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Introduction

A phototube consists principally of two elec-
trodes in an evacuated glass envelope. One electrode,
the cathode, emits electrons when its sensitized sur-
face is exposed to light or other radiant energy.
These electrons are drawn to the second electrode,
the anode, because this electrode is operated at a
positive potential. The numbet of electrons emitted
by the cathode depends on the wave length and the
amount of radiant energy falling on it. The photo-
tube thus provides an electric cutrent whose magni-
tude can be controlled by light or other radiant
energy.

Radiotron phototubes fall into two main groups —
gas and high vacuum. Most of the gas types are
designed primarily for sound reproduction, but their
high sensitivity makes these types also suitable for
many relay applications.

The most commonly used phototube in the 35
mm. sound field is the 868. Similar, but with slightly
higher sensitivity is the 918. Where a smaller octal-
based equivalent is needed, the 930 is available.
This supersedes the obsolete 923. The 1P40 is identi-
cal to the 930, but has a low-loss base for applications
where leakage is critical. For push-pull reproduction,
the 920 is used.

For dye-image sound track reproduction, a range
of phototubes generally similar to those mentioned
above, is manufactured. These are as follows, with
their companion types in brackets. 1P37 (868, 918),
5581 (930), 5583 (927), 5584 (920).

Relay applications are provided for with the above
types together with the following specialised ones.
End-on 1P41, replacing the obsolete 924: 921 and
5582, cartridge types differing only in response: 928,
non-directional type.

The 1P29 is the last in the gas filled group and is
designed for colourmetric work.

The high-vacuum group is of primary interest to
the designer of light-operated relays and light-
measuring equipment. Tubes in this group are made
with four different kinds of surfaces. Amongst these
four surfaces, the S3 surface used in the 926 has
the spectral response closest to that of the eye. This
tube is, therefore, of particular interest in colour-
metric work. For light measurement mainly, but also
useable for relay work, are the 1P39 with: low-loss
base and its companion type 929. These tubes with
84 response are responsive to blue and blue-green
radiation. Types 917 and 919 with S1 response have
low leakage construction, the difference between them
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being that the former has top-cap anode, the latter a
tcp-cap cathode connection,

For use in the ultra-violet tegion, the 935 with an
S5 response is the most suitable.

Where small size and end-on working is re-
quired, the 1P42 can be used to good advantage,
while for normal relay work the 922 cartridge type
and 925 short-bulb octal-based type are available.
These latter have their maximum response in the
red and infra-red region and are therefore useful
with filter for alarm systems.

PHOTOTUBE
CLASSIFICATION CHART
Response S-1 $-3 S-4 ]S-S ‘ §-8 §-9
SINGLE-UMIT PHOTOTUBES
917% | 926 | 1pP3g¢| 935
919* 1P42*®
Yacuum Types | 970 929
9254 934
5653
1Pa0Y 1P29 | 1P37
1P41® 5581
868 5582%
Gas Types géﬁiﬂ 5583
927
. 928*
930
TWik PHOTOTUBES
Vacuum Types 5652%
Gas Types 920® 5584®
MULTIPLLIER PHOTOTUBES
Vacuum Types 1p21t [ 1P28 | 1p22 | SB19°0
931-A

® tna type for head-on operation. ¢ Low-leahage type with
. cathode-terminal cap.

. Low-leakage type with o R
anode-terminal cap. Cartridge type.

& short type. Non-directional.
: Twin type having two composite anode-cathodes,
Twin type having two separate cathodes and two separate anodes.
t For applicatlons Invelving very low light levels.
¢ fFor applications critical asto leakage under hlgh-humldity conditlons.
O for applications involving large-area light sources.

For facsimile and 16 mm. sound work the 934, a
companion to the gas-filled 927, serves the purpose
satisfactorily. The 5652 is a special type having two
composite anode-cathodes and is intended for fac-
simile work. For relay applications where a higher
dark current than the 929 is permissible, the 5653,
which has a similar response to the blue region, is
available in an octal base.

Multiplier phototubes form a special section of the
high-vacuum group. For genetal applications the
931-A is employed, but where much higher sensitivity
is required, the 1P21 which has the same response, is
available. The 1P22 has a response similar to that
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of the human eye, while the 1P28 responds to
ultra-violet radiation. For specialised applications,
such as in scintillation counters, the 5819 has been
developed. This type is also used where low level,
large area light sources are encountered.

Additional information on the choice of a photo-
tube type for a specific relay or measurement circuit
is given under “Application”.

Sensitivity of phototubes

The sensitivity of a phototube is basically defined
as the quotient of the current through the valve by
the radiant flux received by the cathode. When
sensitivity is stated in accordance with this basic
definition, it is usually given in terms of micro-
amperes per microwatt of radiant flux. The term
“radiant flux” includes both visible radiation, or light,
and invisible infra-red and ultra-violet radiation. For
convenience, sensitivity is frequently stated in terms
of visible radiation only. When it is given in this
way it is known as “luminous sensitivity” and is
usually given in terms of microamperes per lumen
of light flux.

The sensitivity of a phototube depends on the
colour of the light or the spectral distribution of the
radiant flux used to excite the valve. For example,
the 929 phototube has much higher sensitivity to
blue-rich light, such as light from a mercury-vapor
lamp, than to blue-deficient light, such as the light
of an incandescent lamp. It follows that, when two
phototube types are compared on the basis of their
sensitivity ratings, the comparison will be valid only
if the rated values have been measured with radia-
tions of the same spectral distribution. Also, when
two phototube types are being considered for use
with a certain light source, if the two types have
different colour-response curves, a comparison of the
sensitivity rating of one type with that of the other
may be misleading unless both ratings are for light
similar in colour to that which is to be used. The
sensitivity of Radiotron phototubes is measured with
radiation provided by a tungsten lamp operated at a
filament colour temperature of 2870° Kelvin. Exciter
lamps used in sound-on-film equipment are generally
operated at approximately this temperature.

Gas and high-vacuum types

The presence of a small amount of inert gas in «
phototube increases the tube’s sensitivity, or in other
words, the gas increases the amount of current passed
by the phototube for a given amount of cathode
illumination. Therefore, in the manufacture of
several phototube types, a controlled amount of gas
is introduced in the tube after evacuation. These gas
types have higher sensitivity than the corresponding
vacuum types and are generally preferred for some
applications, principally those involving sound
reproduction. High-vacuum types, on the other hand,
have higher internal resistance, more constant sensi-
tivity throughout life, and are less likely to be
damaged by accidental operation at higher-than-rated
voltage or current. The high-vacuum types are,
therefore, preferable for many light-operated relay
and light-measurement applications.

The action of gas in increasing the senditivity of
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a phototube is briefly as follows: Electrons moving
from cathode to anode collide with gas atoms. In
such a collision, the electron may disrupt the atom,
knocking an electron out of the atom and leaving a
positive ion. This disruption of the atom increases
the current through the valve because the new
electron is drawn to the anode and the positive ion is
drawn to the cathode. The positive ion can further
increase current, when it arrives at the cathode, by
causing secondary emission from the cathode, There-
fore, the presence of gas in the valve increases
current in two ways, (1) by the production of ions,
and (2) by the increase in cathode emission. The
total current in a gas phototube can be several times
that of a corresponding high-vacuum type operated
with the same light input and anode voltage.
SPECTRAL CHARACTERISTIC OF HUMAN EYE &

OF TUNGSTEN LAMP AT_COLOR TEMPERATURE
OF 2870 “K
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Static and dynamic sensitivities of gas types

When a phototube is used under steady illumina-
tion, its luminous sensitivity can be defined as the
quotient of the direct anode current by the incident
light flux of constant value. This sensitivity is called
the “static luminous sensitivity.”

When the phototube is used for sound reproduc-
tion, the light input to the phototube varies at audio
frequency. For this operating condition, the luminous
sensitivity of the valve is conveniently defined as the
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quotient of the amplitude of variation in phototube
current by the amplitude of variation in light input.
In a gas phototube, this sensitivity, identified as the
“dynamic sensitivity,” is smaller for a light input
varying at high audio frequency than for low fre-
quencies. The reason can be understood from the
preceding explanation of how gas increases sensitivity.
Because gas ions are relatively large and move rela-
tively slowly, there is a time lag between the dis-
ruption of a gas atom and the increase in cathode
emission due to the resultant positive ion. Because
of this time lag, fluctuations in the emission due to
positive ions lag behind fluctuations in the primary
photoemission. For high frequencies of light varia-
tion, the lag tends to smooth out the variations in the
total phototube current and thus, by definition,
reduces sensitivity.

The effect is illustrated by the curve which shows
how the sensitivity of Radiotron gas phototubes
changes with the frequency of variation in light
input. It can be scen that the decrease in sensitivity
occurs only at high audio frequencies and that the
decrease is small enough so that the tube can re-
produce audio signals with good fidelity.

The range of luminous-sensitivity limits quoted
for Radiotron phototubes is that which the’ tubes will
display when operated under low-current conditions.

