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3 means of this method it is possible to chemically record on
white paner the presence of a multi-variable electrical field and .also
the track of fall or passage of electromagnetic waves; consequently to
detect these without the aid of a galvanomzter, t.ernoelectric couple,
or any other instruments with wires. The method consistes of the use
of a detector of the short coherer type which is orovided with elec-
trodes of dif7erent metals, The coherer lies on the napver and touches
it at two »oints. The paper is impregnated with an indicator sensitive
to current and which changes color as a result of alectrolysis after
the waves strike the detector. The electrodes of the coherer can be
made from the same metals, but then it is necessary to pass through
the paper a current from a special batterv. By distributing on the
sheet of naper manv such detectors, each of about one centimeter in
length, after the waves strike (illumination by waves), the paper shows
the track of pass=zpe or strike of the ravs in the form of colored svots
(stictorrannr)e A deseriotion is given of the electrostatics. of the
stictographic detector, theory of plane current in a paper with a co~
herer lying on it, and the theory of static breakdown of a detector on
sensitive pansr., The action of the latter is reparded from the point
of view of photogranhic sensitometry.

"1. Sensitive Chemical Platd and its Use

For the recoriing of highly veriable fields, writing paper is
used which had been first imnregnated with a 0.l-l-percent solution of
phenolphthalein in aicohol and then moistened with a 2l-percent solu-
tion of salipster or sodium sulfate. The naper is placed on a nair
sieve or on a thin sheet of ehonite (we used a Sheet tiwee millimeters
thick)s; on the edge of the paper are placed two brass rulers perpen-
dicuvlar to the electrical vector of the waves (edge ele¢trodes, Fig 1),
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They are introduced into a circult of about 100 volts of direct currefi)
in series with a2 rheostat of 1000 ohms., Then a current of 20-50 milli~-
amperes flows through the pannr. ' .

The coherers seem to- rnpreaent Braille tubes rolling on small
wheels on the paper, the rotation of which replaces their shaking. The
coherers consist of small glass tubeg about six millimeters long and -
three millimeters in diameter. Short brass eléctrodes in the form of
rivets d (Fig 1) are positiened in shellac in their ends. The distance
between their internal surfaces is about two millimeters. It is half .

filled with slightly oxidized small brass shavings. Dwring the opera-
tion, the axes of ‘the coherers lie in the direction of the electrical
vector of the waves. By rolling or throwing over the coherers along
the paver when a current is passing through it during the operation of
the vibrator, the paper shows red spots under the electrodes (heads of
the rivets) of those coherers which-lie in places of sufficient inten-
- sity of the electrical fisld of the waves. Obviocusly, the center of

such a spot does not coincide with the center of the detector.

Hav1ng one==-1tiwo tens of coherers, it is useful to sew these on in
oblique rows to the thread net drawg on the light frame or to place
these in the slots of the thin ebonite sheet, situated stepwise. The
axes of the coherers thereby remain, of course, parallel to the elec-

“trical field. Such a frame or plate has the dimensions of sbout 10~15
centimeters, forming some kind of an "electrical cliche." In the
course of its movement along the paper, 211 the coherers are at once
displaced sirmltaneously. v

In order to avoid the formation at the edge electrodes of large
spots, it isg useful during the stictographic process to commmutate the
direct current (Fig l) Z?iluctratlve materizl on the next pagg7 Each
spot of the detector is displaced for half of its length with respect
to the center of the section of the multivariasblé field which acts on
the detector. This displacement takes place in the direction of the
axis of the deteactor. In order to obtain accurate pictures of non-
rectilinear fields, the latter circumstance should be taken into ac-
count and the waves should be played on:the plate only for one kind of
direction of direct current.

In order to reduce the wear of the vibrator or other source of
the variable field, it is useful to include its feeding alternating
current only for several seconds at the start of each completion of
the direct current, for which there is a special switch on the axis
of the commutator (Fig 1). .

The operation of the coherers under the.indicated conditions
has the following characteristic. In ordinary shakers of old radio
receivers it is possible to use coherers of the greatest sensitivity,
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Fig 1

the conductivity of which lies on the limit and diszonecers only after
several imracte of the shaker, Actually, tie coherer gives the signal
and the shaker onerates until there is an unstable condition of the
ghavings, which Jisanpeers under the weaksst action of electrical vi-
brations. Under real conditions, we select coherers of (reat strength,
of the orisr of 20 volis, according to the measurements by Z. Geo Chern=
vavskara, s0 thatv in the absence of vibrations, thev should not .give
anv spots on the paper. Hence, it.1s necessar™ to oxidize the shavings.
The initial condition of such coherers is far fxom stable and, for this
reason, their sansitivity is considerably less than the ordinary.

Desnite this, it ic possible to make nhotographs by using waves
of insi-snificant energr and to obtain images of various objects, in
particular to obtain a "rhotographt of the Jifiraction snectrum of itie
electromarnatic waves. Such vhotogranhs, forred o7y dots, can be call-
ed stictogranms and the method itself -~ suvictosraniy (from the Greek
gv1x1és -~ sneckled with spots).

