
May 19, 1942. - R. J. CASH MAN 2,283,413 
PHOTOTUBE AND METHOD OF MANUFACTURE 

Filed Aug. 3, 1940 

2 2 2 Enaaaaaaaaaaaaab 
AYS St. AAAAAAAAAAAA y 

2Z-tref 
INVENTOR. tè2 er/-O25/2/777/7 

2-Y-48% 2%ales /32. Aes. 

  

    

  



Patented May 19, 1942 2,283,413 

UNITED STATES PATENT office 
2,283,413 

PHOTOTUBE AND METHOD OF MANU 
FACTURE 

Robert J. Cashman, Evanston, III. 
Application August 3, 1940, Serial No. 350,797 

(CI. 250-165) 18 Claims. 

It is known that ultraviolet radiations having 
Wave lengths shorter than 3200 A. have the val 
uable effect of curing rickets and are believed 
to have Some prophylactic value in heliotherapy. 
These radiations have also proved valuable in 
sterilization and in certain photo-chemical proc 
eSSeS. 
of the intensity of these radiations has, however, 
been difficult if not impossible due to the lack of 
means capable of measuring only these radia 
tions. Several forms of meters have been de 
vised but these have been objectionable for war 
ious reasons, one of the common shortcomings 
being the limited field from which radiations may 
be received, and another being their inability to 
respond only to biologically effective radiations. 
An object of my invention therefore, is to 

provide an apparatus and a method of making 
Such apparatus to accurately measure all biolog 
ically significant ultraViolet radiations incident 
upon a horizontal plane. 
Another object is to provide a method of 

making phototubes which substantially elimi 
nates variation in characteristics between simi 
larly constructed phototubes. 
Another object of my invention is to provide 

a phototube having a negligible response to 
changes in temperature. 
These and other objects, which will become 

apparent from the following description, are ac 
Complished in general by providing a phototube 
having a metal cathode disc covered on at least 
One face by a gas-free coating of condensed mag 
nesium. The phototube consists broadly of an 
envelope capable of transmitting ultraviolet ra 
diations and within which the cathode disc is 
rotatably mounted. The anode is preferably 
formed of thin wire and is located above the 
Cathode plate. . 

In making the tube a quantity of pure mag 
nesium is placed near the Cathode plate and is 
aSSociated with heating means. Initially the flat 
cathode plate is moved upon its supports until 
the surface to be activated faces the magnesium 
and a small occulting disc is interposed between 
the magnesium and the cathode. Gases within 
the tube are removed insofar as possible by an 
efficient vacuum pump and heat is applied to the 
magnesium during the pumping process, caus 
ing a portion, or fraction, of the magnesium to 
vaporize and condense principally upon the oc 
culting disc. After a portion of the magnesium 
has been vaporized the tube is sealed. The va 
porization process is continued after sealing, as 
it effectively "getters' or removes after the re 
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maining active gases from the tube, which would 
otherwise harmfully effect its characteristics. 
When the active gases have been completely re 
moved by the action of the magnesium, the oc 
culting disc is withdrawn from its position be 
tween the magnesium and the cathode, allowing 
the middle fraction of the magnesium to con 
dense upon the surface of the cathode disc. 
When the desired amount of magnesium has 
been collected the cathode disc is moved upon 
its Supports by external means and secured in 
its Operative position. A tube formed in this 
manner will have a threshold of substantially 
3200 A.; that is, it will be unresponsive to radi 
ations having Wave lengths greater than sub 
Stantially 3200 A. but will respond to radiations 
below 3200 A., the lower limit being determined 
by the envelope material and its thickness. The 
response of my tube to such radiations is directly 
proportional to their intensity, in other words 
the characteristics of my phototube are substan 
tially linear. Because of the novel construction 
of my tube practically all of the biologically ef 
fective ultraviolet radiations from a single source 
or combination of sources incident upon a hori 
ZOntal plane will act upon the tube when the 
Cathode is horizontal and the intensity of these 
radiations may be measured and integrated by 
a suitable recording device operating in con 
junction with my tube. Furthermore, the re 
Sponse of my tube is substantially unaffected by 
changes in temperature. However, it is to be 
understood that the basic principles of my 
method of manufacturing, hereinafter described 
in detail, are applicable to phototubes formed 
of other materials and adapted for use in other 
relations such as phototubes for use in conjunc 
tion with television or motion picture sound ap 
paratus. 
As the threshold of a phototube is controlled 