If a tube is to be operated under conditions ap-
proaching its maximum-current rating, the equip-
ment design should provide for a wider sensitivity
range having a minimum value equal to one-half of
that shown for low-current operation. The sensitivity
of a phototube under such high-current conditions is
dependent upon the tube type, as follows:

1. Single-unit and twin phototubes

(a) Gas types: For high-current operation, and
particularly in applications in which the type is
subjected to these higher values continuously, a drop
in sensitivity below the values for low-current opera-
tion may be expected, the extent of the drop being
affected by the severity of the operating conditions.
After a period of idleness, a gas phototube usually
recovers most of its initial sensitivity.

(b) Vacuum types: Unlike gas phototubes, this
class of phototubes shows negligible drop in sensi-
tivity values for different degrees of illumination and
over long periods of use. The output current of a
vacuum phototube is a linear function of the exciting
illumination under normal operating conditions. The
frequency response is flat up to frequencies at which
transit-time effects become the limiting factor.

2. Multiplier phototubes

Although Radiotron Multiplier Phototubes are
vacuum types, a drop in sensitivity is to be expected
from this class of phototubes when operated at high
anode-current values. The extent of the drop is
affected by the nature and severity of the operating
conditions to which the tube is subjected. After a
period of idleness, the multiplier phototube usually
recovers a substantial percentage of this loss of
sensitivity.

Multiplier-phototube-sensitivity values are depen-
dent on the respective amplification of each dynode
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stage. Hence, large variations in sensitivity can be
expected between individual tubes of a given type.
The overall amplification of a mulciplier phototube
is equal to the average amplification per stage
raised to the #th power, where » is the number
of stages. Thus, very small variations in amplification
per stage produce very large changes in overall tube
amplification.

Because these overall changes are very large, it is
advisable for designers to provide adequate adjust-
ment of the supply voltage per stage so as to be
able to adjust the amplification of individual tubes
to the desired design value. It is suggested that an

FREQUENCY-RESPONSE CHARACTERISTICS
OF GAS PHOTOTUBES
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overall voltage-adjustment range of at least 2 to 1 be
provided. When the output current can be controlled
by change in the illumination of the photocathode
of the muldiplier phototube, the required range of
adjustment in the voltage per stage can be reduced.
Sensitivity measurements

The Iuminous-sensitivity values quoted later are
measuted according to the following procedures:
1. Single-unit and twin phototubes

(a) Gas types: The light source consists of a
tungsten lamp operating at a flament colour tem-
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perature of 2870°K. For the 0-cycle measurements,
a light input of 0.1 lumen is used, unless otherwise
specified. For the 5,000-and 10,000 cycle measure-
ments, the light input is varied sinusoidally about a
mean value of 0.015 lumen from zero to a maximum
of twice the mean. For all measurements, a d.c.
anode-supply voltage of 90 volts and a 1.0-megohm
load resistor are employed. Under these conditions,
the effect of tube capacitance is negligible.

(b) Vacuum types: The light source consists of
a tungsten lamp operating at a filament colour
temperature of 2870 K. A steady light inpur of 0.1

lumen is used, unless otherwise specified, together
with a d.c. anode-supply voltage of 250 volts and a
1-megohm load resistor.
2. Multiplier phototubes

The light source consists of a tungsten lamp operat-
ing at a filament colour temperature of 2870°K. A
light flux of 10 microlumens from a rectangulal
aperture approximately 0.8” long and 02" wide
is projected normal to the cathode in the direction
noted on the basing diagram and outline. The load
resistor has a value of 0.01 megohm. The applied
voltages are specified on the individual data sheets.

ﬂﬁdfa//aﬁon

General

Sockets for all types except the 928 should be
mounted so that light is intercepted by the concave
surface of the phototube’s cathode. The socket for
the 928 may be mounted in any suitable position
since the cathode of this tube responds to light
striking it from any direction.

Shielding of the phototube and its leads to the
amplifier or relay tube is recommended when ampli-
fier gain is high or when the phototube load resistance
is high. In a circuit employing the 928, when the
tube is operated with low impedance berween
cathode and ground, the cathode shields the anode
from stray electrostatic fields. Whenever frequency
response is important in a phototube circuit, the leads
from the phototube to the amplifier or relay tube
should be made short so as to minimize capacitance
shunting of the phototube load. Since a phototube
is a high-resistance device, it is important that insu-
lation of associated circuir parts and wiring be
adequate.

The maximum ambient-temperature rating
of a phototube should not be exceeded because too
high a bulb temperature may cause the volatile
cathode surface to evaporate with consequent decrease
in the life and sensitivity of the tube.

In relay or measurement circuits where the
phototube must respond to a very small amount of
light, phototube leakage currents should be made
small. A low-resistance leakage path between the
phototube terminals reduces the effective load resist-
ance and thus decreases the circuit's sensitivity.
Also, leakage currents may vary erratically and may
mask the effect of the photoelectric current when
this current is small. These leakage currents can
be reduced by removing dust and grease from in-
sulating surfaces between the phototube terminals
with a cloth dampened in alcohol.

In the top-cap types 917, 919 and 935, and the
cartridge types 921, 922, 926 and 5582, leakage
across moisture films on the sutface of the glass can
be prevented by coating the glass with pure white
ceresin wax, or other non-hygroscopic wax. The
bulb should be first cleaned, then dipped in the
molten wax and held thete for a short time so that
the heat of the wax will vaporize any moisture from
the bulb surface. In the dipping operation 'the tem-
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perature of the wax should not exceed 100°C, the
maximum ambient-temperature rating for the photo-
tubes listed above. It is not necessary to coat the
whole bulb. A continuous band of wax, approxi-
mately a half-inch wide, around the top-cap or around
the bulb is sufficient to interrupt all external leakage
paths across the phototube surface.

When an amplifier valve is used in a circuit where
extremely low leakage is important, the valve should
preferably be a glass type having the grid brought
out to a cap at the top of the valve; the bulb of
such a valve can be waxed around the top-cap so as
to minimize surface leakage. In a circuit employing
one of the cartridge phototubes (921, 922, 926 or
5582), when low leakage is important, the phototube
terminal which is connected to the amplifier grid-cap
should not be in contact with a support that can
cause leakage to ground. '

Gas types

If the voltage or current ratings of a gas
phototube are exceeded, a gas discharge may
occur. This discharge is indicated by a faint
blue glow within the tube. Once started, this
discharge will continue independently of the
illumination on the phototube. When a glow
occurs, the anode supply voltage should be
disconnected immediately in order to prevent
permanent damage to the valve.

In most relay circuits, the phototube current
exceeds 2 microamperes; in usual sound-on-film
equipment, the phototube current is less than 2
microamperes.

When the anode-supply voltage for a gas photo-
tube is obtained from an a.c. line without rectifica-
tion, a voltage dividér should be connected across the
line so that the peak voltage supplied to the tube
will never exceed 90 volts. For line voltages of 240
volts, the voltage divider should provide a phototube
supply voltage of not more than one quarter the line
voltage. In addition, a series protective resistor
should be included in the phototube circuit.

Gas phototubes 868, 918, 921, 930, 1P40, 1P41
and 5582 give sensitive operation in relay circuits.
However, these types ate primarily designed for ap-
plications where the illumination on the phototube
is low. These types can be used with large values of
illumination bur may lose sensitivity in such use.
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Most of the loss takes place in the first few hours of
high illumination with little loss thereafter. The loss
can be made small by including in the circuit a
large voltage-dropping resistance between the photo-
tube and voltage supply. When a change in sensi-
tivity of the above phototubes is not desirable, the
light flux on the cathode should not exceed approxi-
mately 0.02 lumen.

Exposure to intense illumination, such as
direct sunlight, may cause a temporary decrease in
the sensitivity of a gas phototube even though no
voltage is applied to the valve. The magnitude and
duration of this decrease depend on the length of
exposure,

In sound-on-film equipment employing gas
phototubes, the amount of light passing through the
slit and film to the phototube is usually so small
that there is no danger of a rapid loss of phototube
sensitivity so long as the tube is operated within
ratings. When film is removed from the camera,
the exciter lamp should be switched off so as to
prevent excessive illumination of the phototube.

Vacuum types

For constant calibration of high-precision
devices using a vacuum phototube, it is essential
that the phototube be operated at an anode volrage
of not more than about 20 volts. Higher anode
voltages may cause ionization of minute traces of
residual gas within the valve. The gas current re-
sulting from this ionization may produce slow
changes in the valve's characteristics which would
change calibration. When a phototube is operated at
low anode-supply voltage, the combination of large
light input and high phototube load resistance is to
be avoided. With this combination, the voltage drop
across the load resistance may be so Jarge that the
voltage across the phototube is inadequate. In
general, when the anode supply voltage is 20 volts,
the d.c. voltage drop across the load resistance should
not exceed 10 volts.

A further consideration for the maintenance of
constant calibration is that the light incident on the
phototube should be spread over as large a portion of
the cathode surface as possible. This procedure will
minimize variations in sensitivity that might be
caused by a shift in the position of the light spot on
the cathode.

