.T. coaxial pair (= 10.5 mm) has
an attenuation which is 1.3 times the attenuation of that co-
axial pair and needs only half the quantity of copper. It is true
that both side-circuits have a lower attenuation than the phan-
tom-circuit (about 109/, lower), but they need a screen in order
to make the use at high frequencies possible. As a result the
attenuation increases considerably (=50 Y/, higher than C.C.I.T.T.
coaxial pair). The quad structure being not ideal, a screen is
necessary and consequently the attenuation and the quantity
of copper increase.

From the foregoing it follows that with respect to the in-
sensitivity for low-frequency interferences the symmetrical cir-
cuits (even without screen) are by far superior. The ideal
phantom-circuit also has a good insensitivity for high-frequency
interferences. The deviation from the ideal case being too large,
the presence of a screen is necessary and as a result the phantom-
circuit is surpassed by each of the side-circuits (lower attenua-
tion, less copper). The increase in attenuation is considerable,
however, and therefore the coaxial circuit is superior in this
respect.

For a complete comparison of the different possibilities,
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many other factors must be considered: price and quantity of
the dielectricum, necessary amount of screening, manufacture
difficulties etc. etc. In each case it is necessary to consider
which type of circuit must be chosen.

4. Transmission systems

If television signals are to be transmitted over short dist-
ances, t]‘hey can best be transmitted unmodulated, in order to
avoid the use of expensive modulating equipment. Because of
the frequency-band involved the symmetrical circuit is preferred.
If a great insensitivity against high-frequency interferences is
desired, a screen is necessary. An additional advantage of the
symmetrical circuit is that completely balanced amplifiers can be
used because it is nearly impossible to construct a transformer
with good transmission properties. With balanced amplifiers
it is very easy to avoid the coupling via the supply-voltage
sources. With unbalanced amplifiers this coupling cannot be
avoided completely in view of the lowest frequencies involved.
W ith the balanced amplifiers it is also possible to avoid the
cathode and screen grid decoupling condensors.
~ Because of the very large relative bandwidth the equalisa-
tion of the attenuation and phase is fairly complicated.

If television signals are to be transmitted over large dist-
ances, it is evident that they must be modulated. The C.C.I.T.T.
has recommended a vestigial sideband system with a carrier
frequency of 1056 kc/s. The modulation apparatus is complicated.
The lowest frequency involved is such that a coaxial cable
can be used.

In Germany another system has come into use: a double
sideband system with a carrier frequency of 21 Mc/s [5]. There-
fore the relative bandwidth (16 Mc/s—26 Mc/s) is rather small.
The modulation equipment seems to be fairly simple. As a result,
this system can be used for short distances on the C.C.I.T.T.
coaxial cables with a repeater spacing of about 4.7 km. The
equalisation of the attenuation and phase is easy.

5. Bandwidth-reduction

All transmission problems become less complicated when the
bandwidth involved can be reduced.
With very good DC-restorers it seems to be possible to
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omit from the video-signal the frequencyband below, say, 10 ke/s [6].
The design of a video-transformer becomes easier in that case.
The advantages of such a transformer are evident: impedance-
transformation at the input and output stages of amplifiers, a
change from balanced to unbalanced circuits ete. etc.

With some forms of coding it is also possible to omit a
great deal of the high frequencyband of the video-signal [7].
This is, from the point of view of the transmission engineer,
also very attractive. As far as the present author knows the
two reduction methods are based only on theoretical con-
siderations and neither has been applied in practice.
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Some audio problems in modern telephone systems
by H. Mol *)

Summary
The present paper gives a survey of the audio problems pertaining to
the improvement of the transmission quality of a telephone circuit. Besides
the improvement of elements the study of the fundamental problems of
speech turns out to be an important factor.

1. Introduction.

In general the average radio engineer lends a very unwilling
ear to audio transmission problems. Perhaps the following, ad-
mittedly very brief survey will convince him of the existence
of interesting problems in this field, worthy of the attention
of engineers.

Of course the various subjects cannot be presented in the
round: some subjects are treated more elaborately because more
is known about them at the moment. This does not mean that
less time is or should be devoted to other subjects that are
dealt within a few lines. In general the treatment of the prob-
lems is admittedly streamlined to the »” degree but we tried
to alleviate that deficiency by giving a modest number of re-
ferences to literature.

2. The elements of a telephone-set.

In commercial telephony the classic device for transforming
sound into electrical signals still is, and practically always has
been, the carbon microphone. It has been able to stand its
ground that long because it is an amplifier as well, providing
a power gain of some 30 dB. It admittedly has a bad reputa-
tion for distortion, instability and noise. Consequently it is
despised by studio people who discarded it as soon as they
could invent types of microphones better suited to their purpose.

Since 1945 the carbon microphone has been studied at labo-
rious length at the Transmission Laboratories with the aim of
finding the limiting factors of its performance. This study was
necessitated by the reality that after the end of World War II
Germany ceased to be the main source of carbon microphones

for the Netherlands PTT. One started looking for an appro

*) Transmission Department
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priate substitute for the almost classic Siemens-microphone.
Apart from some untimely improvisations this search turned
out to be fruitless. It was in that situation that the Nether-
lands PTT undertook to compile a specification for the con-
struction of a new type of carbon microphone that could be
used throughout the Netherlands telephone network. We at
the laboratories seized the opportunity for incorporating the
latest theoretical and practical findings in the design which also
had to have normalized outer dimensions.

Moreover the microphone was expected to function satis-
factorily in the multitude of different feeding systems this
country could boast of at that time.