largely by the material forming the cathode or 
Cathode coating I may form a tube by my process 
having a threshold other than 3200 A. by substi 
tuting other metals for magnesium, or if a com 
bination of more than one metal is desired I 
may employ an alloy or mixture of two or more 
metals. It is not essential that the material 
chosen have the property of adsorbing active 
gases for magnesium, or some similar material, 
may also be vaporized in the tube without coating 
the cathode by 
unit. 
The threshold of a tube formed by my process 

may be varied by the admission of active gases 

providing an auxiliary vaporizing 
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under controlled conditions regardless of the 
type of metal or mixture of metals used to form 
the cathode or cathode coating. For example 
the threshold of 3200 A. which is characteristic 
of a tube having a gas-free magnesium coating 
on the cathode may be raised to 5100 A. by ad 
mitting small quantities of hydrogen and this 
threshold may be reduced to approximately 
4700 A. by re-exhausting the tube. The admis 
sion of gases of this nature has also been found 
to greatly increase the sensitivity of a tube. 
In the accompanying drawing Fig. 1 is a per 

spective view of one form of my invention show 
ing the relative disposition of the parts. 

Fig. 2 is a sectional view of one form of mech 
anism employed to hold the cathode in operative 
position. 

Fig. 3 is a perspective view illustrating another 
form of mechanism employed to hold the cathode 
in operative position, and 

Fig. 4 is a diagrammatic illustration of a circuit 
and recording apparatus suitable for use in con 
junction with my tube. 

Referring to Fig. 1 an envelope formed of 
fused quartz or of glass such as Corex D, Corning 
#972 or Corning 791, capable of transmitting 
ultraViolet radiations having wave lengths of 
less than approximately 3200 A., is attached to a 
standard tube base 2 in a manner well known 
in the art. Four metallic prongs, designated 3, 
extend through the base 2 and are connected to 
four electrodes 4, 6, 7 and 8. Connection of 
electrode 8 to one of the prongs 3 is, however, 
optional and is shown as disconnected in Fig. 1 
for clarity. The electrodes are disposed substan 
tially parallel to the longer axis of the tube 
and sealed into a glass base 9 which is attached 
to the envelope . The lower portion of the 
glass base 9 is preferably cylindrical in form, 
tapering at the top to a pinch seal or press of 
approximately rectangular cross-section. 

All of the electrodes extend upwardly beyond 
the glass base, 9 the two outer electrodes 4 and 
8 being attached to the under side of a trans 

Verse metallic disc 2. The two central electrodes 
6 and 7 extend through an opening 22 in the 

central portion of the transverse disc 2, the 
ends of these electrodes being spread apart after 
passing through the disc 2 and connected to 
gether by a high resistance wire 23. 
A Small quantity of pure magnesium 24 is 

placed around the resistance wire 23, and is held 
in place by deforming the wire. A horizontal 
occulting disc 26 is attached to a vertical shaft is 
2T which is rotatably mounted in a vertical posi 
tion by bands 30 attached to the upper portion 
of the electrode 7. The dimensions of the 
occulting disc 26 are such that it may be swung 
into and out of position directly over the mag 
nesium 24. - 
A metal collar 3 f is clamped around the cylin 

drical portion of the glass base 9 by a bolt 32 
and supports two upright members designated 
33, which extend upwardly parallel to the axis 
of the tube beyond but not in contact with the 
disc 2i. The upper ends of these uprights 33 
are joined together by a horizontal bar or axle 34 
upon which two similar arms 36 and 37 are jour 
naled. A flat metallic cathode disc 38, prefer 
ably of nickel, is attached to the free ends of the 
arms 36 and 37, the plane of the cathode disc be 
ing at all times parallel to the horizontal bar 34 
so that when the cathode is held in a horizontal 
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2,283,413 
position its plane will be at right angles to the 
major axis of the tube. 
The anode comprises two fine curved wires, 