_/4pp/ica lion

Circuits for sound reproduction

A typical phototube circuit for use in sound re-
production is shown in Fig. 1. The value of photo-
tube load resistance for this circuit depends on the
desired signal-output voltage and the permissible
distortion. Increasing the phototube load resistance
increases signal output but also increases distortion.

AMPLIFIER
TUBE
—
01 uf |‘§E’
01-5.0 1.0-5,0 (=
GAS MEG MEG

PHOTO
TUBE

t30V
MA X

Fig. 1. Typical circuit for sound reproduction.

A typical circuit for the 920 twin phototube® is
shown in Fig. 2. In this circuit, the contact on re-
sistor R, should be set so as to balance out any
difference which may exist between the sensitivities
of the two units of the 920. Since the two units of
the 920 are mounted in the same gas atmosphere,
the ratio of sensitivities of the two units remains ap-
proximately constant throughout the life of the tube.
Hence, once the circuit is balanced, the 920 tends to
maintain balance.

*For description of push-pull system of sound
reproduction for which 920 is designed, see “An
Improved System for Noiseless Recording,” G. L.
Dimmick and H. Belar, Journal of the Society of
Motion Picture Engineers, July, 1934.
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Circuits for light-operated relays and
light measurements
Choice of Phototube Type

Circuits for light-operated relays and for light
measurements are shown in Figs. 3 to 13. The choice
of a phototube type for one of these circuits depends
on several factors including the important one of
the colour of the light source. With tespect to colour

=4
- -3
. m
: AMPLIFIER

AMPLIF IER

TuBE a L

OuUTPUT

P
Ca ampLiFier
TUBE

Ri, Rz, Ry, R, Ry = 0.5 MEGOHM R, Ry = | TO § MEGOHMS
Re. R; = 0.1 TO 5 MEGOHMS €. C. C\ Cy = 0.1 uf

Fig. 2. Typical circuit for twin phototube type 920
with either transformer or resistamce coupling for
sound reproduction.

sensitivity, Radiotron phototube types can be divided
into three classes. In the first class are types having
an S1 photo-surface. These types have high sensitivity
in the red and infra-red region of the spectrum.
Hence, circuits designed for high red sensitivity or
for operation with infra-red radiation generally
employ a phototube of this first class.
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In the second class are the types 1P29 and 926,
having an S3 photo-surface. The spectral sensitivity
of this type extends throughout the visible spectrum
and peaks in the blue. The relative response of this
type to the light reflected from coloured objects
approximates that of the eye. Hence, circuits used
for colorimetry often employ the 1P29 and 926.

In the third class are the types having an S4
photo-surface. The sensitivity of these types is very
high in the blue-violet and low in the red. For
blue-rich light such as daylight or light from a
carbon arc or mercury-vapour lamp, these give much
higher sensitivity than other vacuum types. Al-
though they have low red sensitivity, these types
give better sensitivity than other vacuum types to
light from an incandescent lamp operated at a fila-
ment colour temperature of 2870°K. When the
filament of an incandescent lamp is operated at lower
temperature, its reduced blue radiation will decrease
the sensitivity of the $4 types.

When a phototube having an S1 surface is pre-
ferable, a choice can be made between gas and
vacuum types. The presence of gas in a phototube
increases the tube’s sensitivity but decreases its in-
ternal resistance. As a result, in a circuit where it is
impracticable to use a phototube load resistance
higher than 10 megohms, a gas phototube may give
more sensitive operation than a vacuum type; in a
circuit where the phototube load resistance can be
made larger than 10 megohms, a vacuum phototube
may give more sensitive operation.

The sensitivity of a vacuum phototube is more
neatly constant throughout valve life than that of a
gas type. Also, a vacuum type is less likely to be
damaged by accidental application of higher-than-
rated anode voltage. Hence, in a circuit where the
phototube load resistance can be made high, or where
constant calibration or electrical ruggedness is
important, a vacuum phototube should be used.
The Radiotron-2D21 gas tetrode in
phototube circuits

The Radiotron-2D21 is a gas tetrode especially
well suited for use in phototube circuits. The 2D21
is a relay valve; a small change in its grid potential
can cause its plate current to change from zero to a
comparatively large value. The value of grid poten-
tial at which plate current starts is called the critical
value. Once plate current has started, its magnitude
is determined by the anode supply voltage and the
impedance in the anode circuit, and is practically
independent of control-grid bias for all normal values
of biss. In the conducting condition, the valve
voltage drop is quite low and is substantially inde-
pendent of the value of both anode cutrent and
control-grid bias.

Phototube relay circuits employing the 2D21 are
shown in Figs. 3 and 4. In circuits like these, where
the 2D21 is operated with an a.c. anode supply
voltage, anode current in the 2D21 is zero during
negative half-cycles of the a.c. voltage on the anode
because, during these half-cycles, the anode is nega-
tive with respect to cathode. As long as the grid
bias is less negative than the critical value, the valve
will break down and conduct on positive half-cycles.
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However, if the grid is made more negative than the
critical value, it will prevent conduction on positive
half-cycles. In other words, in a.c. operation, a change
in grid potential can cause a 2D21 not only to close
a relay but also to open it. This action is different
from that obtained in d.c. operation where a change
in grid potential can cause the 2D21 to close a relay,
but normal changes in grid bias can not cause the
relay to open. In d.c. operation, the only satisfactory
methods for opening the relay, once closed, are to
open the anode circuit, or to reduce the 2D21 anode
supply voltage to a very low value.

One of the advantages of the 2D21 for use as a
relay valve is its low anode-to-grid capacitance. This

.capacitance has been made low by inclusion of a

shield-grid within the valve. Because this capacitance
is low, the valve is insensitive to line-voltage surges.
In order that this advantage can be utilized, circuit
wiring should be laid out so as to introduce as
little external capacitance as possible between the
grid and anode.

Amplifier valves in relay and
measurement circuits

In many relay and measurement circuits, it is
desirable to use a phototube load resistance much
higher than 10 megohms. When this resistance is
connected between the grid and cathode of an ampli-
fier valve designed for radio use, precautions are
necessary because these valves, in general, are rated
for operation with not more than 10 megohms d.c.
resistance between grid and cathode. For power
amplifier types, the maximum rated resistance
generally is 0.5 megohm.

The reason amplifier valves have a maximum d.c.
grid-circuit_resistance rating is that gas current and
grid emission can cause trouble if this resistance is
too high. The diagram below illustrates how this

trouble arises. Gee a{s*o /AT,

ARROWS INDICATE DIREC-
TION OF FLOW OF GRID-
EMISSION CURRENT AND
GAS CURRENT TO GRID

Gas current occurs because there is always a minute
amount of residual gas in an amplifier valve. Atoms
of this gas are ionized by collision with electrons
flowing from cathode to anode. The resultant positive
ions are drawn to the negative grid and flow to the
source of negative bias voltage through the grid
resistor R. The flow of these ions through R builds
up a voltage drop across R which makes the grid less
negative with respect to cathode. This decrease in
negative grid bias increases plate current and thus
causes an increase in gas ionization and in gas current
to the grid. If the grid-circuit resistance is large
enough, the action becomes cumulative and plate cur-
rent may rise to a large value. Another effect that
may contribute to the rise in plate current is emis-

sion of electrons from the grid. Positive gas ions
bombarding the grid raise its temperature and may
cause it to emit electrons. The flow of these electrons
through R builds up a voltage drop across R which
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reduces the negative grid bias. Thus, when the grid-
circuit resistance is very large, gas current and grid
emission may cause the plate current to vary errati-
cally over a wide range or to rise to such a large
value that the valve is damaged.

In phototube circuits where it is desired to operate
an amplifier valve with a very large grid-circuit re-
sistance, gas current can be reduced by operating
the valve at low plate and screen voltages and low
plate and screen currents. When the voltages across
the valve and the currents through the valve are
small, there is little gas ionization, and therefore little
gas current. Grid emission can be reduced to a very
low value by operating the heater at less than rated
voltage so that the grid is at a reduced temperature.

From this discussion it can be understood why
many relay and measuring circuits use two amplifier
valves. The first valve employs a high grid-circuit
resistance and is, therefore, operated at low plate cur-
tent. The second valve usually has to supply enough
current to operate a relay and, therefore, must have a
combaratively small grid-circuit resistance. The first
valve may, or may not, provide voltage amplification
of the signal from the phototube. Its primary pur-
pose usually is to act, not necessarily as a voltage
amplifier, but as a “buffer” or “resistance transformer.”
That is, it must transfer the signal from the high-
resistance load of the phototube to the comparatively
low resistance in the grid circuit of the output valve,

In the circuits of Figs. 5, 6, 7, 8, 9, 10 and 12, the
heater of the amplifier valve following the phototube
is operated at approximately 4 volts instead of the
normal value of 6.3 volts. Because of this large
voltage reduction, it may be found that some indi-
vidual amplifier valves do not give satisfactory opera-
tion in these circuits. Hence, these circuits are not
well suited for use in equipment which is commer-
cially manufactured and sold in large numbers of
units. The relay citcuits of Figs. 3 and 4 are well
suited for use in such equipment. In Figs. 6, 10 and
12, the unused diode plates of the 6AVG should be
tied to the 6AVG6 cathode.

