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I. Introduction

' In 1922 M. G. Reboul published an artiole’ in which he de-
soribed a photographic effsct produced dy very Qmall ourrents passing
through a strip of paper. A potential difterenca,varyingAbetween 206
and 1000 volts, was applied to a strip of pape; 5 om, long, ané.when
a photqgraéhic plate was placed below, it hecame slightly darkened.

The effect was very faint and required an expo:ﬂ&e of from 12 to 48
hours, By employing different absorbing materials placed between the
strip and the phgtographio pla;e and 6baerving tﬁa change in the effect
produced on the photographic plate, Heboul attribute? 1ts cause to the
radiation in the spectrum region between soft X—fayaland ultra-violet.

As a necessary oondition for pfoducing this radiation, the paper must
have a great elestrical resistance.and also have physical discontinuities.

He found that the best results were obtained from a strip of filter paper

impregnated with a two per cent snlution of sulphuric acid and then dried ")
. ¢ z

in free ajr. His investigation was entirely photographioc. s
In a second article, publiahed a few méntha'latera Reboul em-
ployed a pile of several laysrs of impregﬁated filter paper placed between
a terminal and a metallic gauze. "he uppéf contact was comested to the
negative side and the gauze to the positive aide.of a high tension direct
current supply. A4s a result, the air undar the gauze was found to de
ionized. <his lonization was measured by means of an electrometer and,
knowing the intensity of ionization at two different distances from the
gauze, Reboul computed the absorption coefficient for air, This value

confirmed his previous conclusion that the radiation was in a region be-

tweén 10 and 500 Angatrom Units dependent upon the applied potential,
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In a third paper,3 Reboul introduced a radical change in the-
oonstruction of the radiating source. Instead of filter paper, use was
made of powders of different orystalline substances compressed into the
form of a oylinder, Fig. 3 a. ‘he ocylinder was placed batween a plate A
and a gauze B, which were connected to a source of high tension direot
ourreng. When a current traversed the cell, the air below the gauze was
found to be ionized. He again attributed this ionization to a radiation
produced by the cell, By meanuriné the coefficisnt of absorption for
air and very thin films of celluloid, the range of radiation was located
within the same limits as in the previous investigation,

Reboul also found that slow moving electrons and positive par-

" ticles were projected from the bottom of the cylinder. By employing a

method of retarding potentials, the velooity of the electrons was deter-.
mined, Tho latter was in good agréement with the values that could be
obtaine; from the Einstein equation
\/%3 =hv

on gubstituting for vV the frequency of the emitted radiation as deter-
mined from the values of the absorption coefficients for air or ocelluloid,

This led Reboul to the explanation of the observed phenomena.
Acoorﬁing to his theory, the radiation is caused dy the electronic impacts
taking place in the surface layer sf the material near the bottom of the
cell. Due to discontinuities in the struoture of the csll, a potential
drop may be éatablished in this surface layer and the electrons acceler-
ated through 1t. Some of the moving electrons lose their energy on
00lliding with the molecules of the material substance, thus cauning an

emigsion of radiation,



Seven years have passed sincs the pudblication of the first
paper by Reboul, and not a single paper on the subject has appeared
since thon in the ourrent scientific literature by anybody else. The
importance of the work of Reboul lies in the fact that 1t provides a
new method for obtaining radiation in an important gap connecting X-rays
with ultra-violet. It is the object of this dissertation to desoribve the
experi&anta which were performed in order to determina whether the effect
observad by Reboul oould be reproduced. During the course of experimen-
tation it was found thaé in order %o make a radiating cell which will
produce very absorbable radiation, a number of faotors which were not
mentioned by Reboul must be oa;afully oontroilad. These essential ocondi-
tions together with the exberimentnl technique and the manner in whioch
they oontrol the character of the emission from the compressed powders'of

orystalline subastances will be described in what is to follow.
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' 11. -Experimental Arrangements

