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UNITED STATES PATENT OFFICE 
2,664,515 

MAGNETC ELECTRON MULTIPLER 

Liricoin G. Smith, Center Moriches, N. Y., as 
sigor to the United States of America, as rep 
resented by the United States Atomic Energy 
Commission 

Application June 22, 1951, Seria No. 232,893 
(C. 313-05) 6 Claims. 

The present invention relates to an electron 
multiplier capable of operating in a magnetic 
field. In mass Spectrometers and other similar 
analytical devices wherein a beam of ions is 
projected into a magnetic analyzer which re 
Solves the beam into its characteristic mass coin 
ponents, there is a need for apparatus capable 
of detecting ion pulses of extremely small magni 
tudeS. For example, certain types of mass spec 
trometerS Such as the time-of-flight mass spec 
trometer disclosed in application S. N. 83,258 
(S. A. Goudsmit) require associated apparatus 
capable of detecting with accuracy short ion 
pulses of very weak intensity. Moreover, in this 
type of instrument it is also desired to have 
the time between the formation of a pulse in the 
ion Source of the spectrometer and its arrival at 
the detector represent an integral number of pe 
riods of rotation of an ion in a homogeneous 
magnetic field. It is accordingly necessary to 
have the Sensitive surface of the detector lo 
cated in the inagnetic field. Conventional elec 
tron multiplie's, Such as are used in electron 
aultiplier phototubes, will have their operation 
Seriously in paired if they are located in the mag 
netic field of the spectrometer. By contrast, the 
apparatus of the present invention makes use of 
the magnetic field to focus secondary electrons 
from each emissive electrode on to the next. 

It is accordingly an object of the present in 
vention to provide a new and improved method 
and apparatus for detecting moving charged 
particles. 
Another object of the invention is to provide 

a new and improved ion detector which can be 
used in a magnetic field. 
A third object of the invention is to provide 

a new and improved magnetic electron multiplier 
with a high gain and a short response time. 
A further object of the present invention is to 

provide a new and improved in agnetic electron 
s: ultiplier that utilizes the focusing properties 
of a uniform electrostatic field perpendicular to 
8, magnetic field. 
Other objects and advantages will be in part 

obvious and in part pointed out hereinafter, 
More particularly, a preferred embodiment of 

the apparatus of the present invention comprises 
the cornbination including a homogeneous mag 
netic field, an electrically conductive plate located 
in Said magnetic field and parallel to the lines 
of flux of said magnetic field, a plurality of sec 
Ondary electron emission dynodes located in said 
magnetic field and disposed in echelon parallel 
relation with respect to said conductive plate, 

5 

10 

15 

25 

30 

40 

50 

2 
ineans for establishing a uniforni electrostatic 
field between said plate and said dynodes, Said 
electrostatic field being perpendicular to Said 
imagnetic field, means for causing the moving 
charged particles to be detected to impinge on 
the dynode, most remote from said plate where 
by Secondary electrons are produced which are 
attracted and amplified by the remaining dy 
nodes in Successive steps and neans for collecting 
the amplified number of secondary electrons 
produced by the last dynode. 
The many objects and advantages of the pres 

ent invention may best be appreciated by ref 
erence to the accompanying drawings, the fig 
lures of Which illustrate apparatus incorporating 
a preferred embodiment of the present inven 
tion and capable of carrying out the method of 
the invention. 

Figure i is a Schematic view showing the ex 
terior of the magnetic electron multiplier in rela 
tion to the conventional instituments connected 
thereto, 

Figure 2 is a perspective view of the apparatus 
rotated through 90 degrees from the position 
shown in Figure i and with two side plates 
removed to show the internal constructional de 
tails. 

Figure 3 is a perspective view of a second emi 
bodiment of the apparatus of the present inven 
tion with a portion of the side plates broken 
away. 

Figure 4 is a transverse sectional view taken 
along the line 4-4 of Figure 3. 

Figure 5 is a transverse sectional view of three 
Successive dynodes of Figure 2. 

Referring to Figure 1 the magnetic electron 
multiplier () is shown positioned in a homo 
geneous magnetic field the direction of which is 
represented by arrows 20. The moving charged 
particles to be detected enter the multiplier 
through Window containing grid wires 2. 
Operating potentials for multiplier are pro 
-vided by power Supply 39 connected to the multi 
plier by conductors 3 and is, The amplified 
Output of the multiplier is connected on con 
ductor 6 to a conventional amplifier 4. Ampli 
fier it is used only if it is desired to further 
amplify the electron pulse received from multi 
pier 9. The output of amplifier 3G can be con 
nected to an oscilloscope 50 by conductor or 
to any other conventional indicating instrument. 
Also shown on One end wall of multiplier are 
pressure screws 8 and 9 used for mounting pur. 
pOSes aS Will be described hereinbelow. 

