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1. 
This invention relates to electron multipliers 

and particularly to automatic gain control ap 
paratus therefor. 
A conventionally employed multistage electron 

multiplier is capable of amplifying electron 
streams of varying concentrations in a substan 
tially linear manner; that is, the voltages de 
veloped in the output circuit of such a multi 
plier are Substantially proportional to the elec 
tron concentrations in the primary electron 
streams from which they are developed. The 
voltages are related to the corresponding elec 
tron stream concentrations by the multiplication 
factor of the multiplier. The overall multiplica 
tion factor of the multiplier is a function of the 
number of multiplying stages. 

It is well known in the art that an electron 
multiplier of this character, when employed with 
apparatus for producing electron streams vary 
ing in concentration throughout a substantial 
range of values, Will develop Voltages varying be 
tween maximum and minimum limits, which fre 
quently are beyond the range that may be use 
fully employed. It, therefore, is desirable to pro 
vide apparatus to operate a multistage electron 
multiplier in such a manner that the range of 
output circuit voltages is prevented from ex 
ceeding a predetermined value. . 

It, therefore, is an object of the present in 
vention to provide control apparatus responsive 
to the electron concentrations in an electron 
multiplier for automatically controlling the 
multiplication ratio thereof in a manner to pre 
vent, the voltage derived from the multiplier from 
exceeding a predetermined maximum value. 

In accordance with the invention, there is pro 
vided an electron multiplier having a plurality of 
secondary electron emissive electrodes and a col 
lector electrode connected to an output circuit. 
Associated with one or more of the electrodes is 
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switching apparatus which is rendered operative 
in response to predetermined voltages developed 
in the output circuit to vary the number of oper 
ative electrodes whereby to correspondingly vary 
the multiplication factor of the device. , 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description 
taken in connection with the accompanying 
drawings, and its scope will be pointed out in the 
appended claims. r 
In the accompanying drawings: 
Fig. 1 is a diagrammatic representation of 

dissector tube embodiment of the invention; 
Fig. 2 is a schematic wiring diagran showing 

a 

2 
the electrical interconnections of the pertinent 
components of a dissector tube drawn to an en 
larged scale; and, 

Fig. 3 is a fragmentary schematic diagram 
showing a modified form of the invention. 
Having reference now to Fig. 1 of the draw 

ings, there is illustrated a sectional view of a dis 
sector tube provided with an evacuated envelope 
fl. Mounted within and adjacent to one end of 
the envelope is a photoelectric cathode 2. Also, 
within the envelope and adjacent to the end 
opposite the cathode there is mounted a multi 
stage electron multiplier housed within a metallic 
shielding anode 3. The anode is provided with 
a recessed portion 4 at the end of which is 
formed a primary scanning aperture 5 which is 
disposed substantially centrally with respect to 
the cathode 2 and faces the cathode. An ac 
celerating anode is provided in the form of an 
interior wall coating 6 between the cathode 2 
and the anode f3. . . . . 
A focusing coil 7 is disposed on the outside. 

of the tube envelope in a manner to surround 
substantially completely the space within the 
tube between the cathode and the anode. A bat 
tery 8 or other suitable source of electrical 
energy is connected to the focusing coil for the 
energization thereof to establish the desired 
focusing field within the tube envelope whereby 
an electron image is formed substantially in the 
plane of the anode 3. The tube also is provided 
with horizontal and vertical scanning coils f9 and 
2, respectively. Each of these coils is energized 
by respective sources 22 and 23 of appropriate 
SaW-toothed. Wave form voltages. 

In conjunction with the dissector tube there 
also is provided an optical system represented by 
a lens 24, whereby an optical image of a subject 
25 is focused into the plane of the photoelectric 
cathode 2. h- ··· 

Referring now to Fig. 2 of the drawings, a more 
detailed description of the electrical connections 
to the photoelectric cathode, the electron mul 
tiplier and the switching apparatus will be given. 
The multiplier which is housed within the anode 
shield 3 comprises a plurality of box-like elec 
trodes such as 26, 27, 28, 29 and 3. In the case 
of a so-called eleven stage multiplier, as illus 
trated herein, the device includes eleven of such 
box-like electrodes. The inner surfaces of the 
electrodes are treated with material such as 
caesium, for the purpose of producing a relatively 
large number of secondary electrons by the bom 
bardment of the Surfaces with a relatively small 

55 number of primary electrons. Adjacent the out 

  



3 
let of the eleventh stage electrode 3 is located 
an electron collecting electrode of Suitable form 
such as a plate 32. The first stage electrode, 26 
is provided with a secondary scanning aperture 
33 in alignment With the primary Scanning aper 
ture f 5 formed in the anode shield 3. The sec 
ondary aperture ordinarily is smaller than the 
primary aperture, being of substantially the Sane 
size as the desired elemental scanning area. 

