
May 21, 1940. H. E. HOLMANN 2,201,666 
MAGNETRON 

Filed March 4, 1938 

b2 
e 6. el E p/e/746A-fa eak a e 

"/2ZZ76AAAA%246/47/CAA/A Éa 62. Zia. 2 
MAGWETIZING AESISTANCE 
576.4/GA/7Z/NE (10AD) LINE AMAGNE7/ZING 

AAA3OLA 

7 2 3 4 5 
5Alk fa 

// C1 INVENTOR, 
HANS ERICH HOLLMANN 

SY 1. 

ATTORNEY. 

    

  

  

    

  



5 

10 

Patented May 21, 1940 

UNITED STATES 

2,201,666 

PATENT OFFICE 
2,20,666 

MAGNETRON 

Hans Erich Holimann, Berlin, Germany, assignor 
to Telefutaken Gesellschaft fir Drahose Tele 
graphie Im. b. H., Berlin, Germany, a corpora 
tion of Germany 

Application March 4, 1938, Serial No. 193,816 
in Germany May 9, 1936 
3 Claims. 

My invention relates to electron discharge de 
Vices utilizing the phenomena of secondary emis 
Sion and magnetic control and sometimes referred 
to as an electron multiplier. The present appli 
cation describes and claims an inprovement over 
my invention described and claimed in my appli 
cation Serial No. 133,316, filed March 27, 1937, 
Patent No. 2,171,212, dated August 29, 1939 and 
assigned to the same assignee as the present 
application. 

in the magnetron described in my co-pending 
application identified above the electrons which 
Carry the electron current are produced by sec 
Ondary emission of cold cathodes. When switch 
ing in the electrical fields, at first only a few 
electrons, for instance photo-electrons, leave the 
cathode and after describing a circular course 
they impinge on the Second cathode coating. 
By means of a special construction of the oscil 
latory tube in conjunction with ultra-high fre 
quency resonance Systerns care is taken that the 
electrons retain a sufficient residual velocity 
When impinging on the Second cathode so that 
a large number of Secondary electrons are re 
leased from the cathode coating. The secondary 
electrons produced in great numbers by the im 
pinging first primary electrons, now leave the 
Second cathode coating in the reverse direction, 
and return to the first cathode coating after de 
Scribing their own circular course. At this cath 
Ode coating Secondary electrons are produced 
aneW, and the entire performance repeats itself. 
Through alternative building up of the secondary 
emission from the two cathode coatings the 
emission and the plate current will be gradually 
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built up. In fact, this building up is limited only 
by the yield of the coatings having secondary 
emission, since in view of the impulse like emis 
Sion, Space charges Which fill in only a small 
part of the electrode Space play only a minor 
role. 

In view of the fact that in the interest of an 
intensive building up of oscillations, it is aimed 
at imparting to the cathode coatings a possibly 
high yield in Order that they deliver in the form 
of secondary electrons an amount equal 10 to 20 
times the number of primary electrons impinging 
On Said coatings, danger exists that the emis 
Sion will be driven in this manner to a higher 
intensity than the tube can withstand from the 
point of view of heat. Under these conditions 
any practical operation is of course out of the 
question, and measures must be resorted to which 
prevent the emission current from growing be 
yond the allowable value. 

Ode. 

(C. 250-2) 
The object of the present invention is to Sub 

Stantially eliminate an uncontrollable building 
up of the emission, since at a high yield of the 
cathode coating capable of secondary emission, 
the plate current may increase beyond the allow 
able load limit thereby destroying the tube. 
The novel features which I believe to be chair 

acteristic of my invention are set forth with 
particularity in the appended claims, but the 
invention itself will best be understood by ref 
erence to the following description taken in con 
nection. With the accompanying drawing in which 
Figure i is a graph showing Operating charac 
teristics of a tube made according to my co 
pending application identified above, Figure 2 is 
a like graph showing further operating charac 
teristics under other conditions, and Figure 3 
is a perspective of a tube and a diagram of a 
circuit made according to my invention. 