The diagram of connections, Fig. 1, repraesents the apparatus
employed in this research., A 110-volt ﬁlternating ourrent line was
connected acoross an auto-transformer which fed the primary of a 20000-
volt Aome transformer. The secondary of this transformer was connected
through a 150000 . protgoting rasigtance to a Kenotron rectifying tube
and to the testing box oonﬁaining the radiating cells. On account of
only half-wave rectifiocation, eight condensers each of 0.0017 M. F,
capacity were connected in parallel in ordasr to smpoth out the rectified
wave t;rm. These condensers werse protected by a spark gap adjusted for

15000 volts. |

The testing box was oonnepted as indicated in the diagram. A
galvanometer was placed on the grounded side of the oircuit and measured
the ourrent passing fhrough the testihg box without being affaected by
any 1eakago currents through the electrostatic voltmeter or coundensers.
A variable shunt resistancs was connected across the galvanometsr so that
1ts sersitivity could ba variéd from 2 x 1078 to 3 x 107° amper;s per

division,

An electrostatic voltmeter, with a range from 2000 to 10000 volts,
was used to measure the potential applied to the radiating oellu.. In ordﬁr
to be able to measure accur#tely a potential betwesn 500 and 2000 voits,
the auto-transformer was calibrated., This was dons by introducing a re-
glstance of ten megohms in place of the specimen and then regulating the
auto-tranaformer until the value of the current through the galvanometer

corresponded to 500, 1000, or 1500 volts. These points were marked on
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_the auto-tranaformer and used as reference pointe for potentials less
than 2000 volts. Incidentally, by the use of this ﬁethod the readings
of the eleotrostatic voltmeter were ochecked and found to agree within
five par cent in the range batween 2000 and 10000 volts.

A photograph of the assembled apparatus is shown in Fig, 2.
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I11. The Radiating Cell and its Accessories

The desoription of the radiating cell ussd by Reboul is
limited to a few lines: "La oeliﬁle 4 rayonment comprend, en princips,
una pastille d'un sel qui a été d'abord finement pulvériaé, puis
agglomerd 4 la presse a pastiller." If such a block of ooppresaed
orystalline powder be placed betwsen two electrodes, the lower of whioh
is a metallic gauze, upon the application of potential, a large number

of minute arcs or sparke can be observed at places where the gauze does

' not make a good contact with the compressed powder. It was then tried

to compress the powder directly on a gauzae. While this method deoreaaad
the arcing qonaidarnyly, the oontgct betwesn the gauze and the crystai~
lina:'gubatnnce did not remain permanent.

The results of Reboul, as far as the ionization of the air
below the gauze 1isa oonoerped, mist be regarded with grave doubt. Such
ionization is more like}y to have bean produced by arcing than by a
ra@iation emitted from the ocell. This explanapion may account for the
very large absorption coefficient obtained by him in the case of thin
sheats of celluloid. The reduction in ionization might have been oauséd,
not so mush by absorption of the radiation which supposedly caueed foni-
zation, as by the soreening effect produced by the film of celluloid
which evidently oould not be penetrated by the ionas produced at tie
localities of sparking.

This objeoction makes it imperative to construot a radiating
cell in such a mamner as to eliminate any arcing at the Junbtion of the

i

lower electrode and the orystalline powder. The prohlem presented mors
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.vexatious difficulties than were anticipated. More than twenty dirf-
ferent kinds of cells were tried, leading finally to a construction
whioch in every way proved to be satisfactory.

The final form of the radiating oell is represented in Fig. 3.
It is essentially composed of four parts: (1) an outer shell, (2) a
compressed orystalline powder, (3) an upper terminal, and (4) a lowe¥
torminal.

An outer shell was found to be essential, due to the fact that,

under low pressures, tha cohssion between the grains of the powder was
not sufficient to bvind the whole mass into one solid block. A f£idbre tubé,
l.6 om. inside diameter and 2.0 cm. long, was used for this purpose.
Since this tube would not withstand pressures above 5O Kg/om2 it was
necessary to insert it into a strong steel ring during the compression.

A lower terminal was made of a sheet of tin foil, 0,01 mm, thick.,

The central part of the foil had & hols 11 mm. in diameter, with 12 smaller

holes pupohad around it. BSoms powder would be compressed into these
small holes and thus provide an intimate contact with the cryutalliﬂe
substance.