2. Oources of Waves

Three types cf the vibrator with spark ex itation were used in
the experiments doscribed below. : :

Tn one case, it consisted of two comes V (¥ig 1) positioned on
glass horns of two tubes. The cones had on the apex rounded heads by




means of which thev were thrust into two diametrically opposite points
1nto 2 thin rabbar tube containing acetone (J. Artad!yev. ZhRFKhO

/uournal of ‘tussian Phsico-Chemical Society/, L, 165, 19133 Ann, d.
hv G, 1A, 1019,).

The seCOﬂ” tme renresents two small crlinders screwed into an
ebonite frame, gecured with shellac at the ends of two ; ¢lass tubes.
All is olaced in a third, wider tuoe about 10-12 milﬁimeters in diame=-
ter and filled with karosene (V. Arkad'vev. Zh.R.f.Khe0., LS, L6,
:’lj; Ame de "’hvuo, e' 113, loll.l )

- The third Hvpe o* vibrator (lebedev) consistaed of two brass cyl-
inders secured b shellac in the ends of two glass tubes on the axis of
2 prrabolic wirror. fYhe vibrator and mirror, locatad horizontally,
vere immersed in korovene. The rays ewersod vertically unward.

The {escf’Hed vihrators onroduced waves :5=iG0 millimeters in
length, Thov wers fa2d from 2 small T8sls transformer weich cave two
feeding snarks in the air 2-l: millimeters in 1en~tn. In the nrimary
circuit of the Tesla transformer, the spari gan w forrea by four
nlates of the extincition smark (leshfunken) Aischarper from medical
equinment for Aiatherrr,

- 3 1’1fzotoc;'.r'zml'xs

1. vi" 1 shows the recording of the imnage of the Hertz dinole.
The conceve wirror I (Fig 1) with a radius of cnrvature of 2Y centi-
meters and a diameter of 20 centimeters projects the vibrator V on the
naver P, The ontical adiustment of the axes and <he ad’iustment ior : —
Tocus are accomnliched Oﬂtﬁchllv br nmeans of the light of feeding
sparks £,

The distance 7)) Trom the vibrator to its imsse was 62 milline-
tere. The screen serves £or the orotection of the sensitive screen
P against the direct action of the waves. 4he lencth of the vibra-
tor was 12 millimeters and the wavelength was about four centimeters.
The image of the vi%r?tor; formed by the Hertz waves emitted by it,
is shown in #ig 2 v neans of spots of the darkening oi the screen
at the mointr o7 contact of the reacting datectors.

It follows from the theory of diffraction that the image of a
luminous noint in the focal nlane of an astronowical tubde represents
a circle of brmgntﬂcsq which decresses ranidly towvard the edpes and
is surroundad v a svsiem of diffraction rines conciderably less
bright. Ye shall desimnste the radius of the onening of the objiec-
tive v r, its “ocal distance by 1, the wavelensth v A 2nd br § the
distance of the.noint uvnder conSLderation, Ixing in thg focal plane,




from the focus. e shall introduce

xr

ngc——u_

TA

The illwhination in different points of a diffraction image will
be designated by E and the illumination in its center.by Eo. The fol-
lowing table lists the values of B/E, for different n (N. M. Kislov.
Theory of optical instruments, page §3, Moscow, 1915.):’ :

Table 1
] , 1 j
n 10 1 16 2 22 27 | 32 38 52
N f ]
E 1 | 0,7745] 0,5075; 0,336 0.75545 0,085 0,0265] 0,000 ; 00174
- . L o
V"E,,’ 1 | 08801 0,7124) 0,5767 0,505¢ 0,274/ 0,1633| + 0.0067 ° — 0,320
~ . '

1

Je sea from this table that the brightness of the spot decreases
to half for the distance détermined bv n = 1.6 when

!mo,as'n-’;{

T+ changes into zero when n = 3,8 when

"80,6051!.
.or
%

At the maximum of the first diffraction ring, when n = 5.2, it
amounts to less than twuo percent of the brightness in the center, while
the armlitade is ecusl to 13 vercent of the amplitude in the center.
The diameter of the central snot 26 1is.determined by the speed of the
objective Zr/f. Taking as the width of the spot & that diameter at the
ends of which the energy falls to half (E/EO = 0.5), it can be deter-
mined that :

a=100f. (1)

Je see that the width of the image of the noint depends on the
wavelength and goesd of the objective and does not depend at all on
its dimensions. Tn rhotographic objectives and 2stronomical tubes
£/2r is frecuently of the order of 5; for this resson, theyr give an
image of the point with 2 width 8 = 7a. Iet us assume that formila
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(1) as a first approximation; is applicszble also in our case. This is
equivalent to the assumption that the threshold of sensitivity of the
- plate is B = 0.5 Egs See paragraph h. For the width of the image, we
find ‘ § . ‘ . :
| % A=.~"1.4-4‘§§=4,7 .

This is not in poor agfeemeﬂt with experiment (Fig 2) where the
central spot is surrounded by a ring of points. Fig 3 shows a summary

:.

