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A.Co S, T, L, TRANSLATION No, 4372

A HIGI POVER FULSE GENERATOR WITH
A RECTRICTED CHANNEL DIAMETER

N. N. Ogurtsova amd I. V. Dodmoskensidi

Optika i Spektroscopia, L4y (Vo. 4)
(1958), pp. 539 =541,

Por a whole range of tasks (hish speed cincnatography hirh temie rature
yrometry, ete. ) 2 high temperature continuous spectrun pulse souroe vith
constant pulse brightness, is necessary,

_In the rresent investication, discharpge fram & network of condensers
mﬂ’&s&éﬁég wh an aperture in a textolite plate vas used as such
a light souroe (Fige 1). The thickness of the plate was 10 mm, aperture
diameter 2 mm,  Radiation diverged fram the aperture according to the
direction of the axes of the impulse, The supply line consisted of four
units with the following parameters, S = 100 microfarad, L = 1,5 microhenry,
The dischorge voltage was 3000 volts, The charaoteristic impedance of
the line was 12 ohm, Oscillosraphs of the electrical charactoristics
of the discharge showed that the pulse length was equal to 1 X 10 *see,
the discharge current amplitude was 13000 amps, and the voltage across the
zep was 4000 voltse The current density was 4 x 10° amp/an., a probe
me'l'.hcxi 2] yas used to obtaln the voltage oscillorraths, The probe was
introduced into the bean amerpging fram the aperture. The eurrent and
voltage oscillograms shovn in Fis, 2, indicate that the current and voltage
oseillograms are similar in form, i.e,, the discharge possesses a rising

current—woltage characteristic,

The presence of such a characteristic makes it possible to obtain
good matehing between the load resistance :nd the characteristic impedance
and was caaposed of the pap resistance (*08 ohm) ond the resistance of the
discharge oircuit (eOL cm).  The unusually ki h voltage observed under
these oonditions. at the discharge column is explained, as the following
experinents shov, by the extrenely high mressures existing in the channel.
The constancy of the discherpe current and voltoge values indicates that
the pressure in the choaumel does not chanre syprecisbly vwith time,



The maximm pressure in the chamber was deteriiined by the
orushing«gange method, widely employed in intexrmal ballistics. A
speoially prepared orushing-gouge of small dimensions was located at
the centre of the latersl wall of the discharge chamnel, and did not
substantinlly change the discharge conditions, The pressure wos
determined from the deformetion of the conical coppar crushing-rauge
and was equal to 500 atmos,

The absence of a rise in voltage and’ the brightness of the
i1lumination in the early stage of the discharge shows e great
importance of the pressure in preventing the inftin1 heating of the
air in the chamber, Pressure increase resulied in marked evaporation
of the materlal of the aperture walls, This resulted in marked burning
away of the aperture material and led to the observation of the C line
in the spectrume  Repld vaporisation of the wall is to be expected.
Approximately two thirds of the energy of the dischorpge line
(1300 joules) is realised in the discharge charmel, The chamel is
almost entirely covered with textolite, and this energy is dispersed
meinly through evaporation, excitation and ionlzation of the clements
entering into its compositions, ’

Figure 3 shows the discharge spectrum from which it is evident
that in the axial discharge direction, o continuous spectrum is
emitted interspersed with obsorption and emission lines, ‘The emission
lines correspond to jons, and the absorption lines to atoms of the
elements entering into the canposition of the electrodes and the wall
:mt;erial. ’ﬁ’:e line spsctxun on both sides of the continuous spectrum
oorresponds to the radiation of the bemn emerging from the aperture,
A camparison of the cﬁa.nml and beam spectra shows that line reversals
are genersl, This indicates that absorption of-the continuous
radiation of the channel tokes place in the beam,

Experiments have shom that the spectrum does not change with a
decrease of pmss::m down to 41 mm Hz, This ogain oonfimms the earlier
assunption that the high pressure in the charmel is coused by goases
formed by evaporatiom of the wall materisls A reduction of the length
of the colum from 10 to 5 mm also had no effect on the character of
the spectrum, With further reduction the intemaity of the oontinuous
speotrum deoreases and the compnrotive intensity of the line speotrum
inareases, A similar condition arises with imorease in the dimmcter
of the aperture above 3 mm,