39 extending above and diametrically across the 
cathode 38 at right angles to each other. The 
ends of the anode wires 39 are attached to an 
open ring 4 which may extend around but not 
in contact with the cathode disc 38. The ring 
4 is attached to two diametrically opposed Sup 
ports 42, the lower ends of which are attached 
to the disc 2. A metal prong 43 is sealed through 
the wall of the envelope and is connected with 
the collar 3? by a wire 44. 

Potential may be applied to the cathode 38 
through the wire prong 43, the wire 44, the col 
lar 3, the uprights 33, the horizontal bar 34, and 
the arms 36 and 37, and to the anode 39, through 
the electrode 4, the metal disc 2, the Supports 
42, and the ring 4. The electrode 8 serves pri 
marily as a Support for the disc 2 and its con 
nection with one of the prongs 3 is therefore op 
tional. 
As the method of manufacturing employed 

contemplates coating the surface of the cathode 
5. With condensed magnesium vapors after sealing 
the envelope and Subsequently rotating the cath 
Ode into its normal operative position, it is neces 
sary to provide a latch device to hold the cathode 
in position after rotation. A device Suitable for 
this purpose is shown in Fig. 2 and includes a bar 
46 extending through aligned openings in the 
arms 36 and 37. An L-shaped member 47 is at 
tached to the horizontal bar 34 with the plane of 
vertical portion of the member adjacent and 
parallel to the outer side of arm 36, and an open 
ing 45 is provided in this portion to receive one 
end of the bar 46 when the cathode assumes its 
Operative position. A coiled spring 43 acts upon 
the bar 46 urging it outwardly towards member 
47. One end of the vertical section of member 
47 is bent outwardly and serves to force the bar 
46 inwardly against the pressure of the spring 
48 when the protruding end of the bar 46 is 
brought in contact with the vertical section of 
member 47 by rotation of the cathode 38. The 
Spring 48 forces the bar 46 into the opening 45 
the moment the bar and opening are aligned 
and so holds the cathode firmly in the desired 
position. 

Fig. 3 illustrates another form of latch mecha 
nism adapted to hold the cathode in operative 
position. This form comprises a flat spring 5 
attached at its lower end to vertical member 33 
and carrying an armature. 52 on its upper end. 
A pin 53 extends through the armature 52 sub 
stantially parallel to the horizontal bar 34, the 
projecting end of the pin engaging a notch in 
the end of a bar 54 when the cathode is in op 
erative position. The bar 54 is attached to the 
arm 36 and extends laterally therefrom. A stop, 
generally designated 56, is provided to prevent 
rotation of the cathode beyond the desired posi 
tion and comprises a horizontal bar 57 attached 
at one end to the vertical member 33 slightly be 
low the end of the spring 5A. The unattached 
end of the bar 57 is joined to a leg 58 which ex 
tends laterally and vertically with respect to the 
leg 57 in a plane parallel and adjacent to the 
plane of the bar 54. A flat section of metal 59 is 
attached to the inner portion of the vertical leg 
58. The parts of the stop 56 are positioned in 
Such manner that as the cathode is rotated the 
arm 54 will move in a plane parallel and adja 
cent to the plane of the vertical leg 58 until it 
comes in contact with the upper end of the fiat 
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Section 59 at which time the free end of the arm 
54 will be immediately adjacent to the vertical 
leg 58 of the stop 56. A Small notch 6 is pro 
vided in the outer edge of the vertical leg 58 po 
sitioned to register with the notch in the end of 
the arm 54 when the cathode has reached oper 
ative position. The pin 53 on the armature 52 
is urged into engagement with these notches by 
the action of the spring 5 and may be disen 
gaged at Will by applying magnetic force to the 
armature 52. I prefer to use this form of holding 
device, as it is possible to move the cathode into 
or out of operative position at Will, whereas the 
device illustrated in Fig. 2 will not permit move 
ment of the Cathode once it has been placed in 
Operative condition. 
A phototube having the construction above de 

