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UNITED STATES 

2,096,460 

PATENT OFFICE 
2,096,460 

SPACE DISCHARGE APPARATUS 
Frederick B. Llewelyn, Montclair, N. S., assignor 
to Bell Telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 

Application January 23, 1936, Serial No. 60,403 
5 Claims. 

The present invention relates to ultra-high fre 
quency circuits employing Space discharge ap 
paratus for amplification, oscillation production 
Or kindred purposes. 
A general object of the invention is to Secure a 

useful cooperative relation between electrons 
traversing a given path at given Velocity and an 
alternating current field along the path, the 
Wave-length of which is suitably related to the 
electron Velocity. 
A further object is to produce an electric force 

Which moves along with the electron and acts on 
the electron in the Same direction at all times. 
The useful cooperative relation may, as one 

example, be such that energy is delivered by the 
moving electrons to the circuit by which the 
alternating current field is produced. Conversely, 
the field may be used to exert forces. On the elec 
tron stream for the purpose of producing ampli 
fied Oscillations in a circuit in which the electron 
strean controis a current flow. 
In one specific form of embodiment to be de 

Scribed, a cylindrical tube has electrodes for pro 
ducing electron flow along its length and has a 
Series of conducting Surfaces Spaced along the 
tube Such that an electron traVerses the distance 
from one conductor to the next in half a period 
of the oscillations that are being produced or 
utilized in the system. These conductors may be 
formed as the Successive turns of a standing Wave 
coil or may be so related to a standing Wave coil 
that the phase reverses from each conductor to 
the next, considered along a line parallel to the 
axis of the tube. An electron entering the field of 
influence of the first conductor may, as One eX 
ample, have such a phase relation as to impart 
an increment of energy to the standing Wave cir 
cuit. The driving voltage on the tube sustains the 
velocity of the electron notwithstanding this 
delivery of some of its energy to the external cir 
cuit. By the time the electron has entered the 
field of influence of the next conductor of the 
standing wave circuit the phase relations have be 
come identically the same as in the case of the 
first conductor and a further increment of energy 
is delivered to the external circuit. This action 
continues throughout the journey of the electron 
along the tube. 

For amplification a Somewhat converse action 
may be secured by causing the energy in the 
standing wave circuit to drive electrons alters 
nately toward separate anodes and produce 
amplified oscillations in the circuit Connected to 
these anodes. 
The various objects and features of the inven 

(C. 250-36) 
tion Will be more fully understood from the foll 
lowing detailed description of certain illustrative 
embodiments as shown in the accompanying 
drawings. 

In the drawings: 
Fig. is a Schematic diagram of a circuit em 

bodying the invention in one form of oscillation 
generator; 

Fig. A is an alternate form of the circuit of 
Fig. 1; 

Fig. 2 is a similar diagram of the invention ap 
plied to an amplifier; 

Fig. 2A is an end-view detail of Fig. 2; 
Fig. 3 shows an alternative form of Oscillation 

generator embodying the invention; 
Fig. 4. ShoWS the invention applied to an Oscil 

lograph tube and 
FigS. 5 to 7 show various winding modifications. 
In Fig. an evacuated tube is provided with a 

cathode 4, grid 5 biased positive by battery 6, and 
anode 8 at still higher positive potential than the 
grid as determined by battery T. Coil 2 surrounds 
the tube although it could be placed altogether 
or in part inside the tube if a suitable bias Voltage 
Were maintained on it. The coil may be self 
tuned or tuned by a condenser 3. The condenser 
3 or coil. 2 or both may constitute a radiator of 
Waves produced by the circuit. 

in operation, the grid and anode are given such 
Voltages that electrons emitted at 4 travel down 
the tube toward the anode 8 at Suitable velocity. 
ASSume a transient in coil 2 of Such frequency 
that the phase in adjacent turns a and b is op 
posite. An electron at ac1, between the turns ex 
periences a retarding force and delivers an in 
Crement of energy to the coil in a direction to sus 
tain the transient. With a proper spacing of 
turns relative to the electron velocity and fre 
quency of oscillation of the circuit 2, 3, it is ap 
parent that the phase between b and c when the 
electron passes the point 3:2 may be such that a 
further increment of energy is abstracted from 
the electron by the coil 2 in a direction to sus 
tain the transient. The condition for this to hap 
pen is that points d and b on coil. 2 shall have 
Opposite phase and that the distance between 
turns is equal to the distance traversed by the 
electron in half the period of Oscillation of the 
circuit 2, 3. Under these conditions electrons 
entering the influence of the coil 2 a half cycle 
later than the One just described Will be acted 
upon by accelerating forces; and hence Will ab 
stract energy from the transient and thus pro 
duce a tendency for it to die out. This tendency 
is counteracted, however, by the fact that the ac 
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2 
celerating forces cause the electrons to speed up 
and hence catch up with the electrons from the 
preceding half cycle which are in the proper phase 
to deliver energy to the transient. The tendency 
to absorb energy may further be reduced by vary 
ing the relative number of electrons emitted dur 
ing successive half cycles. This may be accon 
plished by coupling a portion of the energy from 
the coil. 2 to a grid 9 provided with suitable bias 
potential. A means of doing this is shown at 9 
as an inductive coupling to a grid from the Out 
put circuit by way of leads 22. This coupling and 
grid are optional. Whether or not this feed-back 
is employed, oscillations are produced in the cir 
cuit 2, 3 and can be utilized in any suitable way, 
as by coupling the circuit 2, 3 to a load or using 
it as a radiator. 
The assumption made above that points a and b 