Fig 3.

photograrh obtained by the superposition on one another of ten such
photographs. In order to investigate the distribution of the density
of the points along the radius, the central spot was divided into con-
centric zones with circles of radii equal to h, 8, 12,.. millimeters,
the center of which was in the center of the optical image of the
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dipole. :The number of peints
of edch wave, divided by its
area, is shown in Fig L by a
solid line. -The dotted line
represents the -distribution
-of .the energy-in accordance
with the theory of optical
diffraction from the cir-
cular opening, on the as=. -
sumption that A = 3.8 cen~,‘v’
timeters. In order to

clarify the uniformities of
the illumination of the™

gzones in the different azi- ‘ S :

muths, each zone was divided . PFigh

into 18 sectors of 20 de-

grees each. By calculating the density of the small spots in each sec-
tor of a zone, it is possible to obtain curves of the distribution of
the density along the azimuths (Fig >), where the relative den51ty is
plotted along the radii. , .

~Points - ‘
Distribution

When the paper ‘and the coherers lying thereon were positioned
perpendicular o the axis of the vibrator, no traces of the action of
the coherers.were detected. This 1nd1cates a weskness of the perpen-
dicular component of tne electrical vector in the image of the dipole.

. Photographs 2—3 and thelr proc-
essing were accompllshed by Ae M.
Morozova.

_ 2. Fig 5 shows a cross section
~ of a bundle of rays of. electromagnetic

- weves emsnating from a horizontal
Hertz mirror. The rays are intersect-
ed by a sensitive screen which is at a
distance of 1, millimeters from the

. axis of the mirror. A reproduction of
the resulting figure is shown in Fig 6.
By placing in the path of the rays a
paraffin lens, the cross section of the
bundle becomes considerably narrower
(Fig 7)e At a distance of 17 and 22 centimeters, the nhotographs wore

alike.

A 3. Fig 8 shows the dlstributlon of the instruments for photo-
graphing the diffraction spectra. For this purposs, a diffraction
grating consisting of metallic strips 25 millimeters wide and situated
25 millimeters from one another was placed over the lems. Fig 8 shows




the resulting ooints which reoresent one smectrum of zero order and two
spectra of the Tirst order. Straight lines are drawn through the re-
sulting points; hacause of such hatching, the spectra of the different
orders apmear clearer »nd the different iliumination in the different
locations of the plate anpears more vivid. :
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The distance 28 between the middle of the
right and left snpectra amounts to 25 centimeters,
the distance ¢ Irom the grating to the sensitive . .ee
screen is 17.5 cantimeters.” The period of the o v & ®
fratine a = 5,0 centimeters. -Since KA
. , , . | ':..::...'..: ¢ o
L ) '
Ae=gsinamg ——r—>, - | . . e s
: V&5 :.’. .0. . €
then LT SRR
i 125 .
A=8  29 o . .
2i3=29 ¢ o
[ ]
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For the retio of the wavelength to the P
1 langth of the vibrater 1 = 7 millimeters, we ob~- \
tein in this cas
LISy . fie 7
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Fig 8

The vibrator which is in the air has for such short waves a
2/1 of about three (V. Arkad'vev. ZhoR.F.Kh.0. Lb, 165, 19123 Ann. d.
Phys. 58, 105, 1919, Tableé 1; see also F. F. Nichols and J. D. Tear,
Phys. Rev. 1"2;7 21, 587, 1923.) In this case, it is immersed in .

kerosene {cﬁ-?) and for this reason, the

ratic A/1 = L.1, close to 3 » ¥ 2 is quite
acceptable. . S

. The next three photographs rep-
resent a shade of an iron strip 27.5 mil-
limeters wide, sescured directly under the.
ebonite plate of the sensitive screen. L
Fig 9 shows the shade of a strip situated_ |
parallel to the electrical vector of the :
waves which emanate from the horizontal . |
Hertz mirror (see Fig 6).. As we see, the '
shade in this case has a widtb af 31 : S
millimeters. . - } Fig 9

In Figs 10 and 11 the electrical vector is perpendicular to the
axis of the strip. Fig 10 was obtained by means of detectors 13 milli-
meters in length, while in Fig 11 the detectors had a length of eight
millimeters. This determines a much finer photograph and, for this
reason, the width of the wave shade was obtained closer to the dimen-
sions of the geometyric shade -~ 22 mlllimatnrs ingtead of 21 millime-
ters. j

’ S. The shade of a coin 33 millimeters in diameter, cemented
underneath the ebonlte, is very weak. The kev from an American lock
acts stronger (Fig 12). The geometric shade of the key is outlined
in the figure. ' R

\
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6. Fig 13 shows the shade of a U~shaped glass tube filled with
water and applied to the rear side of the sensitive plate; the dis-
tance from the source wag egqual to ten : ,

centimeters. The figures show the di-~ - . s .
rection of the electrical vector of : S LA
the waves. o [ lféﬁ“ﬁ :
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7. The shades of the hand of a woman and of the hand of a man
are reproduced in Fig lii.. The hand was placed under the sensitive
plate. The wavelength of the Hertz rays in this experiment, just as
in the praceding ones, was 2.9 centimeters. These photographs do not
lay ¢laim to accuracy. The fundamental possibility of obtaining such

- shades is of importance lere. Because of the large wavelength, the

outlines of the fingers are hardly noticeable.

