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“The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
me-of any royalty thereon.: Do

This: invention relates to radio transmitters,
" ‘especially such as are'used in pulse-echo systems

of object detection. :

It is frequently necessary in such systems .to
make the pulses as sharp-as possible in:order o
avoid confusion between the transmitted pulses
and the pulses reflected from objects g, relatively
-short-distance away.  Sharp pulses-also permit
use of large peak powers and at the same time

keep the average power at a relatively low level.~

It ‘is" therefore:an ‘object of this invention: to
devise.a radio frequency transmitting system
which can be used for emitting very sharp pulses
of radio frequency energy.

It is' a further object: of this invention to de-
vise an improved method.of pulse moedulating a
transmitter of radio. frequency: waves,

Further objects will be apparent from the fol-
lowing specification” and drawings, wherein. like
reference ' numerals indicaté. like ~parts and
wherein:

-~ Figure 1 is a block: diagram of a pulse trans-
mitter system; . :
+Figure 2 is a schematic diagram of the circuits
used in Fig. 1; and E
Figure 3 is a schematic- diagram of a modifica-
tion of the invention. . ‘ :

Referring to Fig. ‘1, a keying oscillator I, of
relatively low frequency, is connected to g pulse
generator of such construction that it generates
a sharp pulse of potential at every cycleof current
from: the keying oscillator. The sharp pulse.of
botential is used to energize the tubes of & radio
frequency oscillator 3, which in furn generates
radio frequency power for the duration of ssid
pulse. - The output of the oscillator is radiated
from: a .directional antenna 4 connected thereto.
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a;condenser 25 and resistor-26; which:may be,for

-example, of the order of -1,000:0hms::

The: highpotential side of. resistor 28 is.con-
hected. to-the center-tap of-a coil-31.:. One-end
of: this. coil: is: connected: to the plate-of tube.32
and' the other end..of  the.coil; is connected: to
the plate of tiibe 33.. The cathodes of hoth-tubes
are grounded: The:grids of:said: tubes.are conx .
hected:to: oppositeends: of .a coil 34;:the-center -
tap of which is connected to-ground through-a
high resistance 35, of the order of 20,000 :0hms:;

Coils 31 and:34; together- with- the distributed
capacity- and. interelectroder capacities. there-
across; form the resonating tank ¢ireuits for: the
plates and.grids; respectively;. of-radio frequency
oscillating: tubes+32-and’ 33~ connected; for: push-
pull operation:. “Feedback: between: the -plate,and

- grid-circuits to: maintain:oscillation- isiproduced
by electromagnetic coupling between plate .and
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grid coils 31 and-34 or by means of the inter-
electrode capacitances, or by both: expedients.

The-radio :frequency: output of the oscillator.:is

-fed to an antenna, either ‘directly: or througha

series; of -bower-ambplifiers, by-means:of:a ¢oil:36

5 coupledto the coil 31

.The ahove described;system operates as:follows:
- When thevoltage applied:through transformer :
12, from: the keying. oscillator 1 to- the-grid.of:
tube.28; is negative, the -other. circult; parameters

)-are such' that.the gas tube:is ‘non-conducting;

Under such:conditions; the condenser 25.:will-be
charged to: substantially the full voltage of ‘plate
source 27 through.resistors. 24 and:(26.. ‘When
the :condenser  hecomes. charged, . the: current
through-: resistor’ 26::drops-to zero andrtherefore
the voltage ‘applied to anodes: of ‘theroseillator
tubes32 and 33:is zero. : : o
When the grid of gas tube 23 becomes:sufficients

Iy positive, the:tube discharges and:in, turn;.due
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Pigure 2. illustrates  the abovementioned. cir- -

‘cuits in_greater detail. The output of oscillator
{ is. connected to the primary of a transformer.
12, the secondary of which is connected to the
‘grid and cathode of a gas tube 23. This tube
is. of the grid controlied arc-discharge type, one
brand of which is generally known by the trade
mark “Thyratron.” The plate of tube 23 is con-
nected to the grounded positive pole of the plate
potential source 27. The cathode of said ‘tube
is ‘connected to the negative pole of source 21
through a high resistance 24, which for example,
may .be. of the order .of 100,000 ohms. The
cathode is: also connected to the ground through
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bo:the low resistance of the anode-cathodespath
of 'said tube, condenser 25- discharges :suddenly;
through:said: tube: and: resistor 28, resultingin
a.very rapid surge of potential:across resistor2§:
Said: surge:is :applied: to: the anodes of: tubes:32
and 33.of the radio Irequency oscillator;:results
ing is oscillations- being generated:for the:dura«
tionof the pulse.: oL :