Suitable accelerating potentials are impressed 
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upon the multiplier electrodes and the photoelec- . . 
tric cathode by appropriate connections to taps 
on a voltage divider which, as illustrated, com 
prises the series connection of resistors 34 to 45, 
inclusive. A source of relatively high potential 
unidirectional energy such as a battery 46 is con 
nected to the terminals of the voltage divider. 
The negative terminal of the battery 46 is con 
nected to the photoelectric cathode 2. The junc 
tion point between resistors 34 and 35 is con 
nected to the shielding anode 13 and also, by 
means of an internal connection such as repre 
sented by a conductor 4, to the first multiplier 
electrode 26. Thus, the anode shield and the first 
stage electrode are operated at the same positive 

5f, 9 and 48 are connected to electrodes 29, 3 
and 32 of the multiplier so that these electrodes 
may be switched in a manner and for a purpose to 
be described in a subsequent portion of the speci 
fication. The make contacts associated with 
these armatures are connected to a negative po 
tential point such as the negative terminal of the 
battery 46. The armatures 56, 5 and 58 respec 
tively, of relays. 48, 49 and 5i are interconnected 
in a manner to switch the input circuit of the am 
plifier tube 6 to any one of the multiplier elec 
trodes 28, 29, 31 or 32. 

Referring now to the operation of the appara 
tus of Figs. 1 and 2 embodying the present in 
vention, assume that initially the maximum in 
tensity of the light reflected from the subject 25 
is relatively small. In this case the maximum 

potential with respect to the anode 2. Similarly, 
the electrodes comprising multiplier stages 2 to 8 
inclusive, the latter of which comprises the elec 
trode 27, are connected directly to other respec 
tive taps on the voltage divider in a manner to 36) 
impress increasingly higher positive potentials on 
succeeding multiplier electrodes. 
The ninth, tenth and eleventh stage electrodes 

28, 29 and 3 respectively, are connected to the 
remaining taps on the voltage divider through 
switching circuits controlled by three relays 48, 
49 and 51. It is contemplated to be within the 
scope of the invention that the switching circuits 
be controlled by equivalent electronic relays in a 
suitable manner. The continuity of these con 
nections is determined by the operative or in 
operative conditions of the relays. Normally, with 
all, relays in their un'operated positions, the con 
nections, between the last three multiplier elec 
trodes are substantially, the same as those for any 
gf the other electrodes. The ninth stage elec 
trode 28 is connected through the winding of relay 
5f to the junction point between voltage divider 
resistors, 42 and 43. The tenth stage electrode 29 
is connected through the back contact associated : 

40 

concentration of any of the electron streams from 
the photoelectric cathode 2 which are admitted 
to the multiplier is not in excess of that required 
to develop an output voltage of a predetermined 
maximum tolerable value. In this case all of the 
SWitching relays 48, 49 and 5 are in their unop 
erated positions as shown. The collector elec 
trode 32 thus is connected through the break 
contact associated with armature 54 to the nor 
mal output circuit resistor 55. In this case the 
flow of current through this resistor resulting 
from the collection of electrons by the electrode 
32 develops signal voltages in the resistor which 
are impressed by the circuit including the break. 
contacts associated with armatures 56, 57, and 58 
and the coupling condenser 59 upon the input 
circuit of the amplifier tube 6. At the same time, 
by reason of the described electron accelerating 
potential connections to the ninth, tenth and 
eleventh multiplier stages 28, 29 and 3 respec 
tively, there is produced a current flow through 
the operating windings of the relays 48, 49 and 
5t. The magnitudes of the respective currents 
is a function of the electron current flow to the 