The upper terminal consisted of a circular disc of bakelite
which acourately fitted into the fidbrae éube. Through the centre of this
.diec pamsed a sorew with a little plunger. The latter was pushed against
the compressed powder by a small hellcal spring located inside tﬁe SGYeW,

The proparation of the ocell oonsigted of the following opera-
tions, The materlal to be investigated was powdered in a mortar, then
passed through & 8’k sieve and retained on another silk sieve of a

finer mesh. In this manner it was possidle to obtain uniform graine
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‘ranging between fhe upper and tha lower limits of the two sieves em-
ployed. The amount of powder used in all the experiﬁants WAE 0Nne gram. .
Tha fibre tube was forced into the steel ring and the lower terminal
attached to the fibre tube by putting some glue on the lower edge of
fhe tube. The ring with the tube and the terminal was placed then on
a stesl base, the central part of which was elevated so that after
comprassion it left an indentation in the middle portion of the bottom
ag shown in Fig. 3. The powder was then put into the tube and a steel
plunger foroed down until the required pressure was obtained.

After compression, the £ibre tube was forced out of the ring.
Tha tin foil terminal was bent around the adga of the fibre tude to
provide contacts when the iatter was inserted into a dbrass ring in the
cell holder., The upper terminal was then attached to the tube and in
this form the cell was ready to be placed in the light-tight box for
the investigation of i1ts characteristic radiation., This investigation
wag done dy photographic means, The radiation from the cell was re-
corded on a photographic f£ilm located directly under the bottom of the
amitting surface. At the beginning only one cell was smploéed at a
time. It was found, however, that thers existed a large number of
faotors‘whioh determined the character of radiation. In order to be
able to understand thase fastors, investigate their influence and evaluate
their importance, resort was made to the.method most commonly employasd
in'the {nvestigation of any complex phenomenon., Six cells wers con-
structed under identical conditions with the exception of one fastor

whioh was assumed t0 affent the nature of the radiation. This one factor

-
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. wag made to vary in steps from one cell to the other. By applying
the same potential to all of these six cells and examining the final
effact, it was possible to draw a oonclusion as to the importance of
that one variable.

This led to the construotion of a light-tight box in which .
six fadiating cells ‘oould. be investigated simultaneously. The general
view of the box, with the six radiating oells and the film holders in
place is given in the photograph, ¥ig. 4. The box was constructed of
bakelite linaed with dlack velvet in order to eliminate the possibility
of any spurious effects due to the reflections from the walls., Its
dimensions wers 21 om. x 27 om, x 11 om,

The ocell holder was made of bakelite with six drass rings
ingerted. These rings were made as illustrated in Fig., 2. A plece of ’
wire connscted each ring with a separate terminal at the bottom of the
box, leading to a switch, as indicated on Fig. 5. By throwing a swivch
into the position 1 that particular cell could bhe connested directly to
earth, whereas i1f the switch were thrown into position 2 it was conncsoted
to earth through the galvanometer. In this man.ner it was possible to
measure the current through each cell individually without discomnecting
the others. The bakelite plate with the six cells could be removed from
the box by slipping it :mt of two parallel guides; the cell holder oould
alsp be adjusted in a vertiocal firection or turned through an angle.

The £1lm holders were mads of brass plates and were provided
with a string which, passing around every corner held the photographic
£ilm as wpll as the absorbing sheet of sslluloid or cellophane, The

. arrangement by means of which this was accomplished is represented in
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- Fig. 6., A small oylinder which fitted acourately into a brass tube

was soldered to the other side of each of the brass plates. The film
and the ahsorber could be attached to the plate and the latter mountsd
in the tube which passed through the double walls of ths light-tight
box. ‘“his tube ocould be slipped in and out, thus providing a means of
adjusting the film to any desired distance from the bottom of the radi-
atiné cell.