In the tube arrangements operating with sec 
Ondary emission Such as have hitherto been 
known, the danger of unduly high currents was 
avoided simply by the insertion of an ohmic pro 
tecting resistor in the plate circuit of the tube. 
Such series resistor although limiting the emis 
Sion current to a certain degree, however, renders 
on the other hand the operating conditions of 
the tube inexact and unstable as can be seen 
from the diagram of Figure 1 showing the elec 
trical conditions. 
The diagram reveals the action of an ohmic 

resistor placed ahead of the Secondary emission 
magnetron of the type described in my co-pend 
ing application. The abscissa indicates the plate 
potential ea of the tube, and the ordinate shows 
the plate current ia. It is at first assumed 
that certain operating conditions are adjusted to, 
i. e. the magnetic field is assumed to have the 
value Hk and the tuning of the generator circuit 
is maintained on the wavelength determined by 
the equation Ao-10,650/Hic. Furthermore, a lim 
ited yield of the cathode coatings having sec 
ondary emission is presupposed. A building-up 
of the emission and plate current is then in the 
beginning possible only at or near the critical 
plate potential eak determined by the known 
magnetron formula, 

6.72 -- 
H = r wea. 

where ra is the radius of the anode plates and 
eak is the potential between the anode and cath 

If in Starting from Zero, the plate poten 
tial ea is gradually increased then the plate 
Current ia begins at a certain voltage value 
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ea', and attains its maximum at the critical con 
dition eak corresponding with the formula, and 
With which also the optimum of the generation 
Of OScillation Coincides, and at a further increase 
Of ea the plate Current decreases again dioWn to 
Zero at ea'. In contrast to the known glow 
cathode magnetron arrangements, the current 
Voltage line of the Secondary emission magne 
tron has a pattern Similar to a resonance curve 
as emphasized by the shaded surface in Figure 1. 
The action of a protective resistor having a 

value W and starting from a fixed Voltage point 
namely from the feed voltage Ea can be ShoWn 
in the diagram in the form of a straight resist 
ance line. This resistance line Inlist Originate 
in the Woltage point Ea on the abscissa, and is to 
indicate the Value of the plate potential in rela 
tion to ia and reduced by the Voltage drop iaW. 
The resistance line is determined by the equa 
tion: 

ea-Ea-Wia 
and its inclination towards the abscissa is 
dia/dea=i/W. In Figure two resistance lines 
and 2 are ShoWn for different resistance Valies 
W but Starting from the Sane Voltage point Ea. 
If a variable Series resistor is chosen, the re 
sistance line can be turned about the turning 
point Ea. But if at constant W the fed voltage 
Ea is changed the resistance line Will thereby be 
displaced parallel to itself. 
In accordance With the magnetic field Hk and 

the associated resonance Wave Xo, the plate Cur 
rent resonance cuWe exists at a certain plate 
potential eak. The Working points may then be 
placed at the two intersection points Al' and A1''' 
of the straight resistance line With the current 
resonance curve. When the high frequency 
oscillation performance is influenced in any man 
ner, for instance by Withdrawing of energy, the 
urrent iresonance culve. Which is very closely 

related to the ultra high frequency building up 
performances becomes flattened out, and the tWo 
working points A1 and A1' move towards each 
other on the resistance line until finally only a 
Single WOkiing point is left over. The same Con 
ditions piewail. When at a fixed current resonance 
curve, the resistance of the line 2 is correspond 
ingly So chosen that the resonance curve just 
forms a tangent in the point A2. At this work 
ing point at the Slightest flattening out of the 
resonance curve the Oscillations break off in 
mediately, because the current maximum falls 
below the straight resistance line, and the build 
ing up can no longer set in by itself. Therefore 
this adjusting Which is eXtremely critical is en 
tirely useless foi practical purposes. 
The conditions become Still Worse when dis 

regarding the limitation as regards the yield of 
the cathode coatings having secondary emission 
on which Figure l is based, and which would in 
practice be desirable in connection with the above 
ViewpointS. In this case, the current resonance 
curve assumes the form shown in Figure 2, i. e. 
at a certain Voltage Value ea', the Oscillations and 
therewith also the plate current increase in a 
jump and build themselves up immediately to 
very high values reaching far beyond the load 
capacity of the tube, So that therefore they can 
no longer be measured. The same also holds true 
as regards the potential value ea'. The resist 
ance line noW passes through the shaded current 
region between ea' and ea', and cuts off the area, 
lying above. Thus there remains as the only 
pOSSible part of the resistance line useful for the 
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adjustment of the operation, the part betWeen 
the limit points A" and A', on which the actual 
Working point may move back and forth in ac 
CO'dance With the Conditions of building up and 
the load conditions. It can thus be Seen that 
the insertion of a Series resistor as protection 
means actually limits the load of the tube and 
protects the tube against the danger of destruc 
tion, but, the instabilities thereWith encountered 
represent a serious disadvantage in the practical 
Operation Since the movement of the Working 
point always entails greater or lesser variations 
in the frequency and intensity. 
In order to eliminate these instabilities, a third 

