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5 Claims.

The present inventlon relates to improvements
in high frequency modulators and the like.

It is an object of the invention to provide im-

proved means, usable at ultra high frequencies,
& for modulating a primary wave, such as a carrier

wave, with & secondary or signal wave. The in-

vention is also applicable in connection with het-
erodyne detectors or converters and, indeed, may
be used in’ any connection where the mixing of

10 two or more frequencies is desired.

"~ In its preferred embodiment the 1nvention uti-
lizes a discharge device of the cathode ray type
in combination with means for successively mod-
ulating the electron beam produced by the de-

15 vice with the varlous frequencies desired to be
mixed. An important feature of the invention
consists in the particular means provided .for
superimposing the secondary or signal modula-
tion on the primary or carrier modulation.

20 = The features which I desire to protect herein
are pointed out in the appended claims.. The in-
vention itself, together with further objects and
advantages thereof, may best be understood by
reference to the following description taken in

o5 connection with the drawing, in which Fig. 1 rep-
resents g modulating system suitably embodying
the invention and Figs. 2 and 3 are diagrammatic
representations useful in explaining the inven-
tion.

30 - Inmasmuch as the invention is considered to be
primarily spplicable to discharge devices of the
character described and claimed in W. C. - Hahn
application S. N. 153,602, filed July 14, 1937, it

will be helpful to refer briefly to some of the prin-

ciples utilized in such devices.

€3
e

An eleciron stream such as flows between the .

electrodes of & vacuum tube may be modulated
either as to “electron velocity” or as to “charge
density.” The first type of modulation involves
4¢ the production of systematic irregularities in
electron velocity from point to point along the
beam. The second involves the production of

charge density variations, such variations being
manifested as systematic irregularities in. the :

45 electron grouping,
In the conventional desxgn of electronic dis-
charge ‘devices no distinction is made: between
“ these two types of moduletion.” In connection
with ultra-short-wave devices, however, it is ad-
50 vantageous to utilize modulating - electrodes
which are capable of producing velocity modula-
tion without simultaneously causing appreciable
charge density variations. ' For reasons. which
need not be elaborated here this expedient avoids

gt the large input losses which are observed with

(CL 179—171L.F)

conventional. prior art devices when they are
operated at extremely high frequencies. By ad-

*. ditional means, also ‘described in the aforesaid:

Hahn spplication; velocity modulation produced
as above specified may be subsequently converted 5
into charge density modulation of a higher or-
der of magnitude so a&s to produce ampliﬁcation
effects.

It is found that the velocity modulation prin-
ciple may be most readily utilized in a discharge 10
device of the cathode ray type, wherein the elon-

-gated stream of electrons is susceptible of being

variously influenced at different points along its .

length. I have, therefore, chosen a device of

this kind to illustrate my present invention. . 156
Referring particularly to Fig. 1 there is shown

~an electron beam tube which comprises an evacu-

ated envelope having an elongated shaft portion
0, and an ‘enlarged anode-containing portion f1.
This envelope may  be suitably: constituted of 20

--glass, quartz, or any equivalent low-loss insulat-

ing material.

The shaft portion i0 encloses means for pro-
ducing an electron beam, such as & known type of
electron gun. The combination shown comprises 25
a cathode 14 which is indicated in dotted outline
and a focusing cylinder 1§ for conflning the €lec-
trons from the cathode to a concentrated beam.

“.'This cylinder may be either connected directly to

the cathode or maintained at a few: volts positive 80
or negative with respect to it. . In order to acecel-
erate the electrons to:a desired extent, there is
provided an accelerating -electrode 6 which is:
spaced from 'the cathode and which may be
biased to a suitable positive potential say several 35
hundred volts. :

In order that the intermediate portion of the -
beam path-may.be maintained at & desired po-
tential level there are provided a number of in-
termediate electrodes 2§ which suitably comprise 40
rings of conducting material applied to the in-

- ner:-wall surface of the envelope. . These are pro-

vided with external contact-making terminals: 28.
A number of magnetic focusing ‘colls’ 25 distrib-
uted along the envelope serve to prevent disper- 45
sion of the electrons and to maintain the beam in

: focus: during its passage through the. discharge

space. - In some cases these coils may. be advan-
tageously replaced by electrostatic beam focusing
means. ' 50
- After traversing - the  envelope, . the electron
beam is collected by an anode 18 which consists
of :graphite or other suitable material. - A tubular
electrode 19 in the nature of a. suppressor grid
serves to prevent secondary electrons emitted by &5




_the anode from returning to the discharge space.