Referring now to Figure 2 it can be seen that 
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the multiplier is in a homogeneous magnetic 
field which is in a direction represented by arrows 
2). At the left hand portion of Figure 2 is 
window in which are mounted the grid wires 
2. Directly opposite window is an L-shaped 
Secondary electron erinissive dynode 2 which is 
nounted On tWO insulated rods and Spaced foil 
end wall 24 of multiplier 6 by two electrically 
insulated spacers 22 and 23. Spacer 22 is 
ShOWn broken away so that one of the in 
Suated mounting rods 25 may be visible. The 
insulated nounting rods run the entire length 
of the multiplier and are terminated in pressure 
Screws 8 and 9 mounted in the end wall 28 of 
the multiplier. Pressure screws S and 9 are 
used to force the rods securely into recesses in 
the opposite end wall 26. Also mounted on the 
rods are a plurality of L-shaped Secondary elec 
tron emissive dynodes which are separated by 
insulated Spacers of a construction. Similar to 
Spacers 22 and 23. The dynodes are electrodes 
inade of Ol' coated With a material capable of 
high secondary enaission. When moving charged 
particles inpinge on the electrode a number of 
electrons are emitted. When a high secondary 
enaissive laterial is used in Gre electrons are 
(elitted by the electrode than arrive thereon 
resulting in electron anglification. Mounted 
along one side of multiplier is an electrically 
conductive plate 25. Each of the dyinodes has 
one surface parallel to the plate 3. the dis 
tance between each of these Surfaces and plate 
3 decreases in Successive Staps progressing froii. 
left to right, in the multiplier so that the first 
dynode 2 is most remote from plate 2 and 
the last dynode 28 is closest to the plane of the 
plate 2. Accordingly, these dynode Surfaces are 
disposed in echelon parallel relatienship with 
respect to plate 23. That is, each of the dynode 
Surfaces is successively closer to plate 2 and 
the Surfaces are parallel to one another. Mont 
ed next to the last dynode 28 is a collector piate 
39 of the same general shape as the secondary 
electron enissive dynodes. At the right, hand 
portion of the multiplier, plate 2 is depressed so 
that, the parallel surface of collector 23 lies in 
the plane of the plate 3. Attached to collector 
plate 29 by means of a clip 3 is a conductor 32 
which is connected to output conductor by 
in eans of a conventional connector 33 hounted 
in the end wall 25 of multiplier is. Attached to 
the first dynode 2 by :neains of a clip 34 is a 
conductor 36 that is connected to power Supply 
conductor 33 through a conventional connector 
37 monted in the end wall is of multiplier 
... Also connected to dynode 2 by means of a 
clip 38 is one end of the resistor 39. The other 
end of resistor 38 is connected to the dynode 
ininediately adjacent dynode 2 by means of 
clip. . . In the same ia annel, resistors are con 
nected between adjacent dynodes. Ouiated in 
Iultiplier up to and including resistor 2. con 
nected to the last dyinode 28. Dynode 28iS con 
nected to the reinaining power supply lead 4 
by means of conductor 35 and connector 45, 

In operation the multiplier is... is placed in 
the ragnetic field. So that plate 2 - is disposed 
parallel to the fiux lines of the magnetic field 
represented by arrows 2. The ions to be de 
tected, which travel in a plane perpendicular to 
the lines of illux of the Inagnetic field, arrive 
from the direction indicated by arrows 43. A 
negative operating potential is applied on lead 3 
to the first dynode 2 by means of connector 3, 
conductor 36 and clip 34, This negative poten 
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4. 
tial is reduced in Successive steps by the resistors 
connected between adjacent dynodes so that dy 
node 2 is at the most negative potential and 
dynOde 28 is at the least regative potential. The 
ele3trically conductive plate 27 is connected to 
ground potential. This connection is not shown 
but in ay be easily carried out by a suitable coin 
nection to the mounting screws holding the 
multiplier assembly together. Collector plate 29 
is, connected to ground through an external re 
Sistange, for example, the input resistor of ampli 
fier 43. The connection of the operating po 
tentials as described hereinabove results in a 
uniform electric field between plate 2 and the 
Surfaces of the dynodes parallel to plate 27 be 
Cause the potential of each dynode is propor 
tional to its distance from plate 27. That is, 
as each dynode is spaced closer to plate 2, its 
potential is inade proportionately less negative 
due to the Voltage dropping resistors. There 
fore, When the ions to be detected arrive at 
Window they are in Ynediately attracted to 
dynode 2 which is maintained at the most nega 
tive potential in nultiplier G. due to the sec 
Oildary election emissive properties of dynode 

