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1.

Investigation of Cold-Cathode Tubes made by
Siemens Reiniger Werke, Rudolstadt

Persons Interrogated

(a) Bmoloyees of Siemens Reiniger Werke, Rudolstadt

JACOBI = Director of development of electronic tubes
(except x-~ray tubes).
THALER - Production engineer for cold-cathode tubes.

HARMBSEN = Head of research on cold-cathode tubes
(from Siemens-Halske, Berlin).

(b) Employees of Flugfunkforschungs Institut, (Nr. Munich)

WICHMAN - Research engineer.
LUDER - Research engineer.

(c) RUHLEMANN - Director of Rheinmetall-Borsig.

As far as could be ascertained, Siemens Reiniger
were the only manufacturers of potassium activated cold-
cathode tubes in Germany. Rheinmetall used these tubes
in the manufacture of flare fuzes, cxperimental time

zes for shells and experimental influence (proximity)

fuzes for shells and bombs, F.F.C. (Gracfclfing) assistcd
in the development of suitable cirecuits for the Rheinmetall
fuzes.

General Noje

JACOBI appcared to have very little knowledge of
the details of design or preoduction of cecld-cathode
tubes, and the information obtained from him was of
little value and in some respeccts unreliable when
checked against the information obtaincd from those
more concerned with the details.,
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THALER supplied useful information on the production
details,

HARMSEN as the designer of the later types of cold-
cathode tubes supplied useful information on the theory of
operation, particularly for the new tetrode. His theory
and claims for the tetrode are plausible but require
experimental checking before they can be accepted.

LUDER was largely concerned with the measurement
of the characteristics of the tetrode, and he appecared
to be of the opinion that the tetreode is undoubtedly a
better tube than the triode, but does not work exactly
in accordance with HARMSEN'S theories, and is capable
of further development.

WICHMAN claimed to have developed a circuit
incorporating two diodes which is more reliable than
the tetrode, and just as scnsitive. He also claimed
that Rheirmetal proposed to use the two-dicde circuit
for the Influence Fuze., This claim was denied by
RUHLEMANN who stated that the triode had been used in
large numbers in the development of the Influence Fuze
and that it was about to be superseded by the Tetrode
when Germany collapsed., The two-diode circuit had only
been tried as a laboratory hook=up and had never been
used in a fuze, LUDER did not believe the two-diode
circuit to be practicable, The most likely explanation
of these conflicting statements is that WICHMAN had
suggested the two-diode circuit and probably tested it
in the laboratory with a swall number of different
diodes, but that he had no knowledge of what Rheirmctall
were using or proposed to use. It is also quite likely
that he did not test enough diodes to be surec that his
cirouit was a practical proposition.

RUHLEMANN appeared to have a good working knowlcdge
of the use and behaviour of the cold-cathode tubes in
the Rheimmetall fuzes and supplied useful information
on the users reaction to these tubcs.
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A report on the information obtained is given in
detail below, The theories of operation of the tetrode
and the two-diode circuit are given as supplied by
HARMSEN, LUDER and WICHMAN, but cannot be accepted
until they have been tested experimentally., For this
reason the characteristics claimed must also be proved
by tests before they can be accepted.

Manufacturing details will be given in a second
report which will be issued in the ncar future.

Technical Details

The basis of all the celd-cathode tubes dealt with
in this report is a metal (usually nickel-plated irom)
cathode coated with a comparatively thick layer of pure
potassium and other metal electrodes (not potassium
coated) designed in accordance with the function of the
tube, scaled into a glass envelope which is filled with
pure Argon at a pressure determined by the electrical
characteristics required. Such tubes with potassium
activated cathodes are found to have very constant and
reproducible electrical characteristics provided suitable
precautions are taken during manufacture to ensure
absolute freedom from organic impurities on the
electrodes and the interior of the envelope, a high
standard of purity of the potassium layer and freedom
from gas impurities in the Argon filling (Note:~- Diodes
and triodes with potassium activated cathodes have been
developed and made on a fairly large scale in England
since 1942 by Ferranti Ltd., to mecet 1.0.3. requircecments,
and similar properties of constancy and reproducibility
have been obtained.)