8. Besides the cited photographs, diffraction images were ob=-
tained which were formed by a concave mirror having the form of a
right triangle., The resulting spot had approximstely the same dimen-
sions as from a round mirror; its form was somewhat indicative of a
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trisngle. An image was also obtained from an asymmetric Herts vibra-
tor which consisted of two unequal sections: on one half of the
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vibrator (Fig 1) was placed a lighti copper tube about four centimeters
long with a small flag at the end. - The resulting image consisted of
two superposed spots of earlier size. - This indicated that emigsion
proceeded from the ends of the vibrator and that the emitted waves had
the earlier small length. )

9. The method of coherers makes it possible to record also
electrical fields of high frequency. Under the parallel wires of the
Leher system in which standing waves are excited there is a long sen-
sitive electrochemical plate with long edge electrodes parallel to the
wires., The coherers are at a distance of several centimeters from the
wires. In the antinodes of the waves, they leawe spots on the paper.
At the nodes, the paper does mot turn dark. Photographs of such a
type were reproduced without difficulty with an instrument for stand-
ing waves in wires in accordance with Drude and using a Blondlo vi=~"
brator. The waves had a length of 75 centimeters (observations by -
V. N. Azniyev). ' B

i. Practical Applications

In the practice of research laboratories the described method
of coherers can find the most diverse applications in the field of
long waves as well as very short. This method can be used to inves-
tigate phenomena of diffraction of Hertz waves during their passage
near different bodies, which can be used for the solution of prob-
lems of the distribution of high-frequency fields and rays in radio
engineering, in problems of the application of ultrashort waves in

1




medicine for the study of the penetration of the fields of meter waves
into the human organism and many others.

The describved method is the only means of graphic renroduction
od the centers of electromagnetic radiation in complex vibrating sys-
tem, so to say, the means of the perception of the sources of the
Pointing vector. ihis confirms the described experiment with the a~
svmmetric vibrator which radiates with its ends the energy of its
overtones. The method of chemical recording of electromagnetic radia-

ion makes it possible to "photograph!" the spectra of Hertz rays just
as we vohotograph light and ultraviolet snectra.

Y=rarys make it possible to distineuish within bodies the vor-
tions which differ in density, for example the bones or metals within
the tiscues of an organism. In order to dstect hodies of the same
density, for examnls paraffin in water or water inclusions in paraf-
fin or in oil, x-rars are of little use or no use at all. In these
cases, in order to detect bodies which diffsr in elecirical proner-
tieg, use can be made of Hertz waves several centimeters in length,
which, if the datectable bodies are not very small, can give on a _

chemical screen shedes similar to images given by x-ravs on a photo=
graphic plate. Br this method it is possiblie to revesal in dislec-
trics hollow spaces or metallic bodies. This method makes it pos-
¢ible to spesk about the detection of defects in dislectric shapes
such as, for example, carbolite, ebonite, or vorcelain insulators,
castings of naraffin, etc. It can serve also for detecting layers of
water in barrels with oil, tar, compound, etc. So far, it has been
demonstratad that this method is applicable for laboratory work. #ith
further develovment, it can find application, first of all, in those
cases in which i-ravs cannot be used. In-eomparison with these, it
has a great advantage as regards simplicity of application and low
cost of the amparatus: 51l operations are conducted in the light,
while the sources of energy are extremely simple: induction coil which
glves 30 kilovolts and direct current of severzl hundred amperes with
WO volts (Par 1). ‘ ‘

Fig 1% shows uniform illumination of the plate by rays of the
vibrator which nroduces waves three centimeters long. The waves vassed
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along the axis of a solid, continuous paraffin cylinder 15 centimeters .
high and 16 centimeters long. When a hollow space four centimeters in
diameter was made in the cvlinder, a shade was obtained as showm in

Fig 16, Fig 17 shows the shade of the same hollow space containing
water. ' -

Y, Theoretical Premises of the Method
A. Diffevcnce. of Potentials Within the Coherer

: When the coherer is in a varisble electrical field, then, if its
extinction from contact with a moist paper is not excessively large, it
can resonate on the electricel vibrations; the length of their wave is
close to the double or triple length of the coherer, if it resonates
with a basic. frequency. Resonance with overtones is also possible.

Tn case of resonance, the charges aimed at the ends of the de-
tector can be greater than those which are aimed in more slowly chang-
ing (quasistatic) fields. :

(2) In the last case, the charges can be approximately calcu-
lated as the electrostatic induction on two spheres connected with a
long thin wire; up to the breakdowm, the wire in the middle is cut and
closed on thé condenser of capacitance C, which represents the capaci-
tance of the shavings-covered gap ‘between the electrodes of the detec-
tor (Fig 18). The capacitance of the spheres represents the external
capacitance of heads of the rivets of the datector, which we shall as-
sume equal to their radius r. ILet the guantity of electricity aimed .
at the spheresz be g3 this same quantity q.ls directed at the condenser;
for this reason, the differehce of the potentials of the spheres is
q/C. The charges aimed at the .spheres reduce to this value the dif-
- ference of potentials U, which-in the absence of the spheres was in two
points of the.field, at a-distance equal to -
the distance of the centers of the spheres | _ .
a. If the voltage of the field is E, then 555?:54" - yeE

this difference of the potentials is U = aB. [ b <ij2) ;
We shall assume for the simplicity of the g<:::}f # <)
calculation that the surface of the zero ! /oo N
potential passes through the middle of the | b A
distance betwesn the spheres. The poten-

tial at the place of the given sphere /e Fig 18

15 compensated to q/2C:

7

(1) by the potential of the charge of the given sphere T

(2) by the potential of the charge of the adjacent sphere;

(3) bv the potential of the charges of the dipole q', .aimed at
the adjacent sphere, .