Scribed is particularly adapted to the measure 
.nent of biologically effective Solar radiations, and 
is intended to illustrate a novel and acceptable 
form of phototube for this purpose without lim 
iting my invention solely to the use of this type 
of Construction. The construction of the anode 
and Cathode, however, imparts certain novel and 
highly desirable characteristics to my tube. For 
example, the shadow of the anode upon the 
cathode is negligible, thereby practically elimi 
nating a source of error in measurements. The 
flat metallic cathode, in addition to broadening 
the field of the phototube, also eliminates the 
variations found in tubes having curved cathodes 
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caused by variations in the incident angle of the . 
radiations, which affect the response of the tube. 
In the following description of the process of 

manufacturing and in the claims, fractional dis 
tillation is to be understood as meaning a process 
in Which the Wolatilization of the metal is sub 
stantially continuous, but in which only selected 
portions of the vapor are used as a coating for 
the Cathode, as distinguished from double distill 
lation in which the metal is vaporized, condensed, 
subsequently re-vaporized and re-condensed upon 
the Cathode. The term "middle fraction' is to 
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be understood as meaning any portion of metal 
vapor other than the gas contaminated vapors 
first evolved. It may be applied to the last por 
tion, if there are only two, or to all but the first 
portion, if there are more than two, 

In the manufacture of the tube the parts are 
formed Substantially as shown and prior to their 
final assembly are heated under suitable condi 
tions to remove all possible occluded gases and 
other foreign material. The parts are then as 
Sembled as previously described with the mag 
nesium located approximately in the center of the 
resistance wire 23, and with the occulting disc 26 
SWing into positign over the magnesium. The 
Cathode disc 38 is initially placed in its inverted 
position with the face to be coated adjacent to 
and facing the occulting disc 26. The tube is 
then connected to an efficient vacuum pump, not 
ShOWn, in any desired manner and is exhausted 
by pumping. The pumping process is continued 
until the maximum degree of vacuum is obtained, 
at which time the vaporization process is begun 
by passing current through the electrodes 6 and 

, and the resistance wire 23. The heat devel 
oped by the resistance wire 23 is sufficient to 
CauSe a slow vaporization of the magnesium 24. 

It is essential that the first fraction of mag 
nesium Vapor evolved be prevented from con 
densing on the Surface of the cathode, as this 
portion of the vapor will be contaminated with 
active gases unavoidably remaining in the tube. 
The first fraction of Vapor evolved by the mag 
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nesium is, therefore, deposited upon the Occult 
ing disc 26, the function of Which is to prevent 
the deposition of this fraction upon the Surface 
of the cathode. Portions of this initial fraction 
of magnesium. Vapor Will also deposit upon the 
adjacent Walls Of the tube, eXposing, in Conjunc 
tion with the occulting disc 26, a relatively large 
surface to the gases within the envelope. This 
initial step effectively "getters' or removes the 
active gases from within the tube as magnesium 
has the property of readily trapping such gases. 
When a Suitable portion of the magnesium has 

been vaporized the tube is Sealed and the Wa 
porization is preferably continued for a few mo 
ments to remove the gases formed in the tube by 
the Sealing process. At this stage of the proce 
dure all active gases remaining within the now 
Sealed tube will have been adsorbed by the mag 
nesium condensed on the lower surface of the 
occulting disc 26, and on the walls of the en 
Welope . 
The occulting disc 26 is now swung out of its 