In relay and measurement circuits where the out-
put valve is a pentode or beam power valve, adjust-
ments should be made prior to operation so that the
plate current of the output valve will never become
large enough to damage the valve or associated relay
or meter. In general, the procedure is to set the
screen voltage and grid bias of the output valve at
zero volts and then increase the screen voltage until
the plate current is at the maximum permissible
value. The screen volrage is left at this value during
use of the circuit. In most circuits, the grid can
never become appreciably more positive than zero
bias during normal operation; hence, the adjustment
insures that, during normal operation, the plate
current will not exceed the permissible value. When
the adjustment is made, consideration should be given
to the fact that, during use of the circuit, line voltage
may swing higher than its value at the time the
adjustment is made. Until the adjustment of screen
voltage has been made, the screen voltage should be
kept at a low value. )

Radiotronics

Circuit precaution

In the circuits of Figs. 3, 4, 5, 9, 10 and 12,
circuits which are connected directly to the a.c. line,
a double-pole on-off switch is shown. This switch
makes it simple to disconnect the circuit from both
sides of the line when repairs or adjustments are
to be made and thus reduces the danger of shock.
Relay circuit, Fig. 3

A relay circuit in which the relay is energized by
an increase in light is shown in Fig. 3. In this circuit,
positive voltage is supplied to the 2D21 anode and
the phototube anode during every other half-cycle of
line voltage, when the upper side of the a.c. line is
positive. During these half-cycles, negative bias

~ voltage is supplied to the 2D21 grid from Rs. The

potential of the grid is made less negative by the IR
drop across R, resulting from the flow of photo-
tube current through R,. In the use of this circuir,
the. contact on Ry is adjusted so that, as long as the
illumination on the phototube is less than a certain
value, the 2D21 grid potential is sufficiently negative
to prevent conduction of plate current. When the
illumination rises above this value, the IR drop
across R, reduces the negative grid potential, the
2D21 conducts, and the relay closes. The resistance
of R; s high enough to keep the current through the
2D21 within the valve's maximum rating.

5 ' PHOTO -
B3 TUBE*
b

¥GAS OR VACUUM TYPE
C = 28 uf, 250 V.; USED IF NEEDED TO PREYVENT RELAY CHATTER

R;, R2 FOR YACUUM-TYPE PHOTOTUBE: R, = 0 OHMS
= R, = 5000 OHMS, 4 WATTS
1 729 FOR GAS-TYPE PHOTOTUBE: R, = 3000 OHMS, 2 WATTS

Ry = 2000 OHMS, | WATT

Ry = 1000 OHMS, | WATT

R, = 1-10 MEGOHMS

R; = CURRENT-LIMITING RESISTOR, SEE TEXT
S = DOUBLE-POLE ON-OFF SWITCH

T = HEATER TRANSFORMER, 6.3 V., 0.6 AMP
RELAY SHOULD OPERATE ON 25 MA. OR LESS

Fz'-g.@ Relay circuit employing type 2D21. Relay
®  energised by pme in light.

The function of R; in this circuit is to keep the
relay current within the relay’s maximum rating. To
determine the proper value of this resistance, set the
contact on Rz so that the relay stays closed, and
adjust R; to a value such that the relay current is
within the relay’s maximum rating. In many relays,
the resistance of the relay supplemented by the
resistance of R; is sufficient to hold the relay current
to a safe value. With such a relay, R; can be omitted.

Relay circuit, Fig. 4

A relay circuit in which the relay is energized by
a decrease in light is shown in Fig. 4. The operation
of this circuit is similar to that of Fig. 3, the dif-

778, 5 KL wert 25ribosec.
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ference being that in Fig. 4, a decrease in phototube
current makes the 2D21 grid less negative. The
relay closes, therefore, whenever illumination drops
below a certain value. This value can be controlled
by adjustment of the contact on R..

S—

==
1
A |
b g TYPE
ac. -
i 2D21

*GAS OR VACUUM TYPE

C = 2.8 uf, 250 Y.; USED IF NEEDED TC PREVENT RELAY CHATTER

FOR YACUUM-TYPE PHOTOTUBE: R, = 0 OHMS
R, = 20000 OHMS, | WATT
FOR GAS-TYPE PHOTOTUBE: R, 10000 OHMS, V/; WATT |

R . —
R; = 9000 OHMS, /; WATT

Ra¢

Rz = 1000 OHMS, | WATT

R, = 1-10 MEGOHMS

R, — CURRENT-LIMITING RESISTOR, SEE TEXT
S — DOUBLE.POLE ON-OFF SWITCH

T — HEATER TRANSFORMER, 6.3 Y, 0.6 AMP,

RELAY SHOULD OPERATE ON 25 MA. OR LESS

Figg. Relay circuit employing type 2D21. Relay
®  energised by dboerense in light.

When a gas-type plf) ube 15 used in this circuit,
the current through the 2D21 should be limited to a
value such that the IR drop across R, cannot cause
the peak voltage on the phototube to exceed 90
volts. Sufficient limitation is provided by making the
total resistance of R; and the relay not less than
1,500 ohms. When the phototube is a vacuum type,
the function of R is the same as that of R; in
Fig. 3.

Relay and measurement circuit, Fig. §

A circuit which can provide faster response than
the circuits of Fig. 3 and 4 is shown in Fig. 5. Be-
cause the circuits of Figs. 3 and 4 operate on ac.
without rectification, the relay in these circuits must
be sluggish enough so that the 50-cycle variations in
line voltage will not make the relay chatter. Also,
the phototube in Figs. 3 and 4 is in operation only
during alternate half-cycles of line voltage when the
upper side of the ac. line is positive. As a resulr,
the circuits of Figs. 3 and 4 do not give good re-
sponse to a change in light whose duration is on the
order of one-sixtieth of a second or less. The circuit
of Fig. 5, which includes a rectified d.c. power
supply, can respond to changes shorter than a
sixtieth of a second.

A further difference between the ZD21 circuits
and the circuit of Fig. 5 is that the 2D21 plate
current changes abruptly from one value to another
when phototube illumination rises above a certain
value. In Fig. 5, the 25L6-GT plate current changes
continuously with change in phototube illumination.
The circuit of Fig. 5 is, therefore, suitable for use
not only as a relay citcuit but also for illumination
measurements.

When the phototube is connected as shown in
solid lines in Fig. 5, an increase in phototube

Radiotronics

illumination causes an increase in the plate current ot
the 25L6-GT. When the connections are as shown in
dotted lines, an increase in illumination causes a
decrease in output current.

When the circuit is to be connected as shown in
solid lines, the procedure for adjusting it to give best
operation is as follows: Set the contacts on R; and
R; at the positive end of their ranges, and adjust the
25L6-GT screen voltage by means of R: so that the
plate current of the 25L6-GT has the desired value
of maximum output current. If the circuit is to
operate a relay, this current should be slightly larger
than the value which closes the relay, Next, move the
contact on Rg toward the negative end of Rg until
the IR drop across Rs has the value such that the
grid of the 25L6-GT is slightly negative with respect
to the 25L6-GT cathode. The correct setting of R
can be determined by measurement of the 25L6-GT
plate current. When the movement of the contact on
R, starts to affect this plate current, the 25L6-GT
grid has a small negative bias, and Rg is correctly
adjusted. Next, set the phototube illumination at the
value at which the relay is to close, or at the largest
value to be measured, and move the contact on Ry
toward the negative end of R, until the movement of
the contact starts to affect the plate current of the
25L6-GT. ‘The circuit is then ready for operation.

: —0
M
(i TYPE
— -

VACUUM

25L6-GT

TYPE
- 2526 GI1

€. C.= Buf, 250 V. R. = 30 OHMS, | WATT
H, = 25Z6-GT HEATER Ry = | MEGOHM
H, = 25L6-GT HEATER R, = 100 MEGOHMS
H, = #AM5 HEATER R = 0.5 MEGOHM
M = D-C MILLIAMMETER OR  Rq, R; = 0. MEGOHM
RELAY (0-25 MA.) S = DOUBLE-POLE ON-OFF SWITCH

R, = 200 OHMS, 20 WATTS

Fig. 5. Fast-acting circuit for relay or measurement

operations.

A small decrease in phototube illumination will
produce comparatively large decrease in output
current.

When the phototube is to be connected as shown
in dotted lines, the adjustment procedure is the same
except that during the adjustment of R and Rs, the
phototube illumination should have the value at
which the relay is to open or the smallest value to
be measured. After the adjustments have been made,
a small increase in illumination will produce a com-
paratively large decrease in output current.