are at opposite phase is realized in the case where 
standing waves are produced in coil 2 with nodal 
points of potential at 0, 0. In any one turn, the 
voltage at all points above the point 0 in the 
figure is in the same phase but differs in ampli 
tude along the wire, being a maximum at the 
uppermost point such as a. In the next turn at 
the same instant of time the field at all points 
above the point 0 in the figure is of opposite phase 
to that of the first turn, and so on. 
In order that the electrons experience forces 

from the individual turns of the coil. 2 rather 
than the mean effect of the coil as a whole, it is 
necessary that the shortest distance between the 
electron stream and a given turn shall be at 
most not much greater than the distance between 
turns. In Fig. 1 this is provided by making the 
glass envelope of the tube as Small in diameter 
as may be and by placing it as close to the periph 
ery of the coil as possible. While Fig. i shows 
the tube located inside of the coil, this is a mat 
ter of convenience and the tube may Optionally 
be positioned just outside rather than just in 
side of the coil, as indicated Schematically in Fig. 
1A, which shows the tube at and the coil at 2. 

In Fig. 2 a tube 0 is assumed similar to tube 
except that it is provided with two anodes and 
2 connected to opposite ends of a primary wind 

ing 3, the center of which is connected to space 
voltage source 4. The secondary 15 leads to any 
suitable load 6. Elements 4, 5 and 6 may be the 
same as in Fig. 1. The winding is in this figure 
an input coil connected to an input source 8 of 
ultra-high frequency waves to be amplified. The 
effective length of each turn of wire in the Coll is 
half a wave-length and the spacing between turns 
is such that an electron requires half a period to 
traverse the distance from turn to turn. To ac 
complish this, the cross-section of the coll may be 
made elliptical in shape as shown in Section in 
Fig. 2A where f O represents the tube and the 
coil. At a given instant, the potential distribu 
tion along the coil will be as shown by the (--) 
and (-) signs in Fig. 2. 
Consider initially two electrons that started Out 

at different times such that One of them has ar 
rived at a point under a at the same instant that 
the other has reached a point under b, the poten 
tial distribution at that instant being as repre 
sented. The electron under b will be deflected 
(say) downward, while that under a will be de 
flected upward. A half period later the first elec 
tron will be under c which is then minus and will 
be further deflected downward. The Second elec 
tron will, at that instant, have reached b which 
is then positive and will be further deflected up 
Ward. Each turn of the coll acts On these two 

cation of quite weak oscillations. 

2,096,460 
electrons to augment their initial defection in 
the same direction with the result that one is 
driven against anode ff and the other against 
anode 2. From the course of these two electrons 
it is seen that in reality the electron stream is 
made to oscillate up and down at the frequency 
of the standing wave in coil 7 and to impinge 
alternately on the anodes and f2, thus setting 
up an amplified Output wave in the utilization cir 
cuit 5, 6. The output may be shielded from the 
input as indicated by shield 20 which may be con 
Sidered as enclosing to a sufficient extent the part 
of the apparatus to the right or to the left of the 
line at which it is shown in the figure. Thus, an 
amplifier without feed-back is secured. 
An apparatus similar to that of Fig. 2 but pro 

vided with feed-back for the generation of oscilla 
tions is shown in Fig. 3. In this figure the various 
elements of the circuit of Fig. 2 can be identified 
by the use of similar reference characters. The 
Source of waves i8, is, however, omitted and in 
its stead the terminals of coil 7 are connected 
across the anodes by leads 2. A tuning con 
denser 20 may be used. 
The Operation is essentially the same as that of 

the Fig. 2 circuit, except that the wave produc 
ing the field in coil f is obtained from the output 
instead of from an external source. A transient 
in the output circuit or in coil 7 may be assumed 
to deflect electrons toward anode or f2 and 
produce a current change in the anode circuit 
which is in a direction to sustain the transient 
and, because of the amplifying action, to augment 
the original transient effect. Oscillations, there 
fore, build up to a value determined by the gains 
and losses in the System as in the case of the 
usual OScillator. 
In Fig. 4 the oscillograph tube 25 may be of 

usual type Suitably rendered luminescent over 
its larger end and provided with the usual cath 
ode 4, accelerating and concentrating electrodes 
26, 27. Coil 28 surrounds the tube and may be 
shielded from external fields by copper cylinder 
29 which may conveniently form one terminal of 
the coil. A similar shield can be used for the 
Coils Shown in FigS. 1, 2 and 3 if desired. In one 
case the coil 28 had a diameter of 4.5 inches and 
a distance between turns of 0.49 inch. The source 
30 was an oscillator of 72 centimeter wave-length. 
Each turn of coil 28 was, therefore, half a wave 
length. The spot at the center of the screen 
changed, upon application of the waves to coil 
28 from source 30, to a straight line which be 
came as long as 1% inches even with the appli 