the inpingeigent of the ions thereon gives rise 
to Seaondary electrons. These electrons would 
in Q'il 2ly be attracted to plate 2 which is main 
tailfed at the nost positive potential in multi 
pier S. However, due to the action of the mag 
letic field the path of the electrons, represented 
by dotted line $8, curves in the direction shown 
by the arrow 3 so that the electrons it 
on dynode adjacent dyinode 2 . The orbit rep 
resented by dotted line 38 is trochoidal with a 
3USp at each dynode. it is well known that the 
Orbit of electrons in a crossed magnetic and elec 
troStatic field is a trochoidal orbit. Thareiora 
by properly adjusting the spacing and potentials 
of a diapent dynodes the secondary electrons are 
Inade to follow tha path represented by dotted 
line 3 causing the cusps of the orbit to occur at 
each adjacent dynode. Aere secondary ciec 
trons are ethitted fron the next dynole then 
inpine thereon due to its higher potential sind 
its emissive properties. These einitted electrons 
continue to be airplified in the Sarie Yanner 
throughout the remaining dynedies with suc 
ceSSive annplication taki:g place dia to the fast 
that each Succeeding dyinode is ing's positive 
tia, the One previous to it. This amplification 
Continues until the 2.jalified seconday elec 
trons reach the last dynode 28. They are there 
upon attracted to the collector patia 29 giving 
rise to an output, pulse on conductor 33 which 
is transmitted to output conductor 8. 
The improVeisnt of the performance of the 

embodiment hereinabove described is prikaarily 
due to the unifornin electrostatic field taine? 
between the active Surfaces of the dynodes and 
the electrically conductive plate 2. T 
Structional feature which accomplisha; this re 
Sult is the progressively. Sinaller distanga is. 
tWeen each dynode and plate 2. Also the sight, 
overlapping of eagh emissive surface prevents 
any abrupt break in the unifornity of the ciec 
tric field. in this finanner the required poten 
tial difference of several indied volts between 
adjacent dynodes is established without '83 at to 
a nor-laniforn) electric field. This useful featire 
also requires only one-half the number of in 
Suated plates noi'nally used in magnetic elec 
tron multipliers due to the fact that only one 
accelerating electrode, namely conductive plate 
2F, is used. Another advantage in the embodi 
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frient shown in Figure 2 is that there is no com 
p9inent of the electrostatic field which tends to 
draw ions from the region near the output stage 
toward the input stage thereby causing a break 
do Win or noise due to ion feedback. 

Referring to Figure 3 a second embodiment 
eimploying the features of the present invention 
is shown. iihe magnetic field in which this 
in ultiplier is located is in a direction represented 
by arrows 2. The ions to be detected enter the 
multiplier through Window 6. Located oppo 
Site WindoW S is the Secondary electron emissive 
Surface of dynode 62. The dynodes of the multi 
plier shown in this figure are co-planar and 
mounted at an acute angle with respect to the 
electrically conductive plate 63, with the first 
dynode 62 being farthest from plate 63 and the 
last dynode 54 being closest to plate 63. The 
dynodes all have their longitudinal edges paral 
lel to plate 53. Following the last dynode 64 
is Collector plate 66. The dynodes and the col 
lectOI plate 68 are all mounted on two insulated 
rods 6, and 68 each of which have one end se 
cured in the insulated end plate 89 and the other 
end secured in end plate 7. The dynodes are 
secured to the rods 67 and 68 by a suitable ad 
hesive material, 9, which is shown only on 
the first two dynodes in order to make clear the 
construction of the dynodes. The ends of the 
dynodes are bent around rods 57 and 68 to per 
nit convenient electrical connection thereto and 
resistors Such as resistor 2 are connected be 
tween adjacent dynodes in the manner shown. In 
Order to Supply operating potential to the first 
dynode 62, power supply conductor 73 is con 
nected to the interior of the multiplier through a 
conventional connector 74. Connection is made 
from the last dynode 64 to the return power Sup 
ply conductor 76 by means of clip 77, conductor 
8 and connector 9. The amplified output of 

