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.DE-», John JDegsauer- 
The Haloid Company 
Rochester 35 New York 

;Dear Dr••• -Se s sauer-": 

Tfö are enclosing 5U copies of Quarterly 
Progress Report No. h on Continuous-Tone EleCtrography,9 
This, report, covers work for the- three-mohth per-ied fr-em 
TtfäräjVf TiCl-   I'QTIQX   *a Jviftä "3:S'.  T;ö).ö_." 

jor advances have been .made in the achieving 
of high photographic speeds with .seleniura^cöäted electfo- 
phö'tög?äphie plates and some advances nave been made in 
the production of higher quality continuous-tone 
reproductions .. 

Work for the next quarter will be concentrated 
on further improvements in continuous-tone reproduction. 

Very truly yours,. 

•j-' 

ww" LJOTtswr 
En'c-, 

C, MMyi 
Lewis E* iValkup 
Assistant Supervisor 
Graphic Arts Research Division 
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QUARTERLY PROGRESS REPORT" NO. lj 
(March 15, 19Ü9? to June 15, 19U?)' 

on 

CONTINUOUS-TONE. ELECTROSTATIC ELECTRCGRAPHY 

to 

THE HALOID COMPANY 

(Subcontract Under Signal Corns Prime Contract 
No. ¥36-039 sc-3683&> 

(Department of the- Army Pro|e,etr   3--95-ÖU=Ö52): 

(Signal Corps-Project:    195 B) 

by 

•R. -M. Schaffert, D. T, Williams, and L.. E,  Walkup 

OBJECTIVE OF RESIiARCH: To evolve an electrostatic electrographic 
jystem eapable^of reproducing centinuous-- 
tone photögfäphsT      '• 

BATTELLE MOR-IAL INSTITUTE 

June 15,,19U9- 
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QUARTERLY PROGRESS 
(March 15, 19l*9, to 

REPORT NO, U 
June 15, 19Ü9'')- 

-                                                                    -      -              -     -ÖH- .   _    - -   -   - 

CÖNTINUOUS-TONE ELECTROSTATIC EEECTRG1GRAPHY 

.       -     to 

THE HALOID COMPANY 

(Subcontract Under Signal Corps Prime Contract 
No. ?£6-03? sc-36851) 

(Department of the Army Project? 3-.99-öVÖS>2')" 

(Signal Corps Project? 193 B:) 

from 

BATTELLE MEMORIAL INSTITUTE 

by 

R. M. Schafferti Dy""TV Williams, and L. E. Walkup 

Julie 15, 19l;9' 

SUMMARY 

This report covers, experimental work on continuous ^-ione electro- 

j. photography from March-15, 19U9-,- to June 15, 19U9. 

Work, for the past quarter was directed principally toward the two 

objectives of the. project, which have boon considered of greater Mpörtänce, 

namely,- ,(.1) photographic speed equivalent to £0 Weston^ and (2)' high- 

quality cbntihtKJUs-rtcne reproduction. Notable advances have been made 

toward both of thes.e^ölTjectives ^during" the. quarter. In future work, 
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emphasis will be concentrated primarily on improving, the quality of 

continuous-tone, prints. Consideration will also be given to the elements 

of the, design of a. camera embQd3ring electrophotography. 

Improved-quality continuous-törii pictures, of outdoor -scenes' wsr-'e- 

produced at. photographic speeds of A.S.A. 12 to A.'S.A« 3>0 (A.S.A. rating 

approximately equivalent to Yfeston rating) as compared to a photographic 

speed of approximately A.S.A. 1 obtained with electrophotography in the 

past. These increases, in photographic speed are attributable mainly to 

the introduction of powder-cloud developing methods using a development 

. grid close to the plate during development and, to a lesser extent, to the 

use of plates having sensitivity to red l'ightä 

The powder-cloud development method does not produce consistent 

results in its present form due, probably, to nonuniformity in present 

equipment, and methods. Work was initiated oh the study of uniformity of 

• powder^cloud development by setting up a fluorescent light source* 

equivalent to-mean .noon- sunlight., to be. used, with ä,[standard gray scale. 

Experiments- indicate that the electrophotographic process does 

hot follow exactly the reciprocity law for li^ht intensity and exposure 

time. Further work Mil be necessary to determine the practical impor- 

tance of the Observed departures from the reciprocity relationship. 

Spectral transmission measurements indicate that selenium films 

absorb light in a manner qualitatively proportional to their spectral 
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•sensitivities as electrophotographic plates. In the blue region of the 

spectrum,, to which selenium electrophotographic plates are most sensitive, : 

the light was found to penetrate the selenium layer only to about one- 

thxä'd öf ä Iniörön Or id about one-thirtieth of the' bhxökfiess of' the 

seleni'M film on a typical electrophotographic plate. 

Other experiments demonstrated that the selenium layer on electro^ 

photographic plates has its surface potential reduced approximately 

equally by light striking either the front or the back, surface of the 

selenium layer. Selenium films; deposited on electrically conductive- 

glass were used for this experiment. 

It was shown that selenium films on electrophotographic-" plates 

exhibit simple photoconductivity. An aluminum electrode was vacuum 

evaporated onto the selenium film of a plate. A battery and a galvanomoter 

were then connected in series between the electrode and the metal backing 

plate?. With this arrangement* a continuous electrical current, was 

Observed to flow through the selenium film as. long as. it was. _illuminated,\ 

The flow of current stopped when.-the illumination was removed. The 

electrophotographic plate with the auxiliary aluminum electrode would also 

accept a charge under the corona-discharge, wires. This charge could be • 

dissipated by ah exposure to light in a. manner similar to that of an 

ordinary- seiehiumrcoated plate« 
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Plates were treated with the vapors of the hälides - bromide, 

iodine,, and chlorine. AH -of these materials had detrimental effects 

on the plate, reducing, the maximum'; potential-, which the plate would^ 

accept and increasing the dark-decay rate. 

Exposure öf selenium- plates to infrared light produced in- 

consistent results* On some plates infrared irradiation increased the 

maximum potential which the plate would accept and decreased the dark- 

decay rate. On other plates, infrared irradiation appeared to have, no 

effect or it decreased the potential which the plate would accept and 

increased the dark-decay rate slightly. 

An apparatus was constructed for- the addition ol" impurities to 

the selenium layer during vacuum evaporation. This apparatus involved . 

a small screw-feed hopier into which could be introduced a mixture of 

selenium and the desired impurity. This hopper was intended to feed 

onto ä hot evaporation source such as an electrically heated molybdenum 

tö evaporate either of the ingredients of the mixture then it was 

assumed that a uniföm mixture of the two components would be deposited 

, oij the metal plate. The apparatus failed because of inability to over- 

come two defects-, (.1); the spattering of the materials from the evaporation 

: source^ :änd ^i2;); the. blocking,of the screw feed VTith. molten material,. 
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¥ork on. the simultaneous evaporation of selenium and an impurity 

was continued with a simple but less desirable method involving, a 

separate evaporation source for the selenium and for the impurity. 

Successful plates were made with the first and only material, tried,, 

bismuth* Plates with bismuth added as an impurity appeared to accept 

higher surface potentials and tö dark-^docay less rapidly than plates 

cöätöd with, pure selenium, :./crk is to be continued with other" impurities.* 

An extensive series of plates vf&ß  made in which the aluminum, 

backing plate was maintained at different temperatures during vacuum 

evaporation. Plates made at backing-plate temperatures between 60 

and ?09G.e were fblind1 to be mere, consistently acceptable and: tQ_exhibit. 

better adhesion between the selenium and the aluminum than plates made 

outside of this temperature range * Red-light sensitivity was present 

only in plates made above. 70 or 80°C. 

Attempts were made to prepare selenium plates by methods involving 

vapor deposition of selenium, at atmospheric pressures. Direct vapor 

deposition of selenium in atmospheres of nitrogen and helium did not 

produce acceptable plates.. Acceptable plates were prepared by a method 

involving the heat vaporization^ or seleh-ium into a stream of natural gas, 

followed' by -burning of. this, gas against a cool aluminum plate. 
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The suggestion was made .by Dr. Helmut Kallmänn of the United 

States Signal Corps that cadmium of zinc sulfide deposited onto a 

conducting plate might produce ä satisfactory electrophotographic plate. 

RGSUI-XS from preliminary e_sper_Ln_eht5: indicate that plates insdw in- this . 

manner vail function as electrophotographic plates, but no measurements 

have been made on photographic speed or on the quality of prints which 

4äin~ be produded from"them. 

The vibrating-probe electrometer was equipped with a device for 

automatically plotting, the pot«" trial-decay curve on logarithmic paper as 

readings are- being made.. " This device decreases the time required to 

make. pötehtiäl-Kieeay .•measurements «n- plates•* 

An additional theoretical treatment of the selenium layer, of an 

electrophotographic plate has been advanced. This theory involves the._____ 

assumption that photoconductivity in vitreous selenium films is dependent 

on the presence of interstitial electrical charges. The results <ef 

this theoretical treatment are in qualitative agreement with experimerita-1 

results obtained with selenium-coated plates. 
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FUT-ÖRE WORK 

Improvement of the quality of continuous^tpue images produced by 

electrophotography will be the major objective for work during the next 

three months» Minor objectives will be the improvement in quality of 

electrophotographic- plates -and the development- of the" elements of a 

i practical eämerä design. 

The föllöwing. more specific factors -wi-11 re ceive attentions 

1. Improvements in the powder-cloud developing technique- by a 

.study of the physical factors involved. 

A. Establishment of test methods for measuring 

the quality of image 3  involving, uniform exposure 

conditions/ the use of a gray scale and the intro- 

duction of definite procedures, ih-exposure and 

development process.. 