Needless to say that a hoard of thought-provoking problems
was thrown up, both of a practical and a theoretical nature.
It stands to reason that the ultimate design turned out to be
a compromise, fitted as it were by least squares to the con-
flicting requirements. In order to test our theoretical pronounce-
ments several prototypes were produced by the laboratory
and demonstrated to the industry in order to facilitate the
process of putting ideas into mass-production. Though in general
PTT took the initiative in these matters we would do a grave
injustice to the industry, including that of the Netherlands, by
not mentioning and acknowledging the painstaking activities of
the contracting factories.

The basic principles underlying the final design can be briefly
summarized as follows. (1)

The carbon chamber of the microphone is nothing but a mi-
niature coal-scuttle, the walls of which are insulated except
for the two electrodes. It is next to a miracle that this collec-
tion of loose contacts can be stable at all. In a stable micro-
phone the carbon granules remain in the same geometric con-
figuration throughout the duration of a telephone call. Now,
like a heap of sand, the granular mass has the tendency to
assume a smaller volume. In the microphone we call this the
phenomenon of packing. Among the many factors that have a
stake in the problem of packing dry friction between the gra-
nules plays an important role. Dry friction keeps the packed
granules in their frozen condition, against the restoring forces
furnished by the polarizing direct current. The influence of the
feeding current on the stability can be either detremental or
beneficial. When the granules are mechanically displaced along
the streamlines of the feeding current the electro-static forces
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between the granules will support the packing action of dry
friction. If, on the other hand, the granules are displaced per-
pendicularly to the streamlines, the electro-static forces will
drive them back to their original positions, in that way provid-
ing an elasticity of electro-static origin. This is the so called
transverse-current principle. Unfortunately the transverse-cur-
rent microphones suffer from a low output. On the other hand
the microphones of obsolete design with flat electrodes that are
exceedingly inviting to packing have a high output. The modern
compromise is the microphone with dome-shaped electrodes, said
electrodes being parts of spheres. Here the transverse-current
principle is active only in certain parts of the carbon chamber.
The stabilized pathways as it were “keep up” adjacent stream-
lines that guarantee a higher output but run the risk of packing.
For stability it is essential to keep the tolerances of the dis-
tance between the electrodes within narrow limits in mass-
production.

The frequency response of the carbon microphone is governed
by the resonance of the diaphragm and its clamping and by
the resonance of the carbon chamber. The mechanical impedance
of the carbon chamber is non-linear and dep:nds on the mag-
nitude of the displacement of the moving electrode. Consequently
the shape of the frequency response depends on the acoustic
pressure ol the sound field in which the microphone is tested.
Also packing makes itself felt in the frequency response because
packing increases the stiffness of the carbon chamber so that
consequently the lower end of the frequency range is attenuated.

Though, clearly, the frequency response of the carbon micro-
phone is a rather vague affair, we must nevertheless smooth
out disturbing mechanical resonances. This can be done either
by introducing acoustical or mechanical friction or, more ele-
gantly, by adding additional resonances, in other words by in-
troducing more degrees of freedom. In this respect we meet
the same type of problems in electro-dynamic, electro-magnetic,
piezo-electric or semi-conductor microphones.

The harmonic distortion, even in a modern carbon microphone
can easily reach a value of some 20°,. The seal of this dis-
tortion is the non-linear mechanical impedance of the carbon-
chamber, as “seen”” from the moving electrode. Interesting enough,
one can prove, both theoretically and experimentally, that the
relation between resistance-variation of the carbon chamber and
displacement of the moving electrode is surprisingly linear. It
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is the non-linear carbon impedance that causes the non-linear
relation between sound pressure and resistance-variation. Many
people pin the deficiences in intelligibility on the non-linear dis-
tortion of the carbon microphone. Our preliminary measurements,
however, seem to indicate that the limited frequency range is
to blame.

The only reason for discarding the carbon microphone in
future is that it will not be stable on the low line currents
electronic telephone exchanges will be able to furnish. In the
USA a semi-conductor microphone (2) has been announced that
requires only one tenth of the current of a carbon microphone.
As it is a modulator it also provides amplification, just like
the carbon microphone. It is not, however, afflicted by packing.

Since the invention of the telephone in the early seventies
the construction of the telephone receiver has not fundamentally
changed. It still contains pole-pieces with coils, a permanent
magnet and a flat diaphragm. The major improvement was the
gradual reduction in size of the permanent magnet. Whereas
in the early days the magnet was used as a generously sized
handle, quite often in modern receivers the magnet can hardly
be found at all. About 20 years ago it appeared that the fre-
quency response of the receiver could be made flat (so called
equalized receiver) by placing a hard surface very close behind
the diaphragm, a textile-covered hole in this surface providing
the necessary friction. Since several years this principle is in-
corporated in the new receivers that are introduced into the
Netherlands telephone network. It is interesting to know, how-
ever, that said principle was already present in Ader’s receiv-
er (3), dating back to around 1880, though it was not recog-
nized as such at that time.