AN
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The dipole charge of the sphere from each of its side
g =k wrPE,

where k is the susceptibility of the form of the sphere (V. K. Ar-
kad'vev. T7lectromagnetic vrocesses in metals, part 1, page 132, Mos-
cow, 1935.), equal to ¥m e is its cross section and E' = E + volt-
age of the field produced by the adjacent swhere. The positive charge
of the dinole is from its negative charge at a distance of 2/3 2r. The
notertial in the field of the given sphere of the dipoles increases by
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From this we find
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( Jisregarding the second member in the numsrator and assuming
2/c = 2/r -~ 2/a, we find . -
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The difference of potentials bestween the electrodes of the detec-
tor we find equal to

It follows from this that the maximum difference of potentials
is =squal to Ba when C ~—-» 0.

s -

Presenting C in the form e/(4n3), where ¢ i's the area of contact
of the shavings and § is the thickness of the insulating layer of
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oxides, we find
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Je are interested also in the average concentration of the lines
of force on tha surface of the spheres, which can be regarded as the
permeability of the form of the detector

'4;::7 &
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If the internal capacitance of the coherer is very great, then

where

A-c:% .

Taking into consideration that the concentration of the llnes of
force on the richt and left-side of each sphere, taken separately, is

equal to its mermeability of form 3, we find the concentration of the
lines of force on the external side of the spheres of our model .

m1.=m+3

-t

and on the internal side h
My = m = 3.

{b) The magnitude of the internal difference of the potentials
can be calculated also if the detector is likened not to a pair of
spheres but 1o a cvlinder or ellipsoid having a susceptibility of form
k. We assume that the cylinder is cut in the middle, perpendicular to
the axis where there is z slot of capacitance C and width § . C is so
great that the distribution of the charges on the cvlinder did not
change its depolarizing coefficient M. However, the slot reduces the
polarization of the cvlinder in such a manner that the difference of
the potentiale 3 which arpears on the halves can be equated to the in-
ternal difference of the potentials between the poles of the cylinder
of the dielectric with a certain dielectric nermpabllxtv smdmzfle
By aesignating in such a cylinder the internal field by E By and the
distance between the noles by a', we find ' 3=dEl, In the case of an
¢llivsoid, d&'=24af3 wiile in the case of a cylinder, 'S 84 BY
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_designating the surface density of the chargzss within the slot by I,
we find that in the conducting cut cylinder 3..4pzs. In an equivalent

dlelectric cylinder, I=£X" Hence, x= %, . The susceptibility of
the hody of a erlinder is . '
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vhere m=4=xk.

Here, m is the perueability of the form of a nicerced coherer,
le 24y the extent .ol concentration therein of %the elsctirical lines of
Yorce wher 1t is sitveted in a uniform field warallel to the latter. m
is determined from the relative length of the coherer A=%, and increases
together with it. ‘e determine m from snacial tebles pertaining to
rmarnatonstric céefficisnts w of the cylinders; they are close to m of
the ellinsoids. For a relative length of the detector & s approximately
eonual to three, itc m amounts to about ten. For this resson, its sus-
centihility of the body X, is close to its susceptibility of the form
k: in other words, the narrow sloté<€ae/min tie cut criinder decreases

only insipnilicently the charges aimed at it.

e charge on cach half of the detector in the field & is.
=Ex,s, where ¢ is its cross section. Tha difference of the noten-
tials is ) ’ . -

F = ‘Z- =m 2 §E.

‘2 see that in both cases considered (nair of gpheres and cyl-
inder; the nolentiel 7 will be greater the greater the length of the
coherer, the greater the thickness of the laver of cidides g and the
smaller o , 1. 2., Uhe transverse cross section of the shavings be-
wween its electrodes. The greater this potzntisl and the smaller the
disruntive potential of the coherer u, the more sensitive it is.

3. Distribution of the Current near the Ustector
‘Te shall examine an active deotector, i. e., a detector with
electrodas Trom different metals. Tt can be imdgined that the area of

the contact of the elsctrodes with the paper is li:dted by circles of
small radins p, hich are at a distance of o from one 2nother, great in
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comparison with 2 o+ 7The resistance of the detector itself Ry is not
great, for this reason, almost the entire difarence of potantials is
frequently ammlied on the resistance of the adjacent scction of the
sheet of »anzr. The lather is caleulated from an erxsuinetion of tne
cistribution o the lires of the potential mnd densiir of the clrrent
in the shest of waner. The vroblem reduces itueli %o the solution of
the plane ~roulem of finding the integral of the Lanlace equation and
coincides with the nroblem of the slectrostatic field between two
narallel wires (A, A. Smwrov. High-voltage electrical engineering,
nare 33, 193%.)s Je shell call this problem the problem of the plane
dinole. The wvesisiance of the paner on which the dicole lies, for a
emall P, is ecunl to

-

1. a

R== =

T
where 7 is the smecific electric copduct~
ivitr of the »aver and § is ites thickness.

