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Modern Single-Sideband Equipment of the Nether-
lands Postals Telephone and Telegraph”

C. T. F. vax per WYCK{

Summary—After an introduction, a short description is given of
the equipment developed before 1940, followed by a survey of the
principles of the modern equipment. The way in which the automatic
tuning in the receiver is accomplished is described in detail. A sum-
mary is given of the advantages of the modern equipment with re-
spect to the earlier art. In an appendix, some theoretical considera-
tions are given with respect to the automatic tuning contro!; par-
ticularly, the conditions for a stable circuit are derived.

INTRODUCTION
SINGLE-SIDEBAND TELEPHONY on the Neth-

erlands long-distance radio transmissions started

in 1933, preparatory work having been carried out
in the years before. Owing to the initiative of the late
N. Koomans and the late W. F. Einthoven, the Postal
and Telecommunication Services of the Netherlands
and the Netherlands East Indies were among those who
first put to commercial use a four-channel single-side-
band system on a commercial link. Apart from many
modifications important from a practical point of view,
the original scheme of the apparatus did not change
until 1940. In 1938, Koomans gave a description of this
equipment.!

After extensive experimental work, carried out during
the occupation of the Netherlands and continued after
the war, the construction of new single-sideband equip-
ment was started. In preparation for commercial pro-
duction, a few prototypes have been constructed at the
PTT laboratories, these equipments being in opera-
tion on the U.S.A.-Netherlands link.

One of the outstanding features of this new equip-
ment, in comparison with the former, is the introduction
of carrier telephone equipment. Morcover, many im-
provements, made in the earlier days and suggested by
the requirements of communication, have been included
from the beginning in our design, thus leading to further
simplicity and efficiency. An extensive use of crystals
in filters and oscillators, the avoidance of switches in
signal circuits, and a different way of accomplishing
automatic tuning control in the recciver are some salient
points in our new apparatus. Special attention has been
paid to the stability of the first oscillators.

As to the t ansmitting part, we shall limit oursclves
to the “premodulator.” In the premodulator, the low-
frequency telephone channels are transformed to a
higher frequency level and are grouped together in their

* Decimal classification: R423.5. Original manuscript received by
the Institute, September 22, 1947.

t Radio Laboratory of the Dutch Postal Telephone and Tele-
graph, The Hague, Holland.

! N. Koomans, “Single-sideband telephony applied to the radio
link between the Netherlands and the Netherlands East Indies,”
Proc. I.R.E., vol. 26, pp. 182-207; February, 1938. Discussion,

H. J. J. M. de Bellescize and N. Koomans, Proc. I.R.E., vol. 26,
pp- 1299-1301; October, 1938.

correct positions. At this point, the energy is still low,
the actual amplification taking place in the “transmit-
ter.” At the transmitting center of Kootwijk, the pre-
modulators are placed in a separate building, the
“studio,” at 1 kilometer from the transmitter buildings.

(GGENERAL ADVANTAGES OF THE SINGLE-SIDEBAND
SYSTEM

The general advantages of the single-sideband system
may be summarized as follows: In an AM system, the
energy of the carrier forms a large part of the total radi-
ated energy, whereas, in the single-sideband system, this
carrier and one sideband are eliminated at the trans-
mitter, a local carrier being added again in the receiver.
Consequently, an energy reduction (cr a more econom-
ical use of the energy), a reduction of the bandwidth,
and, by applying a local carrier, a noticeable reduction
of fading is obtained.

In view of the necessity to hix the channels relative to
the local carriers in the receiver, a pilot frequency,
which has a definite position with regard to the sup-
pressed carriers, is transmitted simultancously.

IForMER EquirMiENT (KooMANS)

In the premodulator, the low-frequency band of each
channel is modulated on a definite carrier, different for
each channel, after which selection of the upper or the
lower band takes place by means of a filter network,
varying in frequency for each channel. The 4 channel is
modulated on 10 ke (er 7 ke); this modulation is fol-
lowed by selection of the 7- to 10-kc band. The B chan-
nel is modulated on 10 ke (or 13 ke), after which selec-
tion of the 10- to 13-ke band takes place. Similarly, the
modulation frequencies of the C and D channels are 14
and 20 kc, and the frequency bands 14 to 17 ke and
17 to 20 ke. (Fig. 1).
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Fig. 1 -Arrangement of channels in former equipment.