The duration:of the pulse: i1s:determined by:the:.
time constant..of the R: C: network constituted
by resistor 26~ and..condenser. 25, the:. anodgs
cathode - resistance -.of- tube 23- being. negligible,
When: condenser- 25 is completely: discharged, the
anode-cathode path of tube 23 becomes deionized;
because-resistor- 24 depresses: the. plate.potential.
below: the-operating:level,- ands the grid.-again;
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regains. control until the next positive alterna- -

tion from the keying oscillator . 'Thus a sharp
- pulse is generated at each cycle of -the keying
.. oscillator frequency. S Lo ’
" Figure 3°is similar to Fig. 2 with.the exception
that condenser 25-discharges through the primary
‘of g transformer 28, the secondary output of

" ‘which is applied to the anodes of oscillator tubes: 5

" 32 and 33. The transformer sharpens the pulse
“and permits more effective isolation of the pulse

oscillator.

The above .described ciféuits have sveve'fa‘lv
.- . features which permit “safety and economy ~of.
.. operation. Only one high voltage lead is neces-

 connected to one pole of a source

of plate po-

. tential and to ground, said cathode being. con-

neected to one end of a resistor.the other end of
which is connected to .the other pole of said

. source, a condenser connected directly to said

cathode, thie other side:of said condenser being

. connected .to one end of a second resistor the

10"
_generating oscillator and.the radio - frequency - .
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sary to couple the keying circuit to the oscillator.:

There is no high voltage on the transmitter dur-

ing intervals  between pulses permitting’ “less

severe insulation requirements.~ A particular

feature is the absence of-direct current potentials
“in the oscillator circuits thus reducing hazard to
- personnel during “tune-up’ periods. =

-ator.
Bl A

other side of which is connected to ground, one
of said resistors being a small fraction of the
value -of the other, and a transformer, the pri-
mary -of which is’ connected acrosg said second

~mentioned resistor and the secondary of which

constitutes the output eircuit of the pulse gener-
pulse generator comprising a tube having
a cathode, an anode, and a grid said grid being
connected to a source-of control potential, said

" “arode’ being connected to one pole ofa source
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of plate potential and: to ‘ground, said: cathode
being connected to one end.of a resistor the other

-end of which is connected to the other pole of

. said source, a.condenser- connected directly to

Only those elements of a complete’ transmit-

* ting system have been shown which ‘are neces-

" ghry ‘o explain the ‘operation of ‘the system. - o
a system have not been -

. Other elements of such ¢
- shown or described, since they are conventionsal.
Tt ig "to- be understood that many variations are

“possible which will readily suggest themselves to
' s 30

one skilled in the art:

CTclaimIco T LR e
41 A'pulse generator comprising a tube having
. 3 cathode, an anode,-and a grid, said grid:being

“econnected to a source of control .potential, said:

‘anodé being -connected fo one pole of: & source
- of “plate ‘potential and to ground, said cathode
- being ‘connected - t0 one end .‘of a resistor the
other end of which is connected to the other
- pole of said source,"a condenser connected di-
-+ reetly to said ‘cathode, the other side ‘of said

gaid cathode, the: other side of said condenser
being connected to one ‘end-of a.second resistor
the. other side of which is connected. to ground,
and & transformer, the primary of which is con-

mected across said second mentioned resistor and

the secondary of which constitutes the output
circuit of the pulse generator. . ,
§:.A pulse generator comprising a gas tube of

’ the arc discharge :type having a -cathode, an
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anode, and a.grid said grid being connected to a
source of control potential, said anode being con-

- nected: to.one pole of a source of plate potential

and to ground, said cathode being connected to
one end of a-resistor the other end of which is
‘connected to the other pole of said source, a con-
denser connected directly to said cathode, the

“other side of said condenser being connected to
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.- condenser ‘being connected toone end-of -a sec~

" ond resistor, the other side of which is connected

“to'ground.” -

", 2. A pulse generator comprising-a tube ‘having

& cathode, an anode, and a grid, said grid being
¢onnected to a source of control potential, said

~ anode being connected:to one pole.of a source-of -

~plate potential potential and ‘to ground, said
‘cathode being  connected to one end of a‘re-
'sistor the other énd of which is connected to the

- directly to said cathode, the other: side of said
“condenser being connected to: one end of a sec-
ond. resistor the other side of which is connect-
. ed:to grotnd, and-an output circuit- coupled:to

-one of said resistors. - - < e . R

~3..A pulse generator comprising a gas tube of
. the arc discharge type having a cathode, an
“‘anode, and a grid, said grid. being .connected to
“"a source of control: potential, said anode being
' connected to one poleof a source. of plate poten-
‘tial 'and to ground, said cathodé being connected
*“to one’end of.a resistor the other end -of which
is connected. to the other pole of said source, a

condenser: connected -directly to:said cathode, the

* other side of said condenser being connected to’

one end of a sec;ond resistor the:other side.of
.which- is ' connected: to ground, ‘said. ‘second re-

sistor being a small fraction of the value of said =~ thereof to enable said ‘transmitter to operate, an
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‘eoupled to said second resistor. . :

first mentioned resistor; and an output circuit

. ‘4. A pulse generator comprising 2 gas tube of
" ‘the arc discharge “type having a” cathode,-an. -

oné end of a second. resistor, the other end of
which is connected to.ground, and & transformer,

