2,001,133

C. W, HANSELL
HIGH FREQUENCY OSCILLATOR

May 14, 1935.

Filed July 28, 1930

70

AARAIONICLY
TYNED MEANS

_ZEg. 5

/

2 o 2

n_____________L____;| |

LB
(52

INVENTOR

CLARENCE W. HANSELL
ATTORNEY

BY




‘.5

10

~ Patented May 1_4;‘ 1935

UNITED STATES

2,001,133

PATENT OFFICE

2,001,138
HIGH FREQUENCY OSCILLATOR

Clarence W. Hansell, Port Jefferson, N. Y., as-
signor to Radio Corporation of America, & cor-

pomtlon of Delaware

Applioation July 28, 1930, Serial No. 471,209

7 Claims.

This invention relates to high frequency gen-
erators and more particularly to the type of high

.frequency generator which can produce waves of

ultra-high radio frequency. ‘

Heretofore the production of high frequency
electromagnetic oscillations of the order of 60,000
kilocycles or more has been attended with great
difficulty. - Radio transmission by means of high
frequencies has been found to be very advan-
tageous because of the low amount of power re-
quired for transmission, the smaller and less ex-

. pensive apparatus, and other respects, compared
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to the transmission by long waves. While the

generation of high frequency oscillations of the

order of 60,000 kilocycles or less has been found
possible heretofore, the production of higher fre-
quencies with useful amounts of power has been
very difficult and has not heen accomplished with
" the desired efficiency.

The object of the invention is to produce high

.frequencies of the order of 300,000 kilocycles or

" more., Another object of the invention is to pro-
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duce such frequencies by means of apparatus al-
ready developed for operation at lower frequen-

cies. Another object is to produce such waves -

with great facility and at small cost. Further ob-
. Jects will appear during the description of the m-
vention.

The {nvention is more fully set forth in com-
bination with the accompanying drawing, in
. which Fig. 1 represents schematically & longi-
" tudinal cross section of a device used to generate
short radio waves in accordance with ‘my in-
vention;

Hig. 2 iz o transverse cross section through &
-tube known gs the magnetron, which may also be
used to generate these short waves; and

Fig. 3 represents an enlarged schematic view of
the tube shown in Fig. 2.

In Fig. 1 there is shown & device ¢ comprismg
s filament 2 which is energized by a source {8
of current which is shown as slternating, al-
though direct current is equally applicable. At
one end of the device is a flared of-cfrcular por-
tion & so positicned that the filament is at one
end of & tangent portion 6 of the tube. T desig-

nates an opening in the circular portion of the .

tube and into this opening is inserted the plate
or anode 8. The other side of the anode is con-
nected to a source of current 3 and to the filament
2. On either side of the anode is an insulating
mounting or bushing §. -

The operation of the device is as follows:

When the fillament 2 is energized from the
source of current 10, negative electrons are emitted

(CL 250-—36)

'in the customary manner, These electrons are
attracted by the positively charged plate and
travel in a substantislly straight line along the
portion & of the tube. The circular shell § may
be given a charge similar to that of the filament,
or may be made slightly more negative than the
filament by battery 17, in order to repel the elec-
tronic stream. The negative charge on the cir-
cular portion 4 will repel the electrons and cause

them to bend around in the meanner showz by -

the arrows in the figure. The opening T will be
50 positioned as to be in line with the electrons
after they have followed the periphery of the
curved portion 4.

When the electrons initially enter the shell §
from the straight portion & they will have under
proper conditions such & high velocity that they
will fiy past the anode 8 due to their own momen-
tum. After curving, the electronic stream will
point toward the ancde, but before finally reach-
ing the anode the electromc stream must cross its
own path. In doing so it will interrupt the stream
entering the curved shell § from the straight por-
tion 8, due to the mutusal repulsion between elec-
trons. The oncoming stream from the fllament
will remain interrupted until the fArst elecirons
have reached the anode. The stream from the
filament will then be enabled to pass by and enter
the eurved shell 4, and the process will be re-
peated periodically.

It will be obvious that the principie of oper-"

ation of this device is quite similar to that of
the ordinary air or steam whistle, and a com-
parison between the two will be an aid to un-
derstanding this invention.

The frequency of interruption of the electronic
stream will determine the frequency of the de-
sired oscillation in the plate circuit. My experi-
ments so far indicate that the frequency is de-
pendent substantially on the anode voltage and
increases with increase in- voltage. In other
words it is determined by the time taken for an
electron to travel twice around the lcop, which
is determined by the anode voltage and the di-
mensions of the tube; that is, the time of one-
half cycle is equal to the time taken for an elec-
tron to traverse the shell 4,

Fig. 2 shows a cross section.of a moedification
of the device in & more practical form. In this
system, an ordinary magnetron tube is used to
obtain the desired high frequency oscillations.
The customsary cylindrical anode is shown at
22, and at the longitudinal axis of the cylinder
is the filament 23, On the ouiside of the tube
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s the fleld c011 24. When the fleld c011 is en-
ergized, a strong magnetic field is set up co-
axial with the filament and at right angles to
the plane of the figure.