In adjustment of the circuit with solid-line con-
nections, if the phototube illumination during adjust-
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B, = STORAGE BATTERY

M = D-C MILLIAMETER OR

ment of Rj is large, it may be found that moving
the contact on R; all the way to the negative end
of R; does not affect the 25L6-GT plate current.
This finding indicates that the sensitivity of the
circuit is too high for the amount of light being
used. The light on the phototube cathode should be
reduced, or else the circuit sensitivity should be
reduced by reducing the resistance of R,. Similatly,
in adjustment of the circuit with dotted-line connec-
tions, if the phototube illumination used during
adjustment of Rs and Rj is so large that the 25L6-GT
plate current is much smaller than 25 milliamperes,
the phototube illumination or the circuit sensitivity
should be reduced.

Battery-operated relay and measurement
circuit, Fig. 6

A battery-operated circuit for relay and measure-
ment putposes is shown in Fig. 6. Because the
current drawn from the 45-volt and 223-volt batteries
is low, the use of small batteties of the C-battery type
of B, and B; will give long life. The 6AMS requires
a comparatively large plate current in order to operate
a relay and is, therefore, supplied from a storage
battety and vibrator-transformer. The vibrator and
transformer can be of the type used in automobile
radio receivers. Heater voltages can, of course, be
obtained from the storage battery.

S
22.5v. =
] VALUUM TYPE
—] PHOTOTUBE

R, = 1.100 MEGOHMS, SEE TEXT

Ry, Ry = 0.1 MEGOHM

T = YIBRATOR-TRANSFORMER DE-
SIGNED TO DELIVER 30 MA

RELAY 0-25 MA, DC AT 250 V.DC

.. By = DRY CELLS,
"'C' BATTERY TYPE

R, = | MEGOHM VR = VIBRATOR

Fig. 6. Battery-operated circuit for relay or
measurement operalions.

When the phototube is connected as shown in
solid lines, the plate current of the 6AMS increases
when phototube illumination increases. In the dotted-
line connection, output current increases when
illumination decreases.

A simple procedure for adjusting this circuit is
as follows: Set the contact on R at the lower end
of Ry and set the grid bias of the 6AMS at zeto by
short-circuiting Ry. Move the contact on R; until the
plate current has the desired maximum value. The
contact should never be moved so high that plate
current exceeds 25 milliamperes; a plate current
higher than 25 milliamperes may cause the maximum
plate-dissipation rating of the 6AMS5 to be exceeded.
After Rs is adjusted, the short-circuit connection
across Ri should be removed and R; should be
adjusted so that the circuit gives best operation over
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the range of illumination values to be encountered
in use of the circuit.

If the maximum illumination of interest is very
low, highest sensitivity will be obtained by use of a
high value of resistance for R,. However, if the
circuit is to respond to changes in a large value of
illumination, it may be advisable to use a lower
value for R, between 1 and 10 megohms. The
reason is that the supply voltage for the phototube
is low. If illumination is large and if Rs is large,
the voltage drop across R, may be so large that the
voltage across the phototube is inadequate.

0-100

YAEUOM MICROAMP,

TYPE
PHOTO
TUBE

Fig. 7. Sensitive circuit for matching measurements.

Matching measurements of photometric qualities
such as candlepower, colour, and turbidity can be
made with high precision by means of the circuit
shown in Fig. 7. This circuit can be used, for ex-
ample, to determine whether the candlepower of a
lamp is precisely equal to that of a standard lamp.
For this use, the circuit is first adjusted so that the
microammeter reads mid-scale when one phototube
is exposed to light from the standard lamp and the
other phototube is exposed to light from a comparison
lamp. The standard lamp is then replaced by the
unknown lamp. If the unknown lamp supplies exactly
the same amount of light to the first phototube that
the standard lamp did, the meter reading will be the
same as for the standard lamp. However, if there is
a difference, even though vety small, between the

P
= | = =

—_ i I
/. i ¥
] I
z /\ I
Bl [T ton | |
£ 1L UMINATION ON IovonRet

8] ONE PHOTOTUBE e WPPLIED
-
g e
< | |
d \ |
a i !

PLATE VOLTAGE

Fig. 8.

amounts of light supplied by the standard lamp and
the unknown lamp, the bias applied to the 6AMS5 will
be different and the meter reading, therefore, will
change. Thus, the circuit can be used to detect a
vety small mis-match between the lamps. By expos-
ing the phototubes to light reflected from materials
or transmitted by liquids, the circuit can also be
used to match or measure colour, turbidity, and other
photometric qualities.

The action of this circuit can be best understood
by considering one phototube as the load for the
other. In Fig. 8, Curve I is the current-voltage chat-
acteristic of one phototube; Cutve II is the current-
voltage characteristic of the other valve drawn as a
load line on Curve I. The intersection of the two
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curves gives the distribution of voltage across the
phototubes because the phototubes, being in series,
must pass the same current. When the circuit is so
adjusted that the intersection is on the flat portion
of the curves, a small change in the illumination on
one phototube produces a large shift of the point of
intersection. This is shown by the dashed-line curve
which represents the current-voltage characteristic for
one phototube under slightly decreased illumination.
The wide shift in the intersection means a large
change in the bias on the grid of the 6AMS. Con-
sequently, the circuit has high sensitivity.

The circuit can be adjusted for operation as
follows: Short-circuit the grid to the cathode of the
6AMS and adjust contact P, so that the micro-
ammeter deflection is slightly less than full scale.
This adjustment assures that, during the operation of
the circuir, the plate current of the 6AMS will not
exceed the meter’s full-scale value. Then remove the
'shorting connection from the grid and, with zero
illumination on the phototubes, adjust Py so that the
microammeter deflection is approximartely mid-scale.
Next set the illumination on one phototube at a
convenient value and adjust the illumination on the
other phototube so that the meter deflection is again
mid-scale. The circuit is then ready for operation.
This adjustment procedure compensates for differ-
ences in the insulation resistance and sensitivity of
individual phototubes.

Pl
IS

\'\"*—-'—‘."v’\.r‘ W
]

l

VACUUM TyYPE
] PHOTOTUBE

Ry = 50,000 OHMS, !/, WATT

"
5
-y \ln‘.q'-‘—o-v

H, = 8E5 HEATER

H. = 6AL5s HEATER

Hy = eams HEATER

Ci, Cs, Cy, = 4uf, 250 V,
C,Cis Cr=0! uf, 200 V.

Ry = 15,000 OHMS, I/ WATT
R: = 100,000 OHMS, i/, WATT
Ry, Rs = | MEGOHM, 1/; WATT

Fig. 9. A.C. operated sensitive circust for m:ztcbm"
INeasuyements.

Ry =30 OHMS, I/; WATT

Ry = 320 OHMS, 30 WATTS

Ry = 0.5 MEGOHM, Y, WATT

S — DOUBLE-POLE ON-OFF
SWITCH

For high sensitivity, it is important that grid
current in the 6AMS be small. Emission current from
the heater to the grid can be minimized by a positive
bias of 9 volts applied to the heater, as indicated in
Fig. 7. Leakage current to the grid can be made
small by means of the precautions described in the
fourth, fifth, and sixth paragraphs under INSTAL-
LATION. The response of the meter to a change in
illumination may be slow, especially at low light
levels. The reason is that the dynamic resistance be-
tween the grid and the cathode of the 6AMS may be
so large thar this resistance, when multiplied by the
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Ra, Rz, Ry = 2MEGOHMS, I/; WATT

input capacitance of the 6AMS, gives a large time
constant.

A.C. operated circuit for matching
measurements, Fig., 9

An ac. operated circuit for matching measure-
ments is shown in Fig. 9. This circuit employs two
phototubes and a 6AMS connected in the high-
sensitivity arrangement of Fig. 7, but requires no
battery or microammeter. Anode voltage is supplied
to the phototubes by the 6ALS connected as a voltage-
double rectifier. Positive plate and screen voltages
are supplied to the 6AMS and GE5 on every other
half-cycle of the ac. line voltage. The magnitude of
the plate current of the GAMS is indicated by the
GE5. The applications for this circuit are the same
as those for the circuit of Fig. 7. The procedure
for adjusting the circuit is similar to that for the
circuit of Fig. 7. First, with zero illumination on
the phototubes, set potentiometer R; at about the
middle of its range and adjust R so that the shadow
angle of the GE5 is half closed. Then apply a con-
venient value of illumination to one phototube and
adjust the illumination on the other phototube so
that the GE5 shadow angle is again half closed. The
circuit is then ready for operation. For illumination
levels as low as 0.0001 lumen, an unbalance of %
of 1 per cent. in the light on the phototubes will
cause the 6E5 shadow angle to open to 90° or close
to 0°. This sensitive response is obtained only when
leakage currents are made small as described in the
fourth, fifth, and sixth paragraphs under INSTAL-
LATION. At higher illumination levels, the GES
shadow angle gives full response to an even smallet
percentage unbalance because the ratio of photo-
clectric current to leakage currents is larger.

Circuit for measurement of light-intensity
ratios, Fig. 10

Ratios of light intensities can be measured by
means of the circuit of Fig. 10. Within the operating
range of this circuit, the reading it provides is not
affected by variation in the absolute magnitudes of
the light inputs to the two phototubes as long as the,
ratio between the light inputs remains constant. The
applications of this circuit are similar to those of the
circuit of Fig. 9. The circuit of Fig. 9 has the
advantage that it can detect an extremely small in-
equality between two light sources. The circuit of
Fig. 10 has the advantage that it can measure directly

. the ratio between the intensities of two sources.