Varying the 
Strength of the applied Oscillations varied the 
length of the image line. The anode-cathode 
voltage on the cathode-ray tube for the straight 
line pattern was 300 volts. Changing the volt 
age successively to 275 and to 250 produced a 
rotation of the image and changed it from a 
line to an ellipse of successively greater minor 
axis. The existence of the straight line pat 
tern showed that at 300 volts potential the 
electron travel in half a period was the distance 
from one turn to the next. Standing Waves were 
being produced with the nodal and anti-nodal 
points diametrically opposite each other on a di 
ameter of the same angular position as the line 
pattern. 
The condition stated in Connection with Fig. 1 

was that the wave in any one complete turn was 
in the same phase and that there was a phase 
reversal from turn to turn. In a coil wound as 
in Fig. 1, this condition imposes a limit on the 
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2,096,460 
diameter of colland tube that can be used. Var 
ious expedients can, however, be employed to 
relieve this restriction. In Fig. 5, for example, a 
Coil having a circumference equal to a whole 
Wave-length is shown. The first half of a given 
turn carries a current of a given phase. At the 
end of the half turn a loop of half a wave 
length is introduced so that the current of the 
Opposite phase is carried in the loop. The other 
half-turn, therefore, carries current in the same 
phase as the first half-turn. By including one 
phase-reversing loop per turn, as shown, the 
phase in each turn is kept the same but is re 
Versed from One turn to the next. 

In Fig. 6, a similar construction is used ex 
cept that each turn is one and a half wave 
lengths in circumference. The broken line 3 is 
the line of potential nodes. Starting from this 
line and following around any complete turn, it 
will be seen that each third of the turn rep 
resents a half cycle of the same sign with the 
intervening two phase-reversing loops. 

Fig. 7 shows a winding structure which is a 
modification of that shown in Fig. 2. Instead of 
Winding the coil as a Single wire as in the case 
Of coil of Fig. 2, the coil may consist of a pair 
of wires wound as a pair into a coil 7 and end 
ing in a short-circuited Lecher wire 34. With 
this type of winding, the circumference of the 
coil is a half wave-length long (as in Fig. 2) 
but the distance an electron must travel to real 
ize the action described with reference to Fig. 2 
is twice the distance between turns. The dis 
tribution of potentials along the coil is as shown 
by the plus and minus signs. 
With the examples that have been given of 

preferred forms of embodiment, Various modi 
fications will naturally suggest themselves to 
those skilled in the art, and it is intended that 
the invention is not to be limited to the specific 
forms disclosed but only by the Scope of the 
claims. 
What is claimed is: 
1. The combination of a space discharge tube 

having a cathode, an anode and a source of an 
ode voltage, of a coil surrounding the Space 
traversed by electrons between the cathode and 
anode, and having its axis in the direction of 

3 
the electron travel, means producing standing 
Waves in said coil, the frequency of which is re 
lated to the coil dimensions such that alternate 
turns of the coil carry currents of opposite phase, 
and the Spacing of coil turns being related to 
the electron velocity such that an electron trav 
els the distance from one turn to the next in 
half a period of the waves in said coil. 

2. The combination specified in claim 1, said 
tube having a pair of anodes spaced from each 
Other at the end of the tube opposite the cath 
Ode, a work circuit differentially connected to 
Said anodes, and a source of input waves con 
nected to Said coil. 

3. The combination specified in claim 1, in 
Which a pair of anodes is provided at the anode 
end of the tube, a work circuit differentially 
Connected to said anodes, and a feed-back con 
nection from said work anodes to said coil to en 
able the production of sustained oscillations. 

4. The combination comprising an elongated 
tube having a cathode at one end and an anode 
at the opposite end, means including a source 
of potential for imparting velocity to electrons 
down the tube toward the anode, a coil surround 
ing the electron path within the tube, means pro 
ducing standing waves in said coil of a wave 
length to cause a turn-to-turn reversal of phase 
in the coil, and the distance between turns being 
related to the velocity of electrons in the tube 
to cause an electron to deliver energy to turn 
after turn of the coil in phase relation such 
as to tend to sustain the Waves in the coil. 

5. An amplifier comprising an elongated tube 
having a cathode near One end and anodes near 
the other end, means to impart velocity to the 
electrons down the tube toward the anodes, a 
coil surrounding the path of electron travel with 
in the tube, a SOurce of input WaWes Connected 
to said coll, the frequency of Said Waves, the 
diameter of the coil, the spacing between turns 
and the electron Welocity being all related Such 
that a given electron in the electron stream is 
acted on similarly by each Successive turn of the 
coil and the stream is deflected alternately to 
and away from one or more of Said anodes, and 
an output circuit connected to said anodes. 
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