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This invention relates to the transmission of a
high frequency signal through a network coms-
prising an electron tube, and is particularly di-
rected to a metheod and means for doing so.

Tt is an cbhiect of the invention to transfer a
high frequency signal by employing the electron
transit time in a vacuum tube.

It ig another object of this invention to pro-
vide a method and means by which the elec-
tron transit time in a vacuum tube is usefully
employed to effect detection or frequency con-
version of high-frequency radio signals.

Another object of the invention is to provide
a, method and means for using conventional grid-
control vacuum tubes for detection and freguency
conversion of radio signals at frequencies higher
than heretofore possibie.

Still a further object of this invention is fto
vrovide a method and means for detection or fre-
quency conversion of high frequency radio signals
at very low electrical noise level, making pos-
sible high signal to noise ratio in receivers em-
ploying this invention.

This invention employs a vacuum tube with
an external circuit so designed as to make use of
the phenomenon of “fransit time.” Transit
time refers to the time required for an electron
to travel between the electrodes 0i a vacuum
tube. The magnitude of transit time in a given
tube depends primarily on the element spacings
and the tube voltages, which respectively govern
the leneth of the path and the ele~tron velocity.

Tn this invention, because transit time is taken
into acecount and put to use, grid-control vac-
vum tubes of conventional structure may be op-
erated successfully as detectors or frequency con-
verters at frequencies very much higher than
with pre-existing circuits. Moreover, due to the
small voltages employed in this circuit, electron
velocity is low and in consequence electrical clr-
cuit noise is very low, permitting high signal-to-
noise ratio in high-frequency radio receivers ems-
ploying the invention.

Further descrintion of the invention will be
" made with reference to the appended drawings
of which,

Figure 1 is a cross-section view of a conven-
tional tetrode vacuum tube, looking downward
‘alonge the axis of the cathode;

Ficure 2 is a schematic diagram showing an
embodiment of the invention as a detector of
high-frequency modulated signals;

Ficure 3 is a schematic diagram showmg an
embodiment of the invention employing a pen-
tode tube as a frequency converter for high-

frequency radio signals;
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Figure 4 is a schematic diagram showing a
form of the invention in which g tetrode tube is
employed as a detector: and

Figure 5 is a schematic diagram showing a
form of the invention in which a tetrode tube is
employed as a frequency converter.

All the embodiments of the invention herein
described emnbploy electron ftransit time phe-
nomens in vacuum tubes of conventional design.
Fizure 1 illustrates in cross-section the physical
structure of a conventional tetrode tube that
might be employed in this invention. The elec-
trodes, enclosed within evacuated glass envelope
99 comprise cathode 1680, anode 103, and grids
(0! and {62, interposed concentrmally between
the cathode and the anode,

Effects caused by electron transit time limit
the usefulness of such fubes in conventional cir-
cuits to freduencies wherein the period is very
much Ionger than the transit time. In this in-
vention that limifation is not present, and the
upper useful frequency limit is greatly extended.

The form of the invention illustrated in Figure
2 is adapted to serve as a detector of modulated
radio freouency signals. In a specific construc-
tion in the form illustrated in Figure 2, circuit
parameters were chosen to make the invention
primarily responsive to amplitude modulated
voltages. |

The radio freouency signal voltage is brought
in on coaxial line !, which is terminated in cou-
pling loon 2. The currents in loop 2 induce radio
freouency currents in the anti-resonant tank cir-
cuif consisting of inductive transmission line sec-
tion 3 and tuning condenser T. The radio fre-
quency voltage developed at line terminal 5 is
applied to grid 12 of vacuum tube 8, and the radio
freguency voltage developed at line terminal 6 is
applied to grid {1 of vacuum tube 8. Centfer
tap 8§ of line section 2 is connected to grid
19 of vacuum tube 8 and is also returned to
cathode 8 of vacuum tube 8 through battery
{8, which has negligible impedance to radio fre-
quency currents. Cathode 9 is heated, and
serves as an electron source. The heater ele-
ment is not shown. Plate {3 of tube 8 is returned
to cathode 8§ through the load circuit consist-
ing or resistor & and condenser 15 in parallel.
Since plate {3 receives electrons from the cath-
ode 8, it is hereinafter referred to as the anode.
The magnitude ¢f condenser 12 is so chosen that
it possesses very low impedance to currents of
the radio frequency, but high impedance to the
modulation freguencies for which the radio fre-
gquency signal serves as carrier. Low frequency

output terminals 16 and 17 are connected across
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3 |
the load circuit comprising resistor 14 and con
denser (9.

