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WESTINGHOUSE LIGHT SENSITIVE PHOTOTUBES 

DESIGN DATA AND RATINGS 

Typical CATHCDE Maximum 

Sensitivity Maximum Current Socket G Topt 
Spectral Reglon Licroamps. Operating Aperture Mlcroamps. Socke onne ctor 

Type Descript. of Max. Response Per Lumen Volts Surface {Inches) per sq.in. Style# _Style# 

SR-50 Vacuum Deep red--near u-v*# 15,0 500 Cs-0 13/16x1~3/8 20 766732 wevnennns 
SR-51 " Violet 15.0 500 Cs-0 13/16x1-3/8 20 766732 vivivenns 

SR-53 V. D d--near u-v 25.0 500 Cs-0 13/16x1-3/8 20 766732 wevnnenne 
sn-5g i P EeTTE 12.0 500 Cs-0 1-5/8x3-1/2 20 766732 eennennn 

SK-60 Gas Deep red--nesr u-v 60.0 90 Cs-0 13/16x1-3/8 20 766732 vevunnn. . 
SK-61 ! Violet 60.0 90 Cs-0 13/16x1-3/8 20 T66T32 cuvnnnnns 

SK-63 Gas Deep red--near u-v  125.0 90 Cs-0 13/16x1-3/8 20 766732 veiienenn 
SK-68 " " " " i 60.0 90 Cs-0 1-5/8x3-1/2 20 766732 weuennnnn 

WL-734 Vecuum Deep red--near u-v 15.0 500 Cs-0 13/16x1-3/8 20 684379 ..., 
WL-725 Gas W " " 60.0 90 Cs-0 13/16x1-3/8 20 684379 ..., 
WL-T737 " " " " " 60.0 90 Cs-0 ix1-1/4 20 684379 L....... . 
WL-770 Vacuum Near u-v 0.75 500 Cs-Mg 1-3/4 dlam. 25 684379 829334 

# Ultra-Violet 

GENERAL INFORMATION 

The phototubes listed in this bulletin are 
essentially two electrode tubes conslsting of 
a seml-cylindrical cathode and a central 
anode sealed 1n a glass envelope. The cathode 
conglsts of a base metal such as silver with 
a light sensitive surface, usuzlly caesium 
oxlde, and 1s the larger element of the two. 
The anode consists of a stralght wire elec- 
trode mounted along the axis of the cathode. 

The actlon of light upon the cathode results 
in the emlssion of electrons from the light 
sengitive surface, and the electrons which 

are releagsed by thls action are drawn to the 
anode by virtue of the voltage which is ap- 
plled between the cathode and the anode. 
These phototubes are made in two different 
types, namely, vacuum and gas-filled. The 

two deslgns are 1dentical as to structure, 
but differ in that there i1s a high vacuum 
in the vacuum type and an inert gas at a 
very low pressure 1n the gas-fillled type. 
The SR-50, SR-51, SR-53, SR-58, WL-734 and 
WL-770 phototubes are all of the high vacuum 
type, and the SK-60, SK-61, SK-63, SXK-68, 
WL-735 and WL-737 phototubes are of the gas- 
f1lled type. 

In the gas-filled type, greater effective re- 
sponse 1s obtained due to gas amplification 
and secondary emlssion. When the applied 

voltage is sbove 25 or 30 volts, the elec- 
trons traveling from cathode to anode have 
sufficlent veloclty to knock out electrons 
from gas atoms with which they collide, thus 
splitting up the atoms into positive lons 
and free electrons. The electrons are, of 
course, attracted to the anode and the posi- 
tive lons to the cathode, which they may 
strike sufficiently hard to knock out several 

"secondsry" electrons. Thus these two fac- 
tors produce an additional current which at 
higher voltages may be several times the 

value of the primary electron current. 