original position by a sharp movement of the 
tube and the vapors are allowed to condense upon 
the Surface of the cathode 38. As the vaporiza 
tion appears to take place in practically straight 
lines, the uppermost portion of the envelope 
will not be coated with magnesium as it is pro 
tected from such deposits by the inverted cath 
Ode plate 38. When sufficient of the magnesium 
has been condensed upon the surface of the cath 
ode plate, the current through the resistance wire 
23 is cut off and the cathode swung around the 
bar 34 into its operative position by a sharp 
movement of the tube. 
The coating so formed upon the surface of the 

cathode will be substantially free of any active 
gases and I have found that a coating formed 
in the manner described has a photo-electric 
threshold of substantially 3200 A., which is ap 
proximately the longest wave length of biologi 
cally effective ultraViolet radiations. Radiant 
energy striking the cathode, having wave lengths 
or more than substantially 3200 A, will not en 
ergize the tube. 
The range of responsiveness of my tube to 

radiations having wave lengths of less than 3200 
A., is largely determined by the thickness and 
material used as an envelope. If the envelope is 
of thin quartz my tube will respond to radiations 
having wave lengths as short as 1850 A., or if of 
Corex D, 0.3 to 0.5 mm. thick is used, it will re 
Spond to radiations having wave lengths as short 
as 2200 A. As the biologically effective ultra 
violet radiations have minimum wave lengths of 
about 2000 A., an envelope of Corex D is usually 
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satisfactory, for the most important of these 
radiations have wave lengths in excess of 2200 A. 
Filters may, of course, be used to cut out certain 
bands of radiations if desired. 
The effect of changes in temperature upon the 

characteristics of my tube is negligible, due at 
least in part to the fact that the cathode surface 
is gas free, and has a negligible vapor pressure. 
This is in sharp contrast to tubes formed by Ordi 
nary methods, in which changes in temperature 
produce marked changes in characteristics. 

If I connect the above described tube to a suit 
able recording and amplifying apparatus, and 
place the tube in an exposed position, substan 
tially all of the biologically effective ultraviolet 
radiations from a source, or combination of 
Sources, such as from the Sun and the entire sky, 
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will strike the flat surface of the cathode plate 
38, energizing the tube and causing 
ing apparatus to operate. 
To obtain a continuous record of the intensity 

of the biologically effective ultraviolet radiations 
striking my tube I employ a circuit and appara 
tus similar to that shown diagrammatically in 
Fig. 4. Current may be supplied to the circuit 
through any suitable converter 62 capable of 
maintaining a constant voltage, and Which may 
be any one of several well known types adapted 
to deliver 270 volts D. C. to a negative terminal 
63, and a positive terminal 64. The positive ter 
minal S4 is connected with the anode 39 of my 
phototube through a relatively high resistance 66 
which may be approximately one megohm. 
A condenser S7 having a capacity of approxi 

mately two microfarads is connected to the ter 
minals of the converter 62 through a resistance 
68 which controls the rate at Which the con 
denser 6 will be charged and which may be 
suitably of about 150,000 ohms. The condenser 
67 is connected to the cathode 69 of a relay tube 
generally designated 72, such as a Westinghouse 
“trigger' tube, WL 759. The coil of a recording 
device generally designated 3 is connected in Se 
ries between the condenser 67 and the main an 
ode 71 of the tube 72. The cathode 38 of the 
phototube is connected to the “trigger' anode 
74 of the tube 2 and the “trigger' anode and 
the cathode 69 are connected through a variable 
condenser 6, this connection being grounded aS 
shown at 77. 