In order to éliminate any electrical discharges batween the
bottom of the cells and the f£ilm holders, the latter Yare also connsected
to the ground. <his arrangement probably affected the distribution of

the eleotrical field insids the cell., The importance of this point will

be considered in connaection with the meonanism of radiation.
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IV. Spectra of the Vigible Radiation

The first radiating cells were made of alum orystals pulver-
ized in a mortar. The grain size was not uniform varying probabl& be~
tween .0025" and .03", The pressure applied tg these cells was not
measured acocurately, it certaihly did pot oxceed 75.Kg/cm2. At a
potential of about 4000 volts the bottom of the cell bagan to emit
visible radiation of a bluish-green tint whioch passed without any
absorption through a plece of glass one millimeter thick. This radia-
tion was analyzed by means of a Baush and Lomd Constant DaviationQ
Spectrograph. Due to the fact that the intensity of radiation was very
small, the osll hﬁd to be placed very near to a wids slit and thg‘
duration of exposure had to be long. |

The cell was mounted.in a lipght-tight box attached directly to
the collimating tube of the spestrograph. Fig. 7 represents the spectrum
obtained from the radiating cell with an applied potential difference
of 8000 volts, the ourrent varying from b to 1,*“” the width of the
s8lit being .2mm. and the time of exposure 13 hours. For the purpose of
comparison, a meroury arc spectrum was photographed on tﬁe game plate.
The spactrogram obtained showed ele#en lines in the viasidble part of the
spectrum, Next it was necessary to obtain the spark spectrum of alum and
compare the two. For this purpose two alectrodéa ware praparad according
to the sketoh in Fig. 8. The outer shell for each electrode was made out
of a bakelite rod turned on ﬁha lathe to form a oup with a hole rumning
through i;a bottom. A piece of copper wire was inssrted first and then

soma alum powder Was compressed into the cup. The two electrodes were

soparated by a distance of ,2mm and, when a potential difference of 8000
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- volts was applied to them, a current between 6 and a/ua.wan passed
continously. The electrodes were set up in the same manner as the
radiating cell in front of a slit .03 mm wide and the plate was ex~
posed for 13 hours. Again for the purposs of comparizon a mercury
ars spactrum was obtained on the same plate. Knowing the wave-lengths

of the mercury arc lines, the calibration ourve for the apeotrogfaph

wag constructed. The zero line on both spectrograms was chosen as the

mercury line 4046 angstrom units. In Fig. 7 the lines were marked from
-1 to 10 and in Fig. 9 from -2 to 15. The lines in Fig. 9 which corres-
ponded to the lines in Fig, 7 were marked by the same numbers primed.
Thers existed a complete identity between these two series of lines as
far as their wave-lengths were concerned, This explained the visible
radiation emitted by the compressed powder of alum, the effect being
due to the sparks or arcs which ocourad within the cell upon the ﬁépli—
cation of a high potential differencs.

The conductivity of alum orystals is given by Joffe as

4

12 x 10716 oms/rz ’ while the conductivity of compressed alum powder

was found to be only 5 x 15“ om34a‘ s This tremendous inoreass in oon-
dustivity was probably dus to the moisture which was adsorbed by the

surfaces of the little'cryatals of alum, The conduction evidentaly takes

place over thelr surfaces. In a non-homogeneous substance we have to

TS TYWES ey = =

consider the raaiutanoa.aa being made up of an arrangement of reaiatanoes
and oapacities in series and in parallel. the structure of such a sub-
stance 1is hot‘continuous and if a potential is bullt to a sufficiently
high value a spark discharge will occur at the place of discontinuity,

. accompanied by & corresponding ionigzation, “The transfer of charges
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across such a hetsrogenseous conduotorhis dus to both polarization and
oconductivity. The spectrum of the characteristic radiation of such a
oonductor, i.e., radiating oell, corresponds to a spectrum produced

by a épark discharge between two electrodes composed of the same sub-

stance as that of the cell,
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- VY. Absmorbable Radiation

The presence of visible radiation emitted by an alum cell
did not exclude the possibility that under other circumstances the com-
pressed alum powder would emit very absorbable radiation., In faoct some
of the cells which were made showed the presence of such radiation, dbut
the results could not be reproduced at will. It was clear that thers
were several factors which determined the character of radiation from
compressed crystalline powders and it was the purpose of further investi-
gation to Aetermine the exact conditions under which absorbable radiation
oould be produced.