‘This arrangement of these four channels with a pilot
frequency at 5 or 10 kc and with two channels for
double-tone telegraphy (mark and space), covering in
total the frequency band 5 to 20 ke, is characteristic
for the “Indies link.” Thi: frequency band is converted
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successively to the band 65 to 80 ke and to the band
465 to 480 kc in two steps, the final frequency trans-
formation and the amplification of the energy taking
place in the transmitter.

Testing apparatus for observing the excitation of the
transmitter, the mutual interference, and nonlinear dis-
tortion are provided for.

In the receiver, the high-frequency spectrum, by an
analogous process, is converted to the frequency band
5 to 20 ke and, by means of oscillators of 7, 10, 13, 14,
20 ke, to the low-frequency 4, B, C, and D channels.

In our original equipment, the automatic frequency
control is substantially electric; in a discriminator, the
frequency variations of the pilot frequency are con-
verted into voltage variations (+ or — voltage); these
voltage variations operate the second oscillator in the
receiver. This second oscillator contains a reactance
tube coupled to the oscillator tube.

MODERN EQUIPMENT

In the low- and medium-frequency parts of our mod-
ern equipment, carrier telephone equipment, as nor-
mally used by the Netherlands PTT Administration,
has been applied.

Premodulator (Block Diagram, Fig. 2).

The low-frequency band of eack channel is modulated
on 60 ke and the upper band (60.3 to 63.4 kc) is se-
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having the frequency range of 266 to 286 kc by means
of a (crystal) oscillator, unique for each channel (604x
oscillator).? After this sccond modulation process, the
relative positions of the channels are such as are re-
quired for a particular correspondent (Fig. 8).

By choosing the frequencies of the oscillators prop-
erly, we can, in a simple way, obtain frequency arrange-
ments required by the different correspondents. In our
first equipment, a change in the relative position of the
channels necessitated a change of filters.

A band-pass filter 266 to 286 ke, with high attenua-
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Fig. 3—Attenuation curve of a telephone channclin the
premodulator.
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Fig. 2—Premodulator for the single-sideband transmitter.

lected. A low-pass filter, 0 to 2800 cps, confines the
frequency range to the usual “3000-cps” band on
ralio links. This upper band is converted into a band

% In the expression 604x oscillator, taken from the terminology
of carrier telephony, x is the (suppressed) carrier in the second con-
version process. As there are two ways for converting the 60.3- to
63.4-ke band, we could say in our case: x + 60 oscillator.
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tion, prevents radiation of modulation products outside
this range.

Practice has proved the necessity of transmitting a
given channel band, as formed in the second process (266
to 286 kc), both in the “right” position, in which the
sequence of the channels as transmitted in sense of in-
creasing frequency does not change, and in the “in-
verted” position, in which this sequence is inverted, as
well.
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The output terminals of the premodulator are pro-
vided, so that two transmitters can be operated si-
multaneously (the maximum output voltage is 10 volts
and the impedance of the cable from premodulator to
transmitter is 130 ohms).

In view of correspondents using a different channel
arrangement, a number of 60+x oscillators are avail-
able; the description of our receiver contains a table of
these oscillators.

3 «\%‘?:T“""n?
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Fig. 4—Front view of the premodulator.

In a third converter stage, the frequency band is
raised to 1 Mc 110 kc. In view of the foregoing, there
are two crystal oscillators, 724 kc and 1276 kc corre-
sponding with the “right” and the “inverted” position.

Fig. 3 shows the frequency characteristic of one chan-
nel; this curve is determined by the band-pass filter,
60.3 to 63.4 kc, the low-pass filter, 0 to 2800 cps, and
a couple of correction elements compensating the atten-
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uation in the lower frequencies. Between 300 and 2700
cps, such variations are slight. At full modulation of a
channel, the “suppression” of the 60-kc carrier,
achieved in the filter and the balanced modulator (ring-
type modulator), amounts to at least 60 db. The at-
tenuation of the 266- to 286-kc filter at the frequency of
the 60+x oscillators is better than 85 db. This high order
of attenuation is necessary for an adequate suppres-
sion of the 60+x frequencies in the radiated spec-
trum.