Direct nbscrﬁ:ion measurements shaoved that with an aperture
diemeter of 2 mm, a discharge colum length of 40 mu completely absorbed
the inocident rodiations Thus in this case, in oonsequence of the marked
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reabsorption in the discharge, radiation saturation takes place, and it
should be expected that it will oprroxinate to absolute black body
radiation, :

The emission line syectrum is excited at the ends of the discharge
channel where the pressure is apmreciably less, With a stable current
density, reduction in pressure leads to an increase in temperature and
consequently, the intensity of the lines with high exoitation potentials.
Experiments have shown that with a slight rise in pressure ot the end
of the charmel, the intensity of the line speotrum dearenses noticeably,

e oscillograph of the monochromatic radiation in the wavelength
region 2500 = 5500 3. showed thot the pulse form does not vary with
wavelensth and correspords to the form of the current and voltoge pulses,
i.c., under thcse conditions, the brishtness variation with time
correspords to the current form,  Reprodueibility of the amplitude and
length of the light pulses wos achieved to within 2-4%.

The spectral density of the energy brightness was measured in the
region 4100 ~ 5700 2.  Measurement was oarried out by a pimotoelectrio
nethod, i.e., by corporing the sourcelbri.:jd‘hxess with a calitrated
source, ) :

*  The lrichtness temperature was calewlated according to Planckts
formila, The dependence of the brightness temperature on wavelength
is illustrated in Pig, 4.  Within the lindits of measurement error the
brightness temperature does not vary with wavelcngth ond 1s equal to
32 000 K,, and the radiation of the souroe in this region correspondingto
the rodiation of an absolute black body at this temperatures

Approach of the discharge rodiation to black body radiation in

the given example is due to the considersble increase of pressure and
efficiency in the chomber in comparison with impulse tubess Deviations
from the distribution of an absolute black body are due to cbsorption
and rodiation at the edge of the aperture, Using spectrally pure carbon
cleotrodes it is possible to obtain a continuous spectrun almost frce
fram linear absorption (Fig, 5.). Conditdons aywoaching the irvesti-
goted case exdst in the first stage of the sprrk discharpe with a very

steep current rise,

The brightness achieved mokes the source suitable for investigation
of absorption speetra and high speed cincnntorxaphys

In addition, the type of dischorgo desoribed con be used as o
contimious spoectrmm cclibrated pulse souroe with knovm cnergy distribution
and terperature of the arder of 30 000 K., suitable for the investigation
of hirh tamperature and pressure plasmas, The ocurrent density, pressure,
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temperature, chemicol caaposition of the gas md potential gradient

of the dischorpge are known, The transitional proocesses constitute
only a small frootion af the pulse duration anl in 2 number of oases,
it is possible to use the integral characteristics, Dy varying the
circuit parameters, it is possible to chonge the form and brightmess
of the pulse, Thus, using a line of 4 units, rectongular pulses with
a pulse length of 400 pseo are obtained, in which only 6# of tho total
light relates to the pulse fronts  Attention is draym to the
possibility of discharge coross the chanmel.,  Such dischorges are
caused by intense iomizmation due to rodintion frau the aperture,

The photosdionization is so great as to cause discharge aoross o gop of
up to 400 m with voltages of the oxder of 4000 volis.
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IEGENDS TO FIGURES

FIGUKE 4. Sehematic representation of the souroe,
(1) Spectrograph slit; (2) Condenser; (3) Ignition pulse;
(4) Textolite plote with operture;
(5) Eleotrales,
4, 12, I3, Ly = 15
ct, 02, 03, O = 400 ricrofarad,
FIGWRE 2, Osoillogrophs of current (a)y Voltage (b); =i
rodintion of o pulse dischorpe with restricted chomnel
ddameter (o).,

FIGURE 3., TPulse spectriu,
FIGURE )4, Dependenwe of brightness tenpercture op wavelength,
FIGURE 5, Pulse spootrun with elestrodes of spectrally pure cerbon.
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