B. The testing of a variety of powders. 

C. The investigation of alternative methods 

-of producing a- powder elpud". 
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2.. The investigation of development methods other than the 

: use of" a powder cloud. Further consideration will he given to develop- 

ment by-cascading povvdor—carrier combinations across the plate, and 

to development by means Of vapors* 

3« Production of more uniform and more sensitive electrophoto- 

graphic _platesj involving selenium vacuum evaporated onto aluminum, by 

a study of the physical factors involved* 

A, Effect of gas pressure on quality of selenium film. 

B. Effect öf nature of gas in vacuum chamber during 

•evaporation. 

C.. Effect of electrical discharge during vacuum 

h>    Addition of impurities to selenium in the attempt to 

increase the photographic speed and to alter the spectral sensitivity 

of s.eieni-Um plates. - 

$.    Determination of the effect of chemical treatment of 

selenium plates in an attempt to increase photographic speed and alter 

spectral .sensitivity. 
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6-, Continuation of work on tho use of cadmium sulfid's and zinc 

suifi'd'e in electrophotographic plates. 

.?=. Qjoht-inuat-i-en of the attempt to arrive- a-t a theoretical 

explanation- of electrophotography. 

8. Development of the elements, of a design for ä practical 

camera involving ele ctrophotography. 

EUBLIGAEONS AND REPORTS 

SXPERS^NTAL _'. jPRK. gW PUTE-D5VBL0FiNG TECHNIQUES 

(D. L. Fauser and J. P« T/ronski) 

Development of Plates with, Electrically Charged Powder Cloud 

The powder-cloud developing box, as described in Quarterly 

Progress Report Mo. 3, pages 28|> to 390, was used to develop 
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electrophotographic plates for -ah evaluation of their effective photo?* 

graphic exposure speeds*. 

It was found possible to produce improved-quality pictures of 

;: outdoor scenes at. photographic speeds of. A.S.A. 12 to .A-..S.S-A~ 2$,as 

• compared to photographic speeds of approxdjnately A.S.A. 1 obtained with 

electrophotography in the past. This improvement in photographic speed 

is- primarily the result of an unproved powder-cloud developing method and. 

to a much lesser extent^ to the use of electrophotographic plates having 

.—sens-it-ivi-ty-to red"light. (:Red=sensitive plates are described in 

'Quarterly Progress Report No*- 

For these experiments> a camera was used to expose sensitized 

electrophotographic, plates to art outdoor scene. The illumination- of the 

scene was measured with a General, Electric, exposure meter. The practical 

plate speed was then determined from the readings on the exposure and lens 

[  opening which gave optimum results in the finished electrophotographic 

print;.--. 

In actual experiments, the plates were sensitized on a conventional 

unit in which the plate is carried under the corona-discharge wires by a 

motor-driven belt system. The time intervals involved were as follows: 

1. One minute, between sensitizing, and,-exposing... 

2. Five minute.s between exposing and developing. 

3. One-minute developing time. 
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Development involved the use of the. development grid and the 

sorting grid as described, in the first reference, above. The developer 

consisted of approximately equal parts of A-l-K powder* and soybean meal-?«*.. 

Figure 92 shows the electrical conditions used during the actual 

developing process~,   Approximately "8ÖÖ volts .göiö.ntia-1 difference, was- 

maintained between the sorting grid, and the development grid. This, 

potential was applied to attract negatively, charged powder to the :plate 

and to'keep positively charged powder from reaching the plate. The 

potential difference between the conducting back of" the electrophotographic 

plate: and the development grid was adjusted to a value between zero and 

j>QQ volts to produce the. best possible print* 

•Figure 93~a is ä reproduction of the best electrophotograph 

produced at a photographic speed of A.S.A. 12 with a plate coated with 

' selenium, to the conventional thickness- of 10 microns* The large: clear 

: areas oh- this print correspond to areas, of the plate from which the 

\  selenium film had flaked off. As yet, there is no explanation for the 

presence of the small white spots on this print. 

A preliminary investigation was undertaken to evaluate the 

advantages of plates having considerably thicker layers of selenium than 

those generally U3ed. It has been noted that thick selenium-coated plates, 

when sensitized to their maximum potential, have lights-decay rates which 

are more rapid than those of conventional thin selenium-coated plates. A 

plate with a selenium film approximately 60 microns in thickness (about 

#  95.2 per cent (by weight) Amberol F-71 (Resinous Products and Chemical 
Co., Inc., 222 W. Washington Square, Philadelphia, Fa.) and ii.8 per 
cent paven bead carbon black (Binney and Smith Co., New York, New York 
(by weight).. 

•*«•  Obtained from Swift and Company, Fostoria,. Ohio. Screen cut between 
IS' and i|ö mesh. RESTRICTED 
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four times normal film thickness) was used in an attempt to attain 

higher photographic speeds. Figure 93 "b is a reproduction of a print 

obtained from this plate at a speed of about A.S.A. £0. A picture.of 

somewhat poorer quality was obtained at a photographic .speed of A.S.A. 

100. 

Several light sources were evaluated for use in the illumination 

\  of ä gray scale which is to be used in. a further evaluation of electro- 

photographic continuous-tone photography« Combinations of daylight and 

blue fluorescent lamps were found most suitable for providing^the 

intensity and color temperature required to simulate mean noon sunlight. 

Reproduoibility Studies.ffsing^Powder^Slöud: Development 

A combination color chart and gray scale was prepared and 

illuminated with light having approximately the same spectral character- 

• istics as mean noon sunlight. A series of nine photographs of the chart 

was then taken using, a selenium-coated electrophotographic plate at an 

A.S.A' speed of approximately three. Caution was exercised to maintain 

uniform photographic and development conditions throughout the series of 

tests, The densities, of various parts of the photographs were then 

determined using a reflection densitometer. From this group of photo- 

graphs >  it was found that the densities of corresponding points varied 

by äs much as 100 per centi 
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EXPERIMENTS ON VAaUDI^-EVAPORA-TED, SELENIUM 
"      r ELECTROPHOTOGRAPHIC PLATES . 

(P., G. Ahdrüs, JD. C. Reynolds., J:. L.. Stockdale, 
0. A. Ullrich,, and J*. P. Tronski) 

Photographic, Reciprocity in Selenium 
Electrophotographic Plates' 

A series of tests were-conducted on one electrophotographic plate 

to determine the relationship between the light intensity and the exposure 

time required to produce a given potential drop on the. plate» The tests 

were: directed toward finding a relationship similar to the reciprocity 

relationship for silver halide photography:. However, instead of studying 

the photographic exposure necessary to produce a given image density, a 

given potential drop was chosen in order to eliminate variations caused 

by the development process. The data were taken,in the form of potential 

drops, resulting from various« exposure times while the light intensity was 

held constant.. These data were taken for several different light 

intensities at each of six different, wavelengths- of iigh't.7 

From these data the exposure times and light intensities required 

to produce a given potential drop, (in this case, 100 volts)were chosen? 

The relationship between these, chosen exposure times and light intensities 

then provided the reciprocity information which was sought. 

The tests were carried out using a- white-light source filtered 

to produce the desired wavelength and light intensities. Wavelengths 

of 652, 606, 557s h59>  U06, 353 millimicrons were used at intensities 
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ranging from 0.33 to. 185 microwatts per square centimeter. An "Alphax" 

camera shutter was used to produce exposure times of Q.Oii, O.i, 0,2, and 

0*5 seconds, Plate 12-21^80 was used.. 

The values for the plate potential drops for the various (exposures 

at different wave 'lengths: were determined in the following manner,« 'rhe 

plate, was charged using 7-000 volts positive potential on the corona- 

discharge needle. The plate was regenerated between successive tests. 

The net potential drop for a given exposure consisted of the difference 

between the dark-decay curve and the decay curve after exposure, measured 

five minutes after charging the plate. (See Figure 9h>)    In every case,* 

the pläte waä exposed at the time when its dark-decay curve passed 

through 6Ö0 volts1. This- always occurred within thirty seconds after the. 

end of the charging cycle» This procedure was adopted in order to avoid 

difficulties arising from the dark-^decay rate and also because the 

characteristics of selenium electrophotographic plates are somewhat 

stabilised; after-1 about five iriinut'cs'-'tljnev 

}$  illustrates the typical manner in which potential drop 

VarTies with exposure time for various light intensities1 at a wavelength 

of UÖ6 millimicrons. From similar curves obtained at four other wave- 

lengths, the exposure time necessary to produce a 100-volt drop of plate 

potential at each corresponding intensity was found. As shown in Figure 

96, these values cluster rather closely about straight lines when plotted' 

on log-log graph paper. From these curves, therefore,, it may be inferred 

that the relationship between intensity and exposure time is expressed 

as follows: 
(I) (tm) - k 
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where I is the intensity of the light in-microwatts per square centimeter, 

t is the exposure time in seconds, m is a quantity equal to the slope pf 

the line on log-log graph paper,, and > is a parameter- wh-iebs in part at 

least,, is a function of the wavelength of the radiation.. _ Brom the 

curves, the following values for m were, found: 

Wave length-,. 
Liillimlcrons m 

1.2 
1.2 
1.0 
X  .£•_ -   -  -    -   

1.5 

4ÜÖ 
\69 

ouo 

If the value of m is indeed greater than units'-, as the above values 

indicate, then 5 in präc:txßäl effect, for'exposure times less; than one 

second, the above equation implies that higher light intensities are 

needed to produce a. lÖÖ-rVolt drop than would be necessary if the normal 

relationship (I) (t) =» k were operative 

The curves in Figure 97 were derived from those in Figure 9$ and 

from other similar curves> and indicate the manner in which voltage drop 

is dependent, upon wavelength for various light intensities-at an 

exposure time öf 0,2 second. Here is illustrated, in a Inanner of 

presentation somewhat different from that used heretofore, the very, strong 

sensitivity of selenium electrophotographic plates, to blue light compared 

to its? sensitivity to red light.. Though this plate is not one which has 

been termed, red-sensitive, the curves show that its sensitivity does not 

cut off sharply as previously suggested* but actually extends as far into 

the red as 650 millimicrons. The sensitivity in this red region,  however,. 

is extremely low.. 
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Figure 98 shows another typical set of curves illustrating the, 

manher- in vmieh the Voltage drop varies with light intensity for various 

exposure, times» 

Inasmuch as the tests described here were conducted' using a single 

electrophotographic plate, it must be assumed that the curves and equations 

for othlr plates ivj.ll be similar in form, but, will probably differ -in the. 

values of the parameters involved. 