The operation of this circuit is illustrated by the
curves of Fig. 11. Condenser C; is charged by the
a.c. line through the two phototubes. On one half-
cycle of line voltage, the line charges C through one
phototube; on the next half-cycle, the line charges the
condenser in the opposite direction through the other
phototube. If the two phototubes have equal sensi-
tivities and equal illuminations, the opposite charging
effects of the two phototubes ate equal, as indicated
in Figs. 1la and 11b. Under this condition, the
GAVG grid is at the same d.c. potential as the lower
side of the a.c. line. If the light on phototube No. 1
is suddenly doubled, the d.c. voltage across condenser
C; changes because C; receives more charge from
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VACULIM j-
TYPE i Rs
fs PHOTO- C3
F{,3 Re
nrv. %
AC b:
WAL LN TYPE
TYPE 2506 GT
PHOTOD
TUBE — M
s % Ry "
ca , TCa

C, = 0.001 uf R, R, = 025 MEGOHM, I/; WATT

C, = 0.25 pf Ry == 50 OHMS, | WATT

Cy = 0.1 uf R. = 280 OHMS, 25 WATTS

C, = 4uf R, = 20,000 OHMS, 5 WATTS

M = D-C MILLIAMMETER S - DOUBLE-POLE ON-OFF
(0-25 MA_) SWITCH

Ry == 20,000 OHMS 1| WATT

Fig, 10, Circuit for measuvement of light-intensity
rarios.

phototube No. 1 than from No. 2. The d.c. voltage
built up across C; reduces the time during which
phototube No. 1 conducts current because the valve
conducts only, of course, when its anode is positive
with respect to its cathode. The condenser will finally
charge up to an equilibrium voltage at which the
conducting time of No. 1 is reduced enough so that
the charge supplied to €y by No. 1 is equal to that
supplied by No. 2, as indicated in Figs. 11d and 1le.
This equilibrium voltage is determined by the ratio
of the illuminations on the phototubes. For example,
with twice as much illumination on No. 1 as on
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Fig. 11b— Equal illumina.
tions on phototubes. Shad.-
ed areas = current >< time

== charge. Algebraic sum
of areas == zero,
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Fig. 11a—Equal illumina.
tions on phototubes.
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No. 2, the equilibrium voltage must be such that
No. 2 conducts during approximately twice as much
time as No. 1. The voltage across Cy is amplified by
the 6GAVG and controls the plate current of the
25L6-GT. The meter in the plate circuit of the
25L6-GT can be calibrated to show directly the
illumination on one phototube as a multiple ot frac-
tion of that on the other.

The adjustment procedure for this circuit is as
follows: Set the contact on Rg at the upper end of
R, so that the screen of the 25L6-GT is at zero volts
with respect to its cathode, and set the grid bias of
the 25L6-GT at zero by short-circuiting R,. In-
crease the screen voltage of the 25L6-GT by means of
R; until the plate current brings the meter M to full
scale. Remove the shorting connection from R, and
adjust Ry so that the circuit operates best over the
range of illumination ratios to be encountered in use
of the circuit. The value shown for C; in Fig. 10 is
for use with small values of light input. For larger
values of light input, this capacitance should be made
larger. The only undesirable effect of increasing this
capacitance is that the circuit is made more sluggish
in jts response to changes in the ratio of light
inputs.

Exposure-control circuit, Fig. 12

A circuit for automatically controlling photo-
graphic exposure time is shown in Fig. 12. This
circuit is used in making photographic enlargements,
photostats, microphotographs, etc. In use of the
circuit, the phototube receives light reflected or
transmitted from the film being exposed. The circuit
measures the product of the intensity and duration

C, = 10-250 wuf, 0 001 wf, R. = 50 OHMS, | WATT

0.01 uwf, 0.1 uf, 10wt Ry =2 | MEGOHM
C; = 0.t uf R,, R; = 5000 OHMS, | WATT
Cy = 8uf 250V Ry = 10,000 OHMS, 2 WATTS
H, = 25L6-GT HEATER RELAY SHOULD OPERATE ON

H; 6AV6 HEATER 25 MA. OR LESS

Fig. lle—Light on No, 1
doubled. Shaded areas no
longer add to zero.

Fig. 11d—Light on No. 1
twice that on No. 2, C,
charges up, shifting zero

L = LAMP OR SOLENOID-
OPERATED SHUTTER

S, = DOUBLE-POLE ON.OFF
SWITCH

line, and reducing conduc-
tion time of No. 1,

PHOTOTUBE CURRENT

Fig, 11e—Equilibrium condition attained by circuit with twice as
much light on No. 1 as on No. 2. Conduction time of No. 1 is reduce?
sufficiently so that shaded areus udd to zero.
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R, = 280 OHMS, 25 WATTS
Fig. 12, Photographic-exposure comirol circuit,

of the illumijnation on the phototube and thus
measures the exposute of the film. When the ex-
posure has reached the desired value, the circuit auto-
matically opens a relay which removes light from
the film.

The circuit measures exposure by measuring the
change in voltage actoss a condenser in series with
the phototube. This voltage change is proportional
to the charge supplied by the phototube. The charge
is equal to the time integral of the current flowing
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into the condenser through the phototube. Since the
phototube curtent is proportional to the light coming
to the phototube from the film, the change in voltage
across the condenset is proportional to the exposutre
of the film.

In operation of the circuit, switch Sy is first
opened. Opening this switch applies full line volrage
to the 6AV6 grid through Ry, Rs, Cy and §,. Current
flows from the grid to the cathode on positive half-
cycles of the a.c. voltage until condenser C is charged
to a voltage approximately equal to the peak line
voltage. This charging process takes only a fraction
of a second. Switch 8§ is then closed. Closing the
switch returns the positive side of C; to the GAV6
cathode and thus applies the d.c. voltage across C
as negative bias to the 6AVG6 grid. This negative bias
cuts off plate current in the 6AVG6 and reduces the
voltage drop across R, the bias voltage for the
25L6-GT grid, to zero. Closing switch S5 also applies
plate and screen voltage on the 25L6-GT. Wich plate
and screen voltage on the 25L6-GT and with zero
bias on its grid, the relay closes and exposure of the
film and phototube statts. The phototube feeds posi-
tive charge into condenser Cy and thus reduces the
negative charge built up in the condenser during the
time §; was open. As Cy is discharged by the photo-
tube, the 6AV6 grid becomes less negative and plate
current starts to flow in the 6AV6. The flow of this
current through R; produces a voltage drop across
R, which makes the grid of the 25L6-GT negative
with respect to its cathode and reduces the plate
current through the relay. When C; is discharged
by the phototube sufficiently, the relay current is
reduced to the value at which the relay opens. In
this way, the circuit cuts off the light on the film
when exposure has reached the desired value.

The procedure for adjusting this circuit is to set
the contact on Ry at the upper end of R, so that
the voltage on the screen of the 25L6-GT is zero with
respect to its cathode, and to connect the grid of the
25L6-GT to its cathode instead of to the 6AVG plate.
Increase the 25L6-GT screen voltage by means of
Ry until the relay current is a little larger than the
value required to close the relay. Re-connect the
25L6-GT grid to the 6AV6 plate and the circuit is
ready for operation. For control of exposure time,
switch S. can be used as a coarse control and Rj, as
a fine control.

Circuit for measurement of very small values
of illumination, Fig. 13

A circuit for measurement of very small values of
illumination is shown in Fig. 13. This circuit can
measure illuminations corresponding to a phototube
cutrent of only 107'° ampere. The bridge arrange-

Radiotronics

S —— —_—
.1‘ : F250V
/V!

TYPE
0C3/VRI0S

VACUUM TYPE
63V PHOTOTUBE

R, = 500 OHMS, | WATT

Ry ‘= 1400 OHMS, | WATT

C,, C. = 0.0l uf

M = MULTI-RANGE MICROAM
METER, 0-10, 0-100, 0-1000
MICROAMPERES,

R, == 1006 OHMS, | WATT

Rz, Ry = 50,000 OHMS, | WATT
R,, Rs = 5 MEGOHMS

Ry = 6,000 OHMS, 4 WATTS
R; = 10,000 OHMS, | WATT
R. = 2500 OHMS, | WATT

Fig. 13. Circuit for measurement of very small values
of ilumination.

ment of the circuit makes the zero setting practically
independent of supply-voltage variations. The use of
a voltage-regulated screen supply makes the sensitivity
of the circuit very little affected by supply-voltage
variations. Because the drain on the 22%-volt battery
is only a fraction of a microampere, a small C battery
will give good life.

The procedure for adjusting the circuit is to switch
the microammeter to its 0-1,000 microampere scale,
reduce the phototube illumination to zero, and bring
the meter reading to zero by adjustment of Ry as a
coarse control and Ry as a fine control. The circuit
is then ready for operation. Because the variation of
meter current with illumination is practically linear,
the circuit can be calibrated at comparatively large
values of illumination and the calibration can be
extended to small illumination values. It is, of course,
especially important in this circuit that phototube
leakage currents be made small as described under
INSTALLATION.