All three grids of tube 8 are at the same positive
D. C. potential relative to cathode 9, thus poten-
tial being equal to the voltage of battery 18. The
voltage of battery 18 is so adjusted that a sub-

stantial part of the electrons passing from cath-
ode 9 to anode I3 require approximately half a
radio frequency period to travel from grid {{ to

grid 2.
and in g typical application the voltage of bat-
tery 18 may be 3 or 4 volts. The voltage on grid
10 is constant; this grid screens cathode 9 from
orids {1 and {2 and influences the average elec~
tron velocity.

The radio frequency voltage applied to grid 12
should lag the radio frequency voltage on grid |3
by an amount of time approximately equal to the
transit time of the electrons passing from grid (1
- to grid 12. In this particular embodiment the
. electron velocity is so adiusted as to make a half-
pericd of time the approximate lag. In conse-
- quence the input circuit is so connected that the
voltage on-grid- 2 lags the voltage on grid |1 by
180°. Hence any electrons which are accelerated
- toward the anode by grid | | will be further accel-
- erated by grid 12, if their travel time from grid 1!
to grid 12 is approximately half an R. F. period.

This occurs because, after the electrons have
- passed -grid {{, the latier becomes negative and
pushes the electrons:on toward grid (2, whereas
grid 12 at the same instant hecomes positive and
. attracts them.  After the said electrons pass grid
{2, they are further aeccelerated toward the anode
because sufficient additional time has hy then
elapsed: to cause grid 12 to become negaftive.

Electrons whose average velocity i1s of the-order
- specified cannot reach the anode if they approach
-grid 11 at a time when it is negative, since they
-arerepelled toward the-cathode by grid 1{. Even
if their kinetic energy is sufficient to carry them
-past -grid- {1 while it is negative they then ap-
_proach grid {12 a half-period later when it also 1s
- negative and the electrons are thus repelled from
~the anode again. Such electrons either never
reach the anode or they move -about in the elec-
~tron cloud for a half-period of time and return
when voltage conditions are favorable for their
- passage. - As a result the anode current of tube 8
contains impulses at- the radio frequency. The
effectiveness of the segregation or bunching proc-
ess just descrived is a function of the amplitude
of the radio frequency voltage applied to grids 11
~and 12: and the ancde current impulses are there-
fore of varyine magnitude if the R. ¥. signal volt-
age is amplitude modulated. Consequently the
. anode current of tube 8 contains components at
the low modulation frequencies as:-well as the
R. F. carrier freguencies. The load circuit, con-
~denser 5 and resistor 14, offer high impedance to
these modulation frequencies, and accordingly
modulation-frequency voltage is developed across
- output terminals 16 and {1.

The embodiment of the invention shown in
Figure 3 functions as a frequency converter for
high frequency radio signals. Radio frequency

-signal voltage is brought Iin on coaxial line 2{,
terminated in coupling lcop 22. The currents
-in loop 22 induce radio fregquency currents in the
anti-resonant tank circuit consisting of inductive
- transmission line section 23 and tuning condenser
-21. The radio freauency voltage developed at line
terminal 25 is applied to grid &2 of tube 28, and
- the radio frequency voltage developed at line
~terminal 26 is applied fo grid 3{ of tube 28.- Cen-

This voltage adiustment is not critical,

10

15

20

-condenser. 39,
as an electron source.
shown. The anode 33 of tube 28 is returned to

4
ter tap 24 of line section 23 is returned to the
cathode 29 of tube 28 through battery 20, which
has negligible impedance to radio frequency cur-
rents. Grid 30 of tube 28 is connected to cath-

ode 29 through radio-frequency choke coil 34.
- Grid 39 is also coupled to local oscillator 40

through condenser 39. The amplitude of the

-voltage impressed on grid 30 by local oscillator 40

may be contrelled by varying the capacitance of
Cathode 29 is heated and serves

The heater element is not

cathode 29 through the load circuit consisting of
incductance coil 3% and condenser 36 in parallel.
The output terminals 37 and 38 are connected
across the load circuit, coil 35 and condenser 36.