The possibility of using normal double-sideband trans-
missions (AM) is provided for. A frequency of 276 kc
(in single-sideband transmissions used as a pilot) is
modulated by the Heising method. The frequency spec-
trum, 273 to 279 kc, is further raised to 1 Mc by mix-
ing with 724 kc.

The testing apparatus, forming an important part
of the premodulator, permits observation of the linear
and nonlinear distortion of every channel, the degree of
modulation, and the mutual interference of the channels;
deficiencies of premodulator and transmitter can be
measured separately.

The following devices are used:

1. A test “receiver”; in order to observe the mutual
interference and distortion, the spectrum of all chan-
nels can be separated again in this receiver, using the
60 +x oscillators and a set of 60.3- to 63.4-kc filters.

(a) For checking the premodulator, the 1-Mc band
is converted to 276+ 10 kc. Applying the 60+4x oscil-
lators already available, each of the set of channels is
converted to 60.3 to 63.4 kc and, after applying 60 ke,
the low frequencies are again obtained.

(b) For checking the transmitter, the high-frequency
band is converted to the 1-Mc band and passed to the
studio. The separation of the channels takes place as
in (a).
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2. An oscillograph with dc amplifier (cutoff fre-
quency, 1 Mc) measures the rectified antenna current;
for this purpose the transmitter contains a rectifier,
the output of which is fed to the oscillograph. This
arrangement permits a supervision of the excitation of
the final stage. The oscillograph can also be used for a
visual observation of the signal in the different stages of
the premodulator. The time-base frequency can be
varied over a range covering frequencies up to 100 kc.

3. Low-frequency amplifier (with loudspeaker). For
an over-all check, the equipment contains a low-fre-
quency amplifier with loudspeaker; using the arrange-
ment 1(a) or 1(b), the quality of each channel at the
input and at the output terminals of the premodulator
and of the transmitter can be checked.

4. Vacuum-tube voltmeters for measuring peak volt-
ages indicate input and output voltages of the premod-
ulatpr. An important device, not described in detalil, is
a wave analyzer for the 1-Mc band, provided with a
crystal filter for 100 kc (bandwidth 100 cps), bring-
ing about the separation of the frequencies in the 1-Mc
band. This instrument, useful for laboratory tests in
the studio, is not a part of the premodulator. A sche-
matic diagram of the premodulator is given in Fig. 2.
Transformation of a channel from the low-frequency
band to a band in the 266- to 286-kc range takes place
in the normal “carrier-terminal equipment.” The car-
rier-terminal apparatus, containing no tubes, com-
prises a low-pass filter, a ring-type modulator (for 60-
kc modulating frequency), a band-pass filter 60.3 to
63.4 kc, and a second modulator (604x kc modulating
frequency); the absence of tubes permits the use of
carrier terminal equipment in both directions (the “re-
ceiver” direction being used in 1). All four carrier-ter-
minal sets are connected to the band-pass filter 266 to
286 kc.

AT

L

Fig. S—Block schematic wiring diagram of the receiver with carrier mixing.
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Volume Controls. (See Block Diagram, Fig. 2 and Fron!
iew, Fig. 4.)

For an adjustment of the level of each channel, the
equipment is provided with four volume controls 1, the
level of the channel band being adjusted with a volume
control 2. Independently of 2, volume control 4 con-
trols the amplitude of the pilot frequency, and 3 con-
trols the output voltages to the transmitters.
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variable oscillators. All other oscillators are crystal oscil-
lators. The frequency range 5 to 23.5 Mc is split into a
range of 5 to 13 Mc and 13 to 23.5 Mec. For each range,
the receiver is provided with a high-frequency ampli-
ficr. In the lower range, the frequency of the first oscil-
lator is above, and in the higher range it is below the sig-
nal frequency. In both frequency ranges, the second-
oscillator frequency can be taken higher or lower than

Fig. 6—Front view of the single-sideband receiver.

Receiver. (Block Diagram, Fig. 5, and Front iew, Fig. 6.)

The receiver consists of a high-frequency, a medium-
frequency, and a low-frequency part. In contrast with
the older types of equipment, automatic tuning control
takes place in the first oscillators, these being the only

the first medium frequency; thus one can receive a cer-
tain channel in the “right” or in the “inverted” ar-
rangement. In this connection, we refer to what was
said of the premodulator.