Test No. 420

In the first place the effect dus to different pressures, under

which the orystalline powder of alum was compressed, was determined.
One gram of alum powder with grain size of .0025" was put into fibre
tubes and a pressure varying from 57 Kg/om® to 2250 Kg/om> was applied

" to them. These cells were rlaced in the light-tight box and a potential
différenoe of 5000 volts applied to them. The upper half of the photo-
graphio film was coverad with a piece of celluloid 0.13 mm thick., If
there wore any absorbable radiation emitted by the cell, the upper part
of the film covered by celluloid ought not to show any darkening, The
developsd films showed that most of the radiation was limited to the visi-
ble part of the spsoirum and its intensity inoreased very regularly with
the pressure under which the cells we' - made. Film No. 420, a and b,

showed a considerably more absorbable radiation than thes rest of them.
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. Tegts Nos. 421 and 422

Two more runs wera oarried on six radiating cells No. 420.

The low pressure oslls oeased to show the presence of absorbable radi-
ation, This was due fo the fatigue mentioned by Reboul and was sub-
sfantiated also in some of the later experiments. It is a pesculiar

fact that the absorbable radiation which may be recorded during the
first twelve hours of exposure disappears almost completely in successive
exposures, although the ourrent througﬁ the cell may be increased two

or three-fold.

The inorease in the intensity of radiation with the inorease '
in pressure oan be attributed to the fact that under greater pressure
the compressed alum powder ieoomaa tranaluoen;. Under this condition
any light coming from the interior of the cell will be transmitted.

We may oconsider, therafore, that the intensity of radiation is a.func-
tion of the degree to which the subatance of the cell is rendered trans-
lucent, It was thought at firat that under high pressures the possibil-
ity of sparking in the interior of the oell would be deoreased and
therefore the radiation, if any, might be of the more absorbable type.
This oonclﬁsion was not supperted by the experiments, at least up to a
pressure of 2250 Kg/oma.

Test No. 423

As stated before, when alum orystals wsre pulverized, the con-
duotivity of the oompressed powder inoreased considerably., It was the
object in Test No. 423 to find out to what extent the humidity of the
air’affected the resistance of the cell and the oharacter of the emitted

radiation. In the provious test the relative humidity of the air was
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. 656 per cent, while in the present test i1t was only 55 per cent. The
pressure applied to the cells varied from 23 Kg/omz to 2250 Kg/omg.

A difference of ten per cent in humidity caused a five~£old
decrease in conductivity, éhe offect of humidity on conductivity
supports the eiplanation that the specific resistance of compressed
orystalline powdsrs depends upon the amount of molsture adsorbed by the
powder.

The developed films showed again that the intensity of radia-
tion inoreased with the inorease in pressure.

Pilm No. 423 a and b 1ndioata§ the presence of radiation whioch
wag ocompletely absorbed by eslluloid 0,13 mm thick. The moisture ocon-
tent of the powdsr was thus a very important factor determining one of
the condiiions under which a cell emits only absorbable radiation,

From the photograpﬁio studies it could not be docided whether
the absorbable radiation was also included in the visidle radiation
emitted by highly ocompressed cells. The intenaity was far too great to
vermit the observation of'any differenua due to the absorption that
migh£ have been caused by the celluloid. It ocan te stated, howaver,
that 1f such radlation were present, its intensity was many times smaller
than the intensity of the visible radiation.

¥From the above tests two important factors were found which
determined the conditions for producing vary absorbsble resuilation:

(1) The amount of molsture adsorbad by the powder, (;) The pressure
undsr which the orystalline powder was compressed into the fibre tuba.

Tast No. 425

The object of this test was top find out whether the conditiona
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. as determined in the previous two tests were sufficient to provide
reproducible results. Six radiating cells were made out of alum powder
similarly to lo. 423 a and b.

The developed fflms show that the character of the radiation
ig the same as that observed previously.