the multiplier is taken from collector plate 66 
by means of clip 8, conductor 82, connector 83 
and external conductor 85. Collector plate 66 
is connected to ground in a Sinilar manner to 
collector plate 29 of Figure 2. Mounted on the 
insulated end plate 69 is a second electrically 
conductive plate 84 which is parallel to plate 
63 in the Operating area of the multiplier. Plate 
8 is Supported at its other end in a curved slot 
in insulated end plate 7 . Electrical connec 
tion to plate 84 is made by means of clip 86, Con 
ductor 8 and connector 88 leading to the ex 
ternal conductor 89. The operation of this emi 
bodiment Will be described hereinbelow with 
respect to Figure 4. 
Referring to Figure 4 the lines of flux of the 

magnetic field are now directed perpendicular to 
the plane of Figure 4. The ions to be detected 
arrive in a direction indicated by arrows 98. 
Dynode 62 is connected to a source of negative 
potential with the return lead of the Source Con 
nected to dynode 64. Since resistors are con 
nected between adjacent dynodes each dynode is 
Successively less negative With respect to the One 
before, progressing from said first dynode 62 to 
the last dynode S4. Plate 8A is connected to 3, 
source of potential more negative than dynode 
62. Plate 33 is connected to ground potential. 
The negative potential of each dynode and of 
plate 34 is proportional to its distance from plate 
63. Therefore when the ions arrive at the Win 
dow 6 they are attracted to dynode 82, the most 
negative dynode. Secondary electrons arise upon 
the impingement of the ions. These electrons are 
attracted towards grounded plate 63 but are 
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6 
deflected towards the next dynode by the mag 
netic field So that they follow the path repre 
sented by dotted line 32 and arrow 93. Since 
there are spaces between adjacent dynodes the 
unifornity of the electrostatic field between the 
dynodes and the plate 63 would be disturbed were 
it not for the inclusion of plate SS which provides 
a uniform electrostatic field between plates 63 
and 84 throughout the operating region. There 
fore With a honogeneous magnetic field and a 
perpendicular uniform electrostatic field the sec 
ondary electrons follow trochoidal orbits with 
cusps at each. Succeeding dynode as represented 
by the dotted line 92 of Figure 4. The secondary 
electrons are successively attracted to each Suc 
ceeding dynode, with more electrons being emit 
ted from the dynodes than impinge thereon, uri 
til the last dynode 5 is eached. Here the aim 
plified number of electrons are attracted to the 
collector plate 68 giving rise to an output pulse 
On the conducto connected thereto. if neces 
Sary this pulse can be further annplified by con 
ventional amplifying equipment located outside 
the magnetic field and visually indicated on an 
OScilloScope. 
The embodiment illustrated in Figures 3 and 

4 may generally be used in more intense magnetic 
fields than the enbodiment of Figure 2. This re 
Sults from the fact that the distance between 
successive cusps of the trochoidal orbit is pro 
portional to the value of the electrostatic field 
and inversely proportional to the Square of the 
value of the magnetic field. This may be repre 
sented by the equation, baE/H2 where b is the 
distance between cusps, E is the value of the 
electrostatic field and H is the value of the rag 
netic field. It is apparent that the minimum 
distance between cusps is the width of a dynode. 
Therefore, if it is desired to double the intensity 
of the magnetic field for a given width of dynode, 
it would be necessary to quadruple the value of 
the electrostatic field in order to maintain the 
distance, b, constant. As the intensity of the 
magnetic field is increased to higher levels, the 
electric field would have to be increased to such 
a value that an electrical discharge would occur 
between the dyinodes. The construction of the 
embodiment of Figures 3 and 4 overcomes this 
when the spaces between dynodes are made equal 
to the Width of a dynode. In this event, the Sec 
ondary electrons can be inade to undergo two 
trochoidal cycles between Successive dynodes aS 
illustrated by the dotted line 3 of Figure 4. In 
this manner, the distance, t, between cusps can 
be kept the same in higher magnetic fields With 
out the danger of a discharge occurring between 
the dynodes. It is evident that the distance be 
tween successive dynodes can be made equal to 
any integral number of dyrode Widths and the 
same result obtained by causing the secondary 
electrons to go through an equal integral nun 
bel of trochoidal cycles between dynodes. 