The first medium frequency is 1.5 Me; the band-
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width of the first medium-frequency amplifier is 20 ke.
In the following mixer stage, conversion to the second
medium-frequency band, 276 £ 10 kc, takes place after
modulation with 1500—276 or 1500+276 kc (second-
oscillator frequencies). Here, cach channel, after modu-
lation with a 67+4x oscillator, characteristic for this
channel (Table I), is converted to 60.3 to 63.4 ke and
after modulation with 60 k¢ to the low-frequency
bands; a low-pass filter limits this band to 2800 cps.
These last demodulation processes are carried out in the
“carrier-terminal equipment” consisting of a ring-type
demodulator (60+x kc), a band-pass filter 60.3 to 63.4
ke, a ring-type demodulator (60 kc) and a low-pass
filter. In order to eliminate mutual interference between

TABLE I

FREQUENCIES OF THE CHANNELS AND THEIR CHARACTERISTIC
60-+x OscILLATORS IN Mc

B-band (displaced) C-band

D-band

van der Wyck: Netherlands PTT Single-Sideband Fquipment

A-band B-band
(273-276) (276-279) (278.25-281.25) (280-283) (283-286)
273 -60 =213 276 —60=216 278.25—60=218.25 280 —60 =220 283 —60 =223

276 4+60 =336 279460 =339 281.25+460 =341.25 283 460 =343 286460 =346

the channels, it is necessary to place a band-pass filter,
266 to 286 ke, before each carrier-terminal set. The in-
put terminals of these filters are connected together (see
Fig. 5).

Fig. 7 shows a low-frequency attenuation curve of a
channel; the variation between 300 and 2700 cps be-
ing negligible. The image discrimination for frequencies

=60
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Fig. 7—Attenuation curve of the terminal (‘(Luipment plus line
repeater with wide-band corrector in the receiver.

> 325 kc is better than 60 db; the attenuation of the
lower frequencies in the transmission band, caused by
the band-pass filter 60.3 to 63.4 ke, is compensated by
correction elements.

As mentioned before, the receiver and the premodu-
lator are provided with a number of 60+ x oscillators; a
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special set of these oscillators being available for cach
correspondent.

The different volume controls permit an adjustment
of the high frequency, of the first and second medium
frequencies, of the low-frequency amplification, and of
the pilot-frequency amplification. The receiver contains
an amplifier and a loudspeaker for monitoring purposes.

Automatic Tuning Control

The automatic tuning control forms an important
part of the receiver. The purpose of an automatic tun-
ing control is to keep the pilot frequency, and with it
the band of channel frequencies, accurately in their ap-
pointed positions in the 266- to 286-kc band.

A transmitted “pilot frequency,” having a fixed rela-
tive position to the channels, controls the frequency of
the first oscillator. If a change in the pilot frequency
takes place, caused by the transmitter or during its
transmission, the frequency of the first oscillator is anto-
maticallv changed in such a way that the medium fre-
quencies are maintained.

An electric automatic tuning system, as used in our
older equipment, is quite satisfactory for rapid fre-

N
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219 280 203 286kc
(a) (b)

Fig. 8—(a) The position of the channels on the Indies link; (b) the
position of the channels in the so-called “displaced-band” con-
figuration. The different shadings apply to both possibilities with
regard to the position of a specific channel.

3 276

quency variations; such a device is not suitable for a
slow variation in one direction. These variations may
not only occur in the transmitter and because of the
ionosphere, but also by temperature changes in the first
oscillator of the receiver. In an electrical system, a regu-
lating voltage (4 or — voltage) produced by the devia-
tion of the pilot frequency from the correct frequency
(in the 266- to 286-kc band), accomplishes the neces-
sary correction of the first oscillator (or second oscil-
lator in our older equipment). The frequency deviation
of the first oscillator is only maintained as long as the
regulating voltage is present; fading in reception may
cause an interruption. Furthermore, the frequency ad-
justment is not complete; a certain difference has to be
maintained for producing the necessary regulating volt-
age. These effects will be more pronounced as the oscil-
lator is detuned more by the regulating voltage.

An electromechanical system produces a change in
frequency by a modification of the mechanical arrange-
ment (self-induction, or capacitance) of the oscillator;
the oscillator obtaining a new equilibrium. A short sur-
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Fig. 9—High-frequency repeater (rear side opened).

vey of the automatic tuning devices in the receiver is
given in the following paragraphs (Fig. 5).