In the above described circuit it may be seen 
that the condenser 5, Will be charged by the cur 
rent imposed upon the terminals 63 and 64, the 
rate of charge being controlled by the resistance 
68. Discharge of the condenser, however, must 
take place between the main anode 7 and the 
cathode 69 of the tube 72, and this discharge 
is normally prevented by the potential of the 
“trigger' anode 4. When radiations having 
wave lengths below 3200 A. strike the cathode 
38 of my phototube the variable condenser 6 is 
charged by the current developed, the time re 
quired varying with the setting of the condenser 
and the intensity of the radiations. When the 
condenser 76 is charged to a certain potential 
difference the gas in the tube f2 is ionized by 
a discharge between the cathode 69 and the 
“trigger' anode 14, which lowers the potential 
required to cause a discharge between the cath 
ode 69 and the main anode 7. When the tube 
72 assumes this condition, the condenser 67 Will 
discharge through the main anode 7 and the 
cathode 69, completing the circuit. The passage 
of this current energizes the coil of the recorder 
73 causing actuation of the recording device. 
The intensity of the incident biologically effec 

tive ultraviolet rays may be recorded in tWO WayS. 
First, the setting of the variable condenser 76 
may be fixed and a record kept of the number 
of times the recorder 73 is actuated, or, if de 
sired, the variable condenser may be provided 
with a graduated scale and set to allow a fixed 
number of discharges to occur in a unit length 
of time, the setting of the condenser then being 
a comparative measure of the intensity of the in 
cident radiations. From the foregoing it may 
be seen that if desired the variable condenser 
T6 may be replaced with a fixed condenser of pre 
determined capacity, but due to the variations 
occurring in the intensity of the biologically ef 
fective ultraviolet rays I prefer to use the vari 
able condenser as shown and to record the num 
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ber of times the recorder. T3 is actuated within 
a fixed time. 
The recorder 73 may be any one of several 

types. One which I have found suitable for use 
consists of a Solenoid 8 having a movable arma 
ture 82 held in its de-energized position by a 
spring 83. An arm 84, pivotally attached to the 
end of the armature 82, actuates a counter 86 
which will automatically register each time the 
coil 8 is energized by the passage of current 
through the tube 2. The numerals of the count 
er are adapted to print upon a paper tape 87 
whenever a platen 88 is caused to strike the face 
of the counter 86 through the action of an elec 
tric timing mechanism, not shown. Movement 
of the platen 88 also moves the paper tape 87. 
The electric clock mechanism and the counter 
are of standard types and need not be described 
in detail. It may be seen, however, that by 
means of this apparatus a direct comparison of 
the intensity of the ultraViolet rays incident upon 
my phototube throughout any selected period of 
time may be obtained. 

It cannot be stated with absolute certainty that 
the coating of my cathode, formed by fractional 
distillation or sublimation of a photo-sensitive 
gas absorptive metal in a vacuum, is completely 
free of active gases, as there may be extremely 
small amounts of occluded gases retained by the 
metal after condensation. I have determined, 
however, that the variable threshold commonly 
experienced in the manufacture of photo-electric 
tubes is largely due to gas contamination of the 
photo-Sensitive metal cathode coating, and that 
by my process sufficient quantities of these active 
gases are invariably removed to produce a photo 
Sensitive material having a constant threshold, 
although Some minute amount of gas may remain 
in the material. For all practical intents and 
purposes my fractionally distilled photo-sensitive 
material is free of active gases, and the use of 
the term 'gas free' in the appended claims is 
to be understood as meaning gas free to the ex 
tent that the active gases, if any, remaining in 
the photo-sensitive material are present in such 
minute quantities as to be incapable of influ 
encing the photo-electric threshold of the ma 
terial. 
I have made the foregoing detailed description 

in compliance with the provisions of section 4888 
of the Revised Statutes but I do not wish to be 
specifically limited to the details herein set forth, 
as obviously many modifications may be made in 
the process and apparatus without departing 
from the true spirit and scope of my invention. 
While the method of manufacture of the tube 
herein described has been confined to the use 
of magnesium. I have successfully constructed 
phototubes having various photo-electric thresh 
olds by the use of other metal such as barium, 
strontium, calcium, titanium, tungsten, silver, 
copper and platinum. Each of the tubes above 
mentioned is characterized by the reproducibility 
of characteristics. It is, of course, also possible 
to employ other amplifying and recording devices 
in connection with my phototube. 