-Coil 35 and condenser 36 are so chosen that they
will be anti-resonant at the desired intermediate

output frequency. The frequency of local oscil-

lator-49% is.adjusted sc that its frequency will bear

~ a relation to the radio signal frequency such that

29

30

-the sum or difference of the signal frequency and

the oscillator frequency will equal the desired in-
termediate output frequency. The amplitude of

the volfage impressed on grid 30 by local oscillator

£0 is set at a suitable value by adjusting con-

denser 38.

The operation of this frequency converter cir-
cuit is similar to that. of the detector circuit
shown in Figure 2, with one important difference.
Whereas in the detector. the average electron

- veloelty is controlled by the grid-polarizing bat-
“tery alone, in this circuif it is also dependent
~upon the instantaneous value of the voltage im-
-pressed on -grid 30 by local oscillator 40. -“When

the voltage on grid 39 is appreciably negative,

- ancde current is cut off entirely. - When grid 30

40

- 1s positive, the average electron velocity is varied
greatly as the potential of grid 30 swings over a
range of several volts.

During a substantial por-
tion of each interval when grid 30 is positive, the
transit time of many electrons in the stream is

- such as to permit grids 31 and 32 to function

-as -bunch-forming -elements, -as in the detector
= circuit just described. In this frequency con-

~ verter circuit, therefore, the amplitude of the im-

pulses of anode current is governed not only hy

- the -voltage conditions on grids 31 and 32, bui

55

by the local oscillator voltage on grid-30 as well.

- Consequently the anode current contains com-
-p_onents of many frequencies including the de-
“sired intermediate frequency. Since the load in

the ancde circuit, comprising coil 35 and conden-

ser.39%, is anti-resonant at the desired intermedi-

ate frequency, it will offer high impedance to

~current of that frequency and a voltage of that

- frequency will be developed across the .output
-~ terminals 3T and 38.

60

Figure 4 is a schematic diagram of another

embodiment of the invention, connected as a de-

- tector of modulated ultra-high frequency radio
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-source.
- 49 is shown in Figure 4 as containing cathode 46,

‘heated and serves as an electron source.

signals, using in this case a tetrode vacuum tube.
The vacuum tube 45 is shown in Figure 4 as con-

taining cathode 46, grids 47 and 48, and anode 49.

Cathode 46 is heated and serves as an electron
The heater element is not shown.

grids 471 and 48 and anode 49. Cathode 48 is

The
heater element is not shown.

The radio frequency signal voltage is applied
to coil 41, and the resulting currents in coil 41

Induce radio frequency currents in the anti-
resonant tank. circuit consisting of coil 42 and

condenser 43 in parallel. " ‘The radio frequency
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voltage developed at tank circuit terminal 58 is
applied to grid 48 of tube 45 and the radio fre-
quency voltage developed at tank circuit termi-
nal 57 is applied to grid 47 of tube 43. Center
tap 58 of coil 42 is connected to the cathode 4%
of tube &5 through battery 44, which offers neg-
ligible impedance to radio frequency currents.
Anode 49 of tube 45 is connected to cathode 48
throuch the load circuit comprising condenser
B0 and resistor 85{ in parallel. A filter consist-
ing of radio-frequency choke coil 52 and conden-
ser 53 in series are connected across the anode
load circuit, and low frequency output terminals
54 and 55 are connected respectivelv to the two
sides of condenser 53. Condensers 58 and 53 are
so chosen as to offer very low impedance to radio
freaquency currents hut very high impedance to
currents of modulation freguencies. Coil 52 is
so chosen as to offer high impedance to radic
freouency currents but low impedance {o the
modulation-frequency currents.

The voltage of batterv &4 is set to such a value
that a substantial fraction of the electrons mov-
ing from cathode to anode in tube &5 will require
approximately half a radio-frequency period to
travel from grid 47 to grid 48. This value of
voltace is not critical in general, and if a stand-~
ard miniature tube is used, will normally he three
to four volts for freguencies of the order of
1000me/s. For lower frequencies, less voltage is
required.