Though the present type of receiver guarantees a good ser-
vice there are several reasons for replacing it by a different
type in future. It is difficult, for instance, to adjust and keep
stable the air-gap between the diaphragm and the pole pieces.
The diaphragm, being continuously exposed to the attracting
force of the permanent magnet, has the tendency to sag. Also,
there is the danger of saturating the diaphragm and many va-
viants to the classic configuration have the same aim: letting
the lines of force pass the membrane at right angles and pre-
venting their return through the thin vibrating plate. In the
balanced magnetic systems there is no constant force of mag-
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netic origin on the armature, which is separated from the cone-
shaped membrane as such. In general, there is a limit to screwing
up the magnetic field because, apart from saturation effects,
the field acts as a transformer ratio matching the mechanical
system to the electric source. As such it has an optimum value (3).
The comparatively high acoustic impedance (as seen from the
earpiece) of the present receiver with its hard, flat membrane
is felt as a drawback because the receiver does not short-
circuit the room noise which is produced by a low-impedance
source, namely the air. Moreover the receiver is a bad radiator
so that it cannot be used as a small loudspeaker to replace the
classic ringer with its gongs. The above-mentioned and other
problems are still under consideration for the time being.

3. The improvement of transmission quality

Though recently developed types of telephone receiver such
as the ring-armature (4) type and the rocking armature type
give a substantially higher output than the present type, there
is a limit to increasing the sensitivity of the receiver. The
same argument holds for the microphone as will appear from
the following.

When the total air-to-air sensitivity of a telephone channel
is too high there will be uncomfortable listening provided an
automatic volume regulation of some sort takes place which has
many technical consequences in the network, We think to have
reached that comfortable limit in the PTT network, considering
that, in the complete absence of noise, one can carry on a
conversation via two modern telephone sets even with an at-
tenuation of some 50 dB between them. When a white noise
of 0,56V, as measured with the CCITT-psophometer at the
terminals of the set, is present this attenuation reduces to some
35 dB.*) Only in noiseless networks a less sensitive microphone
can be compensated for by an oversensitive receiver. When
there is noise present the microphone output should be well
above the noise level. So-called sound powered systems may
also cover a “distance” of 50 dB in the noiseless case, but
under the prevailing noise conditions in the present telephone
systems they never have a chance.

In the modern telephone set the microphone and the receiver

*) These figures may not be regarded as hard-and-fast figures. They merely
indicate the order of magnitude.
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are coupled to the line by means of a balancing transformer
which reduces the so-called side-tone. The expression side-tone
is technical jargon for hearing one’s own voice coming from the
receiver which can be most unpleasant. The more the sensitivity
of both the microphone and the telephone is screwed up the
more difficult it becomes to combat side-tone. One of the many
solutions for the balancing transformer is the so-called Ohne-
sorge-system, among other things characterized by the fact that
the balancing resistance acts as a DC shunt across the micro-
phone (which is beneficial to the latter’s stability) and the pro-
perty that the receiver is connected to a separate winding on
the transformer. The separate winding permits the insertion of
a transitorized amplifier for the hard of hearing without the
need for an additional transformer, providing a gain of some
25 dB.

Before the war the Ohnesorge-system was used practically
throughout the Netherlands telephone network.

It was maintained in the new telephone sets developed after
1945 though the ratio of the windings was slightly changed in
order to permit the transformer to receive 100 € microphones
as well as 200 2 microphones. The 200 £ type is necessitated
by the 22X 400 £, 24 V feeding coils of the Rotterdam exchange.

When the attenuation between two telephone sets is reduced
by means of amplifiers, echo-problems arise. In this country
the so-called 4 wire-system is in general use. As the classic
amplifiers are unilateral there are separate go- and return paths.
The coupling of these paths to the subscriber’s lines is realized
by balance transformers that also have the task of preventing
coupling between the go- and return paths. As the balance
conditions can never be ideal there always remains a certain
amount of coupling. Consequently the talker who sends speech
waves along the go-path hears his own voice coming back via
the return-path in the form of an echo. The higher its level
and the longer its time-delay the more disturbing the talker's
echo will be. (5)

A detailed description of the laboratory’s engagement with
the echo problem lies outside the limited scope of this paper.
We shall confine ourselves to stating the interesting fact that
for this country it is the improvement of the echo conditions
on international lines that calls for expensive measures in the
national network.

As the improvement of transmission quality marches on more
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problems are posed to the transmission engineer. For instance,
the possibilities of reducing the atfenuation in the peripheral
ramifications of the telephone network are certainly worth ex-
ploring. The telephone networks of factories, the buildings of
which are spread over large areas, are nevertheless without
further ado connected to the PTT-network via often already
long subscriber’s lines. It is certainly necessary to bring these
networks within the scope of the general improvement of trans-
mission quality though at the moment is not yet quite clear
what will be the most economical method. One might contem-
plate loading®), 2 wire amplifiers, negistors**) etc.

In the long run no modern transmission laboratory can be
blind to the fundamental problems of speech.

Especially in (carrier) systems where the same channel is
used for speech and signalling the signal receivers must be safe-
guarded against signal imitation by speech. In this respect again
and again one comes to the conclusion that our knowledge of
the statistical properties of speech waves is still far from mature.

Also several problems of automation call for voice operated
devices.

Since the realization of the transatlantic cable the attention
of the world is re-focussed on the vocoder problem (6). The
vocoder aims at bandwith-reduction (or better: capacity-reduc-
tion) so that more than one telephone conversation can be trans-
mitted over a “straight” channel that normally carries only one
conversation.

The construction of a successful vocoder must, in our opinion,
root in a sound knowledge of the articulatory and auditory
processes. We must never forget that Nature, with its vast
experience in telecommunication is our best teacher and}that it
has sound reasons for not applying certain techniques.

Needless to say that the development of a vocoder is only
worth-while for application to expensive circuits.

For the above mentioned reasons a small group at the dr Neher
Laboratories is engaged in fundamental studies on speech.