Spectral Transmission arid Reflection Characteristics 
of,Selenium Films 

Spectral transmission curves were obtained for fiVe selenium 

films vacuum evaporated onto glass. The curves* Figure_._lgO_in par^sulajr, 

show that blue light, to which the selenium plates are most sensitive,. 

penetrates the söxeniüm film to only a small fraction of its total thick- 

ness. This is of considerable significance in the formulation of a 

theory^wf the photoconductivity of selenium. 

"The. thicknesses, of the five 'selenium films tested were <0.05=, 0*35-, 

0.88, 1.U, and 15 microns";. These films were prepared by the vacuum 

evaporation of selenium from molybdenum boat^type sources. The different 

thicknesses of film vrere produced by placing the glass plates at different 

distances from the evaporation sources. The transmission curves are 

shown in Figures 99  through 103- , 

The maxima and minima which appear in ttie first four curves are 

not due to real differences in absorption, but arise from interference of 

the multiple reflections from the air-selenium and the selenium-glass 

interfaces. In Figure 103? the maxima and minima are so close together 
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that they cannot be resolved by the Beckman spectrophotometer used in 

these experiments. The number of maxima and minima which appears in any 

wavelength range depend upon the distance between the reflecting inter- 

' fades -in this case, the thickness of the selenium film. If the index, of 

_ refraction of the. selenium: in the. speatEal region in whi-jsh. the maxi^ha and 

minima occur is known, the geometrical thickness of the film can be 

determined as follows» For a high index of refraction, film, i.e. index 

of refraction higher than that Of the medium on which it is. placed, the 

minima in the transmission curve represent odd= quarter wave lengths of 

; optical film thickness-. "She fönäula which applies for normal incidence i-sy 

2nd = NL 

where h is the index of refraction of the selen5.um (approximately three), 

d is the geometrical thickness of the film, L is the wavelength at the 

mirr'Saj arid N is the number of the quarter wavelength rriinimum involved. 

In the; present case, both d and N are unknown^, but since-j in three of 

the curves.,, there are several N's, or minima, to use, N can be determined 

by assuming values of 11 until the product NL is the same for each minimum«, 

In Figure 102, this is the case when the minimum at 900 millimicrons is 

Then -the geometrical thick- 

ness is found tö- be_. 

d*'8i   -    miWS)    =    l.k microns. Tjn- -mrw 
The selenium film thickness may also be determined as described in 

Quarterly Report Number 2, pages 156 to 1J?8. This method consists, in 
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counting the number of interference fringes between the surface supporting 

the- selenium film and an. optically flat surface placed as shown in 

Figure IOI4. 

Of the two methods,  the one involving the interference 'maxima and 

minima in the. curves: is the more accurate.. 

The spectral transmission curves show that the transmission of a 

film- only 0.35 micron thick is less than one per cent for light of |i00 

millimicrons' wavelength.  Normal electrophotographic plates- have- 

selenium films of at least ten^-micron -thickness. This means that> if the 

spectral transmission, characteristics- of the selenium' film-on an-ordinary 

electrophotographic plate are. the. same as these selenium films on. glass > 

the Blue light to which the plates are most sensftive doe's not penetrate 

the photo conductive film to a depth of mere than one-third öf a micron. 

This is. equivalent to penetrating the filia a distance of about ehe* 

thirtieth of its total thickness* The evidence is strong* therefore, 

that- the effect-ofithe light itself is purely a surface phenomenon, The 

;.+„. ~-P case is similar to the ,Bie.c„oEcsl yDjuuearv-uueni/ eaieeorical conductivity ox 

diamond. Here the bombarding electrons penetrate the diamond" only a very 

small fraction of its total thickness. Nevertheless^ this bombardment, 

causes an electrical current, to flow between the surfaces of the diamond 

across which a potential is applied. The predicted and ^measured rates öf 

electrical, current flow in diamond* after bombardment ceases., are similar 

to the voltage-decay rates.- obtained for sclcnium-coated electrophotographic 

plates when they are exposed to lights . 
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The spectral -transmission' curves also show a gradual shift of 

the blue^-absorption cutoff toward the red end of the spectrum with 

increasing thickness of selenium film* 

A comparison of the spectral transmission characteristics of red- 

sensitive and n.on-red-sensitiv.e .s@leh-±um films--was alsor mädje. The purpose 

was to determine whether :or not selenium films which exhibited .red 

3ensi.tiYi%> absorb light ox those red wavelengths to which they are 

.elejtt.rsphe.tograp'i^eal-ly sensitive* j'The curves in Figure 105 are repre- 

sentative of several fil-ms: tested. These results show that red-sensitive 

selenium^films: do- have-cons'ideräblie absorption in the red spectral region. 

However, this red absolution is not nearly so complete as the blue 

absorption, exhibited by the ge^niüm^i3^»^^ were 

obtained-by stripping the^selehium from the aluminum backing plate with 

cellulose, adhesive tape and' measuring the transmission of the selenium^ 

tape ^ombiflätiön against plain .ceilulQse tape as a reference. 

The ^reflectivity of a non-red-sehsitive selenium film- approximately 

15 microns in thickness on glass-was- also measured. It is shown in Figure  ' 

1Ö6.. Also shown is the- transmission of the same film-andr-glass combination. 

Therefore, vra.th a. reflectivity of 2$per  cent äs shown in Figure 106, and ^ 

a- transjüissi'öh of approximately 65 per cent as shown in Figure.' 103,. it 

can be seen that,- äs1 expected;,, honr-red-sensitive selenium films have 

relatively little, absorption in the red end of the spectrum* 

Simple, Photoconductivity in Electrophotographic Plates 

Ah. electrophotographic selenium plate coated, tö ä thickness of 

I 

i ..... 
s«y „toons was pref)a*ed in the oontenttöhaa »ann^    _ 
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In order to establish electrical contact with the selenium surface, a 

thin aluminum' film of from t\70 to three per cent light transmission was 

evaporated onto the selenium. The coated.plate was transferred to the 

vibratingT-probe electrometer* and a potential of 5>0Q volts was applied 

across the selenium layer. liVhile the- plate was still in the dark., the 

—•.-.. .   <*\>**.*»   __ 
potential, leads wore reihüvuü aiiü ä röäüing öi? appKöXiinä^exy üöü VöäT/S was 

nVinnwrn^-   -rs~\     4.V.-,     M.1^jtf«nMfii4w fTlU«     X>1 1 —     _^l.n«.     UnJ     «     m *-www #» T    i3«%lj<^Ä^i-7r -Mars OOServOCi   O»    wie   «;i.c;yuj.t«ucuci «       lu6   XJ.J.IU  CIJ-öO   uctia   a. ny.A «IGIJL   tiax Ä"rv*c VäIJ-   xauce 

Upon, exposure öf the plate to white light.,, the potential was observed to 

drop-approximately j?0-volts. 'Qualitatively, the same effect was observed 

when the plate-was charged by corona discharge. 

iuis- sciniu pxape weis   UHüU   OU- UCJuui-Hiiii«   wi« .SSXAUUo OJ.   visxpie- 

radiation upon the electrical conductivity of the selenium layer. In 

this connection,:, a No* 2 Reflector photoflood bulb was placed, directly 

above the alum^.numr-cöäted area of the plate at a distance of about ten 

\   inches., arid a battery potential of h$ volts was applied across- the 

selenium, layer- Using a wall gsb»nömetör having a. sensitivity .of about 

Ö.G.Ö1 microampere per millimeter to measure current flow, no current was 

observed to -flow through the selenium layer when it was not illuminated-.. 

Üpöh^iliuminatiön, a. continuous current of approximately Ö.Ö2 microamperes 

Was: Observed to flow through the .selenium layer. The same order of current 

flowed when the polarity was reversed-* Somewhat less, current was öb^s.grvdd 

with repeated, tests, probably due. to a fatigue effect... 
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Experiments on the Illumination of Selenium: Films 

The hypothesis- basic to a theoretical model to be presented later 

in this »eport is that photoconductivity can be -biduced only near an 

interstitial electrical charge in. the selemium layer.. If this is true... 

and if the. interstitial charge^ (a) exist only near the top. of the 

reieniütn-. and' (b) exert short-range forces, it follows that the decay rate . 

of a selenium layer illuminated, through ä transparent paeking plate Tshoula 

be quite different from that of one illuminated from the dharged side-*. 

To test this prediction,, selenium layers of 12-micrgn: arid oO-mcrph 

thickness were deposited on an electrically conductive glass plate» These 

layers were charged änd illumihatcd'« in turn from above- and beneath with 

lights, designed to be. of equal intphsity-i The, charge decay as a function 

of time is shown in Figure 107 as observed on the 60-micrqn film. It is 

seen that the decay rates are not significantly different.. On the other 

hand, the residual voltage is' apparently different by a factor of ten 

.AW. -a r\ - - 
v*  V'V* — 

It is concluded that either interstitial charges have a force 

range greater than the film thickness,, or else that they are themselves 

mobile in the film so as to be uniformly distributed in the selenium.. No 

attempt has so far been made to explain the difference in residual 

potential'. - 

The, selenium, layer used in this case would not hold a negative 

charge * 
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•Ghemical, Treatment of. Selenium 
HBlectrophötögr/aphic .Plates 

An investigation was. started of the, possibility of increasing 

photographic plate speed by chemical treatment of selenium plates prepared 

py vacuum evaporation. Only preliminary experiments.» in which selenium 

plates were exposed to halogen vapors,, have been conducted to date... 