Althouch grids 47 and 48 are at the same posi-
tive D. C. potential, their instantaneous poten-
tials are free to vary with the oscillations in tank
circuit 42—~43. The radio frecuency voltage of
orid 48, moreover. is 180° out of phase with the
voltage on grid 47. Electrons approaching grid
87 when it is in the positive portion of its A. C.
cvele will be accelerated by grid 4T more than
will electrons apnroaching grid 47 during the
negative part of its A. C. eycle. FHenece for each
cyele of A. C. voltage on grid 47 the electron
stream bevond grid 47 will include a group of
more-accelerated electrons “outrunning” the
oroup of less-accelerated electrons. Since ap-
proximately half an R. P. period will have elapsed
by the time the more accelerated groun reaches
orid 48, the group finds grid 48 near its maxi-
mum positive potential also, and hence that
croup is accelerated again by a more-than-aver-
age amount. The less-accelerated group, ar-
riving at grid 48 ahout g half-nericd later than
the faster group, finds grid 48 in the negative
vortion of its A. C. cyecle and hence near its
least-positive potential. Conseguently the slow-
er group is acain given less accelerative imveetus
than the first group of electrons, and the elesc-
trons reach the anode, not uniformly spaced. but
in bunches, resulting in an anode current which
contains A. C. components, of the radio fre-
quency and of the modulation frequencies. The
radio frequency compenents of the anode current
are readily passed to the cathode by condenser 58,
but condenser 58 and resistor 51 offer a high im-
pedance to the modulation frequency compo-
nents, and modulation frequency voltage is thus
developed across resistor 5i. Any R. F. com-
ponents of voltage across resistor 81 are filtered
out by coil 52 and condenser 53, and voltage con-
taining only modulation frequency components
appears at output terminals 54 and &§.

The schematic diagram in Figure 5 illustrates

an embodiment of the invention which uses &

tetrode tube, in conjunction with lumped-con-

stant circuit elements, as 4 frequency converter..
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Vacuum tube 6§ contains a cathode 67, grids 68
and €9, and anode 18. Cathode 61 is heated and
serves as an electron source. The heater ele-
ment is not shown.

The radio frequency signal voltage is applied to
coil 6¢, and the resulting currents in coil 61 in-
duce radio freguency currents in the tank cir-
cuit comprising coil 64 and condenser €5 in par-
allel, which is agnti-resonant at the signal fre-
quency. Local oscillator 63 is connected to coil
¢2, which is also inductively counled to tank cir-
cuit coil 4. Thus currents of the lccal oscil-
1ator frequency are also induced in the tank cir-
cuit 64, 868. Center tap 78 on coil 64 is connected
to cathode &7 of tube 68 through battery 623,
which offers negligible impedance to radio fre-
guency currents. Tank circuit terminal 14 is
connected to grid 89 of tube 66, and the other
tank circuit terminal 75 is connected to grid 68
of tube §&. Anode 70 of tube €8 is returned to
the cathode 6T through a load cirecuit comprising
resistor 71, condenser 12, and inductance coil 73,
all in parallel. Condenser 72 and coil 12 are anti-
resonant at the desired intermediate freguency.
Resistor 71 is a damping resistor whose function
is to broaden the fregquency response charac-
teristic of the anode load circuit. Output termi-
nals 17 and 718 are connected respectively to the
anode 190 and the cathode 587 of tube 66.

The coupling between coil 52 and coil 64 is
adjusted until the peak voltage across coil 64 at
the local oscillator freguency is several volis.
The frequency of the local oscillator is so ad-
justed that the difference between the signal car-
rier freguency and the frequency of the local
oscillator is equal to the desired intermediate
frequency.

Like the other embhodiments of the invention
described in this specification, this ecircuit func-
tions as a transit-time mixer. When. grid 68 is
appreciably negative electrons cannot pass
through it toward the anode. When grid 68 is
positive, however, electrons are attracted to and
through it; and during the portion of the cycle
when the electron velocity is correct, grid 68 be-
comes positive at a sufiicient time later to fur-
ther accelerate toward the anode those electrons
which have rassed grid 8. The resulting pulses
of electrons striking the anode produce A. C.
components of anode current including a com-
ronent at the desired intermediate frequency.
This component of anode current encounters a
high impedance in the anode load circuit. As
a result a voltage of the desired infermediate fre-
quency is developed scross the anode load, and
this voltage appears at output termingls 77 and
18,

It will be understood that the embodiments
shown and described are exemuvlary only, and
that the scope of the invention will be determined
with reference to the appended claims.