he following materials and dimensions were 
follind satisfactory in the construction of the en 
bodiment of Figure 2: 15 dyinode plates whose 
active surfaces are parallel and slightly Over 
lapped are used; the dynodes are i' high, made 
of commercial beryllium copper 0.007’’ thick, 
Supported on two 4' O. D. insulated tubes made 
of a suitable imaterial, as for example the na3 
telial commercially known as steatite and Spaced 
by Sections of 'A' O. D. insulated tubing Such as 
steatite; the grid window is made %' wide by 
A' high; the distance between corresponding 
points on adjacent active dynode surfaces is 
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0.375'' in a parallel direction and 0.022' in a per 
pendicular direction; dynode 2 is spaced 0.594 
and dynode 8, 8.286 from plate:2; each of the . 
resistances connected between adjacent: dyinodes: 
are. As Watt, 1 negohn Carbon resistOYS. 
In use With the time-of-light mass Spectrol. 

eter an apparatus constructed as hereinabove in 
dicated has the following characteristics:... the: 
Lultiplier is usable at a in aximural Sensitivity...in 

magnetic fields fron about 250 to 460 OerstedS. 3 
corresponding to over-all regative Voltages fro: 
2800 to 8530 Woits. At less than maxinlun'. Sena 
Sitivity the nui tipier has been used up to 535. 
Oersteds. 
The Xhuliigier shows in Figures: 3 

Jeeifoli is , satisfactorily whennade 
in tie folio; S and diasensions:... i5 
dyingdes ate are made of berylliuin. 
coppei, 4 of an inch wide; tubes 8 and 683 are 
made of insulated tubing such as Staatite, 4.'' 
C. D., and '6' apart; end, plates 63 and are 
made of a, Suitable insulating laterial, as for 
example the haterial connercially known as 
lawite; plate 33 is kept as a distance of is 'fron). 
plate 83; the voltage 
megohm each; window, is 4.'' wide and 5% 
high. Synode 33 is /' fron plate S3 and dyneda 
63 is 6' from plai.e. 33. Therefore, the distance 
between corresponding points on, adjacent dy. 
nodes is G.250 is a parallel direction and C.}{}9. 30 
inch in 2, 38rp2) ticular direction. 
In the ign of Figures 3 &nd 4, over-all volt 

ages of about 8500 vol{S (i. e. bei, Wees plate, 3 
and plate SS) caia he used carresponding to hag 
hetic fields up to 1100 oarsteds. 
retic field exual to 1130.oeisteds and the over-a 

3. 
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voltage eguial to 8538 victs the voltage ice stage. 
is 242 vots &nd the electroStatic 
10,720 voits/cin. 

Since the annodisints of the apparatus of the...i 
present invention &re priznarily intended for use 
inside of 2.SS spectrorettei's no provision ha, 
been 3:3 for eva, 31ation of the Operating. Wol 
une of the liaultiplief. : Iorial operation, this 
nultiplier is nounted in the proper position in 45 
the na SS spectron 3e: aid the entire Spectroine 
tei' is evacuated therey causing evacuation of 
the operating voluins of the multiplier. Howa. 
ever, if the nultiplier is to be used exteinally, 
provisions for enclosing the apparatus within an, 50 
evacuated envelope ray easily be made by, coil 
wentional methods. 

Since in any embodiments of the apparatus of 
the pressent, invention silight be made and Since: 
any other 

ferred embodiments described above: it is: to be. 
understood that, the foregoing description is to 
be interpreted as illustrative only and inot, in a 
limiting sense except &S required by: the a). 
pended claim.S. 

I claii: 
... A magnetic electron Yaultiplier for theids 

tection of Yowing charged particles in a horio 
geneci Siagnatic field which comprises an elecs. 
trically conflictive plate located in said magnetic. 35 
fieli and pa'alel to the lines of illux of Said field, 
a, plurality of Seccindary electron emissive dy 
2Odes located in Said field and disposed in echelon 
parallel relation. With respect to Said plate, maans. 

field equals. 

60 

for establishing a uniform electrostatic: field be-, a 
tween said dynodes and said conductive plate, 
Said electroStatic field being perpendicular to said: 
magnetic field, means for causing said moving. 
charged particles to inpinge on the dynodernost, 
reincte fl'oi: said: 

anti: 4 ha.S. is 

20. 

dividing resistoi's are one 25. 

With the mag-. 35. 

changes may be made in the pre- 55 

conductive piate whereby sec- 5. 
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ondary; electrons are produced which are at . 
tracted and amplified by the remaining dynodes. 
in successive steps and ineans for collecting the 
selections produced by the last dynode. 