In one experiment, ä selenium plate was. placed in a beaker . 

containing saturated bromine vapor. After ä few seconds,  the .selenium 

coating on the plate liquified and drained off of the plate (apparently 

as selenium mopobromids. Se^Brg)-. Shorter exposure to the bromine vapor 

made the selenium coating, sticky. When; a very little, bromine vapor was 

pom-ea^ovGT  the- plate^ Interference fringes were observed to spread out 

over the surface of the. selenium layer.. The selenium remained hard but 

would hot, retain ah, electrical potential when: attempts were made, to charge 

it. Exposure to iodine vapor also, affected the selenium-coated plates so 

that they would no longer retain an electrical char go., 

A selenium-coated plate exposed to dilute chlorine vapors 

(obtained by moistening commercial calcium hypochlorite) exhibited the 

following changes in electrical chära.cter.istiGa .(see, iFig-UEe 108:)=: The- 

apparent maximum potential the plate would hold was reduced to approximate- 

ly one-half of its original,, value. The dark and light potential decays 

of the plate were made more rapid-.- 

Exposure of the plate which had been treated with chlorine vapors 

to high-intensity red and infrared light changed the electrical 

characteristics of the plate again so that the dark and light decays were 
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more nearly equivalent to their original value before chlorine treatment«. 

However, the maximum potential which the plate would retain remained .much L 

G 
. lower than that for the plate before chlorine treatment. 

~ 

• 

Effect of Infrared Radiation oh Selenium 
Electrophotographic Plates 

... 

It has been observed in the past that red light has some effect 

on- the electrical characteristics of seieniunHcpatcd electrophotographic 
-.— 

plates,. Therefore, a series of observations was started to determine 

Whether or hot red or infrared irradiation improved plate characteristics. ; 

- -\ ^ ähdrwhether or not infrared illumination can be Used to stabilize the • 

electrical characteristics of the plate... 

The first ob servations=_oni the^ef^G ct^oiLj^m»^!-^— 

by red and infrared light were made in connection with electrical tests on ; 

a selenium^ plate that had been exposed to dilute chlorine vapor. The; 
i 

potential-decay curves for the plate (a portion of plate 12-28-Ü8P) are 
i 

shown in Figure 108. Curves 2 ,ahd; 3: are reproducible-dark- and light-decay 
i 

-      '          -- -    V~: : curves for positive sensitizatien when the plate had previously been; i 
j 

exposed to room light and red-infrared light> respectively. The room . t 
i 

light was provided by two conventional 2Ö0^watt tungsten-filament light 

- ; bulbs placed about fifteen feet from the plate. The red-infrared light i 
i 

o -• was provided by strong sunlight filtered through sciehiüm-eoatsä- plate 
i 

. ." .. _. -. •glass.- The exposure to both lights äs fOr Iive^minute periods. These U 
decay curvos show a much slower dark-decay rate for the -plate after, it ._ 

was exposed to. the redr-infrared light, but show a quite similar (though 

1 • •• - 

:... 
somewhat slower) light-decay rate after the red-infrared exposure. | 
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A number of other plates were examined for changes in electrical 

characteristics before and after exposure to red-infrared light. Included 

in. the plates examined were several plates having a selenium layer- which- 

contäihed small quantities öf bismüthe. All of the1 plates tested showed 

. some change, in electrical characteristics with exposure to red-infrared 

•Vi —1.4. -    T~  „^~^-  „„_,~rv j the irradiation was detrimental^ and for several 

plates the change in characteristics, of the plate due to red-infrared: 

treatment, was negligible .compared to changes caused by consecutive 

cha-rging? -etc* 

— .__—-j!^gapg^-3;09 and 11Q. show- pöt^ntia-l-decay curves -for tyro—Conventions _- 

ally prepared selenium electrophotographic plates. The plates were kept 

in darkness except for the light exposure" necessary ~to~ make the rights 

decay curves, and the red-rihfrared exposure,. The decay .curves shorn in, 

Figure 109 were taken after" repeated alternate positive and negative 

charging of the plate. Curve .1 shows reproducible positive potential- 

decay •characteristics which were slightly superior to the initial positive 

decay characteristics (slower dar.k^rdecay rate, same light^gecay rate;).. 

Curve 2 shows the effect of red-infrared exposure» The maximum potential 

was almost doubled. The dark-decay rate was .slower. The lightr-decay rate 

was also slower, but potentially more effective.~ " _ 

Figure 110 shows the effect of red-infrared illumination on the 

positive-potential dark-?d.ocay characteristics of another conventional 

plate.. In this case, the plate was only charged positively and no light 

(other than the rcd-ihfrarcd irradiation) was allowed to reach the plate« 

purve 1 is the initial dark decay. Curve 2 is the dark decay after 

RESTRICTED 

BATTELL.E  MEMORIAL.  INSTITUTE 

'"«V'W"' " __     ,V V^^-^WTO^^Miay^^^^j^i'^S^^yw^iM^iwjIfMM'y1^^^' " 

.Mas 



•354, RESTRICTED 

irtSii - r» 

*jf,f 

IS SI' 

100 

Is;- 
a 
o 

I 

O 

ÜJ 

TIME- SECONDS 

FIGURE 109.EFFECT OF INFRARED IRRADIATION  0M A SELENIUM 
LLtCTROPHOTOGRAPHIC   PLATE 

0» f% *\ J* & 
-  I£UOO 

RESTRi CTED   Pf 



-355. -RESTRICTED 

! 000 r 

f^S /»SBfe 
fr? •   ^s|l 
#., 
IT; 
l" '* *t 4b^ "-" 
^f^.JL - 

iä-'j .'JS^-- 
,asz. 

•;r.- 

•f          .'; 

1Ö*>      "^ 

*0      . 
i;,. 

^—^ " 
Ü,      ""^ - 

k.- _J 
•»?• 

sr^-" 

^ 

'•'-C-V 
-- 

^ - 
f^". 
}   - „ 

|* M.\ 

£ 
lj-\     'I 

Ib^-'U 
Sü^V 

ff 
'Si2i 

US 
TOM 
S $&&\ 

llll 
;,g|j^i 

Hi rife. 
.HI 
H H 
IP 
IsS^ 

^fj| IP 
J|| 
*m 1» 
ssip ifpll- 

&üfc .. ;-y-p%„;•,.;._. _ 

UJ 

Q 
> 

ij  TCfö 
< 

z 
H 
O  
Q. 

LÜ 
h- 
< 

Q. 

10 

SELENIUM  PLATE DARK DECAYS 

STANDARD ELECTROMETER, CHARGING 
POSITIVE ONLY, NO LIGHT EXPOSURES 

(p INITIAL- DECAY 
<g) DECAY AFTER REPEATED CHARGING 
©DECAY AFTER ADDED EXPOSURE TO INFRARED 

!00 

TIME- SECONDS 

200 300 

FIGURE ÜÖ. EFFECT OF INFRARED IRRADIATION ON A SELENIUM 
ELECTROPHOTOGRAPHIC PLATE 

0-i2067 

RESTRICTED 



( J 

o 

-356- RESTRICTED 

repeated positive charging. Curve 3 is the dark decay after exposure tö 

red-infrared light. In this case, the red-infrared exposure appeared to 

ihave only a small effect on  the plate, seemingly of restorative nature. 

These brief observations show that illumination of selenium 

; electrophotographic platos by red-rinfrared light may be beneflei-al tö 

; some plates and detrimental to others. 

Heat Treatment of Selenium Electrophotographic; Plates. 

Selenium plates which are maintained at temperatures below hO to 

: $©°G^dur±iig* vacuum evaporation generally short a bluish,  light-scattering 

haze on their surfaces. This light scattering is not completely random, 

as is the scattering frcm paper^j»?^a_j|moi^d^giass^su^ 

: has a sheen or halo Which appears at .certain angles of viewing.. This 

type of effect arises when the particles of the scattering surface are 

oriented* The orientation may be in the form of small .crystallites or 

of a dendritic type of structure which, often forms in thick evaporated - 

films* ;  = - , 

Plates With this surface haze generally have inferior character- 

istics.. Therefore, it was- desired to determine whether these inferior 

characteristics were due to the haze itself, or: to, some other property of 

• the selenium which generally appears, with the haze. It was also desired - 

to know whether or not the removal of this haze by heat treatment would 

. .improve the platte characteristics. 

It was found that this haze could be removed by heating the entire, 

plate to o$  or 75>cG.for one or two minutes. With this,, treatment, the 
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plate took on the common, black, specular appearance. Measurements of 

electrical characteristics- before and after heat treatment of the 

selenium faim showed that this scattering- in itself is hot responsible for 

the inferior characteristicso- In these studies, it was also observed that 

an additional selenium layer evaporated onto a scattering selenium surface 

•will have a clean, specular surface if this second evaporation is carried 

• eut- at tempers, turps of '60'C. or above.» 

-  Heating the_plate above 8£°C. for one or two minutes starts 

x^stallizatipn of the film, the same effect which is produced by main- 

taining, the- plate at- these elevated temperatures during vacuum evaporation. 

Impurity Materials Added to Selenium, Layer^pn 
.'.."'._. ."_" ; Electrophotographic Plates 

Preliminary experiments on the effect of adding metallic, impuri- 

ties (Quarterly Progress Report No, 3, pages. 235 to 237) indicated "that 

impurity materials modify the electrical properties of selenium-coated 

.-electrophotographic, plates. Those'experiments, gave little information 

about the magnitude of the effect pföduceu.3 and- almost.no inforina-t-ipn 

about the amount and position in the selenium, film of the impurities 

involved? 