When the filament is energized during oper-
ation of the tube it will emit electrons which

- will be attracted toward the anode 22 and these

tend to .travel directly toward the ancde.- An
electron in ‘motion constitutes an -electric cur-
rent and is subject to the same laws as & cur-
rent-carrying conductor. The electrons moving
across the magnetic field will have a force ex-
erted on them at right angles to their. direction

of motion and proportional to their velocity and -
“to the strength of the magnetic fleld. The elec-

trons will thus be forced to follow a curved path,
as shown in Fig. 3, and if the field is of sufficient
strength, will not reach the anode at all but will
return to the filament, following the image of
their outward path, and giving up their kinetic
energy in doing so. This is the condition com-
monly known as “cut off” in a magnetron tube.
. At a critical plate voltage for & definite field

" strength the electronic stream will just skim the

surface of the anode 22 and some of the electrons

will strike the andde while others will return by

s similarly shaped path to the fllament. The
complete path -of the electronic stream ifrom
filament to plate and back to filament will be
approximately that of a cardioid, as is shown in
Fig. 3. If the plate voltage is increased all of the

electrons will be attracted to the plate, and if

the field strength is increased none of the elec-
trons will reach the plate. At a critical rela-

‘tion between plate voitage and magnetic field

some of the electrons will return to the filament,

previously described. This will increase the
space charge near the fllament and decrease the
flow of electrons from the fllament toward the
plate. This in turn will decrease the number of
electrons reflected back from the plate a short
time later, and thereby the space charge near

_the filament will decrease. This will again allow.
" the flow of electrons from the filament toward

the plate, and the process will be repeated peri-
odically. The frequency will depend chiefiy on
the anode voltage and increases when the volt-
age Is Increased. In other words, it is deter-
mined by the time taken for an electron to travel
from fllament back to the fillament and approxi-
mately equal to twice the length of time of such
travel for a complete period. The strength of the
magnetic field determines the amplitude of the
oscillations and the efficiency but has relatlvely
little to do with the frequency.

The wave form of the electronic current which

flows to the anode will ordinarily be quite far

from s sine wave and will be more nearly rec-
tangular in shape. Such a wave form is rich
in harmonics and the useful cutput from the

. tube may be obtained at harmonics of the funda-

mental frequency by tuning the circuits connect-

- ed between filament and anode to the harmonics,

It is also possible to make the tube produce
its oscillations directly at harmonic frequencies
by having groups of electrons traversing the

‘space between fllament and anode rather than &
‘continuous stream, and in practice, it is difficult

to know which effect predominates in produc-
ing energy at harmonic frequencies. -

The applicant does not wish to limit himself
to any one theory or combination of theories
to explain his results. The theory aerein set
forth is the best availablé at the present time,
and the applicant wishes it to be understood that
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he is not bound by this explanation of its op-
eration. Experiments so far have produced os-

.cillations having & wave length of 30 centimeters,

and it is easily possible to obtain wave lengths
of 10 centimeters or less,
The structure set forth is merely mustratlve

-and does not comprise the only means for ob-

taining these results; for example, the shape of

example, the filament may have other forms and
shapes than those shown and may also be of the
indirectly-heated type. The same is true of the
other elements. of the invention. Also, the ordl-
nary three-electrode tube may be employed as a
high frequency oscillator. In such. a case the
grid and the fillament could be electrically con-
nected so that both serve.as the source of elec-
trons, or the grid could be so biased as to emit
secondary. electrons which serve as the source
of the high frequencies. It is obvious that water
cooling of the anode and better vacuum will
result.in greater efficiency and perhaps. higher
frequencles

Having described my invention, what I desire to
secure by Letters Patent of the United States is:

1. A device for producing ultra-high frequency
oscillations, comprising a filament for emitting
‘electrons, an anode for attracting electrons, and
means for causing the stream of electrons to travel
in a curved path so as to crogs itself, said means
comprising a curved shell which has a potential

. the tube shown in Fig. 1 may be varied and the - »
-relative position of the electrodes changed. For
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at least as negative as that of the filament, the

anode being positioned in an opening in the curved
shell and insulated theréfrom.

2. A device for producing utra-high frequency
oscillations, comprising a curved shell, & straight
tube attached tangentially. to the curved shell, &

‘filament in one end of the straight tube, an open-.

ing in the curved shell:near the point of attach-
ment of the tube to the shell, and an anode posi-
tioned in said opening, the anode serving to at-
tract the electrons from the filament and to accel-
erate them to such a velocity that they pass the
anode, due to their momentum, traverse the

curved path in the shell, and finally reach the

anode over 8 path which crosses upon itself.

3. In high frequency apparatus comprising an
electron emitting element and an anode, the meth-
od of producing high frequency oscillations which
comprises uni-directionally propelling along a
straight line a stream of electrons in the form
of a beam from said electron emitting element to-
wards sald anode, and deflecting said stream of

. electrons at an angle into itself periodically.
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4, In high frequency apparatus comprising an .

electron emitting element and an anode, the meth-
od of producing high frequency oscillations which

- comprises uni-directionally propelling a stream of

electrons in the form of a beam from said electron
emitting element towards said anode along the
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shortest possible path therebetween, deflecting .
said stream of electrons into a curved path so -

that the stream crosses itself at an angle, thereby
interrupting the incoming stream, and thereafter
periodically interrupting the stream flow to pro-
duce oscillations of the desired frequency.

5. The method of producing high frequency os-
cillations which comprises constantly propelling
& stream of electrons in & single direction along
a confined path, and making said stream of elec-
trons cross upon its own path at an angle period-
ically.

6. An oscilla.tion generator device for producing

ultre Mgh frequency oscillations oomprlslns‘ a 7%
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filament for emitting electrons, an anode, means
for maintaining said anode at a positive potential
for attracting electrons, an element arranged to
be in the path of the electrons on the side of said
anode away from said fillament, means for main-
taining said element at a negative potential with
respect to sald anode for deflecting said stream of
- electrons into its own path at an angle after they
have "passed said anode for interrupting said

3
stream, sald anode being positioned to receive -
sald deflected electrons after they have ercased
their original path of travel.

7. The methed of producing high frequency 08«
cillations which comprises propelling a stream of
electrons in a single direction along a confined
path, and making said stream of electrons cross
upon its own path at an angle periodically.
CLARENCE W, HANSELL