" 'the primary:of which is connected across said
- second mentioned ‘resistor and the secondary of
‘which’ cobstitutes the output circuit of the pulse

generator. S
_.7. A radio pulse transmitter including at least

g pair of electron tubes, one tube having its anode

~grounded, the -other tube having its cathode

. g i 50
- other pole of said source, & condenser connected

grounded, a pulse transformer, a circuit including
oné of said tubes-ahd the primary- of said trans-
former to charge and dischatge said condenser
at spaced:intervals, and a radio frequehcy oscil-
lator circuit including the space current path of

the othet of said tubes in series with the second-.
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ary of §aid transformer, the‘direction of said dis-

- charge being such, that a- positive potential is

60
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impressed upon the anode of said other tube dur-
ing said discharge. - S ' :
‘8. A system for transmitting spaced wave .

»tr’ains), each train comprising a plurality of cycles
‘having a pericd ‘which is a minor-fraction of the

duration of each train, said system comprising-at
least a pair of electron tubes having their space=
current paths oppositely connected, respectively,
relative to ground; a wave transmitter including

* one- tube, said transmitter being tuned to the

anode, ‘and 4 grid, said-grid being ‘connected: to -

.~ .a-source of contrel potential, ‘Said-anodée being’

8

period of said cycles, said one tube having insuf-
ficient potential normally applied to the terminals

e_nérgy storage network, a first circuit controlled
by the other tube to intermittently charge said

_storage network, :a- second circuit controlled by
" said other tube to alternately discharge said stor-

age network, and ‘means-in said -second circuit
responsive to ‘each discharge to 4inte'rmitt'ent1y in-
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Ccrease said potential and render said transmitter
operative during each discharge circuit.

9. A system as set forth in claim 8, wherein said
last-named means comprises a transformer hav-
ing its primary coupled to said second circuit and
its secondary coupled to the space-current path
of said one tube.

10. A gsystem for transmitting spaced wave
trains, each train comprising g plurality of cycles
of a frequency which is considerably higher than
the repetition rate of said wave trains, said system
comprising at least a pair of electron tubes having
their space current paths obpositely connected,
respectively, relative to ground, an oscillator in-
cluding one tube, said oscillator being tuned to
said frequency, said one tube having zero poten-
tial applied to the terminals thereof, whereby said
oscillator is normally Inoperative, an energy stor-
age network, means including the other tube to
periodically charge said storage network exter-
nally of said one tube and to alternately dis-
charge said storage circuit, and means excited by
each discharge to intermittently apply sufficient
potential to said one tube to render said oscillator
operative during each discharge.

11. A system as set forth in claim 10, wherein
said last-named means comprises a transformer
having its primary coupled to said storage net-
work and its secondary in series with the space-
current path of said one tube.

12. A system for transmitting spaced wave
trains, each train comprising a plurality of cycles
having a period which is a minor fraction of the
duration of each train, said system comprising at
least a pair of electron tubes having their space-
current paths oppositely connected, respectively,
relative to ground, a radio-wave transmitter in-
cluding one tube, said transmitter being tuned to
the period of said cycles, said one tube having
zero potential normally applied to the electrodes
thereof, whereby said transmitter is normally in-
operative, a storage condenser, g first circuit con-
trolled by the other tube to periodically charge
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said storage condenser externally of said one tube,
& second circuit controlled by said other tube to
alternately discharge said storage condenser cir-
cuit through said one tube in such direction as
to intermittently render said transmitter opera-
tive during each discharge. :

13. A system as set forth in claim 12, wherein
said other tube is of the arc-discharge type, and
a source of keying oscillations to alternately
render it conducting and nonconducting.

14, A system for transmitting intermittent
wave trains, each train comprising a plurality of
cycles of g frequency which is considerably higher
than the repetition rate of said wave trains, said
system comprising at least 5 bair of electron tubes
having their space-current paths oppositely con-
nected, respectively, relative to ground, a trans-
mitting oscillator including one tube, said oscil-
lator being tuned to said frequency, said one tube
having zero potential normally applied to the
anode thereof, whereby said oscillator is normally
Incperative, ‘an energy storage network, means
controlled by the other tube to periodically
charge said storage circuit externally of said one
tube and to alternately discharge said storage
condenser circuit through both tubes, whereby
said oscillator oscillates during each discharge of
said storage network.

JAMES R. MOORE.
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