It was undertaken, therefore, to prepare plates under closely 

controlled conditions so that the distribution of the impurity material, 

in the selenium layer would be khovm-. It was planned to prepare 

selenium- films of uniform thickness, containing a gradually increasing 

amount of impurity iii concentrations under one per cent from one end to 

RESTRICTED 

BATTELLE  MEMORIAU  INSTJTUTE 

'/t^ •: 
v. -  ;!J 

A   „ 
-vt^äö 

M 



.-• *•'••• 

o 

-308- RESTRICTED 

the otter of the plate. The effect of the Impurity would then be 

determined by observing the variation of the electrical characteristics 

. of the plat.e from one end to the other* 

To be certain that any variations in plate characteristics noted 

would be caused only by the presence of impurities.; it was necessary to 

. control certain other factors very carefully. The most important of 

these factors, was the. uniform distribution of the impurity through the. 

-thickness of the .selenium film.. Other variables .i.o_.ha controlled in the; 

preparation of selenium'plates were the temperature of the:backing, plate 

•during plate preparation, and the. total .time, of deposition. ,__    

Two methods were investigated for coovaporating. Selenium and an 

impurity to produce selenium layers .containing a uniform distribution of 

impurity throughout the thickness of_ the selenium layer. In one method., 

selenium and the impurity were evaporated from separate sources. The 

sources each contained many times as much material as is required to 

produce the final film« The. plate to -be coated with the selenium and 

impurity was exposed to both sources only after they had reached  

equilibrium temperatures and were evaporating at substantially constant, 

.-but not necessarily equal* rates. The -variation in the amount of 

impurity over the length of the platc> was produced by placing the impurity 

source hearer to one end of the plate than to the other end. 

In the second method of evaporating the impurity into the 

Selenium' layer > the- selenium and the impurity were evaporated from a 

single source. The mixture of selenium and impurity were fed into the 
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evaporation source at a constant rate and the temperature of the source 

adjusted ^so that the materials wouldbe evaporated äs rapidly äs. they Were 

fed to. the s,o.urce . to produce both a uniformly thick .selenium film and 

the desired gradation of impurity from one end to. the other of the plate., 

two evaporation sources were used. Pure selenium was evaporated from 

a source placed at :one end" of the plate and the selenium-impurity mixture; 

was evaporated from a source placed at the Other end of the plate« 

The method involving the evaporation of a selenium-impurity 

mixture appeared to offer the advantage, of allowing the preparation of a 

film containing a known percentage of. impurity«. This percentage, would be 

fixed merely by adjusting the mixture of selenium and impurity fed to 

the source. For this reason, this method was selected for the first 

experiments»- 

A screw-type feed hopper was used to deliver the powdered 

selenium to the evaporation source. Tne feeder was constructed of a 

l/8-incb .screw (f prnied by twisting a l/8-dnch by l/6Urineh hichrome 

ribbon to approximateHy five turns per inch) turning in a stainless 

steel tube of l/8-inch inside diameter. The tube formed the bottom of a 

conical hopper into which was fed the granular material to be evaporated*. 

In actual use,, it was found necessary to vibrate the hopper and screw to 

produce proper feedings 

The first evaporation source, tried with, the feeder was. a. simple, 

boat-type filament approximately 1/8 inch deep by 3/l6 inch wide by 

3Arihch long formed from O.OOii-inch molybdenum foil. 1/Vhen the source was 

heated to a dull rod, it vras 
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found that the selenium powder fed to it was bounced Or blown out of the 

boat, by the pressure"of the vapor of the selenium being evaporated. 

& number of other evaporation source designs were tried*. The 

. most successful design is shown in-Figure 111. In this case, the 

•evaporation source consisted of an„essehtially closed chamber into which 

the selenium wasTf'ed and attached to which was ä circüitoüs chimney*- 

Both the chamber and the chimney were formed from a. .strip,-of' 0*QQ|i-;Ln_eh-. 

molybdenum which could be heated by electrical currents. 

The selenium powder which was fed into this sO^cj^eyaporate.d^to^ 

give a smooth deposit on an. aluminum plate hold,above it. However".? the 

spurce heated the feeder to such an extent that the selenium melted ±ri. 

I: the feed tube and .stopped the feeding action. __ Even a water^acketcd 

-rfeeder •(Figure-ill) jammed, apparently" because of molten selenium which 

had solidified in the cooled- tube« jBecäuse of these difficulties, 

..attention was, turned to the separate.rsöurce method of impurity evapora- 

tion. 

.Figure 112 shows the apparatus' used for evaporating- selenium 

arid impurity materials from separate sources,. Two selenium sources., each 

consisting_of a boat.3.approximately.3?l/2 inches.by—1- -i^eh^by^^o^xhchi. 

formed, from 0.:OO3-inch molybdenum, were placed twelve inches apart and 

six inches beneath the plate-position» Ah impurity source, consisting 

of a vr-shaped trough formed from fairish by l/ii=ineh by ö.Opjr-ihch 

molybdenum, was placed about k-l/k inches, below one end of the plate and 

so positioned that it did not shadow the selenium source». The backing 
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plates used were 16-gauge aluminum, Ik inches by 3-1A inches in size. 

The plates were fastened tp the surface of a slightly convex temperaturer 

•controlled platen the same size as the plates. A movable* shutter ivas- 

attached to, the frame holding, the platen so that, it could be moved to 

cover "öf "uncover the front surface of the plate.   ~ 

The selenium and impurity evaporations were carried out in the 

following general manners Each selenium filament was loaded with about 

five =grams of G. P. ARQ shotted selenium» The impurity filament was 

loaded with the impurity desired (less than 0.1 grams). The plate, 

which had been washed with water and then degreased. in isopropyl alcohol 

vapor, was clipped to the platen and covered with the shutter. The 

temperature' of the platen was adjusted to 60°G*    The system was then 

evacuated to ä pressure of less than i/2 microri of mercury. The current 

to the selenium sources was turned on and adjusted to 60 amperes. After 

two minutes, the current to the impurity source was turned on and 

adjusted to a predetermined value. After ah additional one-minute 

interval, the shutter was opened and the plate was exposed, to. the 

selenium and impurity sources for one minute. The shutter was then 

closed and the charges remaining in the sources were completely 

evaporated by increasing the filament currents for a short time. Five 

minutes after the shutter had been first opened.., the plate was removed 

fr.em the bell jar.* 

Several plates were prepared in which-"bismuth was used as the 

impurity material. The highest concentration of bismuth anywhere on the 
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selenium layer was estimated, to be less than Q.l per cent. The selenium 

film thickness- on the plate was from, eight to ten Morons. A summary of 

the pptentiai-decay characteristics for different amounts of bismuth, in 

the {selenium layer is= given in Figure 113.. The data appear to indicate 

that the addition of a small amount of bismuth increases the maximum 

potential the film will accept. The addition of more bismuth appeared to 

raise the residual potential of the plate. 

Dependence of Selenium Plate Characteristics oh 
BackihgrPlate Temperature Djjring, Preparation 

A further study was made of the variations in the physical 

characteristics: of selenium, plates as. a function pf the temperature of 

the plate during vacuum, evaporation of' the selenium. Some progress has 

been made in correlating the quality of the print a selenium plate will 

•makes  for positive sensitization. with the electrical characteristics of 

•the plate an(ä the conditions under which the plate was made. In. these' 

tests»  as in the temperature series reported in Quarterly Progress-Report 

No.. 3,  pages 218 to 229-, all conditions during plate preparation were, 

kept constant except the temperature of the backing plate. This 

temperature was varied from kQpC. to 9Q°Q,    The previous temperature 

series showed the correlation between- electrical characteristics: of a 

plate and its temperature during evaporation *, The work rppor-ted -here 

extends this information to include the effect of temperature during 

evaporation on the quality of line-copy prints. 
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The plates were prepared on 16-gauge* Number 1 reflGCjfcqr^finish, 

. =   li-lnch-by-l^-inch-a^uminiiiiiv    The aluminum- .plates wore vapor decreased 

before coating' in the -National Research Corporation evaporator under the 

following, cohditions:- 

1. Pressure^ between 0*1 arid 0;3 micron., 

2>    "Evaporation source, six molybdenum boats, each 3/k inch wide 

[   and two inches^Tong..   T0he boat placed under each corher-=G# the; -plate'-,- and' 

one^boat centered und#r each, long edge of the plate.«. 

3»    Distance from source-to plate, approximately eight inches..  

i*. _  Öhärge of selenium in each boats five .grams, of ARQ- brand, C.P. 
...shottedäeleniym. , 

5. Plates clamped securely to a platen through which water was 

•circulated from- a constant^temperature bath. 

6, Total evaporation tiäe» eleven" -minutesv .- 

(These- conditions are essentially those Which prevailed during the 

temperatux"-B^C5ntröi experiments described in Quarterly Progress Report. 

Mo., %» pages;- :2l8- to 22£.) 

The thickness of the selenium film was kept between 17 and 19 

microns:. From five to ten plates were made at each of the, following 

temperature ranges? JjO to 1*8., 5Ö-'to $6.,  6l to 65, Jk to 7-8> 8.0 to 85a 

and 85 to 91° 0. - =. - 

A tabulation-of test data .for representative plates is given 

in Table 30. Included also are several plates made- by changing the platen 

I temperature from 60 to I|.0oC. during their preparation. 
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TASIJJ 30.     DEPEHIffiHCB  CSS" ELECTRICAL CHARACTERISTICS AHD PRINT QUALITY  01? TEM- 
PERATURE OF SELENIUM. ELECTROPHOTOaBiVPHIC PLATES SÜK&7G 

THEIR PREPARATION 

•ass- gj:..-     Htuaber. 

Accepted" Residua]/ 
Positiv® F-ositiir® 
Pöt ©iit iäl,    Pöt ©fit ial -„ 

Pefltive 
Dark Decay 8 
Per Cent 

.(gee. .Seat) 
Red; of Large 

Sensltlv^y   . Baok^rcmail   .^Contrast     Bark A.feäg 

Maxiisüjri' 
Accepted S^ßid'oal 
legatire »s^ürs 
Potential, Potential, 

J&M. - ".' 
Ös.cay?; 

Per Cent 
(See Text-). L2E. 