with armature 52 of relay 5 and the winding of 
relay 49 to the junction point between the divider 
resistors 43 and 44. The eleventh stage electrode 
3 is connected through the back contact asso 
ciated with armature 53 of relay 49 and the wind 
ing of relay 48 to the junction point between the 
divider resistors 44 and 45. The collector elec 
trode 32 is connected through the break contact 
associated with armature 54 of relay 48 and an 
output circuit resistor 55 to the grounded positive 
terminal of the battery 4S. The collector elec 
trode also is connected through the serially ar 
ranged break contacts associated with armatures 
56, 57 and 58 of relays 48, 49 and 5 frespectively, 
and a coupling condenser 59 to the control grid 
of an amplifier tube 6 a. A leak resistor 62 also is 

respective electrodes and this current flow is de 
pendent upon the electron concentrations at the 
respective electrodes. Thus, the maximum cur 
rent traverses the winding of relay 48 while cur 
rents of lesser magnitudes traverse the windings 
of relays 49 and 5 A. 

If now the reflected illumination from the sub 
ject 25 increases so as to effect an increase in 
the electron concentration of the stream repre 
sentative of one of the brighter elemental areas 
of the Subject, there will be effected an increase 

| in the electron collection by the electrode 32. 
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connected between the control grid of the tube 
and ground. The output circuit of the amplifier 
tube 6?, which includes the anode and the 
grounded cathode, is connected to the input cir 
cuit terminals of a transmitter 63. The output 
terminals of the transmitter are connected to a 
suitable transmission channel which may include 
a radiator 64. . . . . . . . . 
Armatures 52, 53 and 54, respectively, of relays 

Consequently, the greatest voltage developed in 
the output resistor 55 will exceed the predeter 
mined maximum tolerable value. In this case 
there also will be proportional increases in the 
magnitudes of the currents traversing the wind 
ings of relays 48, 49 and 51. - 
ditions the relays are adjusted so that the current 
then traversing the winding of relay 48 will be 
sufficient to actuate this relay, thereby moving 
its associated armatures 54 and 56 into engage 
ment with their respective make contacts. 
The circuit from the output resistor 55 to the 

collector electrode 32 is opened at the break con 
tact associated with armature, 54. At the same 
time this electrode is connected by the make con 
tact associated with this armature to an electron 
repelling voltage such as the negative terminal 
of the battery 46. The normal eleventh stage 
multiplier electrode 3 remains connected 
through the winding of relay 48 to the voltage 
divider. This electrode also is now connected 
through the make contact associated with arma 

Underthese con 
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ture 56 and the break contacts associated with 
armatures 57 and 58 to the coupling condenser 59. 

It is seen, therefore, that the normal collector 
electrode 32 is disconnected from the normal out 
put resistor 55 and at the same time is connected 
to a negative potential point for the purpose 
of rendering it inoperative for the attraction 
thereto of electrons from the preceding stage. 
At the same time the normal eleventh stage elec 
trode 3, by reason of its normal connection 
through the impedance represented by the wind 
ing of relay 48 is rendered operative as a col 
lector electrode to develop signal voltages across 
the impedance of the winding of relay 48. Also, 
by reason of the switching of this electrode to 
the input circuit of the amplifier tube 6 the 
signal voltages developed in the manner described 
are impressed upon the amplifier. 

It is noted that the normal voltage of the 
electrode 3, when acting as the eleventh stage 
of the multiplier, is 180° out of phase with the 
voltage developed at the electrode 32 when acting 
as the electron collector of the multiplier. When 
the described Switching operation has been per 
formed the phase of the voltage developed at the 
electrode 3 is the same as the normal voltage 
developed at the electrode 32. This result is ob 
tained by rendering ineffective in the manner de 
scribed the electrode 32 to attract electrons from 
the electrode 3. The latter electrode then func 
tions as an electron collector and consequently 
develops voltages of the same phase as the normal 
collector voltages. 

It is seen, therefore, that after the described 
switching operation has been performed one elec 
tron multiplying stage is eliminated from the 
multiplier. Consequently, the voltage developed 
across the winding of relay 48 will be of consid 
erably less magnitude than the Voltage developed 
across the resistor 55 just prior to the perform 
ance of the switching operation. By this means 
then the maximum signal voltage which is im 
pressed upon the input circuit of the amplifier 
tube 6 is prevented from exceeding the prede 
termined maximum tolerable value. 