Literature.

1) Mol dr. ir. H: Theorie van de Koolmicrofoon (I)
Het PTT-Bedrijf, III (1950), no. 4, pp. 128—134.

*)  That is increasing the self-inductance of the line by inserting coils.
**) These are negative impedance amplifiers.



336 H. Mol

2)
3)
4)
5)

6)

idem II, Het PTT-Bedrijf, IV (1951), no. 1, pp. 34—41.

idem III, Het PTT-Bedrijf, IV (1952), no. 3, pp. 118—124.

idem IV, Het PTT-Bedrijf, V (1953), no. 2, pp. 84—88.

idem V, Het PTT-Bedrijf, V (1953) no. 3, pp. 112—115.

Burns, F. P.: Piezoresistive Semiconductor Microphone, JASA 29 (1957)
no. 2, pp. 248—253.

Mol, dr. ir. H.: Some theoretical pronouncements around Ader’s receiver.
Het PTT-Bedrijff VI (1955) no. 4, pp. 93—96.

Mott, S. E. and Miner, R. C.: The Ring Armature Telephone Receiver,
BST] XXX (1951), pp. 110—140.

Huntley, H. R.: Transmission design of intertoll telephone trunks, BST]
32 (1953) nr. 5, pp. 1019—1036.

Mol, dr. ir. H.: Some notes on the vocoder problem. Het PTT-Bedrijf
VII (1957) no. 4, pp. 114—118.



November 1957 - Deel 22 - No 6 337

Non-linear properties of carbon resistors

by C. E. Mulders *)

Summary

The application of the conventional method of determining the non-linear
effects in carbon resistors, as outlined in many test specifications for these
components, encounters difficulties in case of good specimens. An alter-
native method is proposed, based on the measurement of the production
of harmonics in the resistor, when a pure sinusoidal current is passing
through it. A description of the experimental procedure is given and some
results are shown. A comparison is made between both methods in some

cases where either method is applicable.

1. Introduction.

Wire-wound resistors generally obey Ohm's law
L_’ - z- R, (1)

where &, the resistance value, is a function of temperature.

Equation (1) does not entirely hold for carbon resistors. A
better approximation of the voltage-current relation for this
type of resistor is given by

V=iR,tal|i|. @)

(The notation T in this equation must be interpreted in such
a way that for positive 7 the + sign must be used and for
negative 7 the — sign. In this way F is a symmetrical function
of 7, irrespective of the value of #, as in the case with carbon
resistors).
If we define R, the resistance value, as the quotient of V
and 7, (2) yields
V .
—=R=R; +a|
Z

(3)

*) Physical department.
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For carbon resistors a|##*| is small compared to K, and
negative. Both &, and a are temperature dependent, though
the temperature dependence of the small term «|7#*| will be
generally neglected.

For # = 2, (3) becomes
1V
R=R,+a|lt|=R,+a

>
a

a|V|
R.

or R—-R, =/AR~ (4)
In this case AR is proportional to the applied voltage and a

“voltage coefficient” can be defined ie. the percentage resist-
ance variation per volt. So

AR
voltage coeflicient = y = %\_ e
R{: >< | !l/ |
RN
AR B, (5)
100
Comparing (4) to (5) gives
a = LA"'_ (6)
100

It is common practice to give an allowable upper limit for a,
as it results from testing procedures for carbon resistors. It
will be shown, that the exponent in (3) is not necessarily 2,
so that the “voltage coefficient” concept cannot always be used.

2. Conventional method for the determination of a or .

A straightforward method to determine a or y is to measure
R as a function of 7 or V. By substituting the measured values
in (3) a and y can be calculated.

A difficulty arising when the method is applied is that the
measuring current will cause the resistor to rise in temperature,
which means that &, changes and a wrong value of a|7"|
results. An obvious possibility to overcome this difficulty is to
measure A so rapidly that no appreciable rise in temperature
will take place. In e.g. the procedure as described by the
Radio Industry Council in the specifications RIC 112 and 113
for “resistors, fixed, composition”, such rapid measuring is pre-
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scribed. “The samples shall be dried for 2 hours at not less
than 70°C. The voltage coefficient shall be determined by mea-
suring the resistance value at a voltage corresponding to the
normal maximum rating and again at 1/10th of that voltage.
The voltage shall be applied for not more than 1 second every
10 seconds to avoid overheating”.

For good carbon resistors, however, where a and y are small,
the said value of 1 second proved to be unacceptably long. An
experimental study of the rate of heating of resistors of diffe-
rent kind was made and the influence on resistance measure-
ments could be estimated (see Section 8).

A description of a proposed new method for the determination
of a and y will be given in the next Section.

3. Determination of ¢ and y by measuring the harmonic
production.

When a pure sinusoidal current 7 = 7, stz w/ passes through
a carbon resistor, harmonics will be present in the voltage
across the resistor, due to the non-linearity of (2) or

V=Rsimsinwt x a|i* sin” wt|. (7)
The Fourier expansion of this equation is
V = R, i, sin wt + E, sin ot + E; sin 30t + E, sin 50t . +.... (8)

Only uneven harmonics appear, due to the symmetry of (2)
and (7).
The most important factor of (8) is Z,. Application of Fourier
analysis to (7) and (8) gives
b 4 T

./ £, sin® 3wt dot = fa oy SIN™ i STN 3wt dwt ,

o

so that
b 4
X o ;
i Liiniii WO, l sin* wl sin 3wt dwt . (9)
2

o

The integral in (9) which will be called f (#) has the value
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b 1
™ ; n—1 2 /
J(n) = | sin* ot sin 3ot dwt = — —Ja, (10)
nt3 nt
o > 5
. :
for 2> — —
2
so that (9) can be written in the form
%o 20l | wnrn (11)

JT

where O =2 f(n)/n.
The following table gives values of /(#) and Q for a number
of values of 7

I
1.0 | 0 0

1.5 | 0.11 |0.07
2.0 | 0.27 (0.17
2.5 | 0.34 |0.215
3.0 | 0.39 |0.25
3.5 | 0.43 [0.275

4. Experimental procedure.

a. A very simple realization of the principle laid down in
Section 3 would be the following.