40 

40-45 

4u~«7; 

50-57 

50-.57 

'60-42- 

6i 

62 

:  6?: 

62 

'^ : # 

64 

.it». . 

2wlö .A. 1Q0Q 

4^18 £ 750 

4~is. 5. 6üö. 

feis A 500 

4-15 D 600 

4-4:4" E Jiööo 

4-14 D 90Q 

H5S- 600 

4-15 c 750 

4*19 B 1000 

4-19 C 9Q0 

4-19 D 800 

3r21 A 45Ö 

3-24 A 550 

3-28 C 800 

3-28 D 700 

3^29 A 900 

3-28 A 900 

3^25 2 900 

«Oft. 

Dark Decay 27 

Ditto 36 

ir 40 

150 - 

Dark Decay ?5 

300 26 

100 33 

200 33 

400 33 

380 21 

Dark Decay 34 

0 36 

20- 27 

12 24 

10 2.1 

0 17 

40 20 

10 20 

.m../»V, 

moderate 

Hone 

Moderate 

Moderate 

None 

Slight 

Moderate 

il 

Ilight 

Moderate 

Hone 

Hone 

Low 

Low 

Hone 

Low 

fi.nt^A. 

Medium 

n 

0 

High 

Medics 

'• High 

Fair 

Good 

Good 

» 

Pair 

Good 

Fair 

Good 

Fair 

Poor 

Good 

£ftf\ 

350 

300 

45O 

600 

300 

400 

600 

450 

450 

500 

400 

5Q0 

5Ö0 

600 

600 

400 

•».Cft 

•69 

40 

100 

50 

H: 
80 

110 

50 

100 

170 

120 

20 

80 

•60 

50 

110 

60 

JSeiVKT   J&Ä A*)/ 

26 Good 

32 •-- 

%f fair" 

0 "H" 

n§. — 

33 Poor 

40- 
aha fait 

20 Poor 

26 •J». 

• 

15 Good 

- Yory Good. 

1^ -?*-**P 

16 Yesy Good 

T       - ?.er^ .Good 

16 

13 s 

«JT"--,- — 
HK*-**  - ' « *ä 
jJE&ä^-\ -Xr1^ S*- 

y 

HB3 •z£tffc"zii>- - ' V   ' 

1^-'' Ji»-^. .- 
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TABLS 30.     C OUT I SUED 

•Maxisus 

Sesogperaturöi    Plate 
eee C.... . .Nömhef 

Positive 
Potential, 

Voltsii- 

64        3-25 A-_ 

:p5•'- -     .3-23: A 

nl. 

62 

82 

84 

91 

QT 

j.-:l& A 

.V15 A 

3-31 B 

4-11 B 

4r-12 A 

4~12  B 

3r22 B 

4- 6-1 

4- 4 A 

4- 4 B. 

800 

TOO 

800 

450 

7ÖÖ. 

900 

y>00 

900 

?00 

5OO 

810 

BQÖ: 

700 

Besidual   Positive 
Positive Dark Decay, 
Potential, Per Cent 

is* (See Text) 

8 

0 

2 

0 

2 

2 

14 

16 

IP 

3 

50 

25 

25 

27 

38 

32 

28 

32 

2.9 

32 

*1 

28 

-3^L 

Bed 
Sensitivity Background 

Coverage 

Contrast  Dark Areas 

Maxlmua 
Accepted 
Negative 
-73.»^, ..Jb J. "I 

Volte 

Sesiduäl 
Negativ© 
Potent ial. 
Volts 

Dark 

No 

Yes 

lee 

Ho 

Yes 

Slight 

UA A "jk*»i% 4- A 
«•»v Uv*-a v *#• 

None 

Slight 

Heäera.t* 

s-iight 

High 

Noas 

Medium 

High 

Good 

Very Poor 

Uniform 
hut- light 

Poor 

Very Poor 

Ditto 

350 

350 

220 

200 

20 

20 

20 

2J 

30 

40 

25 

20 

40 

m 

20 

1-5 

1.5 

Per Cent 
(See Test) 

17 

33; 

71 

85 

50 

my. 

Good 

Very Good; 

-Very-Goou" 

Very Poos 

Poor, 

Good 

--•• 

Very Good 

Ditto 

!*r  " "Sairy '•Dark "Decay* means nö distinguishable difference between light or darkaeisa} on reaiduftl-voltage. 

•Hpt.*"i.'SetentJ'iai- aeaoUrements from vihratlng-probe electrometer; residual voltages are for blue light (459 feillimicroas); 
Platg T-hicfcne.ss:'*• 17 to 19 nie sons 
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Sfer both positive and negative plate sensitization, data oh the 

electrical properties of the plates include the approximate, maximum' 

potential accepted« the residual Voltage after exposure- to blue light 

(wavelength, \x$9 millimicrons^ and per bent dark decay* The per cent 

dark decay was calculated äs the difference between the plate, potential 

measured 20 seconds and 200 seconds after charging, divided by the 

•Uli"- -1.1- potential at 20 seconds-, liitlv i-ägärä- tö. imäge-forming qUäiity>- ini'prma- 

•tion on.background.,- contrast, large-area black coverage, |i red 

sensitivity is. given. Prints wore made i>j the pöwder-carrier cascade 

method, of developing;* The large^arm black coverage is a. factor of great 

importance in-making continuous-tone pictures by cagcade-rdevelöpment 

• 

The following general observations can be made concerning the 

electrical characteristics of the plates*«: 

Is Plate potential* •Temperature of the backing plate during 

•evaporation-, had no- marked effect oh the- maximum positive potential 

accepted by the selenium film. This is not'in agreement with the results 

reported previously in which a .gradual,increase in .accepted positive 

.potential was. noted with an increase, in. temperature ef the plate during 

vacuum evaporation ~ 

2„ Residual potentiale The same variations in residual, 

potential, reported previously appeared here. That is, plates- prepared at 

temperatures-below S?06G. had higher residual potentials, than-plates 

prepared at higher temperatures. The light-decay curves in some cases 

were- identical to tho dark-decay curves* In the £ö to 60"C. range, the 
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residual potential was lower}  and in- the ÖO to 8ö°C. temperature range 

the plates showed a minimum in the value of the residual potential. 

Above 80°G, the residual potential tended to-be somewhat higher than in 

the 60 to 8.0°C. range, though this difference was small. ±t is ih this 

temperature range above 80,°G. that sensitivity to red light appears. 

3. Per cent dark decay* Though the dependanee of the dark-decay 

rvo' 'iyjL-w^ciJra,-wa;v^, <n- xs 

not so obvious as could be hoped, a -definite- trend does appears The per_ 

cent dark decay can be seen, in all cases summarized in Table 30, to be 

above 25 per cent, arid generally above 30 per cent, for temperatures 

below 6CrC» In the 6ö to 70?C. rangev this value is consistently less 

than 25 per cent, and goes as low as 1? per cent in one  case. Above 70°C. 

the dark^iecay rate rises quite markedly. 

For negative potential sensitization, plates made near 60°C. accept 

as. much or more charge than plates made in other temperature...ranges.. 

Also, they generally have better light sensitivity and slower- dark decays 

than do plates- made in any other temperature range. A value of 16 per 

cent seems to-be ah average negative dark decay for a plate made ih the 

6Q to. 70ÄGi temperature range. 

____   Turning from electrical characteristics to print quality'-, the 

results are considerably more subjective. Positive sensitization was. 

used in all tests of image quality * Evaluation of prints from plates 

made below 60°G. was fairly simple, since very.often it was impossible to 

obtain any images at all. Those plates vrere also generally characterized 

by a complete lack of powder in nonimage areas, i.e., no background. 
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Plates 'made in. the 60 to 75°Q. range produced, the most consistently- 

good prints* Though, it was necessary tö balance the best contrast with 

acceptable background, ail Of tha plates in this' ränge made acceptable 

prints,. In. the temperature range above 7f>0G-,sczno plat&s made acceptable 

prints and some plates^ did not«. The selenium oh, the plates which did not 

make acceptable prints generally had a rough, grayish appearance, which 

characterizes the start of crystallization* 

Another factor involved in the making of prints, parti.cul.arry 

continuous-tone prints, by the powder-carrier method, is the .ability of  

the plate to reproduce large gray or black areas faithfully. Often such 

areas are printed- too dark around the edges with the central portion of ... 

the image,holding little or no powder* The temperature at which the 

plate was held during vacuum evaporation was found to affect this quality, 

which in Table 30- is called ''coverage of large dark areas". Very uniform 

coverage was, present for most of the cool plates (below 60°Q, j that-would 

form images at all* Coverage Was fair to good in the- 60 to 7v°d». range 

Of plates. For plates made above 75>°C., however, this largo-dark-area 

coverage was poor. Plates in this range almost always produced a very 

dark periphery with practically no powder in the central region of large 

dark areas >. -      = 

As also reported from the previous- temperatüre^control experiment,, 

sensitivity to red light of 6$Ö millimicrons wave length appeared only in 

plates prepared above 80°C. • 

The adhesion of the selenium to the aluminum backing plate was 

also examined. One test for adhesion is to determine whether or not the 
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selenium can be pulled away from the backing plate when cellulose 

. adhesive tape- is applied and stripped off. If the selenium is not 

removed from the aluminum even when- the tape has been applied over a. 

rough edge of selenium, as produced by nicking or chipping the selenium 

with a sharp instrument, it is considered to have very good adhesion.. 

Plates prepared below 6ö°Gi generally had poor adhesion. 'Hie temperature 

range between .60 and 8Q°C. consistently produced plates with- extremely 

good, adhesion. The temperature range above 80?G* often produced plates 

±n which the selenium was easily removed. Indications are that this, lack 

of adhesion..is caused by a certain amount of crystallization of the 

selenium, äs plates which show more pronounced crystallization, have 

definitely poorer adhesion. The- selenium on these plates is also 

considerably more brittle.. 