Following the second frequency conversion (266 to
286 kc), the pilot frequency is converted to 60 ke, by
the use of 604x oscillators. If, as is usual now, the pilot
frequency is 276 kc, these oscillators are 216 or 336 ke,
for the “right” or “inverted” channel arrangement, re-
spectively.

In accordance with the position of the pilot on the
former Indies link on four channels (Fig. 1), an oscil-
lator of 211 kc is provided. The 60-kc pilot, after selec-
tion in a crystal filter (bandwidth 100 cps), amplifica-
tion and limitation, operates a discriminator, convert-
ing the frequency deviations from 60 kc into voltage
variations (4+ or —), these voltages operating a first-
oscillator suppressor grid (Fig. 10). This design was de-
veloped by Prins, engaged inflaboratory work at the
Radio Laboratory of ‘the PTT.
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Fig. 10—Block schematic of the first oscillator.

The discriminator contains two crystals (60 kc+20
cps). A change in suppressor-grid potential causes a
change in space charge and, accordingly, a frequency

change. Between the discriminator and the suppressor
grid an RC network is fitted for the purpose of stabiliz-
ing the electrical frequency-adjustment circuit, pre-
venting, at the same time, a rapid fall of the voltage
during fading.

Our mechanical frequency adjustment is essentially
that of the Western Electric single-sideband receiver.3
The 60-kc pilot and a 60-ke stabilized frequency (crys-
tal oscillator) are applied to the grids of four tubes (two
pairs), and each pair is balanced with regard to one of
these frequencies; with regard to the other frequency,
these pairs are shifted 90 degrees. The plate current of
each tube flows through the windings of one of four stator
poles of a motor; a frequency difference produces a
rotating field in a direction depending on the sense of
frequency deviation. As the four grids are biased, the
four poles are in fact magnetized in turn. The rotor con-
sists of a magnetic wheel provided with a number of
teeth (11), not being a multiple of the number of poles;
a magnetized pole will turn the rotor in a position most
suitable to the magnetic flux. The successive magnet-
ization of the poles produces a rotation of the rotor; a
trimmer coupled with the axis of the motor varies the
frequency of the first oscillator.

To avoid large differences in trimmer frequency varia-
tion over the frequency range of one oscillator, coupling
of trimmer and tank capacitances is by means of a net-
work,

3 F. A. Polkinghorn and N. F. Schlaack, “A single sideband short-
wave system for transatlantic telephony,” Proc. I.R.E., vol. 23, pp.
701-718; July, 1935. <

¢ A. A. Roetken, “A single sideband receiver for short-wave tele-
phone service,” Proc. I.R.E., vol. 26, pp. 1455-1465; December,
193
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The tuning capacitors and the trimmer of both oscil- In contrast with an electrical frequency adjustment, the
lators are of the twin type. Thus one tuning knob and frequency difference is completely neutralized.
one motor are sufficient for both first oscillators and
both frequency ranges. In this equipment, the electric
tuning control is designed for control of rapid frequency In'aisystem for automatic frequency adjustment, as
variations and the mechanical for the slower variations. in'‘any feedback circuit, stability or instability may

Stability and Instability in Automatic Tuning Systems

Fig. 11—Rear view of the first oscillator with thermostat and double screening removed.

(This does not mean that a mechanical correction is es- exist.

sentially “slow.”) The conditions for stability, which must be fulfilled
Frequency difference of the pilot and the 60-kc stand- in the receiver, will be deduced in the theoretical part

ard causes a rotation of the motor and a change of the of this paper.

first-oscillator frequency through the trimmer capacitor. For the purpose of a stabilization of the electrical fre-
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quency adjustment, an RC network is inserted between
the discriminator and the oscillator.

With regard to stability, the lowest value of RC is
determined by the amplification in the circuit and the
delay of the 60-kc filter, the stability of the mechani-
cal adjustment being given by the frequency variation
of the motor for one rotation.

Temperature Control of the First Oscillator (Fig. 11)

In order to minimize the influence of the temperature
on the frequency, the first oscillators, together with a
coupling tube, are placed in a thermostatically con-
trolled oven.

Résumeé

The advantages of the newest equipment in com-
parison with the older one may be summarized as fol-
lows:

1. The introduction of normal cable carrier equipment
results, in addition to sharing all experiences already
gained in the development of such equipment, in the
application of one uniform type of filter (60.3 to
63.4 kc¢) for the formation of the single sideband. A
change in the relative positions of the channels only
involves a change of the 62 4x frequencies.