Thg currant in the active detector is

i== 9
R¥R,

vhere 3 1s its electromotive force.

T™e lines which show the direction Fig 19
of the current and the distrimution of the
notential are shoun in Fig 19. . The first represent ths circles which
r=2st on two points lrine within the circies of centzet of the elsc~
trodes with tle naner. The equinotential linss are assentislly the
circlaes which have as a diametsr the distance betueesn the two nolnts
hermonically dividing the distance betwesn the elscirodes in an in-
ternal and external wsnner. The lines of ecuzl density of current
ars essentially lemniscates. At a great distance, thev encompass
voth contacts, Jf « -6 which alwars takes places in ouvxr case, at
small distances the Jemniscates break down into two egp-shaped curves.

7hen we have a nassive detector, i. e., a d=tector with elec-
trodes from like metals, than we are, first of all, inierested in the
alectromotive “urce 3 itetween the noints of the paper, which are at
2 distance o7 “he elactreses of the detector. II the density of the
currant in the vancy is '

!
J =
R L
where I is the current in the sheet of nansr of widin o =nd tialckness
6‘ [} .b;len N *
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J".9==Ja.:
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In order for the current to pass through the detector, this
magnitude should be greater than the electromotive force of polariza-
tion of the electrodesgSQ,because otherwise, the electrolysis will not
take place. Its speed and the speed of formation of the spots will be
greater the greater 3—3, and the current in the detector 1.

In ths. paper at the electrodes of the passive detector, hecause
of its small resistance, the difference of potentials is eoual to the
electromotive force of polarization 3,. Hence,

., 93—3, .
= RTR

This means that the current which causes electrolysis at the electrode
increases with the density of the current of the bettery J and the
length a of the detector.

The picture of the field in the case of the passive detector is
obtained v the suverposition of the active detector on the uniform
field of density of the external current. Fig 20 shows such a diagram,
constructed by V. As Xizel! in accordance with Mawwell method by adding
the notentials in different points (V. A. Kizel'. ZhZTF /Journal of
Fxperimental and Theoretical Physics/, in print.). The photograph of
an active field of the detector, lying on the naper, was obtained by
Panasenkov in accordance with the Zinger method (A. Zinger. ZS. d. Ph.
Ve Ch. Unterr. 13, 336, 1900. I am indebted to professor A. I. Bachin-
skiy for the reference to this work bv A. V. Zinger. The study of the
method by A. V. Zinger is dealt with in a snecial investigation by F.
F. Panasencov. ZhETF &, L57, 1936.). ‘ '

In order to calculate the field near the nassive dipole, we shall
examine the electrostatic problem of two parallel cvlinders connected
electrically and introduced inte a uniform electrical field E (An an-
alogous problem for two spheres was solved by A. A. Petrovskiy. Iazv.
L. Pr. Geofiziki ¥Zikh /News of the Institute of Aonlied Geophysics of
the Supreme Soviet of the National Economz?, No 1, 1925, No 2, 1926.).
At a distance a, there is action by the difference of potentials
J==Ea which is neutralized by the charges =g aimed onto the cylin-
ders; the charges give the difference of potentials ™9 m ¢ ' Where

C==1/(41n afp) the capacitance between the cvlinders, wiS%h is at
orie centimeter of their length. Hence, -

Ea

G v .
4’
P
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: From one centimeter of the length of the positively electrified
cylinder there is a stream of electrical lines

'-'—“_‘Bc
la-.

For a case of two disks lying on moist paper, the current i
passing through their connecting wire isfys!}g hence,

e
..
ms
P

Noting thatﬁ;méA is the density of the current in the paper J, we find

' : ne
haw
»

The average density of the current on the circumference of each disk is

.

Since each disk individually concentrates the lines of current
twofold (transverse permeability of the form of a cylinder (V. Arkad'yev.
Electromagznetic processes in metals. part 1, page 135, Moscow, 1935.)

m = 2), then the density of the lines of current with the external side
of the disks is o -

, .‘;;f_y’
and with the internal
5&;-?@

By designating this coefficient for J by the letter m, and cor-
resrondingly m, we find

and ' T
My — 8, .
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where
. A-%.

On the hasis of this formula; it is possible to calculate the
concentration of the lines of' currend for a plane dipole with A =38,
shown in Fig 19 where the distance between the centers of the dipoles
is equal to 1L centimeters and their diameter O.)4 centimeters. In a
uniform field, the distance between the lines of force is equal to one .
centimeter.

1

-38

in Fig 19 the dipole encompasses nine lines of the field.