In the operation of the device the intermediate
electrodes 21 may be maintained at ground po-
tential, the cathode 14 at one thousand to sev-
eral thousand volts below ground, and the anode
18 at one thousand to several thousand volts
above' the -cathode. The suppressor grid (9

- should be biased fifty to several hundred volts
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" path so as to be coupled thereto.

negative with respect to the anode 18. These
potential relationships may be established by
means of suitable sources of potential, conven-
tionally represented in the drawing as batteries
21, 28, 28 and 29’, connected as shown. '
The. combination of elements so far described
comprises means for producing a unidirectional

electron beam of substantially constant average -

intensity and veloclty. As pointed 6ut in the
aforesaid Hahn application, Serial No. 153,602,
an .electron beam of this type may be velocity
modulated by applying to the beam longitudinal
potential gradients which vary cyclically at a
desired frequency. In order that such modula-
tion may be accomplished without the stimul-
taneous production of substantial charge density
variations, it is desirable that it occur in a modu-
lating space which is adequately shielded from
the ‘cathode. ' In this way, the variations of the
modulating potential are prevented from react-
ing directly on the cathode emission.  One sult~
able velocity ‘modulating structure is shown in
the drawing.

The structure referred to comprises a chamber
30 formed by a combination of conducting mem-
bers arranged outside the. discharge envelope.
It is provided with transversely extending wall
portions 31 and 31’ which extend relatively close
to the outer surface of the envelope and which
serve to fix the potential level of the boundaries
of the modulating space. Within this space there
is provided a modulating electrode comprising a
conducting tube 33 which surrounds the beam
By alternately
raising and lowering the potential of this elec-
trode with respect to the boundaries of the mod-
ulating space, variable potential gradients are
produced which act longitudinally on the elec-
tron beam as it traverses the approach spaces or
gaps. between the wall members 31 and 31’ and
the extremities of the electrode 33. The modu-
lating effect thus produced will be most pro-
nounced if the length of the tubular electrode 33
is so .correlated to the velacity of the beam that
the electron transit time therethrough  corre-
sponds at least approximately to a half-cycle of
the control potential (or to an odd number of
such half-cycles). If this'condition is fulfilled,
an electron which enters the modulating space
when the potential of the control electrode 33 is
a maximum ‘is accelerated first by the gradient
existing between the wall 31 and the electrode,
and again as it leaves the electrode one-half

- ¢ycle later, when the electrode potential is at a

"~ also retarded as it leaves the electrode.

minimum with respect to that of the boundary
wall 31’. Similarly an electron which enters the
modulating space in such time phase as to be
retarded by the effect of the control electrode, is
As a

" result of these effects the electron beam leaving

70

%

the chamber 30 is made up of alternate elements,
some of which have a velocity above the average
of the beam and others a velocity below such
average.. .

Modulating potential may be supplied o the
control electrode 33 from any desired source such,
for example, as a high frequency oscillation gen-
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erator (not shown). As a means for connect-
ing this potential to the control electrode struc- -
ture, there is providéd a concentric conductor
transmission line comprising an inner conductor
36 and outer conductor 36, these being shown 8
partly broken away.

If only weak control potentials are available,
the velocity modulation  produced may be rela-
tively slight. However, it may be converted into
charge density modulation of & high order of 1
magnitude by means now to be described. The
mechanism by which such conversion may be
accomplished will best be understood by a consid-
eration of the following explanation.

In Fig. 2 the beam is shown at it is assumed UV
to issue from the modulating space. It will be
seen- that at this point it comprises alternate
groups of fast and slow electrons, the former
being indicated by the black dots a, and the lat-
ter by the light dots b. So far, the beam is 2
still' substantially uniform as far as charge
density or electron grouping is concerned. .

In Fig. 3, the condition of the same beam is
indicated at a somewhat later fime when the
more rapidly moving electrons have caught up 2
with the slower electrons. The electrons have
now become grouped so that the beam is charge
density modulated in the sense that systematic
irregularities in charge density occur from point
to point along the beam. The change that has 3
taken place is in its very nature one that requires
only the elapse of time and the absence of
extraneous influences which might tend ad-.
versely to affect conditions within the beam.
These requirements may be fulfilled by the pro- 2
vision of an electrostatically shielded drift space
in which sorting of the electrons can take place.
This may comprise, for example, simply a section
of the discharge envelope which is shielded from
any but static potentials. . 4

Referring again to the particular structure of
Fig. 1 it is to be considered that the drift space
of the illustrated device is coextensive with the
tubular conducting section which extends from
the boundary wall 3{’ to the point indicated by ¢
th enumeral 43. The length of this tubular con-

.ducting section should be at least several times

its diameter. It is shown partly broken away ir
the drawing in order to save space.