2. The first and second medium-frequency filters may
be comparatively simple. (In a receiver of the older
type, the filter 465 to 480 kc is a derived type of
filter (with frequency of « attenuation) for a suffi-
cient suppression of image response below 455 kc).

3. By applying electrical and mechanical adjustment,
we take advantage of both systems.

4. The use of crystals in the pilot-frequency network
and in the discriminators makes routine checks of
these important parts superfluous.

5. The first oscillators are stable from an electrical and
a mechanical point of view and are placed in thermo-
statically controlled ovens.

APPENDIX

SoMe TueoreTICAL CONSIDERATIONS ABOUT
FREQUENCY ADjUSTMENT
I. Electrical Adjustment
w, =input frequency
wo =oscillator frequency
wy=output frequency
A, =decviation of these magnitudes.

The frequency adjustment may be shown diagramati-
cally according to Fig. 12.

M =modulator. O=oscillator. D=discriminator.

Wy = Wi — Wp Aw, = Adw; — Awg. (0
With w; variable, w, will have to remain as constant as
possible. The operation of the adjusting mechanism may
be represented by
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Awe = mAw,. (2)

From (1) and (2), and because m>>1, it follows that
Ay = ———— =~ — - 3)

Equation (3) gives the degree of control; i.e., the devia-
tion of w, as a result of the deviation of w,. The adjust-
ing mechanism has been considered as being static; this
system, however, which is closed in itself, can, under
certain circumstances, be in an unstable condition. The

Wy We

Fig. 12

conditions for stability and unstability will now be con-
sidered.

v Stability. The circuit for the adjustment is again
shown in diagram in Fig. 13, with the addition of the
pilot-frequency filter F and an RC network. These ecle-

we Wy
] M S —

Wo

]
J .

Fig. 13

ments play an essential part when considering the fre-
quency fluctuations which can occur in this circuit. It
is supposed that these frequency fluctuations are small
and remain limited to the frequency area of the filter F;
the effect of F on the transmission of these “frequency
waves” is given by a “time delay” 7. This time delay is
determined by d¢/dw in the passing range, wherein
¢ =phase angle between the input and output voltages;
the value of 7 will be estimated.

By applying the Nyquist theorem,® a stability condi-
tion may be obtained in a simple way.

For that, we disconnect the circuit at x and trace the

5 R. E. Graham, “Linear servo theory,” Bell Sys. Tech. Jour., vol.
25, pp. 616651 ; October, 1946,
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variations of ws, while w; is periodically varied with a
frequency w.
From the following equations,

Au.‘u = A(.:,‘,' i AOJn (])

m
Awg =

VCR)? + 1

where in (3a) the argument is determined by 7 and RC
and the modulus by RC, it follows

e -i(wr taretyg w('lf)Aw
L

(3a)

Awo m .
—— i (wrtarctg uCR). (4)

Aow  AV(CRTF 1

According to Nyquist, (4) will not contain the point
—1, if plotted in the complex plane as f(w) for a stable
situation.

We can limit ourselves to positive values of w; since
the modulus of the function concerned decreases as w
increases, the Nyquist condition mayv be formulated
thus:

If

wt + arctg wCR = T, (5)
then

m
———— & | 6
V/(@CR)? + 1 v

Because m>>1, it follows from (5) and (6): wCR>1
and wr=7/2 and, in connection with (6), the stability
condition is

mr ka

— <
RC " 2

This condition can also be obtained from the oscilla-
tion equation of the adjustment circuit in Fig. 13.

Supposing that w;=constant, it follows that Aw;=0
and, according to (1), Aw, = —Aw,.

In Fig. 14 the RC network is shown; L’; and U, are
the input and output voltages, respectively.