If now, as a result of a still further increase 
in the maximum reflected illumination from the 
subject 25 the voltage developed at the acting 
electron collector electrode 3 reaches the pre 
determined maximum tolerable value for impres 
sion upon the amplifier tube 6, the electron cur 
rent flow through the Winding of relay 49 to the 
normal tenth stage multiplier electrode 29 will 
be increased sufficiently to effect the actuation 
of the relay armatures 53 and 57. The electrode 
3 is disconnected at the break contact aSSociated 
with armature 53 from its normal tap on the 
voltage divider and instead is connected by the 
make contact associated with this armature to 
the negative terminal of the battery 46. In this 
manner the electrode 3 is rendered ineffective 
for the attraction theretO of electrons from the 
preceding electrode 29. At the same time the 
electrode 3 is disconnected at the break contact 
associated with armature 57 from the amplifier 
coupling condenser 59. The electrode 29 is main 
tained in connection with its normal tap on the 
voltage divider through the Winding of relay 49. 
It also is connected by the make contact asso 
ciated with armature 57 to the coupling con 
denser 59. Thus, the normal tenth stage multi 
plier electrode 29 is connected in a manner to 
function as an electron collector whereby to de 
velop signal voltages across the impedance com 
prising the winding of relay 49. These voltages 
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6 
are impressed, by means of the described con 
nection to the coupling condenser 59, upon the 
input circuit of the amplifier tube 6. Again, by 
reason of rendering electrode 3 ineffective to 
attract electrons from the electrode 29, the elec 
trons are collected by the latter electrode and 
these signal voltages are in phase with the corre 
sponding voltages previously impressed upon the 
amplifier by either of the electrodes 3 for 32 when 
the latter were serving as collectors. 

If the illumination reflected from the subject 
25 again increases sufficiently to raise the signal 
voltage developed across the winding of relay. 49 
to the maximum tolerable value, the electron 
current flow through the Winding of relay 5 to 
the normal ninth stage multiplier electrode 28 
will be increased sufficiently to operate this re 
lay, causing the actuation of its armatures 52 
and 58. 
The electrode 29 thereby is disconnected at 

the break contact associated with armature 52 
from its normal tap on the voltage divider and 
instead is connected through the make contact 
asSociated with this armature to the negative 
terminal of battery 46. The electrode 29 thus 
is rendered inoperative for the attraction of elec 
trons thereto from the preceding electrode 28. 
Also, the electrode 29 is disconnected at the break 
contact associated With armature 58 from the am 
plifier coupling condenser 59. At the same time 
the electrode 28 is maintained in connection with 
its normal point on the voltage divider through 
the Winding of relay 5. This electrode also is 
connected through the make contact associated 
with armature 58 to the coupling condenser 59. 
In this manner the signal voltages developed in 
the impedance comprising the winding of relay 
5, with the associated multiplier electrode 28 act 
ing as an electron collector, are impressed upon 
the input circuit of the amplifier tube 6. 

It will be noted that, as each of the switching 
relays 49 and 5 is operated, the preceding relays 
48 and 49 respectively, are released. For ex 
ample, the circuit through the winding of relay. 
48 is opened at the break contact associated with 
armature 53 when the relay 49 is operated. Simi 
larly, the continuity of the circuit to the winding 
of relay 49 is broken at the break contact asso 
ciated with armature 52 of relay 5?. However, 
this does not affect in any way the described 
functioning of the apparatus. When the relay 
49 is operated, for example, the normal eleventh 
Stage multiplier electrode 3 is rendered inoper 
ative by the Connection of a negative potential 
thereto. Thus, it is of no consequence that a re 
Sult of the release of relay 48 is the reconnection 
of the normal collector electrode 32 to the out 
put resistor 55. This may be appreciated by con 
sidering that the negative potential connected to 
the electrode 3 prevents the passage of elec 
trons beyond the preceding electrode 29. Thus, 
there is no possibility of electrons reaching the 
collector electrode 32 to develop a voltage in the 
resistor 55. In like manner the reconnection of 
any of the multiplier electrodes to their normal 
taps on the Woltage divider, after having been 
rendered inoperative with respect to the preced 
ing multiplier electrode, will not adversely af 
fect the functioning of the apparatus as de 
scribed. 