A generator supplies a pure sinusoidal audio frequency cur-
rent to the resistor under test in series with a high-value wire-
wound resistor. The amplitude of the harmonic voltage across
the resistor is measured and a« and 7 can be calculated with
the formulae of Section 3 and 1.

A numerical example, however, shows the difficulties encoun-
tered in this procedure. Take, for example, a 1 watt 1000 2
resistor for which # = 2, so that the voltage coefficient definition
can be applied. An accepted maximum value for good carbon
resistors for y is 0.002"/, per volt, which, for the resistor con-
sidered here, means that under full load (V. = 31.6 volt), ac-
cording to (5) and (6),

AR=0632 and a =2080.4",
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The amplitude of the fundamental current at full load follows

e 1. s
from the relation Lz,,.><]€= W or — 1, X 1000 = I so that

2

Z,,= 0.002 and according to (11)
E,=20X0.002 X0.17=68X103V =68mV,

the amplitude of the fundamental voltage at the same time being
31.6 1 2 = 45 volt.

It is clear that for the execution of the measurement indi-
cated here, the harmonic content of the generator must be con-
siderably less than 6.8 mV, the harmonic voltage generated in
the resistor. This means that, the fundamental voltage being
45V, the harmonic content of the generator must be less than
1.5 X 10729/, This is, of course, difficult to realize, It is also
difficult to measure the 6 mV harmonic voltage in the presence
of 45 V fundamental voltage, so that the wave analyzer for
the measurement of /%, will be complicated.

4. An alternative method, in which both the fundamental
and the harmonic voltage of the supply are balanced in a
bridge, will be discussed now.

The resistor under investi-
gation A, is introduced as
one of the four arms in a
Wheatstone bridge, together
with three wire-wound resis-
tors, one of which is adjust-
able. All four resistors have

approximately the same ohmic
Fig. 1. value. Audio-frequency voltage

Wheatstone bridge arrangement for g supplied to the bridge in
the measurement of harmonic pro- such a way that &, is loaded
duction in carbon resistors. to its rated wattage. A wave
analyzer that can be tuned to the fundamental as well as to
the third harmonic voltage of the generator frequency, is con-
nected to the bridge diagonal. Bridge equilibrium for the fun-
damental voltage is established by means of the adjustable re-
sistor. In this situation both the fundamental and the third
harmonic frequency in so far as they are produced by the
generator are not present in the bridge diagonal, so that mea-
surement of the third harmonic voltage in the diagonal now
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gives an undisturbed indication of the harmonics produced in
R.. Let the measured voltage of the third harmonic be Z;. The
relation between Z; and the value of £, as it appears in (8),
can be calculated for a given bridge configuration. It is, how-
ever, simpler to determine this relation by calibration. This
can easily be done by inserting a given small voltage of any
frequency in series with X, (£, in fig. 1) and measuring the
voltage produced by it in the wave analyzer in the bridge dia-
gonal. The measured relation between these two voltages is the
same as that between Z, and £, provided the bridge configu-
ration is the same in both cases.

5. Some details of the method.

The measurements can be carried out with standard equip-
ment i.e. no excessive requirements are made on the wave ana-
lyzer or the audio frequency oscillator. The oscillator must be
able to supply the rated wattage, which means that when e.g.
a 1 watt resistor is under test, 4 watts must be supplied to
the bridge.

The transformer in the bridge diagonal must have a care-
fully wound symmetrical primary winding, so that points 4
and B (fig. 1) present the same parasitic impedance to earth.
An electrostatic screen between primary and secondary winding
must be provided in order to prevent false bridge equilibrium.
A simple method to verify whether these conditions are satis-
fied is, to take for R. a wire-wound resistor and to measure
whether the fundamental and harmonic voltages in the bridge
diagonal cancel out simultaneously.

6. Some measurements of non-linear behaviour
of carbon resistors.

A number of resistors of different values and constructions
was measured according to the method outlined in Sections 4
and 5. The applied audio-frequency was 250 c¢/s, so that mea-
surements of harmonics were made at 750 c/s. Harmonics were
measured at a number of applied voltages up to the rated
voltage. Fig. 2a and 2b give the values of £, as a function of
the peak value of the applied fundamental voltage, in a double
logarithmic plot. Fig.2a gives values for cracked-carbon resis-
tors, 2b for composition-type resistors.
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It appears from the straight lines in figure 2a, that for
cracked-carbon resistors a simple exponential relation as indi-
cated by (2) and (7) is valid. For composition-type resistors no
such simple relation holds, as is shown by the curved lines in
fig. 2b.

The value of the exponent # in (2) can be determined from
the graphs by means of (11), from which we derive

log E, = nlog i, + log a +log Q. (12)

n turns out to be the tangent of the lines in fig. 2a, assuming

f__ﬁ‘ar'_.-,-,.‘nvo.'rs a
i e7k_tT |
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Fig. 2.