The field formed by each of the cyllnders separately at a dis-
tance of r from its axis is

it o b

Its natural polarization (V. Arkad'yev. loc: cit. page 132, equation
(23L4) ) zives from onposite sides charges for one centimeter of length

| ""“‘7;5(5—-50"‘%(! l‘)Ef

2in —~
1 a4 .

s

which for large r can be considered ‘concentrated within the cylinders
on two lines which are at a distance (V. Arkad'yev. loc. cit. page 132,
equation 23k4) ) of 2/3° 2p + On the vlane passing through these lines,
the field is equal to ‘ S

H " : . R
{ ABmmgf 3 1 2 '
; N Db .
("“3—9 r+1;?)’ ‘ '
approximately .
| AZ 8.¢'y
Lf"ﬁr%?f

Substituting q', we find
: 88 3.1
1 .
rﬁ( -wg-‘-ﬁ%} |
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Between the two cylinders the field formed by them is h(
(This same formula can be obtained from the expression of
near two cyllnders, which was derived by V. A. Kizel! (equation (11),
loc. cit.) from more genaral considerations also for any point of the
plane when iR58p- The difference.ig exhausted by the coefficient near

iﬁhe potential

the parentheses, which, in the case of Kizel!, was equal to one instead

of TgjEs). )e

In the middle between the‘cvlinders, when

spr 1y
E“” E[mm k3 ai(i”fm)]ﬁ

For the case“A 85{;‘-—5’-—-0529 E

@“

Lt &arla.}.\pl o 1 mi.
bt ; [
lMMme% v 2in-—

e

From this it is nossibla to find

2- )
n=4l14 N
=i In—- o

t

In our example of Fig 20, it is p036101e to find that the field
betwsen the electrodes changes into zero at two points:

limeters and ry = 191.8 millineters. _

4

Cs Grain Size of Stictographic
Fhotographs

By grein size of the photogrephic nlate
are understood the dimensions of the aggre-
gates of the darkened small crystals of silver
bromide which form the individual g&roups.

Each small crystal has the size of about one
micron; consequently, it is two-three times
greater than the length of the incident waves
the aggregate of the small crystals which: are
in chemical contact and, for this reason, si-
maltaneously darkened in the developer has

the dimensions of hundredths of a millimeter.
For this reacon, the boundary of the resolving
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capacity of an ordinary photographic plate amounts to-0;02 ~ 0,03 mil-
limeters.

“ois marnituce is distinguished by the swe st a distance of
clear vision sousl to 20~30 centimeters because tha resolving force of
the eye iz about 1/1500 radisns or almost two-minute angle. Thus, the
dimensions of the aggregates exceed by several tens the wavelength
which causes the darlening.

in a sensitive layer, the individual aggrepates lie in several
rows one ahove the other and shield partly each other from the light
ravs passing throurh the negatives. This explains why the plate in
dark places can sometimes not pass light at all.

Under the conditions of our photographs, which were made by
méans of Hertz waves, the role of the aggregate which absorbs the waves
is plaved by the coherer. Its dimensions with respect to the length
of the wave are not great, amounting mostly toA /3. Consequently, it
is relatively swaller than a crystal. The coherer does not leave on
the paver a track eoual to it in size; the track is a little larger
than the area of contact of the electrode with the paper (circle @ 0.6
millimeters), The density of the layer of our photographs is, for this
reason, verv small.

In photogravhing large parts (large shades or images), the
photograph does not lose accuracy, if the track on the paper forms an
area ecual tc or even rreater than the nrojection of the cohsrer on
the parer. :

Such wagnified tracks are sometimes produced by us intentional-
1y bv forming with a rubber’ stamp round spots on the points left by
the detector on the paper, In this manaer, we {ind it nossible to
cover with a cclor the greater portion of the paper with a small num-
ner of contacts (Fig 1kh). . The photographs obtained up to now are small
with respect to the area, amounting to not more than several units or
tens of square wavelengths. In ordinary photography such photographs
cannot even be obtained hecause they are all positioned on one aggre-
sate of crvstals of silveér bromide. They could be wade only on very
fine-grained lavers such as the layers in diener or Lipman plates
which photogrerhed the stending light waves that formed within the
layer., :

D. GSensitometric Chemical Plate
A coherer, as is ¥nown, is a very ssnsipive and very unreli-
able Jdetector. Wowever, this is a cuality of the individual coherer.
In this case we are «akting use of several coherers si_‘\nmltaneously and
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we compel such a group of coherers to act repeatedly, covering the ,
paper many times with detector spots. Such a statistical utilization
of the coherer makes it possible to use it not only for cualitative
observations. An old coberer rejected for individual utilization can
again appear in the technique ss a statistical coherer. )

We shall now examine the quantity of. spots, i. e., the darken-
ing of the paper, as a function of the intensity of the incident en-
ergv, 1. e., of the illumination of the plate by Hertz waves E. The
darkening of the paper devends on the mumber of spots per square, ,
centimeter of paver. - Iet the contact spot in the middle have an area
s; sometlues we place on the photograph with a stamp a black circle
for each spot; we designate its ares also by s. If the spots are .
rare and one-circle does not touch another, then the darkening of the
paper will be determined by the ratio Ns/S=q, where N is the number
of eircles on the area of the vaper S. ‘le wish to note that in photo-
graphic sensitometry the coefficient of darkening O of the photograph-
ic layer (opacity) is called the ratio of the brightness of the sec~-
tion without decomposition products to the brightness of the section
with decomposition products; for a small a,