If it is desired to Switch the output circuit of 
a multistage electron multiplier to still earlier 
stage electrodes, additional relays connected simi 
larly to those shown and described may be em 
ployed. Such an arrangement is contemplated to 
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with an increase in the electron concentrations 
supplied to the multiplier. On the other hand 
there is a net gain of electrons by the collector 
electrode 32. Consequently, the potential of this 
electrode tends to become increasingly negative 
with an increase of the electrode concentrations. 
Thus, it is apparent: that the voltages developed 
at any of the multiplier electrodes are 180° out 
of phase with respect to the voltages developed 
at the collector electrode. Therefore, when the 
output circuit of the multiplier is switched from 
the collector electrode to any of the secondary 
emissive electrodes, it is necessary to effect a 
phase shift in the output circuit. In the present 

: instance this is accomplished by including the 
phase shifting tube 72 between the normal output 
circuit derived from the collector electrode and 

... the amplifier 8. When the output circuit is 
derived from any of the other secondary emissive. 
electrodes, the phase shifting tube 72 is not in 
cluded between the electrode and the amplifier 
T8. 

further, the relay 69 will be operated to connect 
at the make contact associated with armature 
75 the tenth stage multiplier electrode 29 to the 
input circuit of the amplifier tube 78. At the 
same time the eleventh stage multiplier electrode 
3 is disconnected at the break contact associated 
with this armature from the amplifier. 

Similarly, an additional increase of the sub 
ject illumination will produce a current flow 
through the windings of the switching relays of 
Sufficient magnitude to effect the operation of 
relay 7 f. The electrode 29 thereby is discon 
nected at the break contact associated with arma 
ture 77 from the input circuit of the amplifier 
tube 78 and the ninth stage multiplier electrode 
28 is connected in place thereof by the make 
Contact associated with this armature. 
As in the previously described embodiment of 

the invention, additional relays, as desired, may 
be connected to still other multiplier electrodes 
in a manner similar to those illustrated. 
A change of the Subject, illumination in the 

opposite sense will effect the successive releases 
of the Switching relays in a sequence opposite 
to that in which they are operated. 
While there has been described what, at pres. 

ent, are considered the preferred embodiments 
of the invention, it will be obvious to those skilled 
in the art that various changes and modifica 
tions may be made therein without departing 
from the invention, and therefore, it is aimed 
in the appended claims to cover all such changes 
and modifications as fall : within the true spirit 
and scope of the invention. 
What is claimed is: 1. Electron multiplying apparatus comprising, 

a plurality of electrodes, a utilization circuit, and 
means responsive to signal current derived from 
one of said electrodes for switching said utiliza 
tion circuit from one to another of said electrodes, 
whereby to prevent the development in said cir 
cuit of voltages exceeding a predetermined maxi 
ImUm Value, - 

2. Electron multiplying apparatus comprising, 
a plurality of electrodes, a utilization circuit nor 
mally connected to one of said electrodes, and 
switching means responsive, to currents derived 
from one of said electrodes to disconnect said 
utilization circuit from said normally connected 
electrode and to connect said utilization circuit 
to another of said electrodes, whereby to prevent. 

...the development in said utilization circuit of 

If now the illumination intensity increases still 
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10 
voltages exceeding a predetermined maximum 
value. 

3. Electron multiplying apparatus comprising, 
a secondary electron emissive electrode, an elec 
tron collecting electrode, a utilization circuit nor 
mally connected to said collecting electrode, and 
Switching means responsive to current derived 
from one of Said electrodes to disconnect Said 
collecting electrode from said utilization circuit 
and to connect in place thereof said secondary 
emissive electrode, whereby to prevent the de 
velopment in said utilization circuit of voltages 
exceeding a predetermined maximum value. 

4. Electron multiplying apparatus comprising, 
a plurality of secondary electron emissive elec 
trodes, an electron collecting electrode, a utiliza- . 
tion circuit normally connected to said collecting 
electrode, and Switching means responsive to cur 
rents derived from one of said electrodes to dis 
connect Said colecting electro de from Said utiliza 
tion circuit and to connect in place thereof any 
one of said secondary emissive electrodes, whereby 
to prevent the development in said utilization 
circuit of voltages exceeding a predetermined 
maximum value. 

5. Electron multiplying apparatus comprising, 
a secondary electron emissive electrode, an elec 
tron collecting electrode, a utilization circuit, a 
relay having contacts connected to said utiliza 
tion circuit and to said collecting and secondary 
emissive electrodes, and an operating Winding for 
said relay responsive to current derived from 
one of said electrodes for actuating the contacts 
of said relays to disconnect said collecting elec 
trode from said utilization circuit and to connect 
in place thereof said secondary emissive elec 
trode, whereby to prevent the development in 
said utilization circuit of voltages exceeding a 
predetermined maximum value. 