Peak value of third harmonic voltage produced by the
passage of a current %y S @/ through a resistor £z as
a function of ’.m B
Fig. 2a values for cracked-carbon resistors

Fig. 2b values for composition-type resistors.
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that « (and so /¢ a) is independent of temperature. Since the
points of the lines of fig. 2 are measured at different voltages,
which means different temperatures of the resistor, /o¢ @ in (12)
would not be a constant if a were a function of temperature.
In Section 9 it will be shown by separate measurements that
a is indeed only slightly dependent on temperature, so that
log a can be taken as a constant.

7. Verification of the method.

For the composition-type resistors, where the non-linear ef-
fects are important, the conventional method of Section 2, viz.
a direct current method, gives

A 10 20 30 reliable results, so that in

_-V 2
T~ these cases a comparison can

S be made with the new method
X, proposed in the present article.
i One of the resistors of fig.

AN 2b, the 1200 2 one, was cho-
' N sen for this purpose and its

Z resistance for a number of
Fig. 3. different voltages in a Wheat-
AR as a function of the voltahe across  gfone bridge was measured

a resistor, determined by two methods, by means of direct current.
by a DC method

______ by harmonic production

The voltage was applied for
the shortest time necessary
measurement. : .
to make reading possible.
Fig. 3 gives AR, the deviation of the actual resistance from that
measured with a very small voltage, as a function of the
applied voltage. It proves to be possible to represent the

function by
AR =70X10™% P (13)

On the other hand, the measurements of harmonic production
of this resistor as shown in fig. 2b enable us to determine AR.
From the tangent of the slope of the function, it appears that
n is 2.35, so that O in (10) = 0.22. For 30 volt we read from
the graph %, =9 X103V and R, being 1140 O, substitution in
(11) yields

E, E,X R, 9X107X 1140
a = — s — SR NS
mXQ V"XQ 30" X 0.22




Non-linear properties of carbon resistors 345

Substitution in (3) gives

P R B il RIS RIHE, B
R 30" X o0.22 1140

1

_9X107 X 1140
T 30" Xo0.22

KPP om0 X P (14)

The dotted line in fig. 3 represents this function. It will be
seen that, although the value of the exponent in (13) and (14)
is slightly different the over-all representation of the results
of both methods gives consistent values.

It would be very interesting to compare the results of both
methods for the cracked-carbon resistor in fig. 2a. The difficulty
is obvious from the following. The calculation of this Section
applied to the 1200 £ resistor in fig.2a would give a AR
value at full load of 0.02 2. In Section 2 it was mentioned that
the measurement of such small resistance variations is seriously
hampered by the heating of the resistor by the measuring cur-
rent even for a very short measuring time. The next Section
will give some details about this heating-up effect.

8. Heating by the measuring current.

R., the resistor to be test-
ed, is again part of a Wheat-
stone bridge, which is approx-
imately brought into equili-
brium by means of the wvari-
able resistance R, . At a mo-
ment 7 = O the voltage is ap-
plied to the bridge circuit and

|

Wheatstone bridge arrangement for a function of time. From this

Fie. 4 the galvanometer is read as
ig. 4.

the measurement of the resistance the value of R, as afunctionof
change 87 due to the heating effect time alter the switching on of
of a current. the current can be calculated

or determined by calibration.

In fig. 5 the resistance is plotted as a function of time in
such a way that R, the difference of the resistance value
at time ¢ compared with the initial value, is given as a function
of time. The three examples give three different types of heat-
ing effect. In fig. 5a, representing the behaviour of the cracked-
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carbon resistor of 1200 2 in fig. 2a, dR can be accurately des-

cribed by an exponential function with one time-constant

OR ==18

(I i e—ﬂ.w) ,

where 7 is expressed in seconds.
For the composition-type resistor in fig. 5b, we find

—#
dR=-10("" -
0 7 2 3min.
a —f
dR10 ~
Pl s
20 —
(7]
—
10
dR \ b
20 Hm
s -
301‘1 [
+10 —
fo
dR 0K _’-‘V‘——
—— c
=10
! 2 Imin
Fig. 5.

Resistance chance 6/ fig. 4) as a
function of time for three resistors

of different construction.

I) — 20 (i-‘_ﬁgi

_1)

Fig. 5c represents a resistor
for which the resistance is not
a linear function of temperature
so that an irregular heating curve
results.

From the functions shown in
fig. 5a and 5b for which a simple
mathematical expression can be
found, an estimation can be made
of the resistance change imme-
diately after the switching on of
the current. In the case of fig.
5a, 0R is 0.045 and 0.45 2 after
0.1 and 1 sec respectively. This
value of 0.045 £ compares very
unfavourably with the o.02 2

calculated for the non-linear effect of the same resistor at full

load (see end of preceding Section). This means that even after

so short a time as 0.1 sec the

resistance change due to heating

is already more than double the one to be expected from the

non-linear effect.

9. Temperature dependence of a.

L ____‘:9 20 - It was mentioned in Section
""“-":r,:___\\ 6 that the calculations made
I = ""‘-‘:;-:..\ are there valid only if « is inde-
L2 i pendent of temperature. That
Fig. 6 the latter is indeed the case
AR as a function of ¥ at two can be PrOVEd by U‘Sing & Tee
temperatures. sistor with pronounced non-

at 70° C linear effects.
—————— at 90° C Figure 6 gives the measure-
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ment of AR as a function of 7 with short pulses of DC for
two temperatures of 20° and 70° C respectively. It will be seen
that for this rather large temperature difference AR does not
change very much so that in view of the limited accuracy suffi-
cient for this kind of measurements it will be allowed to ne-
glect this second-order effect.