parameter is introduced into the arrangement 
and plays a decisive role in determining the op 
erating Conditions. There Serves as a parameter 
in accordance With the invention, an auxiliary 
magnetic field permeating the tube and which is 
COLupied With the building up and emission : 
performanceS. This field is produced entirely or 
in part by a field coil through which the plate 
Current of the Secondary emission tube passes. 
An arrangement set up on the basis of the prin 
ciple of the invention is represented in Figure 3. 
Here the magnetron tube R is provided with the 
cold flat cathode K having both sides covered 
With Substance emitting secondary electrons, the 
Said Sides being positioned in the center of an 
an Ode cylinder divided into the two segments Sl 
and S2. Both segments are connected to the 
lecher line I Whose resonance potentials control 
the electron Current. The anode circuit contains 
the magnetizing coil Sp concentrically surround 
ing the tube, and the protective resistor W. Both 
are bridged by condensers C1 and Ce in order to 
a Void iOW frequency disturbance oscillations. 
In Order better to Visualize the functioning and 

action of the new stabilization method, the 
diag'an according to Figure 2 is completed by 
the introduction of the “magnetizing character 
istic' which like the straight resistance line, 
represents the magnetic field intensity H pro 
duced by the coil Sp and its relationship to the 
plate current ia. 
field nust be proportional to the magnetizing 
current ia, i. e. H=K.ia whereby the proportion 
ality factor K contains the magnetic data of the 
Coil Sp Such as the number of turns, and the 
CrOSS Section, as Well as eventually also the mag 
netic resistance of an existing iron core. The 
magnetizing line resulting from any factor K is 
ShOWn in Figure 2 extending towards the left 
from the Zero point of the coordinates. The 
magnetic field produced by the currents ia in the 
Ordinate can be read at the abscissa. 
Now in order to couple this straight magnetiz 

ing line With the Straight resistance line, and to 
project it into the current Voltage diagram, above 
the abSciSSa Scale for ea the associated scale of 
the magnetic field for H is shown. As stated 
above, both Values are connected with each other 
through the critical magnetron formula 

Hisk,ea 

and therefore a quadratic division will be ob 
tained for H. When the voltage scale is divided 
in a linear fashion. Above this quadratic scale 
for H, the magnetizing characteristic forms no 
longer a Straight line but a parabola, such as 
ShOWn in dotted lines in Figure 2. The parabola, 
interSects the straight resistance line in the 
point AO and this is the only possible point to 
Which the generator can adjust itself in the op 
erating State, when the above critical magnetron 

It is obvious that the magnetic . 
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formula holds true. Otherwise a different law is 
to be relied upon when transforming the scale 
for the magnetic field. The ultra high frequency 
potentials produced at the anode segments may 
cause Considerable deviations compared with the 
magnetron laws for the static case, which for 
the sake of simplification have herein not been 
considered since they have principally no bear 
ing On the principle of the invention. 
Obviously the operating conditions must be so 

chosen that the intersection point Aoi is in the 
center between ea' and ea', since it is in this 
place that optimum conditions can be expected. 
To this end, on the one hand, the ultra high 
frequency tuning is available, and on the other 
hand, if a certain Wave is to be produced, the 
adjusting can be carried out by means of E, Ea or 
H. When changing W the resistance line turns 
about the Ea-point, while it is placed parallel to 
itself when Ea is changed. An analogous parallel 
displacement can also be obtained with the mag 
netizing parabola, in that an additional com 
ponent Ho is superimposed on the magnetic field 
produced by ia, said component may be obtained 
for instance by an auxiliary winding Sp' in Fig 
ure 3 fed with direct current, or by a permanent 
magnet. The additional field causes a parallel 
displacement of the magnetizing parabola in the 
ia-axis Such as shown for instance by the parabola 
drawn in dotted lines in Figure 2. In the case 
represented, the straight resistance line is inter 
sected in the point Ao’ outside the range of oscilla 
tion in Which no building up is possible. In order 
to turn the parabola, about the Zero point of the 
coordinates, simply the proportionality factor K 
is to be changed such as can be done for instance 
by means of a variable parallel resistor P. 
The example of the circuit herein given and 