The gas ratio of a phototube, that 1s, the 
ratlo of 1ts response at the operating volt- 
age to 1ts response at the voltage where gas 
amplification begins, for a gilven illumlna- 
tion, is a measure of the gas and secondary 
emlgsion amplification. The gas ratio 1is 
often taken as the ratio of its response at 

90 volts to that at 25 volts with a constant 
illumination. Care must be taken with gas- 
filled tubes not to exceed a certain maximum 
voltage (the value of which depends on the 
type of tube and the 1llumination on the 
tube) or a glow discharge will result which 
will ruin the sensitive surface. The limits 
are shown 1in the accompanying curve of lumens 

plotted agalnst anode voltage. Anode volt- 
ages to the left of thls curve are safe 
values. 

_APPLICATION 
WESTINGHOUSE vacuum and gas-filled photo- 
tubes have a high instantaneous speed of re- 
sponse, which makes 1t practically impossible 
for any change 1in intensity of light to es- 

cape thelr reactlon. 

Phototubes are inherently suited to the con- 
trol of artificial lighting for schools, fac- 
tories, public builldings, streets and signs. 
They may be employed in starting, stopping 
or controlling mechanical operations, and for 
counting such objects as cartons, sheets of 

paper, steel ingots, vehicles or pedestrians. 
They may be so arranged as to have the ob- 

Jecte intercept a beam of light. They may be 
arranged to record density of smoke, fumes 
end solutions or to detect the presence of 
smoke or flre. Materials can be graded in 
size, thickness or color or to a mechanical 
precision by the use of a phototube. 

Since 1light 1is used as the controlling medium 
Instead of mechanical or electricsl contact, 

operations where frlctlon should not be in- 
troduced or where mechanicsal contact cannot 
be made and which would otherwlse be 4iffi- 
cult to obtain, are readily and conveniently 

cgoverned by phototube control. 

INSTALLATION 

¥echanical 

Although these tubes may be mounted 1n any 
posltlon, 1t is recommended that they be in- 
stalled in a vertlcal position with the base 
of tube either up or down. It 1s, of course, 
imperative that the cathode emlitting surface 
face the light source upon which the function- 
ing of the tube is dependent. The SR-KO, 
SR~51, SR-53, SR-5&, SK-60, SK-61, SK-63 and 
SK-68 types are aupplied with the speclally 
designed and rugged 1ndustrial bases which 
have been widely adopted for tubes used in 

the industrial fleld. Several types are 

equipped with the UX type of base, namely, 
the WL-73%, WL-735, WL-737 and WL-770. The 
industrial socket style #766732 is made of 
especlally high quality moulded insulating 
material, and 1s recommended for use with 

the phototubes having the industrlal bases. 
Thls socket has a high resistance which re- 
mains constant with an increase of tempera- 
ture up to 70 degrees centigrade and humidity 
up to 90 percent. UX type of sockets made 
of high quality material should be used with 
the tubes which are supplled with UX bases. 

While WESTINGHOUSE phototubes are uniformly 
rugged in all mechenlcal respects, they 
should be protected from unnecessary vibra- 

-3 -



tion. If they are mounted in locatlons where 
vibration exists, 1t 1s recommended that the 
sockets be cushioned properly. These tubes 
are not partlcularly sensitive to temperature 
changes although the maxlmum recommended 
operating temperature should not exceed 50 
degrees centigrade. This refers to the am- 
bient alr temperature or the temperature of 
the air which comes in contact with the bulb. 
Operation of the phototube at too high a tem- 
perature may cause a change in the sensitivi- 
ty of the light sensitive surface due to the 
evaporation of the volatile materials with 

consequent decrease in sensitivity and an 
adverse effect on 1ife. In general, higher 
temperatures may slightly decrease the sensl- 

tivity. To clte an example, there 1ls very 

1little change 1in sensitivity with the WL-735 

gas filled phototube operated within the 
temperature range of minus 20 degrees Centl- 
grade to plus 20 degrees Centigrade, while 
from 20 degrees (entigrade to H0 degrees 
Centigrade there may be a decrease in sensi- 
tivity of about 0.4% per degree Centigrade. 
If it is necessary to mount the tubes 1in a 
place where natural ventilatlon 1is poor, 

best operating results will be secured if 
forced air cooling 1s provided by means of 

an electric fan or a stream of cool dry &air. 