(a) Diode. The Siemens diode is shown in Fig.1., and
consists of two similar metal clectrodes each supported
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by three wires fuzed into a glass bead and mounted one at
each end of the tubular glass envelope. One electrode is
coated with a bright mirror of potassium and serves as the
cathode, the other electrode (anode) is not purposely
coated with potassium, but is nevertheless unavoidably
contaminated by small traces of potassium. The outside of
the envelope is painted with a conducting film of colloidal
srapghitc leaving two windows for examination of the cathode
and a space round the anode wire for insulation purposcs.
This film is connected to the cathode and acts as an
clcetrostatic screen.s The wholc tube is coated with a
nitrocellulose lacquer to prevent elcctrical lecakage under
roist conditions. This lacquer is colourcd with dye, a
different colour being uscd for each type of tube. Rach
tube has a serial number stamped on 2o mctal labcl attached
to one of the leads snd the relevant deotails of ceach tube
arc rccorded,

The two controllable factors which determine the
striking voltage of the diode are the electrode spacing
and the gas pressure. The accuracy of electrode spacing
depends on the skill of the glassblower during asgsembly
and spacing inaccuracies are corrected as far as possible
by adjusting the gas-filling pressure during processing.
This means that the striking voltage of cach individual
tube must be measured before sealing off from the
processing pump. When these precautions arc taken the
practical range of striking voltage within which the
tubes can be manufactured with rcasonable cfficicney is
160 + L volts. A stability of + 1 volt from the original
striking voltage value is claimed for cach tube on
starding idle for periods up to 3 ycars, It is also
claimed that only 20% of the tubes tested wandered more
than + 1 volt in 5 years. Thc tubes werc tested every
6 months with a rate of rise of anode voltage of 6 volts
per scceond for cach test. Some tubes had wandered more
than + 1 volt on somc intcrmediate fests but had
returned within the &+ 1 volt limits at the end of the
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5 year period, these were attributed to delayed strikes (see
below) and were counted as good tubes. (N.B. Total rejects
including those which had wandered more than + 1 volt at any
test during the 5 year period is estimated at 35%). 4 rough

' idea of the distribution of striking voltages at the end of
the 5 year period is given in Fig.Z.

If diodes are stored in darkness and tested in darkness
. with a rate of rise of anode voltage of 6 volts per second
it 4is found that their measured striking voltages arc higher
than the true values due to appreciable delays in firing (see

. Mige3),

The delay is attributed to lack of ions or electrons to
start the discharge and is not observed if the tubss are
. illuminated during test. As the tubes are used in darkness a
more practicable cure is to introduce Radium, and it was found
that a coating of 10-8 gm. of Radium on the anode reduccd the
delay almost to zero (see Fig.3). Owing to the difficulties
involved in introducing Radium into tubes under production
conditions a compromise measure was introducea which consisted
in painting Radium-activated luminous paint on the outside of

the envelope in a narrow strip stretchine from anode to cathode.

This resulted in a partial reduction in delay, and althouglh ix
was not as effective as Ra inside the tube, it was adopted a3
a standard method., (See Fig.3). (Note:= Radium applied
internally ha: been successfully used in England for curing
delays in striking, but the theory that the delay is due to
lack of ions or electrons for initiazting the discharce does
not erplain why the delzsy Zocs not appear until tubes have
been stored for several hours in darkness after their
previous strike, or why some tubes do not show the delay at
all), HARMSEN explained .these effecis by suggesting that
in the first case insulating particles on the cathode surface
will stay charged for long periods and produce a few electrons
l b auto-elsctronic emission,
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and that in the second case there is a high-resistance film
of potassium on the intermal glass wall which is connected
to the cathode and passes near the anode, allowing a very
small current discharge to pass between anode and film at

a lower voltage than the true striking voltage of the tube,
thus providing the ions when they are needed. As supporting
evidence, HARMSEN claimed that a single wire anode was
found not to be very satisfactory for diodes because it

did not approach close enough to the wall to allow this
small discharge to take place.

