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The invention described herein may be man-
ufactured and used by or for the Government for
governmental purposes;, without the payment to
e of any foyalty thereon:

This 1nvent10n relates t6 spark sap modulators
or keyers, and more Particulatly to sich a spark
gap in which the timing of the spark is contrclled
by means of 4 third, or trlggermg, electrode.

Statlonary Baps have been used to modulate
disadvantage that the spark and consequently
the resulting plilse, is aperiodic. To pr 6vide peri-
odicity it has been proposed to use & rotary spark
gap, but it has been found that even with a rotary
gap a slave sweep oscilioscops is needed because
of an error of, say; 50 to 100 microseconds in the
contrel, Moreover, there is the added compli-
cation and expense of a métor and mechanical
mounting for hrgh speed rotation.

The prrmary obJect -of the present invention
is to denerally improve spark gap modulators or
keyers: A more particular object is to overcome
the foregoing dlsadvantages and to prov1de a sta-
* tichary spark gap in which the main pulse is
very accurately controlled by a triggering pulse.
A more detalled obJect IS to prov1de a tnggered
at the trlggermg electrode.
are to provide & triggered spark gap which is sim-
ple: cheap, readlly adjtistable; and wuseable over
wide ranges of potential and pulse frequency.

To actomplish the foregoing and such other
cbjects as Will hefeinafteér appear, my invention
consists in the spark gap elements and their re-
lation one to the ofher, a5 hefeifiafter are more
particularly described ini the _,peciﬁcatlon and
sought to be defined in the ¢laims. The specifica-
tion is accoinpanied by a drawing in which

Figure 1is a front elevation of a triggered spark
gap embodying féatures of my invention;

Figure 2 i a transverse section drawn to ah
enlarged scale taken approximately in the plane
of the line 2-—2 of Figurel;

Figure 3 is a plan view of the triggering elec-
trode looking in the direction of the arrows 3—3
in Figire 2;

Figure 4 i§ g vertical section through the lower
eledtrode taken approximately in the plana of the
line 4—4 of Figute 3;

Figure 5 is a schematic wiring diagram ex- ;

planatory of a typical circuit using the triggered
spark gap.

Referrmg to the drawmg, and more particu-
larly 0 Flgures 1 and 2; the spark ‘Bap comprises

maih electrodes 12 ahd 14, with a gap therebe- ;

Still further obJects_

(C1. 250—38)
(Granted under the act of March 3, 1883, a8
amended April 39, 1928; 370 O. G: 157)
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tweéén, 'The electrodes gfe prefera,bly coaxially.
arranged; as shown. In B ‘ordance with g fea-
ture of the present ihverition; s ion
ér 16 surrounds the elect_rode 14 hedar the sap.
The washet is préfersbly niade of gldss or other
ceramic. A triggéting- 8légtrods 18 is positioned
with its working ‘énd restibg upsh thé washer 16
near the main eléctrods 18,

The complete structure is preferably prov1ded
with feans affording ddjustiienit of the spacing
between the main eleétrodés. In the present case,
thé upper eléctrods 12 is catried at the lower end
of arl adjusting serew 20, Wwhich 15 threddedly re-
ceived in 4 stationary nhut 22, A knob 24 of insu-
lating material carried at the upper end of screw
20; facilitates adjustinént of the mdain gap. It is
desirable to provide mea’ri‘s“to lock the adJust-
ment and; in tHe present casé; the nut 22 is a
block of metal split at 26 and prowded with a
clamping screw 28; Block 22 is carried on a
cross-bar 30, supported by msulation pedestals
32, It will be understobd that thé solid énd of
block 22 is Brazed: of btherwise secured to cross-
bar 30; while 4t ledst oh& of the split sides of
the block is left frée to permit clampmg move-
ment uhder the action vf clatipihg scretw 28.

_The -$pacing ‘betweefi the' trlggerlng eléctrode
18 and the cooperating main eléctrode 14 is also
preferably made ddjustable. Referrlng to Figures
2 and 8 it will be seetl that ttiggering electrode 8
is carried on. an insuldtioh pedestal 3%, and is
fixed in position by théans of & §Créw 38. Screw
86 passes through 4 slot 38 in &léetrode 18, and
this stot pérmits movetent of the triggermg élec-
trode toward or awdy fiom tHe main elsctiods.