6, Electron multiplying apparatus comprising, 
a plurality of secondary electron emissive elec 
trodes, an electron collecting electrode, an ampli 
fier having input and output circuits, a plurality 
of relays having contacts connected to the input 
circuit of said amplifier and to said collecting and 
secondary emissive electrodes, and operating 
windings for said relays responsive to currents 
derived from said electrodes for actuating the 
contacts of said relays to disconnect Said collect 
ing electrode from the input circuit of said ampli 
fier and to connect in place thereof one of Said 
secondary emissive electrodes, whereby, to pre 
vent the development in the output circuit of 
said amplifier of voltages exceeding a predeter 
mined maximum value, 

7. Electron multiplying apparatus comprising, 
a plurality of secondary electron emissive elec 
trodes, an electron collecting electrode, an ann 
plifier having input and output circuits, a plu 
rality of relays having contacts connected to the 
input circuit of said amplifier and to said col 
lecting and higher stage secondary emissive elec 
trodes, and operating windings for said relays 
connected for response to currents derived from 
said electrodes for actuating the contacts of said 
relays in response to derived currents of a pre 
determined magnitude to disconnect said col 
lecting electrode from the input circuit of Said 
amplifier and to connect in place thereof any 
one of said higher stage secondary emissive elec 
trodes, whereby to prevent the development in 
the output circuit of said amplifier of voltages 
exceeding a predetermined maximum value. 

8. Electron multiplying apparatus comprising, 
a secondary electron- emissive electrode, an elec 
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tron... collecting electrode, a utilization: circuit, a 
relay having an operating winding and circuit 
switching contacts, the winding of said relay 
being connected to said secondary emissive elec 
trode, means including contacts of said : relay 
operable; to-connect either, said: electron collect 
ing orsaid, secondary, emissive electrode, to said 
utilization circuit.: and means including::contacts 
of said relay Operable to impress:a negative"po 
tential upon either, of: said electrodes, said: relay 
being Operable in respOnse to citurrent, "Ofta pre 
determined magnitude to disconnect. Said col 
lecting electrode from:said utilization circuit and 
to -connect3in-place-ºthereof: said ºsecondary: emis 
sive electrode and simultaneously to impressia. 
negative potential upon the disconnected elec 
trode, whereby to prevent the development in 
said, utilization circuit of voltages, exceeding a 
predetermined maximum value. 
9. Electron multiplying apparatus comprising, 

a plurality of secondary; electron; emissive elec 
trodes, an electron collecting electrode, a plu 
rality of voltage sources of different magnitudes, 
an amplifier having input and output circuits, 
a plurality of relays each having an operating 
winding and circuit switching contacts, the Wind 
ings of said relays being connected between "re 
spective voltage sources and said secondary emis 
sive electrodes, connections including contacts of 
said relays establishable between said electron 
collecting and said secondary emissive electrodes 
and the input circuit of said amplifier, and other 
connections including "contacts of: Said relays es 
tablishable between said electrodes and One. Of 
said: voltage sources of a relatively low order of 
magnitude, Said relays being operable respec 
tively in response to currents of a predetermined 
magnitude to disconnect said collecting electrode 
from the input circuit of Said samplifier and to 
connect in place thereof any one of said sec 
Ondary emissive-electrodes and simultaneously to 
connect the disconnected electrode-to said voltage 
Source of a relatively low order of magnitude, 
Whereby to preventithe-development in the output 
circuit of said amplifier of voltages exceeding 
a predetermined maximum value. 

10. Electron multiplying apparatus compris 
ing, a plurality of secondary -electron Termissive 
electrodes, an electron collecting electrode, a volt 
age divider having a plurality of taps, an ampli 

i fier having input and output circuits, a plurality 
of relays each having an operating winding and 
circuit switching contacts, the windings of said 
relays being connected between respective volt 

electrodes, connections including some of said 
relay contacts establishable between said electron 

0. 
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collecting and said secondary emissive electrodes 
and the input circuit of said amplifier, and con 
nections including the others of said relay con 
tacts establishable between said electrodes and 
a negative tap of said voltage divider, said relays 
being Operable respectively in response to cur 