General Notes on the Diode

Although nickel-plated iron was used on production
for the cathode base metal and the anode, HARMSEN considered
chrome-iron alloy to be a better material to use, but had
not been able to persuade the production pcople to adopt it.

The standard diode in an llmm diameter envelive
suffers some inaccuracies in strikinz voltage due to wall
charges and a better tube can be made by using a 16mm
diameter envelope and introducing 10-8 gm. of Radium
internally (1000 a- particles per sec).

300 such tubes were made in the laboratory and gave
a constancy of + 0,15 volt over a poriod of 1 year after
allowing an initial period of 2-3 weecks for the tubes to
settle down, This tube was not put into production owing
to the objections raised by the factory to putting Radium
inside each tube.

A tube with diode characteristics and not requiring
Radium can be made by introducing a third electrode T
near the cathode and connecting it to the =node through
2 high resistance (sece Pg.h).

The breakdown from T to C occurs at a lower voltage
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than the main gap and the small current flow supplies
enough ions to eliminate delays in the main gap breakdown.

Gas Filling

Pure argor. is used at a pressure of about 12 mm of
mercury. Argon was chosen because its highest metastable
energy is only 11 e.v. which is not high enough to ionise
any likely impurities except mercury (which is easily
eliminated by the use of a liguid air trap). On the other
hand, the metastable energies are 21 e,v. for Helium and
16 e.v. for Neon, vhich are high enough to ionise hydrogen
and other likely impurities. For this reason Argon is
less affected by small traces of impurities than are
Helium or Neon, On this argument, Krypton and Xenon
should be better than Argon, but in fact this is not the
casc, possibly due to the difficulties of purifying these
gases ready for use,

Mixtures, such as Neon and Argon were not used
becausc they give lower striking voltages and smaller
differences between striking and running voltages, thus
introducing difficulties in obtaining the necessary arc
discharge in operation,

Early work on the diode was started in 1932 by
Dr. Vatter. yetbea
d—'-__‘

The temperaturs cocfficient of the diode is
-0.01V per .%c., due mainly to reduction in gas pressure
by cxpansion of the enwvelopz, and to some cxtont by
elongation of the elecirodes and supports.

Diodes are used mainly for time fuzes, and two
simple circuits for this purpose are shown in Fg.5,
(a) and (b). For a shell fuze travelling at 800 metres
per scc., an accuracy of 20 metres is required, calling
for a timing accuracy of ,025 scc. For a rate of rise
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of voltage of 6 volts per sec. on the diode, this requires an
accuracy of + 0,15 volt in striking voltage., For this purpose
the diodes must also withstand accelerations up to 25,000 z. l

(b) Triode 2 000 3

The three electrode tube is similar to the diode, but
with the addition of a third electrode in the form of a straight
wire projecting through a hole in the anode cup (see Fig.6).
The functions of wire and cup as anode and grid can be
reversed, depending on the applications.

The cathode activation and gas filling are similar
to the diode.

The control curve for the triode is shown in Fig.7.

The initiation of main discharge is different in each
of the four regions (a), (b), (c¢) and (d), and is as
follows:=

(a) Anode - grid.

(b) Anode-cathode (independent of grid. voltage),
(¢) Grid-cathode (independent of anode voltage).
(d) Grid-anode.,

In each case the initiation results in main gap
breakdown (anode-cathode). At point X the initiation
causes main gap breakdown at 107/ amp and at point Y at
10=11 amp, In practice these sensitive points cannot be
used becauge of instability. Region (¢) is the most
satisfactory to use because it is stable and reproducible.
The initiating current rises on moving along (é% from
Y to Z.

™wo alternative circuits for the triode arc shown
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in (a) and (b) Fig.8.

In both cases Cq4 is the main reservoir condenser
supplying the ancde voltage, and the triggering impulse

is applied across C2. In (a) the anode voltage is slightly

below the trigger breakdown voltage and the applied
impulse causes breakdown, in (b) R4 Rp is a high
resistance potentiometer which holds the trigger Just
below its triggering voltage and the applied impulse
trips ite In both cases for reliable working a 5 volt
trigegering impulse is required.