10. Conclusions.

@. The conventional method of determining the non-linear prop-
erties of carbon resistors is only applicable to resistors
where this effect is appreciable e.g. composition-type resis-
tors.

b. The concept of voltage coefficient is only applicable to cases
where in equation (2)# = 2. This is true only in a limited
number of cases.

¢. The conventional method cannot be applied to good resistors
because even measuring times as short as 0.1 sec. give
heating-up effects that can be several times greater than
the effect we want to measure.

d. A method is proposed that is based on the measurement
of the production of harmonics and does not present the
difficulties indicated in ¢. This method has the additional
advantage that the measured quantity, viz. the amplitude
of the harmonics produced, is in fact, in the majority of
cases, the reason why we are interested in the non-linear
effects of resistors.

e. For resistors with pronounced non-linear behaviour, where
both methods could be used, the agreement between the
results turned out to be quite satisfactory.
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stage or not, depends on many factors, some of which will be
reviewed hereafter.

Radio and switching have now a common base in the form
of a group of elements which are used in both techniques. The
design methods in radio and switching, however, are completely
different. Radio is an art of transmission of information, while
switching concerns processing of information. The information
to be processed is generally in digital or coded form. A widely
used form is coding in the form of binary numbers, which con-
sist of the digits 0 and 1 only. Binary numbers can be stored
on bistable switching elements. A relay is a typical example of
such an electro-mechanical element. Many types with different
windings and spring sets have been developed. In the last few
years it has proved possible, by applying systematic circuit
design methods, to standardise on a few types, which can be
machine-made.

2. Electronic building stones

In the beginning of the development of electronic switching
circuits a building stone analogus to a relay was missing. It
has been one of the most important projects of the Switching
Laboratory to develop such an electronic building stone. In 1949
this laboratory started to develop fully electronic switching
techniques with diodes and triodes. The design of 5 building
stones, of which a trigger was the most important one, has

been finished in the spring
of 1951. This building stone

"‘N—‘%I—Il" is shown in fig. 1, its circuit

in fig. 3. It consists of a

"'l—!\‘—%{l—ll—ﬂ" double triode (E90CC Phi-

o lips) on top of a cylindrical
SET A

..REEET.."_D"I aluminium cover (which has

il A l } D IH]' been replaced in the photo-

graph of fig. 1 by a perspex

i cover) containing the resis-

ﬂl | ; D Il_ll" tors of the trigger circuit.

A 12-pin tube socket closes
Fig. 2 the bottom of the aluminium
A relay controlling four other relays cover. Twosmallneon tubes
are placed on top of the

cover. They indicate the position of the trigger.
A trigger circuit can be compared in many cases with a relay
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with one make and one break contact. It is possible in electronic
switching to control a much larger number of other circuits by
means of diode gates. These diode gates are the equivalents of
the contacts in relay circuits. Fig. 2 shows a relay circuit in
which a relay controls four other relays I, X, V, and Z. Fig 3

+

£
Ri [Bm o T

-6
&

b

Diap s ey ¥

Equiva]ent electronic circuit of fig. 2

shows the equivalent electronic circuit in which a trigger A4
controls four tubes IV, X, V, and Z. The diodes D, up to D,
function in a way analogous to the contacts @, up to @,. The
relays can be controlled by a plurality of contacts as is indi-
cated by the multiple arrows. The electrcnic elements IV, X, ¥V,
and Z can be controlled by a plurality of diodes, connected to
other trigger circuits.

The resistors of the trigger shown in fig. 1 have an accuracy
of 5%,. The development of this trigger was ready in the spring
of 1951. The nominal working voltage is 220 volts dc, but the
trigger operates on voltages from 130 volts up to 300 volts.

A special problem in designing these building stones with
high vacuum tubes forms the heat dissipation of the filaments
(about 2.5 watts per tube) and of the anode current (about
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Fig. 4

Open ftrigger circuit with built-in diodes.



358 R. M. M. Oberman

of elements. The plug contacts which form a part of the copper-
plating of the card are gold-plated. These cards have the great
advantage that wiring faults are impossible in the reproduction.
Moreover each card is an exact copy of the original circuit,
which ensures a great stability in the final product. These cards
are well suited for machine insertion of components and for
dip soldering.

Very complex automatic electronic circuits can be designed
with these components. 1t does not belong to the scope of this
article to review all the possibilities. There are other components
which can be used in switching, and which have not been des-
cribed here. The most important one is the magnetic core, which
has two stable magnefised conditions. Other components as
e.g. the so-called ferro-electric materials are under development,
but have not reached the practical-stage. It would go too far
to describe all the future possibilities in this article which has
been confined to the description of some practical electronic
building stones for switching purposes.
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A portable instrument for measurements
on intermediate-frequency level
on frequency modulated microwave radio links

by J. W. A. van der Scheer *)

Summary

A description is given of a portable instrument used for measuring char-
acteristics of frequency modulated microwave radio links. The measurements
are carried out in the i.f. band (frequency-ranges 60—80 Mc/s or 95—
115 Mc/s) and involve amplitude and group delay variations versus fre-
quency (with an accuracy better than 0,1 dB and 1 usec respectively),
the linearity of the discriminator (within 1°%;) and the reflection-coeflicient
of the input and output of i.f. units up to 0.01. The measured character-
istics are made visible on a c.r. tube.