[The license extended to the purchaser of valves
appears in the License Notice accompanying them.

Information contained herein is furnished without
assuming any obligations.]

References to books dealing with photocells
and associated circuits

1. "Handbook of Industrial Electronic Circuits”, by
Markus and Zeluff, published by Mc-Graw Hill.

2. "Photoelectricity and its  Application”, by
Zworykin and Ramberg, published by John
Wiley.

3. “Photoelectric Cells in Industry”, by Walker,
published by Pitman.

4. “Photoelectric Cells”, by Sommer, published by
Methuen.
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PHOTOTUBES

- SPECTRAL SENSITIVITY CURVES

SPECTRAL SENSITIVITY CHARACTERISTIC
OF PHOTOTUBE HAVING S-1 RESPONSE
FOR LUAL VALUES OF RADIANT FLUA AT ALL WAVELENGTHS
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SPECTRAL SENSITIVITY CHARACTERISTIC
OF PHOTOTUBE HAVING S-5 RESPONSE
FOR EQUAL VALULS OF AADIANT FLUX AT ALL WAVELENGTHS
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Lo
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The above curves give spectral sensi-
tivity in relative units for the tube types
listed on each curve in order to minimize
the number of curves. In order to compare
the sensitivity of one type with that of

Radiotronics

SPECTRAL SENSITIVITY CHARACTERISTIC

OF PHOTOTUBE HAVING 5-3 RESPONSE
FGN EQUAL YALULS OF RADIANT FLUX AT ALL WAVELENGTHS
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S-3 RESPONSE

SPECTRAL SENSITIVITY CHARACTERISTIC
OF PHOTOTUBE HAVING S-8 RESPONSE
FOR ECHUAL VALULS OF RADIANT FLUX AT ALL WAVELLNGTHS
T LM
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iv] 8000 12000
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S-8 RESPONSE

another, the relative scale values should be
converted to absolute values as follows:
set the 100-unit value of the sensitivity
scale equal to the absolute sensitivity value
(samp/uwatt) which is obtained for each

SPECTRAL SENSITIVITY CHARACTERISTIC

OF PHOTOTUBE HAVING 5-4 RESPONSE

FOR LGuaL vALULSOF RADIANT FLUN AT ALL WAVELCMCGTHS
T T T 1T 1 71
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SPECTRAL SENSITIVITY CHARACTERISTIC
OF PHOTOTUBE HAVING S-9 RESPONSE
FOR EQUAL VALUES OF RADIANT FLUX AT ALL WAVELENGTHS
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type to be compared from pages 3 and 4.
Other absolute sensitivity values on the
curve may then be determined by reading
values on the relative scale as percentages
of the 100-unit absolute value.
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Spectral Characterislics Maximum Ralings Max.
Gas | MaDC | Luminous Seasitivityt
Descriplion Out- Max. Respanse Yalues Annde- . Anode
o Lurve® — Supply Peak Average | Amplifi- Dark uhmp/Lumes
liney Wave: | Sensithily velt Cathade Cathade_| catlon a
Type Jengt Curreal Current Curreat ] 5000 | teane
Yo enpth uhmp./ De ot Faclor
Angsirams uWatt Peak AC uhmp. |pAmp./sq.in.| uAmp. shop, cps Pt m
GAS TYPES
IP29 | For colorimetric applications. 4 | s3] 4200 |0.01 100 20 100 5t 9 | 0.10 40 35 31
P37 d“‘;;f:}‘;’;‘: reproduction from a | 4 | 54| 4000 0125 | 100 [ 20 | 100 | st s.s| 005 |13s | 124 | 108

Similar to 930 except for non-

hygroscopic base. For applica- . a
IP40 | (ions critical as to leakage under 9 | S1| 8000 |0.0135 90 10 100 3 10 | 0.005 | 135 | 111 | 101

high-humidity conditions.

P41 E:fr?l':; a(,i}fﬁf;?& Joperation). | 5 | 5.1 | 8000 |0.009 | 90 5 75 | 15 &5] 04 90 | 77| 67

868 | For sound reproduction. 4 | S-1 | 8000 |0.009 100 20 100 5t 8 |01 90 77 67

918 | For sound reproduction. 4 | S-1| 8000 |0.015 90 20 100 52 105] 0.1 150 | 120 | 105
Twin-type. For push-pull sound

9920 | reproduction from a double 5 | S-1| 8000 |0.010 90 6 50 20 9 0.1 100 85 74
sound track.

921 f:t’if)‘:gge type. For relay appli- | 15 | 51 | gooo [0.0135| 90 | 10 [ 100 | 32 10 | 01 135 | 1o | 108

923 i‘z;:e"}:;"ﬂ;‘;fﬁ:‘ggg_ew equip* |y | 51| sooo |0.0135| 9o | 10| 100 | 3° 10 | o1 135 | 111 | 101

924 | For rencwel use. For new cauib- | 14 | 51| 8000 | 0.009 90 5 75 | 152 85] 01 9 | 77| 67

927 | For 16-mm sound equipment. | 13 | S-1 | 8000 | 0.0125 | 90 6 100 22 10 | 0.1 125 | 110 | 100

928 g)o:l;g;?grt\‘:na] type. For relay| 5 | o) | gogo |g.oves | 90 | 10 | 100 | 3% 10 |oa 65 | 56| so

930 E;’:;;{i‘gn:;f:":d“““’“ andre- | o | gy | go00 {oo013s| 90 | 10| w0 | 3> [ 10 |or Jass|atn] o

5581, 5582, 5583, 5584 are simi-

5581 [[lar to types 930, 921, 927, and | 9 | S-4 | 4000 o.125 | 100 10 100 | 3t 5.5] 0.050 | 135 | 124 | 108

55872 ||920. respectively, except for -4 [717 [7s4 | 4000 [o0.11 100 10 100 21 5.5] 0.050 | 120 | 110 96

5583 || 5P For sound reproduc- 7 173 4600 [ 0.125 | 100 10 100 21 5.5] 0.050 | 135 | 124 | 108
tion involving a dye-image ’ . .

5584 |{sound track in conjunction with | 5 | S-# | 4000 [0.11 100 10 50 2t 55| 0.050 | 120 | 110 | 96

un ip_r.ﬂ\dcaccm light source.
VACUUM TYPES

Similar to 929 except for non- ]

hygroscopic base. For applica- n
IP39 tions critical as to leakage under 9 | S-4 | 4000 |0.042 250 20 100 5 0.005 45 45 45

high-humidity conditions.

Small, head-on type. Only !£”
JP42 | diameter. For applications where | 18 | 5.9 | 4800 | 0.020 180 1.5/ 100 0.4 — 0.005 30 30 30
spdte limitation is a factor.

Low leakage types which are
alike except that 917 has anode
917 |)connected to top cap, whereas

919 []919 has cathode connecled to 2 S-1 8000 | 0.002 500 30 100 10 — 0.005 20 20 20
top cap. For light-measuring
and relay applications,
Note: The i bi ure i 100°C for 1 May be doubled when anode-supply voltage is limited
types having S-1 and S-3 responsc and 75°C for to B0 volta.
# For uimensional outlines, see pages 6 and 7 types having S-4, 5-5, and 8.9 responac. S May be doubled when anode-supply voltage is limited
# For spectral sensitivity curves, see page 5. ® Averaged over any interval of 30 seconds maximum. to 70 volts,
LI\ 90 volts for all gas types; 250 volts for all vacuum I Measured with 2870°K light source. Note 2: Direction of light is into concave side of
types except IP42 which is taken at 180 volts, Nate 1: Direction of light is into end of bulb. cathode,

Measured at 25°C for all types,

DIRECTION ‘ OF LIGHT
M+|(a";

"TICARGE ~ T -
END DIRECTION] QF LIGHT

ma:cnou* OF LIGHT
P29 1P37 848
923

See Nute }
98 930 1P42

DIRECTION § OF LIGHT
W=} AECESSED =
L] Pt} (‘}N'}

K ()

DIRECTION OF LIGHT DIRECTION OF LIGHT PROTRUDING
919 See Note 2

920 5584 921 5582
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SINGLE- AND TWIN-UNIT TYPES