The invention described herein may be manu-
factured and used by or for the Government of
the United Stales of America for governmentsl
purposes without the payment of any royvalties
thereon or therefor.

What is claimed is:

1. A non-linear transmission circuit compris-
ing an electron tube having at least anode, cath-
ode and two grid electredes, an output load cir-
cuit conductively connecting said cathode and
anode electrodes to establish equal quiescent po-
tentials thereat, a biasing means connected be-
tween sald grids and said cathode applying g

small positive potential to each of said grids: to
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‘6. A non-linear: transmission .circuit compris-
-ing-an electron tube having at least anode, cath-
ode, and three grid electrodes, an output load
eireuit conductively connecting said cathode and
anode electrodes to estabiish: equal quiescent po-
tentials thereat, a. biasing means connected be-
‘tween .szid grids and said cathode .applying: a
~small positive. potential to each of said grids to
produce g low average electron velocity, a source

of high freguency sighals having:-a frequency
whose half period is substantially equal to the
-alectron transit time hetween-adjacent grids, an
“input cireuit- coupling -said high frequency .sig-
nals to the two grids more remote frem sald cath-
ode, ‘said signals-being coupled to the grids in
-onposite phase.

7. A non-linear-transmission circuit compris-
ing an electron tube having at least-anode, cath-
‘ode, .and three grid electrodes, an output load
-cireuit conductively connecting said catnode and
ahode electrodes to establish equal quiescent po-
tentials at said cathode and anode, a high fre-
quency signal source, an input circuit coupling
‘said siznal source to the two grids more remote
2 from-said cathode, gaid signals being coupled to
the grids in phase opposition, a biasing means
connectad - hetween said grids and said cathode
applving a small positive potential to each grid
to produece a low average electron velocity, and
means for-adjusting the notential of said biasing
meaas to optain an electron transit time between
adjacent grids egual to a half period of said
signal,

8. A non-liniear transmission circult compris-
ing an electron tube having at ieast anode, cath-
ode, ang twe grid electrodes, an cucput 10ad cir-
cuit conquetively connecting said cathode and
annode eicclbrodes to establish equal guiescent po-
pentiais thereat, g biasing means connected be-
tween sald grids and said cathcede applying a
small positive potential to each of said grids to
proqauce a low average giectron velocity, a source
cf high frequency sighnials haviig a ifreguency
whose half geriod is substantialiy egual to the
electron transit tinmie between said grids, an input
circuit coupling sald high freguency signals to
sald 2rids Iin opposite phiase, snd a iceal oscii-
‘1ztor coupled to said grids.

9, A non-linear transmission circuif compris-
Ing an eieciron tube having at ieast anode, cath-
ode, and two grid electrodes, an output load cir-
cuit conductively connecting said cathode and
‘anocdae electrodes to establiszh equal qgulescent o~
tentials at said cathode and ancde, a high fre-

iy
produce-a low:average electron velocity,-a source
-of “high .frequency ‘signals having - a :1requency
:whose ‘half ;period. is- substantially -equal to-the
electron transit time between said.grids, an input
-cireuit - courling said high frequency:signals tc 5
-sa2id grids in ovposite phase.

9. A non-linear transmission ecircuit compris-
‘ine-an-electron tukbe having at least-ancde, cath-
-ode:and: two-grid electrodes, an cubput load cir-
-euit conductively connecting -said cathode and
-anode electrodes to-establish equal quiescent po-

tentials-at said cathode and ancde, a high fre-
-quency :signal :source, an input. circuit coupling
-said -signsl source to said grids in phase opposi-
‘tion, -a biasing -means- connected between said:
-grids and said-cathode applying a small positive
- potential to:each-grid-to-produce a:iow average
-electron velocity, .and mesns for-adiusting ihe
-potential of said biasing means to obiain an elec-
-tron transit time hetween said:erids egual to a 20
-half period of .said signal.