If the device illustrated were to be used simply
for amplification purposes, it would be expedient
to provide means for abstracting energy from the
charge density modulated beam at the right hand
extremity of the drift tube 39. For the pur-
poses of the present application, however, it is ¢
desired to provide additional means for super-
imposing secondary modulation on the primary
modulation caused by the control electrode 33.

_This is done by the use of additional modulating

means comprising-an additional electrode struc-
ture coupled to the electron beam at a point along
the beam path. Such electrode structure may be
taken to include the extremity 43 of the drift
tube 39, an electrode 44 which is generally simi-
lar to the electrode 33 previously described, and
the extremity 47 of another conducting tube 46.

In order to assure effective mutual reaction
between the beam and the electrode structure it is
necessary that the dimensions of the latter and
particularly of the electrode 44; be properly cor-
related to the transit time of the electrons in
the beam. Most perfect correlation is obtained
if the length of the electrode 44 corresponds ap-
proximately to the spacing between adjacent
charge density maxima and minima in the beam |
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‘when the beam is modulated at the particular

frequency which is to be impressed- on the con-
trol electrode 33. Under these conditions, it will

“ be seen that the approach of a charge density

* sponding effect on the secondary meodulation.’
" Assuming thet maximum modulation is obtained

" maximum will correspond with the recession of &~
Conse-
‘quently, the action of the charge density modu-

charge density minimum and vice-versa.

lated beam in traversing the approach, spaces
which exist between the extremities of the elec-
trode #4 and the boundary walls 43 and 47 will
be to induce a cyclically varying. current in the
electrode €4. In order that the induced.current

may be caused to produce the effect desired in

the present connection, the .control electrode 44
should be connected to a high impedance circuit.
This has the function of causing the. induced
current variations to produce relatively. great
potential variations between the electrode 44 and
the elements 43 and 47. A high impedance of
the  desired characteristics is best. provided. by
means of the resonant circuit, and at, the fre-
quencies here involved, it is expedient to utilize in
this connection. a resonant transmission llne of
the parallel conductor type.

In the arrangement illustrated a resonant
transmission line is, provided by conductors . 50
and 5f, the conductor 5§ being in the. form  of
) hollow tube which - concentrically surrounds
the conductor 50.  As shown, one section of the

transmission line extends above the beam tube
‘and is short circuited by means of a transversely

extending conducting wall -83. This section is
preferably approximately a quarter-wave-length
long. The other portion of the transmission line,

-that is, the section which extends below the dls- ‘

charge tube, comprises a half-wave line which
is open circuited at both ends,
With an arrangement such as that 1ndicated

the current induced in the electrode 44 will tend -

to produce sustained oscillations:of the transmis-
sion line and will cause a voltage maximum. or
anti-node to exist between: the electrode 44-and
the adjacent surfaces 43 and 47. A further volt-

age maximum will exist at the end of the lower

or half-wave length section of the line which is

more. remote from - the tube :16.. The .voltages

appearing at the anti-nodal points will be, cycli-
of variation determined by the rate of approach

beam; that is to say, by the frequency of the

modulating potential applied to the electrode 33.

By analogy with the. operation of:the control

"~ signal ‘desired to be superimposed on the initial
modulation of the beam, such superposition wit
in fact oceur.

.3

when the transmlsslon line 15 ln perfect Teso-
nance, it is clear that any detuning or damping
of the line should tend to lessen’ the amplitude
of modulation.

of ‘the transmission line in accordance with a

I propose to utilize this possibil-
ity in order to obta.ln conventional modulator

_action, that 1s to say, the mixlng of a carrler
.and signal frequency. "
‘Numerous- arrangements may be employed for

cyclically varying the condition of resonance ‘of

" the transmission line.  For example, one might

. cally varying character and will have a frequency ;

) and recession of .charge density maxima in the °

electrode 33 it will be seen that the potential™

| gradients produced in this way will necessarily act

to cause- secondary velocity: modulation of the ~

electron beam. PFurthermore,  since.the voltage
swing of the electrode 44 may be very much great-
er than that of the electrode 33, the magnitude of
the new velocity modulation may be. correspond-
ingly larger than that of the initial modulation.
In .other words, the-eventual condition of the

beam may be. controlled: almost entirely by the .
modulation produced by the . electrode 44 and

only to en insignificant degree by the modulation
produced by the electrode 33.