Separate i.f. components can be measured as well as the overall be-

haviour of a long-distance circuit. Moreover one-way measurements can
be made.

The instrument is developed both for the maintenance of microwave
equipment and for laboratory tests.

1. Introduction.

In transmitting wide-band information e.g. multichannel tele-
phony or television (50 ¢/s—5 Mc/s) over a radio-path, use is
frequently made of microwave links on centimeter waves with
frequencies between 4,000 and 11,000 Mc/s, frequency modula-
tion being applied.

For such a transmission high demands are usually made on
the quality and the stability of the link. On these frequencies
atmospherics are not important but the radio signals are subject
to fading. Besides the quality of the transmission is dependent
on the thermal noise level and the distortion caused by the
epuipment. In what follows special attention will be paid to
distortion.

Distortion, which in television e.g. gives rise to a less good
gradation, and in multichannel telephony to crosstalk and inter-
modulation noise is to a large extent introduced in the i.f. part
of the microwave radio equipment. [1] [2] [3]

*)  Radio laboratory.
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If, taking into account the technical possibilities, the maximally
admissible distortion contributions are divided somewhat equally,
certain requirements can be drawn up for the separate com-
ponents such as amplifier, limiter, discriminator and modulator.

Specification of the contributions of the various components
has the advantage that parts can be replaced without re-ad-
justment and without the admissible distortion being exceeded.
This procedure will promote the reliability of the equipment,
which is of course most important in the PTT-service.

For the development, the adjustment and the maintenance of
the microwave equipment and for the checking of the equipment
before being accepted from the manufacturers, it was necessary
to have an easily transportable measuring set available, by
means of which the properties of the various components could
be determined.

Hereafter a brief description will be given of the measuring
set which was developed in the PTT Dr Neher laboratory,
and which is suitable for the making of those measurements
on intermediate frequency level which are of importance for the
reliability of a microwave radio link. In this connection there
may be mentioned: Amplitude and group delay variations as
function of the frequency, linearity of the demodulator and the
reflection coefficient at the terminals.

2. Principle of the measurements.

The block schematic diagram (fig. 3) gives the main essentials
of the measuring set, consisting of two parts: the sending and
receiving unit. The frequency range oni.f.level is centred round
70 or 105 Mc/s. Characteristics, which are displayed on a ca-
thode-ray tube, are:

a. the amplitude versus frequency

b. the group delay versus frequency

c. the discriminator-curve

d. the reflection coefficient at the connection points.

The scanning of the frequency range to be measured is ef-
fectuated by means of a so-called Megasweep, being part of
the sending unit. The Megasweep is essentially an oscillator
varying relatively slowly in frequency, (iterative frequency 50 c/s)
and consists in principle of two klystrons (¢ and &), operating
on a frequency of approximately 9,000 Mc/s with a 70 or
105 Mc/s mean beat-frequency. The klystron @ is frequency mo-
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dulated by the horizontal deflection voltage of the oscilloscope
(maximum deviation of 4 15 Mc/s).

The output voltage of the crystal mixer is very small and
moreover shows amplitude modulation, which makes amplifying
by a wide-band amplifier and limiting necessary (Group-delay
variations in the measuring equipment are corrected by a phase-
equalizing network). For some measurements it is necessary to
have superposed on the slow frequency variation of the Mega-
sweep a more rapid variation with a constant, small deviation.
This is effectuated by means of frequency modulation of the

klystron #.

2.1. Measurement of the amplitud: frequency characteristic,

A signal with a double frequency modulation passes through
the i.[. under test. The frequency modulation consists of a slow
one over the entire band to be measured, controlled by the
horizontal deflection voltage of the oscilloscope and one with
high frequency and small deviation. The index of the last-men-
tioned modulation is chosen smaller than 1, so that the fre-
quency-spectrum consists mainly of a carrier and two sidebands.

Dependent on the slope of the amplitude frequency-character-
istic the frequency modulated signal will vary in amplitude.
After amplitude detection at the output of the network and
selective amplification of the high modulation frequency the last
signal is supplied to the oscilloscope, the slope being displayed
on the c.r. tube as function of the frequency.

The detector (fig. 1) has been developed as a special coaxial
detector with a flat amplitude and phase characteristic up to
1,000 Mc/s. This detector can serve as an element in a circuit
or if terminated with its characteristic impedance of 75 ohm as
a load impedance at the output of an i.f. amplifier. The detector
consists of a crystal diode and a low-pass filter contained in
a piece of coaxial conductor having a somewhat larger diameter
than the standard type. The output is attainable at the upper
side. A second plug serves for the injection of the signal of
the frequency marker oscillator.

2.2, Measurement of group-delay variations.

To determine group-delay variations as function of the fre-
quency a method is used which was applied by Nyquist in

1930. [4]
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Fig. 1.

Coaxial detector.

The principle of the measurement is shown in fig. 2 Just as
in 2.1. a double frequency modulation of the Megasweep is
effectuated.

The output of the network under test is supplied to the am-
plitude detector and then amplification of the modulation fre-
quency is effectuated. Dependent on the derivative of the phase

dut
characteristic of the network g (= phase angle) the

phase of the demodulated signal will be shifted with respect

_, NETWORK
bela LNDER HEN-
SWEEP TEST DULATOR

Saw TDOTH QUTP VOLTAGE
VOLTAGE FROM T0 OSCILLOGRAPH
QSCILLOGRAPH
Fig. 2.
Simp]ihcd block schematic diagram

of the measurement of group delay.
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