‘3. A -non-linear transmission:circuit-compris~
ing.an electron tube having at least anode, cath-
-ode and two grid-electrodes, an ouitpui load cir-
~cuit conductively connecting said catvhode and
anode electrodes to-establish equal guiescent Po-
tentials at said cathode-and anode, & high ire-
quency signal source, an input circuit coupling
said signal source to said grids in phase opposzi-
tion, a tap on said input circuit -af a - center
-point with respect to said grids, a-blasing means
‘connected -between -said tap and -ssid cathode
-applying a small positive potential vo-cach grid 1o
produce a low average -electron - velocity, and
means for adjusting the potential of said biasing
‘means to obtain an electron ftransit time be-
tween said grids equal to a half perica ¢i said
-signal and-a rectified signal at said ancde.

. 4. 'A non-linear transmission ¢ircult comuris-
“ing an electron tube having at least anode, cath-
ode and two grid electrodes, an output load cir-
cuit conductively connecting said cathode and
‘anode electrodes to-establish equal quiescent no-
tentials at said cathode -and anode, a-high ire-
guency signal source, & transformer having a pri-
mary connected to said signal source and a secC-
ondary with opposite ends connected respectively
to said - grid-electrodes, a cenfer tap on said sec-
.ondary, a biasing means connected:heiween said
center tap and said cathode applying a small posi-
tive potential to each grid to produce a low-aver-
age -electron-velocity, and means for adjusiing
-the potential-of said biasing mesns to obtain an
electron ‘transit-time between said grids eqgual to
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-a half period of said signal and -a rectifled signal - quency signal source, an input cireuit coupling
-at sald anode. said signal source o sald grids in prase opposi-
5. A non-linear transmission circuit compris- tion, a biasing means connected bebtween said
ing-an electron tube-having:at Ieast ancde, cath- erids ana said cavhode apnlying a small rositive
ode -and two grid electrodes, a source of modu- potenvial to each grid to produce a low .Ewerage
lated high frequency signals, -an input circuit ;g5 electren velocity, and means for adjusiing the
tuned to said high frequency signals and coupling potential of said biasing imeans to obtain an elee-
said signal source to said grids in phase opposi- tron transit time bhetweesn said zrids equal to a
‘tion, a tap on said input circuit at a center point ‘nalt period of said signals, and a local EJsci}.lator
with-respect to said grids, a bkiasing means con- couplied to said grids,
nected between said tap and saia cathede apply- ¢35  i8. A non-linear transmission cireuit compris-

Lo,

ing a small positive potential to each grid to pro- ing an eiectron tube having at least anocdse, cath-
duce a low average electron velocity, an outpu ode, and threz grid electrodes, an output load
Joad - circuit ‘tuned to the modulation frequency ‘circuit conductively connecting said cathode and
and conductively connecting said anode and cati- aizode electrodes to establish equal quiescent po-
ode to estabiish ecual guiescent potentials there~ 7o tential thereal, a biasing means connecied be-

-at,-and means-for adjusting the potential ot sald oween said cathode and the two grids more re-

biasing means to cbtain an-electron transit time
between -said grids equal to g half period of said
sienal -frequency and. produce the ‘modulation
-signal insaid output circuit.

ot

mote thereirem applying a smaill positive po-
tential to each of said remote grids to produce a
low average electron veiocity, a source of high
frequency signals having a frequency whose half
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period is substantially equal to the electron tran-
sit time between said remote grids, an input cir-
cuit coupling said high frequency signals to said
remote grids in opposite phase, and a local oscil-
Iator coupled to the grid adjacent said cathode.
11. A non-linear transmission circuit compris-

10

local oscillator coupled to the grid adjacent said

- cathode.

ing an electron tube having at least anode, cath~- -

ode, and three grid electrodes, an output load cir-
cuit conductively connecting said cathode and
gnode electrodes to establish equal quiescent po-
tentials at said cathode and anode, a high fre-
quency signal source, an input circuit coupling
said signal source to the two grids more remote
from said cathode, said signal source being cou-
pled to said remote grids in phase opposition, &
biasing means connected between said remote
erids and said cathode applying a small positive
notential to each remote grid to produce a low
average electron velocity, and means for adjust-
ing the potential of said biasing means to obtain
an electron transit time between said remote
grids equal to a half period of said signal, and a
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