2. A magnetic electron multiplier for the de 
tection of moviing charged particles in a homo 
geneousnagnetic iield which comprises an elec 
trically conductive plate located in said field and 
parallel to the lines of filux of Said in agnetic 
field, a plurality of secondary electron emissive 
dying des located in said field parallel to Said plate 
and disposed in echelon parallel relation with 
respect to Said piate, nea: as for producing a di 
rect current potential difference between each of 
Said dynodes and Said conductive plate, the value 
of Said potential difference being proportional to 
the distance between Said dynodes and said con 
ductive plate tihereby establishing a uniform elec-. 
troStatic field therebetween, said electrostatic 
field being parpendicular to said magnetic field, 
means for causing said.moving charged particles 
to inpinge on the dynode most remote from said: 
Conductive plate. Whereby Secondary electrons are 
produced Winich are attracted and amplified by . 
the remaining dynode in successive, steps and 
In eans for Coiecting the electrons, produced by 
the last dynode. 

3. A maginetic electron multiplier for the detec-, 
tion of positively charged particles in a homo 
ge:hecus ragnetic field, which comprises an elec 
irically conductive piate located in said mag 
inetic field and paraliel to the lines of flux of said 
field, a plurality of Secondary. electron emissive 
dyncdes located in Said iield, parallel to said plate 
and disposed in echeion relation with respect to 
S&id plate, Yeans for electrically grounding said 
coradictive plate, neans for applying a direct cur 
rent negative potential between each of said dy 
nodes and Said conductive plate, the value of said 
applied, negative potential decreasing an amount 
proportional to the distance between each of 
Said, dynodes and said conductive plate thereby 
establishing a uniform electrostatic field be 
tween Said dynodes and said piate, said electro 
Static field being perpendicular to said magnetic 
field, means for causing said positively charged. 
particles to inpinge on the most negative dynode 
Whereby Secondary electrons are produced which 
are attracted and amplified by the remaining 
dyiodes in Successive steps and means for co 
lecting the number of electrons produced by the 
12lQSt positive dynode. 
4. A magnetic electron multiplier for the detec 

tion. of moving charged, particles in a homo 
geneous magnetic field which comprises an elec-. 
trically conductive plate located in said magnetic 
field and parailel to the lines of flux of said fieli, 
a plurality of co-planar Secondary electron emis 
Sive dynodes located in Said field and disposed at 
an acute angle. With respect to said plate, the 
longitudinal edegs of said dynodes being parallie. 
to said plate, means for producing a direct cur 
rent potential difference between each of said 
Cynodes and said conductive plate, the value: of 
Said potential differeneci being proportional to 
he distance between said dynodes and said plate, 

a, Second electrically Conductive plate located in 
Said magnetic field parallel to the first said plate 
and positioned to include said dynodes between 
Said plates, means for producing a direct Curren, 
potential difference between said plates thereby 
establishing a uniform electrostatic field between 
the dynode and said conductive plates, means 
for causing Said, moving charged particles to 

Pinge on the dynode most remote from the 
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first said conductive plate whereby secondary 
electrons are produced Which are attracted and 
amplified by the remaining dynodes in Successive 
steps and means for collecting the number of 
electrons produced by the last dynode. 

5. A magnetic electron multiplier for the de 
tection of moving charged particles in a homo 
geneous magnetic field which comprises an ac 
celerating electrode located in Said magnetic 
field and parallel to the lines of flux of Said 
field, a plurality of L-shaped beryllium copper 
dynodes, each of Said dynodes having one Sur 
face located in said magnetic field, said surfaces 
being disposed in echelon parallel relation with 
respect to Said accelerating electrode, neaias for 
establishing a uniform electrostatic field between 
Said dynode surfaces and said electrode, said 
electrostatic field being perpendicular to said 
magnetic field, said accelerating electrode con 
taining an aperture opposite the dynode most re 
mote from Said electrode whereby said moving 
charged particles enter said electrostatic field 
through Said aperture and impinge on said dy 
node surface most remote from said electrode 

i 

t 

20 

thereby producing secondary electrons which are 
attracted and amplified by the remaining dynodes 
in successive steps and means for collecting the 
elections produced by the last dynode. 

6. The apparatus of claim 5 wherein the means 
for establishing a uniform electrostatic field corn 
prises means for producing a direct current po 
tential difference between each of said dynodes 
and said accelerating electrode, the value of said 
potential difference being proportional to the 
distance between Said dyncdes and said accel 
erating electrode. 
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