S | -
0= ¢ =Tz =1+¢

The optical properties of the layer are evalvated by its- opti-
cal density which is taken as D==lg,O. : :

1]
Since ®0=043431n 0=04343 (¢—F+% ..)" then for small q's, the
density is D=0,434 - -

If the coherer goes into action under the influence of an in-
stantaneous difference of potentials u,, then all the values less
than u, do not act on it; the greater ones act just as the maximum
difference of the potentisls u,; we shall call it the threshold of
the sensitivity of the detector. Xach detector is characterized by
its threshold u, which, for each ¢oherering, can have different
values. Sxperience shows, however, that for u close to u,, the num-
ber of coherering dstectors during the timeé of the vhotography zradu=-
ally increases with the time of operation of the w¥ibrator, which in-
dicates the influence also of the quantity of energy of radiation -
that fell on the peper. For this reason, in the factor u,, perhaps
one should also consider the energy radiated onto the detector. iie
assume that these values of u, are distributed between certain uj and
up in accordance with the law of chance and that the probability of
the appearance for the given completion in the .given coherer of the
valvue u lving between ug and u, *+ du, can be represented in the form
of the expression

N

23




Py duy = f (u)dug

nation in a certain section of the sensitive
monds in the coherer to the value of the factor
er of coherers n and completions m, the number of

e

,;
plate be T3 it corrss
v. Ffor = larre numb

coheraring aemch*s L8
13
== nm f J(ug) dug,
(]
7, end with it g and D, is 2 function of u which has the shape of an
inclined curwve which oends to the abscissa axis. Thic curve is made
parallel +o the anmis vor the greatest valuas of Uy which can only be

ancountered in 70.1 2l coherers. .

This means that the density D or the measure of derkening of
the rlate ¢ in a cmt*tnln region u, between certain u, and W, depend
liresrly on the illumination Egy for small
“ls lving below the threshold uq, the
nlate doss not chance under the action of
i1luminations. In this respect, our nlate )
is similar to a vhotographic plate which ‘ ——
also has a thrsshold of sensitivity. In 'ﬂ -
a cer’omn recion v and corrumond:mgly Dy g N
we can examine the devendence of D on B £
as linesr. This is "‘he region of the -
nronortional increase of the density witi =~ |8 .
the illuminaiion. In this region, which /\
in photopravhy is called the width of the > ' -
emulsion, “hotograshs are obtained with 4
the most correct transfer of the origr:mal.

3,

<0

Y%

iix'dr‘e.'rzan.*.',jr, the width of an emul-~ 8
2a0ured br the difference of the

lo"ar.kt‘ms of the corresponding exposures. Ve . ~N U
TT the 1ay of the distribution of u, near
its most »nrohable value is determined by - ,
the distridbution curve shown in Fig 21b, o £
then the "width of the ermlsion® of the A

elzctrochemical nlate, evalunated by the

difference IgB,—Ig, £, 1is very small, . Tig 2l

of the ordsr of 0.2. This corresponds

to the ratio &yE,=16 ; consequently, to a very ravnid risé




or a great contrast T of the photograph in this region; in photo~-
graphic sensitometry

T ReE T ) -

This contrast 7 or the density gradient

D
= d igyf

can be made very lnr?e b se]ectlng the coherers uith u_. as close as
possibles when uy = W, is very small (Fig 2la), such a Slate should

be used for nh0uo~raﬂ?s with image sections that differ in brightness, -
ie €ey with weak half tones.

For strongs and uniformly scattered values of u,, we obtain a
very large "width of emulsion" (Fig 2lc¢), which becomes necessary if
it is desired to fix the half tones in weak as well as in dark sec-
tions of thz image (See V. Arkad'yev and ®. Ghernvav kay. ZhETF, 7,
107, 1936 (see below) ). . -

6. Ccnclu31ons

“hile & can note the following features of similarity and
difference between the electrothemical (stictographic) and photo-
graphic sengltive nlates:

1. A chemlcal sensitive platé permits fixation of such phe-
nomena as electromagnetic radiation which camnot be picked up by any
other method in the fomm of a graphic image. '

2. It pmermits momentary photographs, i. ee, it is capable of
fixing extremely brief electrical phenomena.

3s I% has a threshold of sensitivity and can have a greater or
smaller "width of emulsion,” .

ho Tt reacts essentially on the amnlitude of the field and not
on its energy; for this reason, a chemically sensitive plate is not
canable of zccwrulating the action of radiation and has a high limit

of sensitivitv. \
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Its grain comprises a fraction of the length of the record- :
ed waves; for this reason, the accuracy of the photographs, in the
sense of the transfer of small details close in dimensions to .the wave~
length, is much grester than that of a photographic grain.

The electrochemical plate is anisotropic and has an axis of
the greatest sensitivity.

’

In a perpendicular direction, 1h does not
pick up electrical vibrations.
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