Care should always be taken to avold any ex- 
traneous or undesired light from reachlng the 
phototube, otherwlise erratic results may he 
obtalned. In additlon to the light shielqd, 
1t 18 also deslrable to shield the circult 
carefully from stray fields. In extreme 

cases 1%t may even be necessary to shield the 
leads to any external source of power. 

The sensitivity values given in the accom- 
panying table were tsken when a Mazda pro- 
Jection lamp operating at a filament color 
temperature of 2870 degrees Kelvin was used 

ag the light source. The test circult in- 
cludes a one megohm load reslstance in seriles 
with a 90 volt supply source. The standard 
light flux value of 0.1 lumen was used. 

Electrical 

It 1s essential to minimize the detrimental 
shunting effects of leakage between elec- 
trode connectlons and capacltance between 
the leads. It 18, therefore, important to 

use only high quallty sockets and to proper- 
ly insulate the leads, particularly the one 

connected with the anode or posltive voltage 
supply. 

For both steady and pulsating light, the 
sensitivity of gas fllled phototubes within 
their normal operating range, is practlcal- 
ly independent of the amount of light. How- 
ever, sensitivity is affected by the frequen- 
cy of light modulation. Thils is character- 
istlic of gaseous phototubes and 1ls due to 
the relatively large mass of the positive 
lons and thelr correspondingly sluggish mo- 
tlon. Because there 1s a time lag between 
the disruptlon of a gas atom and the increase 
in current due to the resultant positive 1lon, 
fluctuations in the gas component of current 
lag slightly behind fluctuations in the pri- 
mary photo-emission component. For high fre- 

quency of modulation, thls lag tends to 

smooth out the pulsations in phototube cur- 
rent, thus decreasing the alternating com- 
ponent of the current and, to some extent, 
the sensitivity. For low frequencles, how- 

ever, the effect 1s not important and the 
low-frequency sensitivity is practicaelly 
equal to the static sensitivity. 

The sensltivity of the gas-filled phototube 
for pulsating light is measured with a light 
input that is varled sinusoldally about a 
specified mean value from zero to a maxlmum 
of twlce the mean. Sensitivity values for 
the audio-frequency range give a sensitivity 
at 10000 cycles which 1s down approximately 
17% or only asbout 2 decibels from the value 

=k 

at 100 cycles. The gas content is such that 
the tubes combine high sensitivity with good 
audio-frequency fildelity. 

The sensitivity of a phototube is determined 
by the amount of current which the tube will 

pass with an applled potential of 90 volts 
d.c. across the tube in series with a one 
megohm resistor when the amount of light 
falling on the cathode 1s one lumen. The 
lumen 1s a standard unit of light flux equl- 
valent to s lumlnous Iintensity of one foot- 
candle upon a projected area of one square 
foot. To obtain the value of the light flux 
in lumens, multiply the projected area of the 
11luminated aperture in square feet by the 
intensity in foot candles. A 1light source 
of one candle power will illuminate a surface 
one foot distant vlth an intensity of one 

foot~candle. The light intensity on a sur- 
face from a glven small source varles inverse- 
1y as the square of the distance. Thus: 

CA 

o 
P = 

Where F is the flux in lumens, C 1s the can- 
dle power of the light source, A 1s the area 
in gquare inches of the surface or aperture 
and D 1s the distance 1n inches of the light 
source from the surface, D and A belng in 
corresponding unilts. Mazda "C" lamps of 50 
to 100 watts are rated approximately at 1.0 
candle power per watt at marked voltages. 
For example, avproximately one lumen of 
light flux strikes the cathode of a WL-735 
phototube when placed 10 inches from a 
lighted 100 watt lemp. 

The cathode sensitivity of these phototubes 
is of such uniformlity that a beam of light 
projected upon a very small area of the 
cathode 1s quite effective. However, best 
uniformity i1e obtained when the incident 
1light 1s projected over as large a portlon 
of the cathode as possible. 