Tests Nos., 428, 429, 430

In all the previous tests the size of the grainsg of the
orystalline powder of alum was ,0025"., ‘‘he object of the present tests
was to determine what relation existed hetween the size of the grains,
the applied potential difference and the character of the emitted radi-
ation, In tﬁe preparation of the cells the constancy of the two factors
determined before was maintained, i.e., the relative humidity of the air
and the applied pressure. ‘ihe new variable introduced into Test No. 428
was %he size of the grains, whioh ranged from .0296" to .0025". The
doveloped films No. 428 indicate that abéorbable.radiatioﬁ is emitted
only wﬁen the size of the grains does not sxceed .0032",

Test No. 429, carried out on the same set of radiating cells,
showed that when the potential decreased to 3000 volts absorbable radi-
ation was emitted only by the cells the size of whose grains did not
exceed .0067",

Finally, Test No. 430 showed that when the applied potential
was reduced to 2000 ?olta 8 oell with still larger grains changed its
‘radintion from visible to absorbable.

As a result of these tests two more factors were discovered
whioh determine the conditions under which a compressed orystalline

substance becomes an emitter of only abaorbable radiations (1) the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ST R R AT S EeE T e TR T TR TERE e e o o AR
>

Reproduced with permission of the copyright owner.

[

oy
3
)
DY
t
o
L)
4}
AL d
)
3
iy
[

3 g

™ '

\! Y
i

i AR
o
o
G
)
3 TR
“ i -
~ ~

:

s r’
s~ i -
1 oy

2,

Fidd "y

]

Further reproduction prohibited without permission.



- 8ize of the grains; (2) the applied potential.

Test MNo. 432

In previous discussions the term "radiation" was freely used
in desoribing the cause of the darkening produced on the photographic
£ilm placed under the bottom of the cell. It was natural to raise the
question, whether the same effasct could not be attridbuted to chemioal
action or the mechanical action produced by the bombardment of the f£ilm
with electrons or ions that'are probably sjected from the bottom of the
cell. If the effect is caused by radiation;‘then by employing absorbers
of different thickmesses the darkening of the photographic film will
be shown to bo a function of the thicknese. This was the object of
Test Yo. 432, As absorbers a piece of qelluioid.o.ls mm thick and a
piece of cellophane .02 mm thick were used.

The developed film No. 432 6 and f indicates that some of the
radiation pasged through the cellophane while it was complete abso;bed
by the celluloid. If the sffect were due to‘ozone, no darkening would
be observed under the cellophane which is impervious to a gas. Since
neither an gleotgon nor an ion would pass through a film of oellophane
' 0,02 mm thiok, it was proper to attribute to radiation the darkening of

the photographic f£ilms observed in all the previous tests.

Tests Nos. 434 and 436

Acoording to Reboul the property of compressed orystalline
substances to emit very absorbable radiation was not limited to alum
alone. A test was oarried out also on some other substances such as
coal, lead acetate, sulphur, sodium ohloride, and coppor sulphate.

" Films Nos. 434 and 435 show the effect produced by each of the men-

tioned subatances under potentials of 2000 and 3000 volts.
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VI. The Mechanism of Radiation
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V1., Conclusions

The results of this investigation confirm the conclusions
of Reboul,that under proper conditions, ocompressed powders of some
orystalline substances hecome sources of very absorbable radiation,

The investigation led to the construstion of a radiating
cell in whioh the contact betwesn the electrods and the orystalline
substance was made in such a manner as to eliminate entirely the
possibility of sparking.. Such a cell, when mads under speoified
sonditions gives reproducidle results.

The faotors regulating the characteristic radiation from
compresasd orystalline substances ére: )

1. Chemical composition

2. Applied potential

3., Relative humidity of the air

4, Size of the orystalline grains

Bs Pressure

The necessary conditions under which an alum cell emits
abedrbabla radiation can be summarized as follows. For a potential
41fferenoe of £000 volts, the powder must be prepared and compressed
in an atmosphere whose humidity 5- less than 55 per cent. The average
size of the grains must be less than ,0032", and the pressure under
300 Kg/om3,

Under the above oconditions the emissipa from such a cell ia
completely absorbed by celluloid t = ,13 mm and only partially abd-
sorbed by oegiophane t = .02 mnm, Thiﬁ.indicataa that the range of

- the radiation liss between the extreme ultra-violet region and very
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. 8oft X-rays.
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