It may be concluded that, in general, the most consistently 

satisfactory electrophotographic plates can bo made by holding the. 

aluminum backing, plate at a temperature between 60 and 7Q?C. during 

vacuum evaporation.. In order to produce redrsönsitive plates,, the back~ 

ing plate must be hold at temperatures above ?0°C. and probably above 

ou'U. 

Alternative, Methods of Preparing Selenium 
Electrophotographic Plates1 ~* 

Possible alternative methods of preparing selenium electrophoto- 

graphic plates were studied briefly. Two of the methods tried produced 

plates which were similar to vacuum-evaporated plates in electrical 
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electrical, characteristics. In those preliminary- experiments ., neither of 

the methods produced plates whose surfaces wore plain enough for good 

linage formation. 

In one -of the methods investigated, plates were prepared:by 

smoothing out a small quality of molten selenium over the surface .of a 

warmed aluminum plate» This was done by heating an aluminum plate> 

sprinkled with selenium shot,- or. a hot plate until the- selenium melted.. 

The- selenium was then spread with a glass rod as the hat plate gradually 

cooled- The solönium-coatöd plate was_ removed from the- hot plate as soon... 

as the selenium became viscous enough to remain spread out over the. plate. 

The plates produced by this method were glossy black in appearance and 

öiuuwuu- :onu uiarKs v±   üau 0p.r13au.ung opui'ci-oion»  rxax>es wxilfl, areas naving 

thickfiesgos of less than 100 microns were produced« These areas, less 

than 100 microns in thickness, accepted an electrical potential of more 

„than 1G00 volts., decayed slowly in darkness, and decayed in light 

similarly to plates produced by vacuum, evaporationa It was possible to 

produce good-contrast line^copy .reproductions on one of the. plates -  but 

the surface irregularities of the selenium film were visible in the 

finished print. 

In another method of producing, selenium -electrophotographic plates., : 

selenium vapor was condensed from a g.as at atmospheric pressure upon an 

aluminum plate. The first unsuccessful, attempts, were carried out 

similarly to the vacuun-evaporation method. Selenium, was boiled in an 

electrically heated steel boat above which was held an aluminum plate« 

The experiment was carried out in both nitrogen and helium atmospheres. . 
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In both cases, during the heating ef the boat, a red-brown vapor or smoke 

was seen to rise in the convection currents above the selenium. Some, of 

this .material deposited upon the plate as a red-brown powder that could be 

brushed off the plate. 

In a third experiment, natural gas, heated above the melting 

point of selenium, was passed over heated selenium arid into a hSated 

chamber in which was mounted a water-cooled aluminum plate.- A dark^brown 

.deposit appeared., on the plate. This plate would not take a. charge and, 

had an unpleasant odor* However, in part of the hot chamber, beads of a 

black, shiny material were formed which appeared to be vitreous selenium. 

A more successful method of atmospheric deposition of selenium 

was carried out äs follows s A quantity of selenium was placed in a 

stainless steel tube, 5/8 inch in diameter. Natural gas was passed through 

the tube and ignited äs it flowed out of the: tube* The tube was then 

heated with gas burners * As the selenium- became hot,, ?^C-~zC.c:x'k rvpees 

were seen in the cone of the flame-, and the color of the flame Changed 

from yellow, to an intense blue. Ah aluminum plate passed through the cone 

of the flame received a deposit of shiny, reddisli^black, vitreous 

selenium'. 

It was possible to coat the surface of a q>inch by 5-inch 

aluminum plate by playing the flame over the whole surface of the plate. 

The thickness of the selenium on such a plate was not very uniform. One 

plato accepted ah electrical potential Of about 800 vqlts in one area 

tested, decayed slowly in darkness, and decayed in light similarly to 

plates prepared by vacuum evaporationa 

RESTRICTED 

BATTELUE   MEMORIAL  INSTITUTE 

&3SK5fe*.'. -aü,•w»y9' '«3S3arawwaa«wtty«s^a«i»^*iae(SiÄ?B5^^Uöffi 



-*# 

US 

$£ 

1? 
•• :--• 

fev 

-31k- RESTRiC.TED 

Phosphors as Photoconductors in Electrophotography 

In the course of a visit to the U.. S.. 'Signal '.Corps.' Squiers . _. 

Signal Laboratories, Fort Hohmouth, New Jersey,, a suggestion was made by~ 

Dr, Helmut Kallmann, pointed toward a now way of producing an electro- 

üiöüxis, a layer- of very finely divided crystals öf eadiiiiuüi su*f^dQj- or 

other similar material. These crystals were said by Dr. Kallmann to have 

resistivity of 10^~ öhm-centimeters, which falls, to 10? öhm-cchtlLmeters 

after a period of illumination "by ultraviolet, and possibly by visible 

light. This resistivity reverts to the higher valUQ H-pon iJiuminatiQß 

by infrared light of & wavelength c£ one micron. It was predicted that an 

image might be formed on an uncharged plate as an array of areas of 

different cp/Muctivity.. Then a charge might be caused to form oh the 

plate to make ;an image by imposing an external field for a. suitable 

time. How this charge image might then be fixed and made visible is. not 

quite certain,: but possibly the use of infrared radiation of .heat might 

immobilize the charge so that the plate could be developed in the usual 

fashion. Possibly a corona charge would distribute itself in. some fashion 

due to the array of conductivities. „At any rate, it was thought desirable 

to try to make a plate by the suggested means, and postpone the question 

of image development» 

A sample of cadmium SIL* fide furnished by the Signal Corps was put- 

into a binder of cellulose nitrate dissolved in amyl acetate:, and flowed 

onto an aluminum plate. After the binder dried, the plate was tested 
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for its ability to retain an electrical charge. The cadmium sulfide in 

the binder film did not retain an electrical charge, nor would it after 

the binder had been burned off. When the crystals were exposed to ultra- 

; «islet light, they failed to fluores ce to any,perceptible degree. 

The properties suggested to "be present in siiver^activatgd 

cadmium sulfide were investigated in a 23~10 phosphor manufactured by the 

New Jersey Zinc Company. A plate was prepared from this phosphor in the 

same, manner as described above for the cadmium .sulfide plate. The plate 

was charged in the conventional manner and a potential of about 125 volts 

was found to be present on the surface of the plate Subsequently the 

plate was illuminated With infrared light prior to charging. After this- 

treatment» it was found to accept a larger charge and to exhibit a 

slower dark decay. Heating prior to charging produced a. similar effect* 

The heating was carried out over a Bunsen flame until the phosphorescent 

glow was- quenched,. Figure 111*, shows the electrical behavior Of this 

material«. 

A chargejras induced on the 2310-phpsphor plate by applying a 

potential between the metal backing plate and an electrode placed on the 

top surface of the phosphor. The top electrode was a glass plate with 

an electrically conducting surface which was laid on top of the .phosphor 

layer. The largest potential induced oh the plate was kZ  volts. This 

potential was produced when ,a potential of 2000 volts was applied across 

the electrode and the base plate. The induced potential* for a 200Q=velt 

potential difference, varied from 8 volts to 1|2 volts. This variation is 

believed to be due to poor adhesion of the phosphor to the plate with the 
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particular typo of binder used. After charging» the top electrode was. 

removed before the potential-decay curve was determined. In the process 

of removing the top electrode--,, the phosphor was disturbed and the degree 

of disturbance is believed to cause the variation in magnitude of the 

final induced charge» 

The; Magnitude of the induced charge as a function of the time of 

charging was observed and is shown in Figure ll£. These data were 

obtained without moving the top electrode ; consequently» the variation" 

mentioned in the previous paragraph does not appear here. 

Two additional binders are being investigated as to their adhesion 

and abrasion resistance. Cne  of the binder s xs sou'xUiu silica "to, and one 

other absolution of potassium, silicate and sodium sulfate..- 

INSTHJ?#j TATION 

(P. G.. Anclrus., S. H, Runyan, and Q.. A= UllriehJ- 

Recordihg .Mechanism,for Vibrating^fi-äbe. Electrometer 

A. recorder was made for the vibrating-probe electrometer which 

makes it possible to plot the light- and dark-decay curves for electro- 

photographic plates directly onto graph paper* Previously, the decay 

data from the electrometer had to be recorded on a strip of paper .and then 

later transcribed onto the graph paper* 

The device described here is used in conjunction with the 

vibrating-prcbp electrometer described in Quarterly Progress Report No* 2, 

RESTRICTED 

BATTELLE   MEMORIAL,   INSTITUTE 

""««m-WMB^fBS^gMiWSMp«^ 
•      '    '•' ' ,', *•>•?• 

-<«M)^-t3|»J^^.  V* 



Ml 
•378- RESTRTCTED 

1NÜ 

% 
.*• 

Jk3 

%J 

?^4:' 
JS 

- - a1',/-v f 

".SSsiäanBKi- 

'•=^r"- 

• ~-~ J/ 
"T" !r'       - 

?<$?&•!-; 
•-"v--.. .     .V * 

:S^ft-l 
'SB 
-1^^^^^- 

-«#i 
ml" 
:^]<S.i 

;"l*lgf 
& 

./Jss&Si 

in 

i 

UJ 
F- 
Q. 
UJ. 
O o 

S 
\- 

I- 

E 
Q. 
UJ 
O 

Q 
2 

,«*->• 

TIME-MINUTES 

FIGURE 115. DEPENDENCE OF MAGNITUDE OF INDUCED CHARGE ON 
TiME OF QHARGING - PHOSPHOR 2310 

0- 12072 

iS STOSr.fflsSWJ&S»' *«sa«n'-fl-*JK*WMiBJi 

RESTRJCTED 

•'«A» 



•*&' 

I. • 

Bf I 
I 

r i 

1% 

lie: 
£35 

1$3 

.Jßl 

!%J. 