When s phototube 1s used with a relay, the 
highest sensitivity 1s obtained by the use 
of a relatively large load resistance. The 

phototube may be used with any of the usual 

amplifier tubes as long as the grid circult 
is not too high, say less than one or two 
megohms, When higher resistaences are used 
in the coupling circuilt, it is desirable %o 
uge one of the WESTINGHOUSE low grid current 
amplifier tubes and to ftake precautions to 
properly insulate the grid circuit. 

OPERATION 

The current rating of a gas filled phototube 
depends upon the operating conditions, hence 
1t is important to avold the combination of 
too much current with too high o voltage. 
The reason 1s that these two factors govern 
the number of positive lons striking the 
cathode per second and their velocity. Too 
many ions bombarding the cathode with exces- 
slve veloclity may disintegrate the cathode 

surface and cause the tube to lose 1%ts sensi- 
tivity. 

The voltage across the tube can be computed 
by subtracting the voltage drop through the 
load resistance from the supply voltage. 

A gas discharge, evident as a faint blue 
glow, may occur if the current and especlal- 
ly the rated voltage of a gas-filled photo- 

tube 1s exceeded. If such a glow occurs, 
the anode voltage should be removed from the 
tube immedlately in order to prevent perma- 
nent damage to the tube. 

A phototube generally gives best results 
under constant use. The characteristics of 
a phototube which has not been used for a 
month or more may change somewhat, but can
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be restored to normal by a short period of 
operation (about one or two hours) with the 
usual current and 1llumination. Exposure to 
large amounts of light, such as direct sun-~ 
1ight, may temporarily decrease the sensi- 
tivity of the tube even though there 1is no 
voltage applled. The magnitude and duration 
of this decrease depend upon the length of 

over-exposure 
CHARACTERISTICS 

The accompanying curves of anode current 
versus light flux for constant plate voltages 
are quite simllar to the curves of anode 
current versus anode voltage for constant 
light flux values in that the two curves 
represent the same data plotted in two 
different forms. These curves show that 
the current output in all vacuum phototubes 
is exactly proportional to the light flux 
when saturation voltage 1s applied, whereas, 

in gas-f1lled phototubes the current output 
1s only proportional to the light flux for 
low i1lluminations and low voltages, but not 
for high 1lluminations and high voltages. 
However, for a glven gas-filled phototube 
a load resistance can always be chosen so 
that the current output becomes linear with 
the light flux over the permlssible range 
of illumination. 

As will be seen by the accompanying curves 
of current versus phototube voltage for the 
various tubes, the current in the vacuum 
tipe reaches saturation at approximately 
14 volts, and any further increase in po- 

tentlal glves only a slight increase in the 
saturation current. This slight incresse 
1s due to geometrical construction of the 
tube. In a gas-filled tube, the same sat- 
uration value is reached at 14 volts, but 
thls condition 1is temporary since the out- 
put current rises rapldly when the voltage 
1s increased still further due to the effect 

-6 

of lonization of the gas in the tube. The 
sensitivity of the gas-filled phototubes 
may be several times the corresponding value 
of a vacuum tube of similar construction. 
This augumented sensitivity is due to gaseous 
lonization and 1s the chlef merlt of gae- 
filled phototubes. 

Some curves are included which chow the 
color sensitivity of the phototubes plotted 

as relative response versus wave length in 
millimicrone, These curves show the sensi- 
tivity characteristics of these various 
tubee due to light of verlous wave lengthe. 
The cutoff of 211 of the curves %o zero at 
wave lengths at a 1ilttle less than 300 milli- 
nicrons is due to the abscrption of shorter 
wave length light by the glass bulbs. Some 
types possess a large response 1n the longer 
wave length or infra-red region which make 
such tubes particularly useful for operation 
where Mazda lamps are employed as light 

sources. If desired, color filters may be 
used to alter the color sensitivity response 
of the phototube, 

Several circults are shown whilch illustrzte 
typlcal methods of using the various photo- 
tubes. In most cases operating voltages and 
circult constants are recommended. However, 
1t will often ve found that these do not 
represent the optimum condition for any 
partlcular installation, and the values which 

produce the best results should be used. The 
publication of these circults does not imply 
or carry a license to use them. In several 
of the clrcults the phototube controls the 
grid bias of a vacuum amplifiler tube while 
one circult is shown in which the phototube 
controls the grid blas of a thyratron. This 

latter circult is particularly useful in 
that it operates entirely from alternating 
current and the controlled current may be 
relatively large.