Spectral Characteristics Maximum Ratings
a P —— T Pu: 'g:;‘ MA“-;:C Lumnous Sensitivlty
. I,
Description Qut- Curve¥ i ] Suprly Peak | Cathete- | Avarage | Ampllfi- I'J|:rl sAmp./Lumen
line¢ Wave: | Sansitivityt | Volts | Cathods | Current | Cathods | catipn -
Type langth whmp/ DG or Currest | Denslty | Curcente | popypr Curreni® |- @ 5000 | 10000
Angstrams uWatt Poah AC pAmp. |uAmpseg.ln ) uAmp. uhmp. eps [ ] &ps
VACUUM TYPES—Cont'd
922 |Cartridec type. For relay appli-| 16 | 51| 8000 | 0.002 | so0 [ 15 | 100 | 5 — | 0005 |20 |20 [ 20
925 [Short-bulbtype. Forrelayappli-| y; | 51| 8000 | 0002 | 250 | 15 | 100 | 5 — | 00125 20 | 20 | 20
* :
Cartridge type. For colori- i i .
926 |etric applications. 17 | S-3| 4200 | 0.0016 | 500 15 100 5 0.005 65| 6.5] 6.5
For light-measuring and relay
929 |gpplications. S-4.| 4000 | 0.042 | 250 20 | 100 5 — | 0.0125] 45 | 45 | 45
For sound and facsimile equip- | O
934 |nent. S-4| 4quo | 0.028 250 12 100 4 — | 0005 | 30 |30 | 30
For ultraviolet measurement N
935 |applications. S-5| 3400 | 0.032 250 30 100 |10 — | o0005| 35 |35 | 35
Twin type having two compos-
5652 |iteanode-cathodes. For facsimile S-4| 4000 | 0.042 250 12%| 100 4% — | 0.01 45 45 45
service.
MULTIPLIER TYPES
Spectral Charaeteristics Maximum Ratings m‘ ! Anods e -
Acode- | Supply uminous | Equlvalent urrent
. Man. Rospose Values | o) ¥ ﬁ . : if.
Deseription Out- Curvay \;J:Ill'sy lul\:e:l Peak | Average | Ambieal A&‘ ndﬁ' 'sle?ISi |N ﬂs& :;:}:llml
line Wave: [Sousitivlly} | pgoy | Fleal | Anede | Asode | Tomp:| DM ity npu
Type longd | amp/ ‘| Peak |Dynodoand| Curreni| Current® | eraiurs Curent®y  Amp./ Lumer 1
Angstroms | uWat | Ac) | Auode Ma M ¢ | uhmp. | Lumea
Similar to 931-A but intended
1P21 |[for appl}ilcations involving ex- S-4 | 4000 | 74000 |1250 250 1.0 0.1 75 0.1 80 5x10718 2x108
tremely high sensitivity.
High-sensitivity type having § . .
IP22 response similar to that of eye. S-8| 4200 370 (1250 250 |10 1.0 50 0.25 0.6 [1x10710 2x10%
High-sensitivity type for ultra- : 12 f
IP28 |yioiet measurement applications. S-5| 3400 | 22600 (1250 250 | S 05 [ 75 | 01 20 | 7x10712§ | 1x10
|High-sensitivity type for fac-
931-A six:)l(iile t_ransmi;sion. so;;md re- S-4 | 4000 | 18600 (1250 | 250 |[10 1.0 75 | 0.1 20 |7x10712 1x108
production, and research,
Head-on type for scintillation
counters, and in other applica- . A
5819 tions involving low-level, large- 5-9| 4800 | 14900°|1250| 150 751 075 75 0.05 | 24% |2x10712 | 6x10%°
area light sources.

For key to base and envelope connection diagrams,
aee page 10,

9 For dimensional outlines, see pages 6 and 7.

¥ For spectral sensitivity curves, see page 5.

[ Referred to cathode. © At 25°C,
fMensured with 2870°K light source.

OIRECTION OF LIGHT

OF LIGHT
1P28  931-A

[}
DIRECTION *
P21 1P22

Radiotronics

® Averaged over any interval of 30 seconds maximum,
% For either electrode, * DC or Peak AC.

® Ratio of anode sensitivity to cathode sensitivity.

§ Ultraviolet equivalent noise input = 6x10 ~ 15 watt.
Note 1: Direction of light is into end of bulb,

Note 2; Direction of light is into concave side of
cat,

1 With 100 volts per dynode stage and 100 volts be-
tween final dynode and anode,
4 With 90 volts per dynode stage and 90 volts between
final dynode and anode.
Note: Equivalent noise input ia measured with a 2870°K
light source at a 25°C tube temperature for a
bandwidth of one cps,

DIRECTION QF LIGHT

Ko,
OR(a
e

DIRECTION § OF LIGHT
RECESSED

[P+

LIGHT

~P)

=K L)
FROT R {3
See Nole 2

922 9% 581%

Sce Hote §
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WEDIUM: SHELL
DIHERTAL
14-PiN BASE

CYLINDRICAL
MESH

SMALL -SHELL
SMALL a-PIN
BASE

136" MAX

Wig" MIN
T5Y BuLs -
SMALL - SHELL
PLEW
3-PIN BASC
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PHOTOTUBES
OUTLINES

DIMENSIONAL

SMALL CAP —_ |
CATHODE\

194g° MIN

T8 BULE

DWARF - SHELL
SMALL 4-PiN
ASE

T9 BULB —

SMALL
SMALL
HASE

235" max

ERIRTED

MINIATURE CAP
oo 16" MAX

INTERMEDIATE =
SHELL OCTAL -
5-PIN BASE

134" MAX
TG BULB.,
CATHODE
134" MIN

Ul

INTEAMEDIATE -
SHELL OCTAL ~
5PN BASE

SHELL —
A-PiN

— 134" MAX

96" MIN DA —

i T6 BuLB-

-T6 BuLB

INTERMEDIATE SCREW T
BASE

EEWEE
3-PIN BASE
~ANODE CONNECTION

~— CATHODE COMNECTION

14
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T§ BuLB—

INTERMEDIATE =
SHELL = OCTAL -
S-PIN BASE

19/ MAX

CATHODE - END VIEW
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PHOTOTUBES

DIMENSIONAL

14 MIN
CATHODES~ |

T9 BuLB

INTERMECIATE -
SHELL -OCTAL
5-PiN BASE

£y
e
DIRECTION

Lan®
OF LIGHT i = i 32

37572 010"

=

/32"
820° MAX
921 CATHODE - END VIEW

926

5582 0
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OUTLINES

SMALL-SHELL
SUBMAGHNAL
1i=PiN BASE

196" MAX

237327 MAX
T MIN

CATHODE .,
e

146" MIN

T5% BULB

SMALL- SHELL
PEEWEL
3-PIN BASE

DIRECTION
OF LIGHT

- 0.19* MIN WINDOW
DIA

14" MAX DIA
345" MAX

. .220* =,004° DIA
144" MIN
—

NcaTHODE
. TERMINAL
Whag® +h4g

g - ANODE
%32 142 TERMINAL
!

140 8% 0
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INTERCHANGEABILITY CHART

GAS TYPES
CINTEL BASE RCA | CETRON VISITRON GE | WTHSE | NU  LUMTRN  RAY SYL GEC | MAZDA
GS16 English 4 Pin R6TA CMG22 |
GS1650 Octal 5 Pin 930 | CE30 (gesn) GL930 NU30
GS16WB Loose Leads G5
GS17 English 4 Pin | CMG17
Gs18 English 4 Pin CMG25
GS26T English 4 Pin - CMG8
G544X US.A. 3 Pin R51A NU5 Ao_o
Gs44Y US.A. 3 Pin CE36 NU36
GS46 English 4 Pin PE7B
GS47X US.A. 3 Pin 927 CE25 . GL927
GST116A US.A. 4 Pin NU4
GS116AM US.A. 4 Pin CE4 R58A G12
GS117A US.A. 4 Pin CE2 R71A WL737 | NU2 | 4GC | 814A
GS117ATA US.A. 4 Pin CEI13  R71TA NU13 ;
GS146 US.A. 4 Pin 868 CE1 R59A  PJ23 | WL735  NUI G8 4GSM 868
GS118TA US.A. 4 Pin CE11  R59TA
GS126A US.A. 4 Pin CE7 NU7
GSI146 (Spec). US.A. 4 Pin 918 GL918
GS149 US.A. 4 Pin 920 GL920
VACUUM TYPES
CINTEL BASE RCA | CETRON VISITRON GE | WTHSE = NU | LUMTRN| RAY SYL GEC = MAZDA
VA1650 Octal 5 Pin 929 R&1AvAl GL929 |
VS1650 Octal 5 Pin * 925 | CE30V |(Resav NU30V _ _ .
VS18BO English 4 Pin | | PE8
VA25X US.A. 3 Pin 934 R51BV | _
VA26T English 4 Pin | _ | KG7
VSa4X US.A. 3 Pin CE25V | R51AV NU25V | |
Vsa4y US.A. Short 3 Pin CE36V | _
VS116AM US.A. 4 Pin CE4V = R58AV
VAT17A US.A. 4 Pin 7 CE2V | R71BV m _
VA117ATA US.A. 4 Pin R71TBV _ _
VS117A US.A. 4 Pin | CE2V | R71AV _ _
VST17ATA US.A. 4 Pin CE13V | R71TAV NU13V | " _
VS118 US.A. 4 Pin CETV | R59AV WL734
VS118T US.A. 4 Pin 919 R82AV NU31V
VS118TA US.A. 4 Pin 917 | CE11V | R59TAV = GL917 NUTTV |

Bold face types are standard low-priced cells, available ex Australian or U.K. stock.
Light face types are special cells with longer delivery times.
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