The application of the triode to an Influence Fuze
for a projectile is shown in Fig.9, using the circuit
(b) of Fig.8.

The grid potentiometer is of the order of 1000
megohm. The triggering impulse is obtained from the
higher rate of rise of the nose capacity to ground {or
other target), compared with the body capacity, the
whole projectile being at a different potential to
the target.

A 5V signal can be obtained in this way.

The triode requires Radium to prevent delays in
firing in a similar way to the diode,

Triodes have been made with the triggering
clectrode consisting of a single straight wire (0.55 mm
diameter) projecting through the side of the envelope
near the cathode, This type of tube was found to be
more satisfactory in operation than the standard triode
deseribed above, but it was not considered to be a
manufacturing proposition by Siemens, owing to their
hand-mede methods of assembly.
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(¢) Tetrcde

Owing to the shortage of Radium in Germany, attempts
were made to design a tube with the triggering properties
of a triode and which did not require Radium fo prevent
firing delays. This led to the Tetrode which was developed
by HARMSEN of Siemens, and the claims for this tube are
that it does not suffer from firing delays and that it
has a triggering sensitivity of C.1 volt if properly uscd.
The claims for the tetrode nced careful checking as
different observers in Germany do not agree on their
properties.

The tetrode consists of a potassium-activated
cathode (similar to diode cathode) mounted at one end of
& cylindrical glass envelope and three wire electrodes
mounted close together at the other end. (See Fig,10),
The centre wire is the anode with a trigger electrode
on ocne side and an auxiliary discharge electrode on the
other. The gas filling is pure Argon at about 25 mm
pressure.

The circuit diagram is shown in Fig.11.

The electrode H serves as cathode for a very
small current which flows continuously from the anode A
up to the instant of triggering. The clectrode T is
the trigger and it passes a very small continuous
current to the cathode K., The triggering signal is
applied across CZ2.

HARMSEN'S Theory of the Tetrode

Consider a diode circuit composcd of the trigger
electrode T and its associated circuit R and V (Fig.12).

b3bho-2
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If the voltage V is slowly raised from zero the tube
charccteristic will be as showrn in Fig.13, curve (1).

If R, represents the resistance load in series with
the dicde, the working point is P4. This condition is
stable if Ry, is a pure resistance, but if we include the
self cepacities Cp of the tube and Uy of the resistance,
or if Cp is an added capacitor across the resistance, this
condition is not stable because of the negative slope of
curve (1) at P]. These capacities then form a relaxation ]
oscillator with the diode. Curve (1) represents the
Townsend currcent before a self-maintained flow has been
formed. If a small current of the ordcr of 10~7 amp is
now passed betireen clectrodes A and H, the shape of the
Tovmsend current curve for the trigger diode will be
modified (Curve (2)). A flattened portion with a
positive slopc will appear because of the ions provided
by the auwriliary discharge between & and H which enter
the trizzer diode portion and are multiplied to some cxtent
by collisions (gas amplification). The working point is
now Po vhich represents a stable condition because the
slope at Pp is positive. Instability will only arisc if
the applied voltage increascs above V causing the b
operating point to fall on the negative slope of the |
curve, or if a voltage greater than v is suddenly 5
appaicd across Cr or Cp.

e e s =

The cxtent of ihe positive slopc region is claimed
to b a function of the suxiliary discharge current
betwoen 4 and H, an increase in the latter causing an
inerease in the former (c.g. curve (3)).,  The ncarcr the
opcrating point is to the peak of the curve the greater
the scnsitivity to a signal applicd to Cp and the greater
the risk of instability.
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If the applied voltage is raised above V or il a
signal greater thar v is applied to Cpr, the working
point moves on to the negative slope of the curve. This
results ir. the capacity Cp breaking irto relaxation
oscillations with the tube and if CR is not too small the
amplitude of thess oscillations will be bigz enough to
cause breakdowr ir the mair. anode-cathode circuit., It
will be seen, therefore, that for stable operation the
applied voltage must not excecd V , and to trigger the
tube a signal greatcer than v must be applied to Cg.