It will be noted thit the maiti-‘éléctrodes 12 4nd
14 are substantially different i’ didgmester. The
large didmeéter eléctrods 12 is ‘ugéd as a cathode,
thereby reducing the faté of con:
same. As the cathode is consumed, theé main gap
may be readjusted to desired size by mieahs of the
adjusting scréw 20 ‘#hd kuoh "4, previously re-
ferred to. Thé smaler dxatnetér électrode 4 is
used as an anode; dnd it iy this e‘lectrode that is
surrounded by ‘the plass washér | 6 THe tr1g-
gering electrode 18 m&y be % flat strip of metal,
as shown, and its inter or ‘working end is pref-
erably curved on am dre concéntric with thé anode
4. Thave found that a‘triggerihg &lectrode which
only part]y surrounds the main ‘eléctrofie is su-
perlor to the use of a ring wholly sulrouodmg
the 1 maln electrode However it is not nécessary
t0 reduce the arc of the triggermg electrode to the
compara‘mvely sm 3il fish-tail shape shown in Fig-
ufe 3 of the dra,wing In fact; ‘a ring almost but
not complétely surrounding the main electrode is
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satisfactory, although not as good as the illus-
trated fish-tail shape. I have found that the
ring should be at least split or cut open at one
point, and that it is not desirable to use a com-
pletely closed ring,

The triggering electrode is preferably held in
contact with the glass washer. I have found
that the presence of the glass washer, with the
triggering electrode resting thereon, makes con-
siderable difference in the successful operation of
the gap, although the exact reasons for the im-
provement are still obscure and must be deemed
an empirical discovery.

The electrodes are all preferably made of a suit-
able high temperature metal. Tungsten is very
satisfactory for the main electrodes (2 and 14, and
molybdenum is most satisfactory for the trigger-
ing electrode 18, but tantalum or tungsten may
also be used for the triggering electrode. Despite
the use of such high temperature metals, there
is a tendency toward volatilization and consump-
tion of the electrode material. This tendency may
be inhibited by holding down the temperature of
the electrodes. With this object in view, the
main electrode 12 is socketed in a larger body 40 of
a preferably heat-conductive and electrically-
conductive metal, such as copper- or aluminum,
To provide maximum cooling surface, the body 40
is preferably cut to form a series of relatively
thin cooling fins 42. The body 40 is secured to
the lower end of the adjusting screw 20, and the
cathode 12 is preferably detachably received in
body 40, it being releasably held by suitable means,
such as set screw 44, so that it may be replaced
when consumed.

The anode i4 is similarly removably socketed
in a larger body of metal 46, which is also prefer-
ably heat-conductive and electrically-conductive
(typically copper or aluminum), and which may

be cut to provide cooling fins 48. This body may .

be formed integrally at the upper end of a post
50, the lower end of which is secured to the in-
sulation base 52 of the spark gap. The electrode
i4 is held by a set screw 54, as is best shown in
Figure 4, and in this case the set screw serves the
additional function of affording axial adjutment
of the position of electrode 14. Inasmuch as this
electrode is used as the anode, there is substan-
tially no consumption of the same, but axial ad-

justment is desirable in order to make it possible :

to adjust the axial distance between the working
end of the electrode 14 and the working end of the
triggering electrode 18. From another viewpoint,
it may be said that the adjustment is intended to

control the spacing of the glass washer 16 from

the end of electrode 4, this spacing being im-
portant to secure best operation. Inasmuch as
the triggering electrode is kept in contact with the
glass washer, both adjustments amount to the
same thing.

In the particular structure here shown, the elec-
trode 14 is carried in an intermediate holder 56
(see Fig. 4), which in turn is set into the main
holder 46, and is there locked in position by a set
screw 58. However, it is equally satisfactory to
make the entire holder out of one piece of metal,
that is, to make the parts 46 and 56 integral.

No special means is here shown to cool the trig~
gering electrode 18, other than the formation of
this electrode at the end of a relatively wide plate
of metal, thus providing a substantial cooling sur-
face. In any case, cooling of the triggering elec-
trode is not very important with my improvement,
because the triggering electrode runs cool, and
is only very slowly, if at all, consumed. Under
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optimum adjustment the gap will run with no
visible spark between the triggering electrode and
the cooperating main electrode, the only visible
spark being the main spark between the main
electrodes.

External connection to the upper electrode is
made by means of g binding post 60 (see Figure 1),
carried on the top of cross-bar 30. Connection o
the lower electrode is made by means of a binding
post 62 mounted on metal post 50. Connection
to the triggering electrode 18 may be made by
means of the screw 36 previously referred to, or
by means of another binding post, not shown.