R
U c —]z u,
Fig. 14

I'rom the following equations (IFig. 13),

l’l’l = KAwm o= = KAwy, -7 (x)
o K
Uu, = NMwo, where in -; =m and {9)
dU,
Uw.= U, — RC——, (10)
dt
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the oscillation equation follows as

'lAwo
Awo, = — MmAwg, . — RC —} . (1
(” [
Substituting

AOJo = ¢! (12)
vy=a+j8 (12a)

into (11), the two equations (13) will be obtained, after
splitting up into real and imaginary parts, as follows:

14+ aRC = (13a)
me=°" sin Br = BRC. (13h)

— me~°T cos Br

The limit of stability, the transition from oscillations
with increasing amplitude to those with decreasing am-
plitude, is given by a=0; because of m>>1I, it follows
from (13a): Br =m/2 and, after substitution 'into (13b),
the stability condition is obtained.

This result was found in 1932; a solution of the tran-
scendent cquations (13) by graphical methods is given in
considerations by de Cock Buning,® which have not been
made public. In these, the condition for a nonperiodical
oscillation equation is also laid down. The deduction of
this condition will be indicated briefly.

Substitution of (13h) into (13a) leads to the equation

RC T RC B
1—}———|:B - In— A ]=()

T tg Br mr sin 31

(14)

and because RC/ is usually big, the following equation
is obtained:
Br Bt RC

— —In——— =1In
tg Bt sin Br mr

(15)

From cquation (15) the various solutions for 8r can
be obtained. It appears that for n(RC/mr)>1 no solu-
tion for Br between 0 and 27 is possible. (Since the solu-
tions for values of 87>2r imply a large attenuation,
we can limit ourselves to the cases where 8r<27.)

The condition for a nonperiodical solution is evi-
dently more stringent than the condition for an oscilla-
tion with a decreasing amplitude and is, therefore,

mr mr

In—< -1 or
RC

In the newest single-sideband receiver, m =200 and
7 =50 milliseconds and RC=35.

1. Mechanical Adjustment

A schematic wiring diagram of the mechanical adjust-
ment is shown in Fig. 13,
S.A. =motor for the frequency adjustment
f.=angle of rotating field in motor
8, = angle of rotor in motor.

* Unpublished data.
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The following relations exist:

Aw,, = Aw.- — Awo (16)
il _ 5 A7)
a
dA do,
e m , (18)
dt dt

while the differential equation of the motor is as follows:
d%,
dt?

. de,
I +R7t—+A(0r—04)=0 (19)
I =mass momentum of inertia of the motor
R =coefficient of resistance
A =force of rotating field on the rotor.
For a motor with negligible mass and resistance,
6,=0,.

X

S.M

Fig. 15

Stability. When interrupting the circuit at x, it fol-
lows, as in the previous case, from equations (16), (17),
and (18) for a motor without mass and resistance

Awo m
= — ¢ i(wr-{-r/?).

Awy w

(20)

Application of the Nyquist theorem, as has been done
in I, gives us the stability condition:

m T
—<1 wr+— =7 or
w 2
T
mr<7 (21)

In the general case, it follows from (16)-(19) instead
of (20):

Awo m

— g~ i(wrtxtarctg [(wI-4/w)/R))

—— 22
Aw, w/R*+(w]—A/w)? (22)

PROCEEDINGS OF THE IL.R.E.
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(for I=R=0, equation (22) changes into equation (20).
If R*> A1, in other words, if the resistance element
is sufficiently big to make the motor “nonperiodical,”
the modulus of (22) will decrease with w increasing. The
stability condition may then be derived from

wl — Afjw
wr + 7 4+ arctg———— =1 or
Afw— ol
gor = 212 (23)
and
— h_m <1 (24)
AR ol = Aja)?
From (23) and (24) it follows that
R «?%r
mr < — (25)
A cos «r
From (23) it also follows that
™
0<owr< - (26)

and if, in (23), I is small with regard to 4/w, tgwr=
A/wR and (25) changes into

wT

mr < —
sin wr

and because of (26),
| mr<1

@7

Although reliable tests have not yet been carried out, it
seems likely that the suppositions on which equation
(27) is based are fulfilled.

In our case, m =10 and 750 milliseconds.

CONCLUSION

With the exception of a part of the carrier equipment,
the receiver as well as the premodulator have been con-
structed as prototypes at the Radio Laboratories of the
Netherlands PTT.

With regard to the carrier equipment, the Transmis-
sion Laboratories of the PTT have been very helpful
in the design, as well as during the construction.

Of all the contributors, we would like to mention in
particular the engineers van den Berg, Bicknese, and
Verhoef, as well as the technicians Bennink, van
Maanen, Philippens, van der Hoeven, and van Hal.
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