-379- RESTRICTED 

pages 193 to 200. It consists of three principal parts: (1) a pen 

carriage and solenoid-operated pen, (2) a. voltage-changing switch, and 

(3) a motor-driven drum on which the semi~log. graph paper is mounted. All 

of these parts arc shown in Figure 116. 

The; pen: carriage is mounted on two rods.,- one- of which is cut with 

OUUOIi    C>U   X"Ux"JIl' cl   I'UUS   {£<c;cuir,    aim    wsc   ui/uui     t>x    nnxuii   iia.o   ct   ovajL-xvso   yi 

iogafithmi-eaily spaced notches. The rack engages a pinion gear which is 

mounted on the carriage,. The turning of the; pinion gear by means of a 

hand knob serves to index the carriage to various points along the 

supporting rods. 

She notches on the second rod correspond to the ordinates on the 

: graph paper which, represent the various balance voltages which Can be 

•: applied to the back of the electrophotographic plate. A snap spring 

mounted on the_ carriage engages with the notches on this second rod arid 

.allows the indexing of the carriage progressively along the voltage axi3 

. of the graph paper as the various, voltages are applied to :6he back of 

the. electrophotographic plate. 

The '»pen»1 consists of a metal plunger which, when activated by 

ä solenoid., marks the graph paper through carbon paper. The 'plunger 

makes an asymmetrical mark, which allows the differentiation of several 

different curves on one sheet of graph paper. 

As the carriage is moved along its supporting rods, an electrical, 

spring-contact connnects the back of the. electrophotographic plate to a 

series of standard voltages which arc selected lower and lower as the 

potential on the plate decays, with time. 
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.::. 

The graph paper is mounted on a metal drum driven by a 

synchronous motor at a speed corresponding to the linear time scale on 

the graph paper. 

In actual operation,- the recording device is used by first 

mounting a sheot of serai-log graph paper and a sheet of -ordinary carbon 

paper on the rotating drum» The electrophotographic plate is then 

mounted in the vibrating-probe electrometer, sensitized, and swung intQ 

position near the vibrating, probe. The carriage of the recording 

device is then set at a potential tap somewhat, lower than the potential 

on the plate surface> and the trace on the oscilloscope is observed as 

it approaches- the straight line which indicates that the potential >on - - 

the -electrophotographic plate surface is just equal to the external 

potential applied to the= conducting backing of the plate. At this point, 

a li&rii. switch is closed and a point is marked on the graph paper* next, 

the carriage of the recording ddvicG is moved to the next löwer potential 

point and' the process is repeated until the entire light- or dark-decay 

carve has boon.plotted,. 

The recording device has been found to reduce the time required 

to determine- the potential-decay characteristics of electrophotographic 

plates and this measure of plate quality is being. _used increasingly in. 

connection with various attempts to improve plate quality» 
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(D. T.. V&lliäm&). 

Model, Three.„äs.,ä Basis, for a.Theory of 
Ble c tropho tography 

Introduction 

As reported in the previous Quarterly Report}  three models were 

brief-ly-:di-scussed as-"bases' for a theory to describe the behavior of evap*- 

orated-selenium platesi    Of these three models., the first two were 

L discarded because they seemed' to öffer ncT likely simplification, in under- 

standing the phenomena involved. The third model was conceded to be 

interesting* It is proposed to look further into this, model. 

Review of Experimental Basis, .of Model .Three- 

The experiment that was chosen as the principal basis for this 

model was based on the fact that the plate, has a somewhat' different 

behavior i'n the presence of light and an externally imposed electric field, 

as compared to light and a corona-induced, surface charge* Experiments 

were described last quarter in which it was found impossible to induce a . 

charge on selenium by use of light,and;, an e-le.ctr-i-ea-1—fields—Other'e^pBr-^ 

iments at the time., and some performed since then, appear to throw some 

dbubt'on the generality of this observation. However, the fact of essential 

irreversibility of the charging and discharging phenomena need not depend 

only on this type of experiment. All one needs to know is that a 

charge on the backing plate of an illuminated selenium layer results in 
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no charge development on the selenium in the absence of a corona 

discharge.- 

The second generalization basic to the theory is. that, in a 

corona-charged- plate., with selenium deposited on a transparent conducting, 

backing platei photo conductivity ia observed to be equally rapid for 

illumination on the charged side and on the backing-plate side of the 

selenium- layer.. This generalisation is based ph a- series of experiments- 

described elsewhere in this report?   -____ ...   r  

the: third generalization basic to the theory is that the light, 

effective in discharging a cörona-chärged plate penetrates a, relatively 

thin layer of the selenium. This generalisation is based on- experiments 

described elsewhere in this, report* 

A final fact that occupies a somewhat less crucial place in the 

theory is that the selenium film is considered' to be vitreous.« This 

fact h-iö been well established; it makes certain assumptions of' the theory 

more plausible than they would be otherwise. 

The Proposed Model Three 

The general nature of the proposed model will now 'be described. 

The selenium layer is assumed to be. composed of a random, array of 

1 

atoms. When a charge exists on. the layer? It is assumed to be. caused :by 

interstitial charges in the layer« These charges are,for the moment* 

assumed to diffuse in such, a way as to disperse more or less uniformly 

through the filmj furthermore> thoy are assumed to be mobile with a 

mobility depending   on the nature of the charge. (Supposedly,there 
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will be a limiting field such that the mobility vanishes at fields less 

than the limit-.)' 

It is furthör assamed that the field due to an interstitial charge 

is necessary fer the creation of a mobile charge by light absorption. 

Supposedly, these photocharges created near the interstitial charges have 

a mobility that may be different from that of the interstitial charges. 

Furthermore, both positive and negative charges may be created, with 

different mobilities. - 

The process of charge decay is now_imägined. to proceed as follows: 

After the corona charging process, light shines on the .selenium surface 

and creates some photocharges? These diffuse rapidly in such a way as 

to destroy the local fields duo to interstitial charges near the surface-. 

Thereupon, interstitial charges diffuse out toward the illuminated 

surface, and the process is repeated". 

Formal Analysis  •        - 

We write V, the plate potential, as proportional to Kf, the 

interstitial charge density. That is- 

V OL. -N. ,{1). 

Assume now that light of intensity I is incident on the surface, 

penetrating to the depth §,. Within this layer* the interstitial charges 

have ä density N  te. N. The number of mobile photocharges created per 

unit time -fill be^ proportional to I-and ,N_ j these photocharges cause 

the destruction of interstitial charges. That is 

dN 31%  i (2) 
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£ Here,in addition to the proportionality constant ß, the factor  S  is 

I, .'"- 
introduced, equal to the ratio of thickness of illuminated layer to ." _ 

selenium thickness« 

The equation describing N,-  is 

X f >T-.-»T    _. ^A Y 
ta -Lin—41 £  — #" J' 

Here, the last term is the. flow of interstitial charges from the selenium 

• into the illuminated layer ^ , as.sumod proportional to the difference- in 

density N-Nt , except for a threshold terra  j\ 

The derivative of equation (3) by time is written 

d*N 3 
dt2 + 6) 

dNä 

dt" fS mu (M 

The integral of this expression has the form 

±at 

where 

•(S*£y± vEEZSJ*^* T BI, 

Hence, the -general solution is, for N fc =>   'Nn at t = 0, 
•s ; -~ 

"P3*   , -A  -Bit 
N ^ » N0e ; + B(e ' - er )     (£> 

We write the potential V <r. N ^' whore ^ is the selenium film thickness. 

It follows that ¥ has the form 
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If at t-s-oo, V^» o, C «o. 

If furthermore at t=o v"=V0=»N0jr , 

„   ._, - . 
3 

Therefore., recalling that VQ~ = K0 ^ * 

ft .0 -TvT../ £' -XY. =S=. /B.T _x v \n 

(-8) 

t 
since — « 1.    -"   " """"  -—-•-- 

3f - 
This result predicts a de.cay rate proportional to I for small 

illumination intensity, arid independent of I for large ill-umina-tion^ _ 

intensity. This relation should be easily tested« 

Dis.pus.sion of Theoretical Predictions 

 in   «niG  tyiajijöi-Dj WCA-ucixn  uacsujupuxuiio   ivciu muuu   wiai>- ciU"u  aou 

specifically required. Thus, the mobility of the photo charges -Tra"2i/\..~~ -_- 

assumed large compared to that of the interstitial charges»- Again, .tho- 

range of the forces due to the interstitial charges was assumed small 

compared to the .selenium-flayer thickness. This particular hypothesis 

resulted" in the introduction Of the two periods of equation (8); the 

assumption of larger range may bo equally plausible. Hence, the experi- 

ment suggested in which the decay rate is observed for various intensities 
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I should serve to tost whether the range of these forces is large or 

small# 

If the mobility of the. photo charges were assumed to be large;,, a 

different kind of dependence of V on time might- be obtained. 

In summarizing this model, it is to T&rictedthat it rationalizes the 

irreversibility of electrophotographic processes, and ehe difference,- in  

decay rates for positive and negative eharging» Although the detailed 

model is probably not correct3  it would seem necessary to postulate two 

different charge types. In this sense, the theory is a necessary and 

useful step in understanding the phenomena of electrophotography. 

Comparison With Experiment 

.A. series of decay curves were run- with varying intensities of 

yellow light, on Plate .I2=21^1ifNP.,- and decay rates, were observed* -The 

results are shownrin. "Figure 117 s.s a "plot of decay rates in reciprocal 

"seconds as a function of the-illumination intensity in ergs per square- 

centimeter per second. Two sets of data: are shown, obtained at different 

times, It is: probably not proper to,'draw anything but a straight line 

through cither sets but it is possible that an extension of the experiments . 

would show a curvature in- agreement with the prediction. For the present, 

it appears that the reciprocity law mightr be valid at low illumination, 

and that at higher intensity the- •relation is valid" 

-BI'I --•"... 
.V » V«e- 

where m = .728. 
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