It is alsoc evident that the value of Cp is important.

The auxiliary discharge A-H, sincc 1t is a source
of ions, will eliminate the need for Radium to prevent
delays in firing.

If the above thecry is correet it will be seen
that the reliability of the tctrode depends on the
constancy of the Townsend Current curve for the irig.=r
discharge using the specified resistances in the trigger
and awdliary discharge circuits ard the specified anode
voltage. The greater the triggering scnsitivity required,
the more important this comstancy becemes. It is also
evident that the constancy of the resistors is important
and such constancy is not easily obtained with resistors
of the order of thousands of megohms.,  Sicemens, however,
claim to be able to make constant resistors of this
magnitude,

The tetrodes are normally designed to opcrate
with a 0.5 volt trigzering signal, and thc triggering
wave-front must be at least 150 volts per second for a
time constant of 1 seccond in the grid circuit.

The provisioral acceptance test for tetrodes is
as follows:=
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(2) Anode self-breskdown must be greater than 2C0 volts,
(Normal anode voltage 170V).

(b) Trigger self-breakdown 155 + 5 volts, without auxiliary
discharge and without series resistance in trigger
circuit.,

(c) Include series resistance in trigger circuit and pass
subsidiary discharge using the recommended resistance
values. The breakdown voltage must now be at least
15 volts higher than (b).

() Using the recommended circuit values, the tube must .
fire with a 0,5 volt signal appliced to the trigger
condenser CR'

Thesg conditions are illustrated in Fig.ik.

To cover tube to tube variations it is found that
two alternative values of R4 (see Fig.11) mist be
allowed, either 107 ohms or 5 x 107 ohms, the better value
being found by trial and noted on a label on each tube,
together with the recommended applied voltagc. (Note:=
Most of the samples obtained do not carry this label),

Co (Fig.11) may be 20 pf, but for safety should be
100 pf, and preferably is evenly divided with onc half
across the trigger input resistance and the other half
across trigger to cathode (Note with the high value of
C4, this means that both halves are effectively acress
the tube). In this way spurious firing duc to switching
surges is avoided. Otherwise the anode charging circuit
must have a time constant not less than 1 second.

Input frequencies greater than 10 Kc. per secc.
require a bigger signal to trigger.
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For a low resistance input circuit, the circuit shown
in Fig.15 may be used.

References: =
(1) Dallenbach - (believed) - Ziet.f.Tech.Phys.
(2) Stienbech = Space Charge Theory.

(3) Schade - Ziet.f.Phys. 10, 487, 1937.
Collisions of Second Kind,.

(4) Rogovski = Positive ion sheath theory.

References (2) (3) and (L) are in connection with the
theory to account for the shape of the Townsend Current
curves, !

Reference (1) is in connection with the stability
of the circuit.

HARMSEN has written a mathematical analysis of the
fundamental theory of the Tetrode and this has been
included with the official records taken from Siemens.

HARMSEN started work on the tetrode in 1936
following preliminary work carried out by others (not
named).

Temperature coefficient of the Tetrode is claimed
to be negligible from -4C°C to +50°C,

Information cbtained from LUDER on the Tetrode

The tetrode does not necessarily work on the position
slope of the tube characteristic (Fig.15), but will also
work satisfactorily on the negative slope. The reason for
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this 1s not understood, but is suggested to be due to the
cepacity across the resistor causing small relaxation
oscillations (indicated by the closed loop) which are not
recessarily big enough in amplitude to cause instability.
(See Fig.16).

Instability or triggering will only occur when the
oscillations are big enocugh in amplitude to pass point Q.
This will occur when a signal of suitable magnitudc is
applied to the trigger condenser.

Tests have shown that a continuously applicd sinec-wave
signal will trigger the tubes with greater sensitivity
than a single steep-fronted pulse, and also with more
uniformity. This is presumably because a tube will fire
with greater sensitivity if the signal is applied from
point X rather than P or any intermediate position and
a continuously applied signal will in a short time operate
from X, whereas a single pulse will operate from any part
of the cycle depending on the instant of application. It
was also found that one particular frequency is most
scnsitive which is believed to correspond to the natural
frequency of relaxation oscillations. This has becn
checked qualitatively by noting that an increase in
capacity across the resistor results in a lower
frequency for maximum sensitivity. Resonant frequencies
are found .n the range 100 to 300 c.p.s. (For o saw tooth
pulse this corresponds to a rate of rise of about 200
volts per S6C. ).