60 

rents of a predetermined magnitude to discon 
nect Said collecting electrode from the input 
circuit of said amplifier and to connect in place 

; : thereof any one of said secondary emissive elec 
i trodes and simultaneousy to connect the dis 
connected electrode to said negative tap of said 
Voltage divider, whereby to prevent the develop 
ment in the output circuit of said amplifier of 
¥es exceeding a predetermined maximum 
Value. ... - ” 

70 

11. Electron multiplying apparatus comprising, 
a plurality of secondary electron emissive elec 

12 
trodes, an electronicollecting electrode, a Voltage 
divider: having a plurality of taps, an amplifier 
having. input and output circuits, a plurality of 
relays each having an operating winding and two 
sets of circuit switching contacts, the windings of 
said relays being connected between respective 
voltage, divider taps; and higher stage secondary 
emissive electrodes, connections including. One set 
of said: relay contacts, establishable, between said 
electron collecting and higher stage:secondary 
emissive electrodes and the input.circuit. Of Said 
amplifier, and connections including the other set 
of said relay contacts establishable between said 
electrodes and the negative: terminal of said volt 
age divider, said relays being operable respectively 
in response to currents of: a predetermined magni 
tude to disconnects said collecting electrode from 
the input, circuit of said: amplifier and to connect 
in place thereof: anyone of: said higher stage sec 
ondary emissive electrodes, and simultaneously to 
connect the disconnected electrode to an electron 
repelling voltage tap of said voltage divider, 
Whereby to prevent the development in the out 
put, circuit of said, amplifier of voltages...exceeding 
a predetermined maximum value. 

12. Electron multiplying apparatus comprising, 
a plurality of secondary electron remissive elec 
trodes, an electron collecting electrode, a voltage 
divider having a plurality of taps for impressing 
electron accelerating potentials upon saidsecond 
alry emissive electrodes, means including the 
winding of one of a plurality of relays to connect 
taps on said voltage divider to respective ones of 
the higher stage secondary emissive electrodes, 
means including the circuit switching contacts of 
One of Said relays to connects said voltage divider 
to said:collecting electrode, an amplifier having an 
input circuit normally connected by contacts of 
said relays to said colecting electro de and con 
nectable by operations of said relays to any one 
of said higher stage secondary emissive electrodes, 
means including the windings of said relays re 
sponsive to an electron: current flow therethrough 
in excess of a predetermined Value for operating 
said relays Whereby to substitute for the normal 
connection of:said:collecting electrodeto-saidam 
plifier the connection of one of said higher stage 
secondary emissive electrodes, and means con 
trolled by the contacts of an operated relay to 
impress upon the electrode disconnected from the 
amplifier a sufficiently negative voltage to render 
the disconnected electrode ineffective for the at 
traction thereto of electrons from the preceding 
electrode. - 

13. Electron multiplying apparatus comprising, 
a secondary electron emissive electrode, an elec 
tron collecting electrode, respective circuits con 
nected to said electrodes for the development of 
voltages of different magnitudes, a utilization cir 
cuit, and means responsive to voltage changes in 
said collecting electrode circuit to switch said ulti 
lization circuit between said electrode voltage de 
veloping circuits. 

14. Electron multiplying apparatus comprising, 
a secondary electron emissive electrode, an elec 
tron collecting electrode, respective circuits con 
nected to said electrodes for the development of 
voltages of opposite phase, a utilization circuit, 
means responsive to voltage changes in said col 
lecting electrode circuit to switch said utilization 
circuit from one of said electrode voltage develop 
ing circuits to another, and means for reversing 
the phase of the voltage developed in one of said 
electrode circuits. . . . 

15. Electron multiplying apparatus-comprising, 
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a secondary electron emissive electrode, an elec 
tron collecting electrode, respective circuits con 
nected to said electrodes for the development of 
Woltages of different magnitudes and Opposite 
phase, a utilization circuit, means responsive to 
Woltage changes in said collecting electrode Cir 
cuit to SWitch said utilization circuit from one of 
said electrode Voltage developing circuits to an 
other, and means for reversing the phase of the 
voltage developed in said collecting electrode cir 
cuit. 

