\ER o

THE PRINCIPLES OF THE TROCHOTRON RYG 10

During the development stage the trochotron RYG 10 was called
AD 3. It is a high vacuum electron tube with an oxide-coated
cathode /fig. 1/, designed to operate in a magnetic field as
a ring counter with ten /or 1ess/ positions. The ten symmetri-
cally arranged electrodes are called spades and the round elec-

trode outside these is called the plate.

The strength of the magnetic field has to be so large that,
when all spades are at the working potential, no current flows
to them. If from this condition the potential of one of the
spades is lowered, a current - potential diagram similar to

fig. 2 is obtained. It follows that three operating points /A,

B and C/ are possible if a resistance is connected to the spa-
de. Of these three points, however, only A and C are stable.

The appearance of the electron beam when one spade is "locked
down" /i.e. at the operating point A of fig.2/ is shown in Ffig.3s =
The reason for this behaviour is that electrones moving in cros-
sed electric and magnetic fields mainly follow an equipotential
line. The direction of the rotation of the beam may be reversed

by rotating the direction of the magnetic field 180 degrees.

CATHODE POTENTIAL
AS ZEROD

Vep

PIG 1 TROCHOTRON RYG 10, SHOWN IN A PLANE FIG 2 CURRBNT TO ONE SPADE AND TO THE PLATE
PERPEFDICULAR TO THE CATHODE. AS A FUNCTIOR OF THE POTENTIAL OF THE

FERTINENT SPADE. PLATE POTENTIAL HAS

ABOUT THE SAME VALUE AS THAT FOR OTHER

SPADES.
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It is now possible to make a simple stepping device. To each

spade is connected an RC circuit as in Fig.4. Assume at first
that spade n in fig. 4 is "locked down". Most of the electron
current from the cathode thus goes to the plate /COnfer Fig.2/
If the plate potential is abrubtly decreased to almost cathode
potential most of the current will then go to the next spade
/n + 1/ instead of to the plate. This current quickly charges
the capacitor connected to this spade and the spade potential
‘decreases. When this potential approaches the cathode poten-
tial, the whole beam will switch over to the next ©box and it
is then necessary to restore the plate potential to its normal
value in order to avoid that the beam steps further. At this
moment the beam is locked to spade /n + 1/ and i1s divided bet-
ween the plate and one spade in the same manner as before, but
it is advanced one step. There it will stay until the next ne-
gative pulse is applied to the plate. The spade n now receives
no current and its capacitor is conseguently discharged by the

corresponding resistor.

+v
B® PI
[

CATHODE POTENTIAL
AS ZERQ

FIG 3 THE BEAM FORMATION WHEN ONE SPADE IS ZIC 4 A SIMPLE STEPPING DEVICE USING THE
IN WOREING POINT A. TROCHOTRON RYG 10.
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The speed of stepping is increased by decreasing the spade re-

sistors and capacitors. Minimum values are expected to be of
the order of 100.000 ohms and 10 pF. A suitable length of the
stepping pulse applied to the plate is approximately

€y Vg
T = 0,8 =B SP
P I,

provided that the plate pulse goes down to cathode potential.
Because it takes a longer time to discharge the spade capaci-
tor than to charge it with the current available in the tro-
chotron, the time for one complete rotation of the beam /ten

steps/ should not be less than 4 ¢« R =G
o Sp SP

Increased beam current /increased voltage and magnetic field
strength/ contributes to the stability at lower spade resis-
tor values. The use of a cathode resistor is recommended as
this minimizes the influence of voltage variations. A varia-
ble cathode resistor is also conveniant for compensating for

possible differences in the circuits or of the magnetic field.

The max. counting speed of the +tube itself is of the order
of 1.000.000 counts/sec. while reasonable simple driver cir-

cuits permit counting speeds up to 400.000 counts per sec.

T The position of the beam in the tube can be read electrical-
ly from the spade voltage or visually from the fluorescent

Screele.