The characteristic curves for the tetrode have not
been measured by LUDER and he has acccpted HARNSEN'S
CUrves. sensitivity measurements were mode with the
test circuit shown in Fig.17.

HULZER (HARMSEN'S Assistant) meocsured 50 tetrodes
and found the characteristics shown in Fig.18.

63040-2
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50 tubes were checked, using either 19 or 5 x 1%
ohms for the Auxiliary Discharge resistance. 1C of them
would not trigger at 0.1 volt with either value of
resistance, but most of these rejects would give 0.5
volt sensitivity.

Tn some cases with a continuously applied A.C. signal
satisfactory operation could be obtained with 0.01 volt.
(Must be working on the negative slope region of the
characteristic curve).

All tubes and resistors must be set in wax or oil
to avoid leakage under moist conditions.

The tubes are not intended for continuous running,
end during test the anode current must not exceed C.1
milliamp, and a short rest period (few seconds) must be
allowed for recovery of the original characteristics.
Sputtering of the pobassium from the cathode is one of
the biggest causes of trouble, as the sputtered metal
settles on the tube envelope and the other electrodes
causing changes in characteristics, Sputtered potassium
settling on the auxiliary discharge electrode will cause
the discharge to wander up and down the wire resulting
in variations of the tube characteristics. This effect
can be overcome if the auxiliary electrode is bent as
in Fig.19. This improvement was not introduced on
production because of lack of time, but is important.
A glass sheath was not used because it is too
complicated for production.

(d) The Two-Diode Trigger Circuit - WICHMAN

WICHMAN had not found the tetrodes to be very
reliable or uniform in behaviour, He claimed that the
trigger condenser value is eritical and should not exceed
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20 p,f. if instability on switching the anode circuit is to
be avoided, He has developed a two-dicde circuit which he
claims is a satisfactory alternative to the tetrode.

The two-diode circuit is shown in Fig.20.

Tube 1 is passing Townsend current and judzing from
the circuit values given, the working point is on the
negative slope. The principle of operation is similar
to the tetrode working on the negative slope (Fig.16),
but in this case the drop in voltage across diode 1 is
reduced. suddenly on receipt of a signal and causes &
sudden rise in the woltage across diode 2 which is cnough
to cause it to strike and hence both diodes strike together.
The applied veltage is rather less than the sum of the
striking voltages of the two diodes, )

The stability of this eircuit is difficult to explain
and in any case is rather critical., The triggering
condenser must not cxcesd 100 p.f. (absolute maxirum)
including self capacity of the tubes and resistor, also
precautions must be taken to avoid surges on switching
the main circuit (see E&g.21).

For Cq equal to & pf (sclf capacity of cireuit),
the lowcst permissible value of R, is 150,000 ohms.

The fragquency range of operation is 300 to 800
cspese and 0.5 volt sensitivity is casily obtained. The
usc of Radium is not necessary and the circuit will
opcrate cqually well in light or darimess,

The effect of the value of Gq (Fig.21), excluding
self capacity, is shown in Fig.22.

Triggering sensitivities as low as 0.1 volt have
been obtained with diodes filled at coptimum gas pressure
(=10 mm). Diode 1 must be a small diamcter tube, diode 2
is not critical. This is possibly connccted with the flow
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of an auxiliary small current discharge to the high
registance film on the tube wall in diode 1, which may
be necessary for satisfactory operation,

The circuit has not been tested on single pulses,
but behaves very well with continuously applied A,C.
signals and has been tested for long pericds for stability
by applying an A.C. signal just below the triggering valug,
with satisfactory results. The effect of freguency on
triggering sensitivity is shown in Fig.23,

The possibility of maximum sensitivity at a frequency
corresponding to the relaxation oseillation freguency is
indicated here.