16. Electron multiplying apparatus comprising, 
a Secondary electron emissive electrode, an elec 
tron collecting electrode, impedance devices con 
nected to said electrodes, a utilization circuit, a 
relay having circuit switching contacts, a phase 

O 

5 

reversing device having input and output cir 
cuits, the input circuit of said phase reversing 
device being connected to said collecting elec 
trode and the output circuit thereof being con 
nected through the contacts of said relays to said 
utilization circuit, connections from Said Second 
ary emissive electrode to contacts of said relay, 
and a Winding for said relay responsive to a cur 
rent fiOW in excess of a predetermined magini 
tude in the output circuit of Said phase reversing 
device for effecting the operation of Said contacts 
to disconnect the output circuit of said phase 
reversing device from Said utilization circuit and 
to connect in place thereof said secondary emis 
sive electrode, whereby to prevent the develop 
ment in said utilization circuit of voltages ex 
ceeding a predetermined maximum value. 

17. Electron multiplying apparatus comprising, 
a plurality of Secondary electron emissive elec 
trodes, an electron collecting electrode, resistance 
elements connected to Said collecting electrode 
and to said secondary emissive electrodes, a 
utilization circuit, a plurality of relays each hav 
ing an operating Winding and circuit SWitching 
Contacts, a phase reversing device having input 
and outgut circuits, the input circuit of said 
phase reversing device being connected to said. 
collecting electrode and the output circuit thereof 
being connected to the windings of said SWitching 
relayS, the Output circuit of Said phase reversing 
device also being connected through the contacts 
of Said relays to Said utilization circuit, connec 
tions from Said secondary emissive electrodes to 
contacts of Said relays, and means responsive to 
a current flow in excess of a predetermined mag 
nitude in the ottput circuit of Said phase revers 
ing device for effecting operations of said relays 
to disconnect the output circuit of said phase re 
versing device fron Said utilization circuit and to 
connect in place thereof one of Said Secondary 
emissive electrodes, whereby to prevent the de 
velopment in said utilization circuit of Voltages 
exceeding a predetermined maximum value. 

18. Electron multiplying apparatus comprising, 
a plurality of secondary electron emissive elec 
trodes, an electron collecting electrode, means 
including resistance elements for impressing elec 
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tron accelerating potentials upon said secondary 
emissive electrodes, a, utilization circuit, a plu 65 
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rality of marginal relays each having an oper 
atting Winding and circuit SWitching contacts, a 
Vacuum tube having input and Output circuits, 
the input circuit of said vacuum tube being Con 
nected to Said collecting electrode and the out 
put circuit thereof being connected to the Wind 
ings of said SWitching relays, the output circuit 
of said vacuum tube also being connected 
through the contacts of said relays to said utili 
zation circuit, connections from said Secondary 
emissive electrodes to respective contacts of Said 
relays, and means responsive to current foWs in 
excess of predetermined magnitudes in the Out 
put circuit of Said Vacuum tube for effecting the 
Successive operations of said relayS to disconnect 
the output circuit of said. Vacuum tube from Said 
utilization circuit and to connect in place thereof 
One of said secondary emissive electrodes, where 
by to prevent the development in said utilization 
circuit of voltages exceeding a predetermined 
maximum value. 

19. Electron multiplying apparatus comprising, 
- a plurality of secondary electron emissive elec 
trodes, an electron collecting electrode, a voltage 
divider having a plurality of taps for impressing 
electron accelerating potentials upon said sec 
ondary emissive electrodes, resistance elements 
connecting respective taps on Said Woltage divider 
to said collecting electrode and to a plurality of 
higher stage secondary emissive electrodes, an 
amplifier having input and output circuits, a 
plurality of marginal relays each having an 
operating Winding and circuit switching contacts, 
a phase reversing tube having input and output 
circuits, the input circuit of said phase reversing 
tube being connected to said collecting electrode 
and the output circuit thereof being connected 
to a series arrangement of the Windings of Said 
switching relays, the output circuit of Said phase 
reversing tube also being connected through the 
contacts of said relays to the input circuit of said 
amplifier, connections from said higher stage 
multiplier electrodes to respective normally open 
contacts of said relays, and means responsive to 
current flows in excess of predetermined magni 
tudes in the output circuit of said phase revers 
ing tube for effecting the successive operations of 
said relays to disconnect the Output circuit of 
said phase reversing tube from the input circuit 
of said amplifier and to connect in place thereof 
any one of said higher stage multiplier electrodes, 
whereby to prevent the development in the out 
put circuit of said amplifier of voltages exceeding 
a predetermined maximum Value. 
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