— Resetting to any of the ten positions may be accomplished by
momentarily removing all spade potentials and then reapplying
them whilst delaying the voltage rise at the relevant spade.
This can easily be achieved by an RC combination or by means

of mechanical contactse.

The magnetic field needed can be produced by a cylindrical
Alnico magnet 45 mms long and with a wall thickness of more

than 5 mms
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DESIGNATIONS
V = Spade Voltage R = Spade Resistor
sp sp
vpl= Plate Voltage B = Magnetic Induction
Ik = Cathode Current

All voltages refer to the cathode potential as O.
RECOMMENDED WORKING CONDITICONS

Heater Voltage « o o o o o o s o o s o 643 volts
HegbersCurrent o ic wis et sioaie e alite 0e3 amps

Plate Dissipation maximum o+ ¢ o o o 1.0 watt B
Spade Dissipation, each spade .+ . .« . 0.5 watt

v

552 = approX. 105 / volts resp. wolt = sec/m2 /

V s =
pl approx vsp

For sufficient visual indication the plate voltage should

not be lower than 80 voltse.
V']

3 -'“Keeping ;%R constanf, Ik varies as VSE/E.
NORMAL WORKING POINT
Spade Voltage =« o ¢ o s o s o ¢ s s & 100 volts
i Plate Vollage cosos v ais ol s ais o 100 volts -
Magnetic Induction, approXs =« o o+ o o 350 gauss
Cathode Current, approXe o o o o o o o 10 mA
Spade ResSiStor « « ¢ o ¢ o o s o o o o 0.2 megohm -

EXAMPLE FOR THE CURRENT - VOLTAGE CHARACTERISTICS
Other spades: Vsp= 100 volts

Vp = 100 volts

B = 350 gauss

e B = s e e i e e vy, voLTs (oNE SPADE)
0 50 100

R 8430
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BOTTOM AND SIDE VIEW OF THE TUBE

or TN

MAX. 28mm
= ( 1 THE MAGNETIC FIELD
£ r——-_K/ HAS TO BE HOMOGENEOUS
8 s | : WITHIN THE INDICATED
< L o VOLUME.
et 8
s . i
= e e
[Syeani =
SOCKET CONNECTION. BOTTOM VIEW.
SPADE 10 SPADE 1
SPADE 9 SPADE 2

CATHODE

SPADE 3

SPADE 6 SPADE 5
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Coaxial Trochotron for Pulse Counting

O STERNBECK, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

Fig. 1 X 4928

Schematic cross-section of coaxial
trochotron, type RYG 10

S;—Ss control electrodes
P receiving electrode
C cathode

Fig. 2 X 4929

The coaxial trochotron with all control
electrodes positive

Fig. 3 X 4930

The coaxial trochotron with 1 control
electrode on cathode voltage and the
remainder positive

U.D.C. 621.385.832:621.218.572

The action of the trochotron is based on the characteristics of an electron

beam in a magnetic field that is crossed by an electric field. An electron beam,

which moves in a trochoidal path perpendicular to the directions both of the

magnetic and electric fields, is characterized primarily by its easy deflect-

ability and its capacity to maintain its width even at high currents and low
voltages.

The principle of the trochotron originates in an invention of H. Alfvén
and H. Romanus.* A number of types of electron tubes have been developed
by Telefonaktiebolaget L M Ericsson on the trochotron principle. One of
them, designated RYG 10, manufactured by AB Svenska Elektronrir, is
described below.

Method of Operation

The coaxial trochotron RYG 10 (previously called AD-3) is a high-vacuum
tube, in which the electron beam can be guided into ten different positions
or “boxes” and which, when suitably connected, can retain the electron
beam in one box until it is moved on to another. A cross-section of the tube
is shown in fig. 1. Round an oxide-coated cathode forming the axis are ten
V-shaped control eclectrodes (called spades) so arranged as to form boxes
with-—paraHel sides between them. The control electrodes are surrounded by
a cylindrical receiving electrode which encloses the control electrodes forming
the bottom of the boxes. For the correct functioning of the tube the space
enclosed within the receiving electrode must be permeated by a magnetic
field with its lines of force parallel to the longitudinal axis of the cathode
(perpendicular to the plane of the paper in fig. 1).