The trigger wvoltage values shown in the curves are
likely to be inaccurate at low frequencies because the
signal generator had a high impedance at the lower values.

The two=-diode circuit had been tested for stability
for periods up to one month with satisfactory results,
but the tubes and resistors must be set in paraffin wax
to avoid leakage effects due to moisture,

The twec dlodes can be substituted by a single three
electrode tube provided there is no appreciable diffusion
of ions between the two halves. For example the standard
German triode can be used if the wire electrode does not
project through the cup (sce Fig.24).

WICHMAM'S objection to the tetrode is on the grounds
of instability and lack of uriformity. The original
laboratory models bcehaved much better than a subsequent
batch of 100 production tubes. The sensitivity is good,
being C.5 volt at 50 cycles per sec., and 0.1 volt at
300 cycles per scec. He considers that the only useful
funetion of the auxiliary discharge is to reduce firing
delays from 10«4 to 10-6 scecond.

53040-2
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Information obtained from RUHLEMANN

(a) Diode

Vork on time fuzes using diodes was started in 1931-33.
Before 1942 diodes had given trouble with glass breakages
caused by potassium attacking the sealing wires and
starting cracks, but the material of the wire was changed
in 1942 and since then very little trouble had been
experienced.,

The tubes are set in pitch (melting point 100-120°C)
inside a bakelitec moulding. Siemens had imposed a limit
of about 60°C for maximum safe temperatures, but in fact
setting in piteh did not appear to disturb the tubes.

Diodes were accepted between the lirdits 155-165
volts, being measured after having been installed in
the fuzes (in daranSS) for two or three days. (Values
usuzlly about 0.3 volt lower than the Siemcns figures),
Stocks did not generally accumulate for morc than 3 to
5 months. Measurement difficulties were overcome by
kegping 20 or 30 control tubes which were passed
backwards and forwards between Siemens and Rheinmetall
and werc used to check the measuring instruments.

e diodes were labelled with a number by Siemens
and a record of siriking voltages were kept. In fact
Rheirmetall did not refer to these records so that tube
changes of several volts would not be detected provided
the final value was between limits., IHowever, laboratory
tests had shown that very few tubes would be expected
to wander more than 0.3 volt from their rccorded values.

Lfter 2«3 years shelf life tests on completed fuzes,
there were 20% rejects, but only 1% wcre duc to diodes,
The remainder being Adue to condensers, lhe best
condensers would be the hermetically sealed type using
glass bushings from Jeha,
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(b) Triode and Tetrode

Several thousand experimental Infiuence Fuzes had been
made, nearly all with triodes. About 3C had been made with
tetrodes and none at all with the ftwo-diode circuit of
TICHMAL,

The two~diode c¢ircuit had been tested in the laboratory
and found to be insensitive,

The standard circuit for the triode was the simple relay
circuit with the trigger biased to 5 volts below the strike
value by means of a high resistance potentiometer (sce

Pig.9).
The test circuit for triodes is shown in Fig.25.

C is a variable capacity which is rapidly raised by
automatic means from O to approximatcely 40 cm. The value
of V required to fire the tube under these conditions was
determined and insensitive tubes were rejected.

On firing trials it was found that the firing delays
in the triode were too high. The use of luminous paint
applied externally did not cure the trouble and although
it was suggested that Radium applied internally would be a
successful cure it was never put into practice and no tubes
with internal Radium had been fired in fuzes. The high
cost and shortage of Radium was given as the reason for
this.

The Tetrode was proposed as & means of eliminating
the delay, but no firing trials have been made to check
the delay in this type of tube. The increased sensitivity
of the Tetrode was also of interest because it offered
possibilities of introducing filter circuits to discriminate
between clouds and the more solid targets. This was only
an idea and had not been tried. The standard fuze using
the triode (5 volt sensitivity) suffered from a pronounced
tendency to air bursts dwe to cloud.
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Work on influence fuzes was started 10 years ago,
but was stopped at the beginning of the war because the
influence range was considered to be too small. Early in
1944 the requirement was changed and work was started
again. The fuze had not been accepted as ready for
operational use,
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