I claim as my invention: 
1. A vacuum phototube comprising an envelope 

having a projecting transparent window portion, 
an anode and a cathode at the base of said win 
dow portion, the cathode comprising a flat 
metallic disc rotatable within the envelope about 
an axis parallel to the disc and closely adjacent 
thereto. 

2. A phototube comprising an envelope having 
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a transparent window, an anode, a cathode struc 
ture including a plate coated with photo-Sensi 
tive...material, means completely enclosed by said 
envelope and freely rotatably supporting said 
cathode structure for free rotation of said plate 
towards and away from said window, and latch 
means engaging said cathode structure for re 
taining said plate in a position facing said win 
dow. - 

3. A vacuum phototube comprising a sealed en 
velope transparent to light, an anode, a movable 
cathode within the envelope, means within the 
envelope for vaporizing a photo-sensitive metal, 
and means for depositing any selected portion of 
the metal upon the cathode Said depositing means 
including an occulting disc interposable between 
the cathode and the vaporizing means. 

4. A vacuum phototube Comprising a Sealed en 
velope transparent to light, an anode, a movable 
cathode within the envelope, means within the 
envelope for vaporizing a photo-sensitive metal, 
means for depositing any selected portion of the 
vaporized metal upon the cathode, and means 
for restraining the cathode in operative position 
Said depositing means including an occulting disc 
interposable between the cathode and the Vapor 
izing means. 

5. A phototube comprising a gas-impervious 
envelope transparent to light, an anode, a now 
able cathode within the tube, a source of photo 
sensitive metal within the tube, and a movable 
shield interposable between the metal vapor 
Source and the cathode. 

6. The method of manufacturing a phototube 
having a movable cathode comprising the steps 
of degassing the metal parts, exhausting the 
tube, positioning an occulting disc before the 
cathode, vaporizing a gas-adsorptive photo-sen 
sitive metal within the tube, Sealing the tube 
Without discontinuing the vaporizing process, re 
moving the occulting disc from before the Cathode 
and depositing the middle fraction of the metal 
vapors upon the cathode, and subsequently mov 
ing the cathode into operative position. 

7. A photo-electric tube comprising a shell 
having a transparent hemispherical window por 
tion, a flat cathode within the shell having a 
photo-sensitive surface disposed to receive radi 
ations through the window portion, anode Sup 
porting means adjacent said cathode and having 
no portion thereof projecting substantially above 
the plane of said cathode, and a fine Wire anode 
fixed to the anode supporting means and pro 
jecting beyond the plane of said cathode between 
said photo-sensitive surface and Said window por 
tion whereby the response of the photo-electric 
tube is substantially directly proportional to the 
cosine of the angle of incidence of energizing 
radiations. 

8. The method of manufacturing a photo-elec 
tric tube having a rotatable cathode including 
the successive steps of exposing a face of the 
cathode to a photo-sensitive metal, interposing 
a movable shield between the cathode and the 
photo-sensitive metal, exhausting the tube, va 
porizing the photo-sensitive metal, Sealing the 
tube, withdrawing the movable shield and coat 
ing the cathode with photo-Sensitive metal, and 
rotating the cathode to operative position. 

9. The method of manufacturing a photo-elec 
tric tube having a movable cathode and a Source 
of vaporizable photo-sensitive metal including 
the steps of shielding a surface of the cathode 
from the metal vapor, exhausting the tube, initi 
atting vaporization of the photo-Sensitive metal 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

0. 