The discussion so far has been predlcabed upon

the assumption of a particular condition of reson-
ance of the transmission line .5¢—F81. It will

‘be-observed. that changing this condition of res-
onance; this is, either changing the resonant fre-
.quency of -the transmission :line or varying the

amount of its damping, will produce & corre-

.. imposing secondary modulation on the electron:

_in: the tube 60.

“employ mechanical means for cyclically chang-

ing the dimensions ‘'of the line so as to change its

‘reSOnant frequency. - For practical reasons, how-k‘
ever, it Is very much preferable to accomplish the

desired result' by the use of an additional elec-

"tronic discharge’ device connected to vary ‘the

effective coupling of the conductors 50 :and -51.
In the lower portlon of Fig. 1 T have shown an-

" other beam tube 60 adapted to provide an elec-
tron beam in prox1mity to the ‘extremities of ‘the
-conductors 50 and 5.

. conductors and the beam is accomplished by

Eﬁ’ective ‘coupling ‘of the

Therefore, if means are provided -
“for cyclically varying the condition of resorinnce

10

CHE

20

23

passing  the beam axially through a series of

tubular elements 63, 64 and 65 which are respec-’

tlvely connected to the inner and outer conduc~

‘tors of the transmission line.

The. tube 60 is in many respects similar to ‘the

a0

device 10 previously described and includes &

and & suppressor grid T0. There are also pro-
vided intermediate electrodes 13" and ' focusing

‘ ‘colls 15 which' correspond in function to the ele-

ments ‘2t and 25 discussed above, Batteries 11,

‘18, 19 and 80 serve to maintain a’desired D. C.’

potentlal relationship between the vanous elec-

’ trodes referred . to.

It is apparent that the voltage varlations of the

“electrode 64 resulting from the oscillations of the

) cathode 67, a focusing cylinder 68, an anode 69

kH}

transmission: line will: produce cychcal velocity ‘

‘variations in the electron beam as it enters the

electrode. The effect of these variatmns in pro-
dueing electron sorting (drift tube eﬁects) within

‘the electrode and in causing induced currents in.
‘the electrode at its exit and will be determined -

mainly by the relationship between the average
beam velocity ‘and the length 'of the electrode
With a proper correlation of these factors, this
effect, can be made such as to cause the condition

-of resonance of the transmission line to be a

function of the amount of the beam current and

“to vary.in.accordance with changes in such cur-

rent. Specifically the reaction of the beam cur-
rent on the electrode 64 and the associated trans-

“mission line - may be made, such as cvclically to

vary the resonant frequency of the line or its

: dampmg, or.both, in accordanice with the .vari-

ations. in beam current magnitude.
plained. action of the transmission lihe.in super-

stream flowing through the tube 10,"it ‘should now
bé apparent that the amount of such modulation

may be controlled by varying the beam. current,
My invention takes ‘advantage’

of this.fact by the .provision'of means for con-

“trolling the current in the tube 60 in accordance
" 'with 'a signal or modulation’ voltage desired to
. be, impressed on the carrler wave.
‘may be doné in various ways, it is accomplished:

Wh1le this

in- the present case by means of an accelerating

In view of the foregoing and the previously, ex-
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electrode 82 arranged to function as a control
grid. This electrode 82 is biased positively by
means of a battery 83 and is varied in potential

by means of a signal generator 84 which is con-.

nected in series with the battery. The beam cur-
rent is thus varied above and below its average
or no-signal value in accordance with the voltage
variations Impressed on the electrode 82. As a
final result the state of resonance of the trans-
mission line 50—51 and consequéntly the ampli-
tude of the secondary modulation applied to the
tube 10 are correspondingly varied.

It will be seen that the nature of the secondary

modulation effects obtz'ned depends in part upon
the normal or no signal condition of resonance
of the transmission line. If the line is perfectly
resonant when no signal is applied to the elec-
trode 82 it is obvious that the application of
either a positive or negative potential to this elec~
trode will result in some damping ¢r ¢ :tuning of

- the line and a consequent change in the magni-
- tude .of the secondary modulation produced in

30
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the beam of tube {0. On the other hand if the
transmission line is initially somewhat detuned or
damped, then at least one-half of the signal
wave will tend to improve its tuning. Obviously
either of these conditions may be used to pro-
duce a modulating reaction on the tube {0.

It will be understood that the tube 60 may un-
der some circumstances be advantageously re-
placed by some other variety of electronic dis-
charge device properly coupled to the extremity
of the transmission line. For example, if the
signal voltage is itself in the ultra high fre-
quency range it may be desirable to employ a tube
having an input system similar to that shown
in connection with the tube 10.