If all control electrodes are made positive in relation to the cathode and
the strength of the magnetic field is properly balanced, the magnetic field
repels the electrons emitted from the cathode before they reach the control
electrodes and compels them to return to the cathode. The returning electrons
form a negative space charge around the cathode which further suppresses
the emission of electrons, fig. 2. In that condition no current flows in the
tube, but around the cathode there circles a swarm of clectrons, the direction
of movement of which is determined by the direction of the magnetic field.
When the potential of one of the control electrodes is now lowered to, for
cxample, that of the cathode, the swarm of electrons can no longer circle
around the cathode, but is deflected in the direction of the negative control
electrode and into the box between the negative control electrode and the
positive control electrode immediately preceding it, finally striking the
receiving electrode, fig. 3. An electron current is thus obtained in the tube,
the strength of which is determined by the geometry of the tube, the voltage
of the control electrodes and the strength of the magnetic field. The transition
from dead to live condition due to lowering of the potential of a control
electrode is continuous, as will be seen from fig. 4, which shows the current-
voltage conditions in the tube. It is observed that the characteristic of the
control electrode is negative, i.e. that the current increases if the voltage
of the control electrode is decreased. The negative characteristic of the control

1 ALFVEN, H. & ROMANUS H.: Valve with trochoidal electronic motion, Nature
160 (1947) p. 614,
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Fig. 4 X 4931
Control electrode current (Ip) and re-
ceiving electrode current (Ip;) as func-
tion of the control electrode voltage
(Vsp). The voltage of the remaining
control electrodes is 100 V.

Fig. 5 X 4032

Perspective drawing of RYG 10
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electrodes permits automatic locking of the beam if every control electrode
is connected in series with a sufficiently high resistance. In fig. 4 a load line
Is drawn, and it is manifest that there will be two stable points of operation
for the control electrode in series with such a resistance, viz., point A in the
neighbourhood of the cathode potential and point B at the feed potential.
Thus in a trochotron with control electrodes connected in series with high
resistances, if the potential of a control electrode is momentarily lowered to
the neighbourhood of the cathode potential, the voltage drop in the series
resistance takes over the task of holding the potential of the control electrode
at a sufficiently low level, and so-called locking is obtained. To ensure locking
with a 100 V control electrode feed voltage, a resistance of about 200,000 2
will be required.

As is scen from fig. 4, only part of the current in the tube is received by
the control electrode, the major portion passing on to the receiving electrode.
If the potential of the receiving electrode is reduced below the cathode
potential, the electrons are unable to reach the receiving electrode but go to
the immediately preceding control electrode. If a resistance of sufficient

magnitude is connected in series to the control electrode, the latter undergoes. .

a drop in voltage and takes over the locking of the beam. If the potential
of the recciving electrode is still below that of the cathode, the beam continues
to the previous control electrode, and so on. Thus the beam itself advances
from control electrode to control electrode in the opposite direction to the
electrons. On the other hand if the potential of the receiving electrode is
again made positive after the beam has moved one step, the beam is retained
in the position it last assumed. The normal use of the coaxial trochotron
RYG 10 as pulse counter is mainly based on its ability to compel the beam
to move one step at a time by means of short negative pulses on the receiving
electrode. The condition necessary for stable stepping is that the time during
which the receiving electrode is negative coincides with the time required by
the beam to lower the voltage of the control electrode from feed voltage to
cathode voltage.

Design

The aim has been to make the design of the tube as simple as possible.
The number of components has therefore been kept low. The possibility
exists of offering an inexpensive product in the event of large scale manu-
facture.

The tube is in the form of an all-glass bulb with 14-pole button stem with
lead-in wires of the same type as in miniature tubes. The tube is 25 mm in
diameter and 52 mm long. The electrode-system, which forms a composite
unit kept together by the receciving electrode, is spot-welded direct to the
lead-in wires. The material used in control and receiving electrodes is a non-
magnetic nickel-chromium alloy. The cathode is of the oxide-coated type and
is heated by a 6.3 V, 0.3 A coiled filament. The magnetic field required for
operation is generated by a separate cylindrical, axially magnetized permanent
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Fig. 6 X 7658
Wiring diagram for decade counter
using RYG 10

magnet surrounding the tube. At a control electrode voltage of 100 V the
requisite magnetic field is about 345 gauss.