75 

5 
while continuing to exhaust the tube, sealing the 
tube while continuing vaporization of the metal 
and subsequently exposing said surface of the 
cathode to the metal vapor whereby the metal 
disposed on said Surface of the cathode is Sub 
stantially gas free. . . . - 

... 10. A phototube comprising a cathode, an en 
velope having a hemispherical transparent end, 
a cathode having a flat photo-sensitive surface 
lying Substantially in the plane of the base of 
said hemispherical end, anode supporting means 
having no portion above the plane of said surface, 
and a fine anode wire extending from said Sup 
porting means to points above said surface. 

l1. A phototube comprising a cathode having 
a photo-sensitive surface whose periphery lies 
Substantially in a single plane, an envelope hav 
ing a transparent portion above and enclosing 
Said cathode, anode Supporting means adjacent 
Said cathode and having no portion projecting 
Substantially above said plane, and fine anode 
Wires fixed to Said Supporting means and pro 
jecting beyond said plane between said photo 
Sensitive Surface and said Window. 

12. A phototube comprising an envelope hav 
ing a Window, pivot means entirely within said 
envelope Spaced from and extending across said 
Window, a flat cathode mounted to swing on said 
pivot means and to present either face to said 
Window, a wire anode extending between said 
Cathode and Said Window, and means for vapor 
izing a photo-Sensitive material on the face of 
Said Cathode remote from said window. 

13. A phototube comprising an envelope hav 
ing a Window, means within said envelope defin 
ing an axis Spaced from and extending across 
Said Window, a flat Cathode mounted to swing on 
Said axis and to present either face to said win 
dow, a latch mounted in said envelope adjacent 
to Said cathode for holding said cathode facing 
Said Window, an anode wire extending between 
Said cathode and said window, and means for wa 
porizing a photo-Sensitive material at a point 
Substantially in line with the centers of said 
window and said cathode and on the other side 
of said cathode from said window. 

14. A phototube comprising an envelope having 
a window, pivot means within said envelope 
Spaced from and extending across said Window, 
a flat Cathode mounted to swing on said pivot 
means and to present either face to said window, 
anode Supporting means at the side of said 
Cathode, a Wire anode fixed to said supporting 
means and extending between said cathode and 
Said Window, every portion of said wire anode be 
ing far enough from said pivot means to permit 
free SWinging of Said cathode, and means for 
Vaporizing a photo-sensitive material at a point 
Substantially in line with the centers of said 
Window and Said cathode and on the face of said 
cathode remote from said Window. 

15. A phototube comprising an envelope hav 
ing a Window, means in said envelope opposite 
Said Window for vaporizing photo-sensitive ma 
terial, an axle completely enclosed by said en 
Velope and located between said window and said 
means, and a Cathode rotatably carried by said 
axle, Said cathode, vaporizing means and win 
dow being in alignment whereby said cathode 
shields Said Window from Said vaporizing means. 

16. A phototube comprising an envelope hav 
ing a Window, a Supporting structure located in 
and completely enclosed by said envelope, a 
Cathode structure carried by said supporting 
structure and rotatable thereon into a position 
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facing said window, a latch mechanism carried 
by said structures for positively retaining said 
Cathode structure in Said position, and means op 
erable from the exterior of the envelope for re 
leasing said latch mechanism. 

17. A phototube comprising an envelope hav 
ing a window, a Supporting structure located in 
and completely enclosed by Said envelope, a cath 
Odestructure carried by said Supporting structure 
and rotatable thereon into a position facing said 
Window, a latch mechanism carried by Said 
structures for positively retaining said cathode 
structure in said position, and an armature con 
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nected to said latch mechanism for operation 
thereof. 

18. A phototube including a gas impervious en 
velope containing an anode and a movable cath 
ode, a rigid arm on said cathode, a cathode sup 
port adjacent to said cathode, a locking pin mov 
ably mounted on Said cathode Support and mov 
able by magnetic force applied externally of the 
envelope, and a spring operatively connected to 
said locking pin and normally urging said lock 
ing pin into engagement with Said rigid arm on 
said cathode. 

ROBERT. J. CASHIMAN. 