Referring again to the functioning of the tube
19, it will be seen that the beam issuing from
the electrode 44 is variably velocity modulated
in accordance with the signal voltage. In the
drift space provided by the conductive tube 46
to the right of the electrode 44 this variable ve-
locity modulation may be converted into variable
charge density modulation as explained in con-
nection with Figs. 2 and 3. By thereafter pass-
ing the beam through a further electrode 90, en-
ergy may be abstracted from tx:e beam and fed
to a desired output circuit. The ouiput circuit
is not illustrated in Fig. 1, but there is shown
a concentric conductor transmission line 91—92
comprising a suitable connection means for such
a circuit.

The frequencies observed in the output circuit
include the carrier and signal frequencies as.
well as sideband frequencies corresponding to
the sum and difference of the carrier and the
signal. These may be fed into suitable utiliza-
tion circuits. )

After traversing the electrode 90, the beam
is finally collected by the anode (8.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, means including a dis-
charge device of the cathode ray type for
producing a - concentrated electron beam, an
electrode structure coupled to the beam at
a point along the beam path, said structure hav-
ing dimensions which are so correlated to the

transit time of electrons in the beam as to as-

sure effective mutual reaction between the struc-
ture and the beam when the beam is preliminar-
ily modulated at a particular frequency, means
for preliminarily modulating the beam at the
said particular frequency, resonant circuit means

t
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connected to the said electrode structure and
adapted to be excited to oscillation by the reac-
tion of the modulated beam thereon, the elec-
trode structure in turn reacting on the beam to
produce & secondary modulation thereof in ac-
cordance with the condition of resonance of the
said circuit means, means for varying the con-
dition of resonance of the circuit means at a
desired frequency to produce secondary modula-
tion of the beam at such frequency, and means
for abstracting energy from the doubly -modu-
lated beam,

2. In combination, means including a dis-
charge device of the cathode ray type for pro-
ducing & concentrated electron beam, means for
initially modulating the beam at a particular
frequency, an electrode structure positioned along.
the path of the modulated beam and having di-
mensions which are correlated to the transit time
of electrons in the beam so as to assure effective
mutual reaction between the electrode structure
and the beam when the beam is initially modu~
lated at the said particular frequency, & reso-
nant type transmission line terminally connected
to sald electrode structure, and adapted to he
excited to oscillation by the reaction of the mod-
ulated beam thereon, the electrode structure in
turn reacting on the beam to produce secondary
modulation thereof in accordance with the con-
dition of resonance of the transmission line,
means faor varying the condition of resonance of
the transmission line at a desired frequency,

. thereby to modulate the beam at such frequency,

and means for abstracting energy from the dou-
bly modulated beam.

3. In apparatus for modulating a higher fre-
quency carrier the combination which includes
a discharge device of the cathode ray type for
producing an electron beam, means for producing
initial modulation of the beam at the carrier fre-
quency, resonant circuit means coupled to the
beam so as to be excited to oscillation by the
beam by virtue of its said initial modulation, the
said circuit means being effective by reaction on
the beam to produce a secondary modulation
thereof in accordance with the condition of res-
onance of the circuit means, means for varying
the condition of resonance of the circuit means
at a signal frequency, and means for abstract-
ing energy from the doubly modulated beam.

4. In combination, means including a dis-
charge device of the cathode ray type for pro-
ducing an electron beam, a resonant type trans-
mission line coupled to the beam at an interme-

"diate region thereof and adapted to be excited

to oscillation by the beam when the beam is pre-
liminarily modulated at a particular frequency,
the said transmission line in turn reacting on
the beam to produce a secondary modulation
thereof in accordance with the condition of res-
onance of the line, means for preliminarily mod-
ulating the beam at the said particular frequency,
and means including a second discharge device
coupled to the transmission line for varying the
condition of resonance thereof at a desired fre-
quency, thereby additionally to modulate the
beam at such frequency, -

5. In combination, means including a dis-
charge device of the cathode ray type for pro-
ducing an electron beam, a resonant parallel
conductor transmission line coupled to the beam
at an intermediate region thereof and adapted
to be excited to oscillation thereby when the
beam is preliminarily modulated at a particular
frequency, the sald transmisslon line in turn
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reacting on the beam to produce secondary mod-
ulation thereof in accordance with the condi-
tion of resonance of the line, means for prelim-
inarily modulating the beam at the said partic-
ular frequency, means providing a second elec-
tron beam passing in proximify to the conduc-
tors of the transmission line so as to control

their coupling and thereby the condition of res--
onance of the line, and means for varying the
current flow in the second beam at a desired
frequency, thereby additionally to modulate the
first beam at such frequency.

VICTOR H. FRAENCKEL.