The upper end of the lower electrode or anode
is preferably rounded, as shown in the drawing.
The lower end of the upper electrode or cathode
may be left square, or may be rounded as shown,
if desired. The shape is not too important because
after long wear the upper electrode becomes con-
cave because of consumption of electrode mate-
rial,

For purposes of illustration, but not in limita-
tion of the invention, one example of a circuit
using the triggered spark gap is shown in Fig-
ure 5. Referring to that figure, high voltage D. C.
may be supplied at 10, and is used to charge a
relatively large storage condenser T2. A choke
74 in series with the D.-C. supply serves the dual
function of boosting the available charging po-
tential and also of insuring termination of the
spark when the condenser discharges. The avail-
able potential is selected to be high, but not high
enough to break down the main spark gap. The
triggering electrode {8 is supplied with a control
pulse from a suitable pulse generator 76. This
potential is high, but only a fraction of that avail-
able for the main gap 12—14. The pulse provided
by breakdown of the main gap is used to modulate
a transmitter 718. The circuit of Figure 5 is pri-
marily a test circuit. For actual transmission
purposes, the condenser 12 and choke 80 may be
replaced with an artificial line or a network of
limited impedance to shape or square the pulse,
If desired, the connection between the artificial
line and the transmitter may be made through a
so-called ‘“‘pulse-transformer,” that is, a trans-
former designed to successfully transmit a square
pulse,

With the present spark gap it has been found
that the control pulse controls the accuracy of
the main pulse (that is, so-called “jitter” is held
down) to within a few one-hundredths of a micro-
second. Such gaps have already been run and
are still running on a very long life test at 14,000
volts (including the voltage-doubling action of
the choke) with a 1 microsecond pulse, at a rate
of 200 pulses per second.

There is practically no visible spark between
the friggering electrode and the main electrode,
which probably explains the negligible wear of
the triggering electrode. If produces an ioniza-
tion or slight corona which immediately leads to
breakdown of the main gap.

In a particular spark gap which I used with
considerable success, the upper electrode was a
¥2'’ tungsten rod used as a cathode; the lower
electrode was a 1s’’ tungsten rod used as an an-
ode; the triggering electrode was a molybdenum
plate 0.02 inch thick; and the glass washer was
34’ in diameter and ¥%’’ thick. The main gap
was approximately %'’ in length, and the trig-
ger gap was approximately %’/ in length. The
anode projected above the glass washer %’’. As
an example of the control effect, it may be stated
that the gap may be made to break down at 8,500
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volts initial potential (not counting the double
action of the choke), although it would require
18,000 volts to break down the same gap when
not using the triggering electrode. It should be
understood that these specific dimensions are
given by way of example, and not in limitation
of the invention.

It is believed that the construction, operation
and method of using my improved spark gap, as
well as the advantages thereof, will be apparent
from the foregoing detailed description. The
gap is simple; cheap; readily adjustable; and
usable over wide ranges of potential and pulse
frequency. There is practically no wear of the
triggering electrode, and any wear of the cath-
ode is readily made up by adjustment. There
is practically no “jitter,” for the accuracy of con-
trol is kept to within a few one-hundredths of a
micro-second. How the glass washer influences
the operation of the gap is still obscure, but there
is no question about the benefit of this improve-
ment.

It will be apparent that while I have shown and
described my invention in a preferred form,
changes and modifications may be made in the
structure disclosed without departing from the
spirit of the invention as sought to be described
in the following claims. In the claims I have for
convenience used the term “glass” but this is not
intended to exclude the use of other equivalent
ceramics, and other high temperature insulation,
such as Mycalex and mica.

Iclaim:

1. A triggered spark gap operable in air com-
prising main electrodes with a gap therebetween,
a ceramic washer surrounding one of said elec-
trodes near said gap, and a triggering electrode
having its working end adjacent the aforesaid
ceramic washer near the electrode carrying said
ceramic washer, said working end being substan-
tially an arc of less than 360° substantially co-
axial with said last mentioned electrode.

2. A triggered spark gap operable in air com-
prising coaxially arranged first and second main
electrodes disposed end to end with a gap there-
between, a glass washer surrounding said first
main electrode near said gap, and a flat metal
triggering electrode positioned transversely of
the main electrodes and having its working end
adjacent the aforesaid glass washer and partially
but not wholly surrounding said first main elec-
trode. L
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3. A triggered spark gap operable in air com-
prising two main electrodes with a gap therebe-
tween and a triggering electrode having its work-
ing end adjacent one of the main electrodes and
spaced from the spark path between said main
electrodes, a source of high-voltage across said
main electrodes, which source alone is of insuffi-
cient magnitude to break down the gap and cause -
spark discharge between said main electrodes, a
source of voltage between the triggering electrode
and the adjacent main electrode of sufficient
magnitude to cause corona but not spark dis-
charge therebetween, so as to thereby trigger a
spark discharge between the main electrodes.

4. A triggered spark gap as defined in claim 3
wherein the triggering electrode is disposed sub-
stantially perpendicularly to the adjacent main
electrode and said triggering electrode includes
a working end which is of substantially arcuate
configuration of less than 360° and is substan-
tially coaxially positioned relative to the said
adjacent main electrode.

5. A triggered spark gap as defined in claim 3
which includes a washer of ceramic material posi-
tioned about the main electrode adjacent to the
triggering electrode and which washer is proxi-
mate to the working end of the said triggering

electrode.
WILLIAM G. MAYER.
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