TYPICAL CIRCUITS 
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(a) Flexivle d-c amplifier with neutralized anode cur- 

rent 
(b) Differentisl d-c circult with neutralized anode 

current 
(¢) Simple amplifier for straight a-c operation 
(d) Grid-Glow relay circult a-c operation 

Eeg Simple amplifier for stralght a-c operation 
by Negative control Grid-Glow relay circult for a-c 

operation 

Fig. 4-19 ~ Typlcel phototube circuilts 
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GUARANTEE 

Festinghouse tubes are guaranteed to be free from electrical and mechanical defects. 
They have been designed and built to withstand reasonadle service conditions and 
have passed rigid tests bvefore shipment, Their performance will depend, to a large 

extent, upon the kind of equipment in which they are used and the care with which they 
are handled. In case of doubt as to the proper operating conditions, information 

should ve secured from the Special Products Sales Department, Nestinghouse Lamp Di- 
vision, Westinghouse Electric & Manufacturing Company, Bloomfield, New Jersey. 

If a tube is received with apparent defects or evidence of abuse in transit, suit~ 

able notation should be made on Lhe receipt required by the transportation company. 

If, after a clear receipt has been given, acceptance tests reveal that the tube is 

inoperative or has been abused in transit, immediate steps should be taken to noti- 
fy the transportation company, at thre same time requesting inspection by the car- 

rier's agent, Claims for concealed damage will be accepted by carriers only when 

such damage has been reported Lo them within fifteen days after delivery. Purchas- 

ers desiring the assistance of the manufacturer in filing such claims must report 
them to the manufacturer within a reasonable time to insure compliance with the com- 

mon carriers’ reguirements, 

The manufacturer assumes no responsibility for tubes which may become defective 

during re-shipment or handling by the user. If a tube shows a defect or trouble is 
experienced in its operation, a careful check should be made Lo see that the circuit 

or other equipment is not at fault, It is advisable to recheck the tube in another 

socket or replace it in the set in which it gave lroudle as a check on its opera- 

bility before it is returned to the manufacturer. The service report form must be 
completely filled in with the information concerning actual life obtained and the 

conditions of operation so that proper consideration may be given to the claim 

This sheet must accompany the request for permission to return the tube. 

No claim for adjustment, except obvious manufacturing defects, will be considered 

when a tube has been used for experimental purposes, or where the conditions of op- 
eration have not been in accordance with the electrical rating and accompanying 

operating instructions. If examination and test of the tube indicate a defect of 
quality, workmanship, or material, an adjustment will be allowed based upon the merit 

of each individual claim Upon receipt of the authorization for return, the user 
should pack the tube for shipment as carefully as when it was originally received, 
since damage in shipment will make proper examination impossible, Complete ship- 

ping instructions are given on the return tag., This guarantee applies only within 
the period of one year after the tube is shipped from the factory. 

LICEYSE NOLICE 

The sale of this device carries a license under patent cl=ims of the device itself 

for power, thercpeutic, medical, railway signalling, and x-ray purposes; for com- 

munication (not including programs) on, between, or with, and signalling, directing, 
or controlling land vehicles in connection with their operation; for communication 

by the owner or operator of apparatus for power purposes, bult only in the business 

of such owner or operator involvimg such apparatus; for use on aircraft, for com- 
munication (not including public service or programs) on, belween, or with, and in 
signalling, directing, or controlling aircraft in connection with their operation; 
for mireless telephony and wireless telegraphy transmitting apparatus for use by 

municipal, county, or state governments, solely or primarily for rendering an of- 

ficial service; and for laboratory use.