The position of the beam in the tube is indicated by the voltage drop on
the control electrode which locks the beam. A visual indication is often
sufficient and, in order to save the roundabout method involved in using
separate glow-lamp indicators, the tube has been provided with a fluorescent
screen. The fluorescent screen is formed integral with the receiving electrode
in such a way that 10 boxes. open at the top, are formed bestween screen
and receiving electrode. Each of these boxes is connected to the corresponding
box between the control electrodes by means of holes in the receiving elec--
trode. A voltage of about 100 V is required for clear indication.

Decade Counter

Simultaneously with the tube, a basic circuit suitable for pulse counting has
been developed (fig. €). The stepping principle employved is that described
above, involving the movement of the beam one step by means of a short
negative pulse on the receiving electrode. To make the required pulsing time
comparatively independent of tube and coupling capacitances, all control
clectrode resistors are coupled in parallel to 25 uuF capacitors. A drop in
voltage of 100 V for a locked control electrode at a total control electrode
capacitance of 40 uuF corresponds to a charge of

CV=—100-40.10"12 = — 4. 107 9[As]

At a control electrode voltage of 100 V the beam current is about 10 mA
and, if the current in the resistance is disregarded, the requisite pulsing time
will be

CI —4.10-9

= *I— :TU_? :4'10_‘[51

The above-mentioned pulsing time will determine the capacity of the
counter to distinguish between two successive pulses. For counting longer
trains of pulses the speed is limited also by the time constant of the control
electrode circuit. The time taken by one revolution (10 steps) must not be
less than four times the time constant of the control electrode circuit if the
tube is to count irregular trains of pulses.

The pulse is generated by a blocking oscillator V, which is started by the
phase changer and the amplifier ¥, The pulses to be counted enter V, in

3



the form of negative voltage pulses. If the counter forms part of a larger
counting unit, the pulse arrives from the preceding counter. The grid circuit
of ¥, has been made insensitive to negative pulses below a given amplitude,
and also to all positive pulses. The blocking oscillator is a stable and simple
pulse generator of sufficiently low impedance. Unfortunately it limits the
speed of the counter to about 400,000 pulses per second, while RYG 10 with
a more complex pulse generator comes up to 10% pulses per second.

In order that an outgoing pulse shall be obtained on every tenth incoming
pulse, the shunt capacitor of control electrode no. 0 is connected in series
with a resistance. Every time the beam enters box 0, a sharp negative outgoing
pulse is received.

Al zero-setting the feed to all control electrodes is first broken and no
current flows in the tube. Thereafter feed voltage is again applied to all
control clectrodes. Control electrode No. 0 does not reach full voltage until
rather later due to the delay in its combined resistance and capacitance
R C,. Since the potential on control electrode O is at first lower than on the
remaining control electrodes, the beam to control electrode 0 is locked.

Thanks to the éomplete symmetry of the tube, zeroing can be performed
in any of the ten positions. Reading and zeroing arrangements may be
considerably varied to meet different requirements of speed and amplitude.

The counter is extremely reliable in operation. Despite the absence of
precision components it functions at variations in feed voltage of from 200
to 300 V. No adjustment is necessary on replacement of tubes, nor trimming
of individual units. On the other hand the magnet must from the start be
magnetized to the proper field strength and the magnetic field must be parallel
to the axis of the tube.

Summary

RYG 10 is up to this time the only commercial decade pulse counter tube
which permits direct setting to a desired position, indieation of the beam
position in the form of an electric potential from all positions, and a high
counting speed. Its simplicity, small dimensions and clear indication, and
its applicability in simple coupling arrangements, give promise of its finding
wide use within the fields of mathematical machines and other instruments.
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