the operating conditions herein discussed in con 
nection. With said circuit may suffice for the eluci 
dation of the principle of the invention, which in 
practice affords numerous variations and modifi 
cations. It should furthermore be mentioned 
that by introducing sufficiently large time con 
stants in the current control and voltage control, 
for instance by using Sufficiently large condensers 
C1 and Ce, such a high inertia can be imparted 
to the stabilization that it can no longer com 
pensate for rapid fluctuations. In this connection 
a practical requirement, is seen for instance if the 
transmitter by superimposing speech potentials 
on the working potential ea for instance, is to be 
modulated eventually by means of the trans 
former T in Figure 3. If the modulation periods 
are essentially greater than the time constants of 
the control performance, the transmitter can be 
fully controlled if adjusted to a suitable Working 
point. 
The operation of the tube is stabilized by bring 

ing about an equilibrium between the secondary 
electrons produced at the cathode and the elec 
trons received by the anodes. In order to bring 
about this equilibrium the resistance W and the 
magnetic coil Spare relied upon. If for any rea 
son, the discharge current increases, the effective 
accelerating voltage ea at the anode segments will 
decrease as a result of the Voltage drop in the re 
sistance W. At the same time, there is an in 
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Crease in the strength of the magnetic field 
which is produced by the winding Sp by the in 
creased discharge current flowing through the 
Winding. The effect of the strengthened magnetic 
field is to decrease the orbits of the electrons so 
that fewer electrons are taken from the discharge 
and sent to the anode. At the same time, the 
decreased anode Voltage causes fewer electrons 
to be received by the anode segments. These ac 
tions have a compensating effect on the current 
through the dutput circuit connected to the anode 
Segments. 
too great reduction in the discharge current due 
to the decreased anode voltage is compensated for 
by an increase in the number of secondary elec 
trons produced by the electrons confined to the 
discharge space, and thus more electrons become 
available to increase the discharge current. All 
these factors help in stabilizing the anode cur 
rents when balanced against each other. 
What I claim as new is 
li. An electron discharge device having an en 

Velope containing a straight cathode coated with 
material for emitting electrons, and an anode sur 
rounding said cathode for receiving electrons from 
said cathode, means for producing a magnetic 
field parallel to said cathode and anode and of 
sufficient strength to cause electrons to impinge 
On the cathode to release Secondary electrons 
and an output circuit including a source of an 
Ode potential connected to the anode of said elec 
tron discharge device, and means including a re 
Sistance for varying the anode potential and 
means including an electromagnetic coil for vary 
ing the strength of the magnetic field and the rate 
of Secondary emission. 

2. An electron discharge device comprising an 
envelope containing a straight cathode coated 
With material for emitting electrons and a pair of 
coaxial anode segments surrounding said cath 
ode for receiving electrons from said cathode, a 
coil Surrounding said electron discharge device 
for producing a magnetic field parallel to said 
cathode and anode segments and of sufficient 
strength to cause electrons to impinge on the 
cathode to release secondary electrons, a load 
circuit connected to the anode of said electron 
discharge device and including a resistor and a 
Second electromagnetic coil Surrounding said 
electron discharge device for varying the intensity 
of the magnetic field and the rate of secondary 
emission. 

3. An electron discharge device comprising an 
envelope containing a straight cold cathode coated 
with electron emitting material and a pair of 
coaxial segments Surrounding Said cathode for 
receiving electrons from Said cathode, a coil 
surrounding said electron discharge device for 
producing a magnetic field parallel to said cath 
Ode and anode segments and of sufficient Strength 
to cause electrons to impinge on the cathode to 
release secondary electrons, a load circuit con 
nected to the anode of Said election discharge de 
vice and including a resistor and a second electro 
magnetic coil surrounding said electron discharge 
device for varying the strength of the magnetic 
field and the rate of secondary emission. 

HANS ERICH HOLMANN. 
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