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ABSTRACT 

A method for the preparation of thin films of selenium 

b-y mea!1S of vacuum ev~porat ion i s de scribed. F11;ns deposi ted 

on thin glas s ani quart z pIe te s 1J'r ere used i n the spectro

~r8~hic observation of absorption in the visible and ultra

violet ragions of the Rpectru~. Fil~s i eposited on the 

compensating pl~tcs of the Michelson intorferometer were 

used in measuring the refractive index of selenium at four 

wave-lengths. Meast;.rf:":nents of reflection and transmissi on 

were :nad3 at vari'1us wavelengths \":ith a photomultipli er tube. 



l 

This study of s~me optic~l Jroperties of selenium WQS 

undertaJç·:m, follo':lÏllG a gjft of sorne lJUrified f, 31enium, 

bec3.use Of the unusual effects of liCht -..rpon the behe.7iour 

of the element. The material was used in the form of thin 

films de 1;08i ted by avapû:J.'3. tien. in a vacuum; this technique has 

so fQr been little used in the investisatior:. of selenium. 

Selenium (1) was discover'ed in 1817 by Berzell.ù.s (2), 

who found it in the sediment fOi:; the bot tom of the sulphuric 

acid lead ch'linbers at Gripsholm. Since the . ·properties of the 

elemen'c closely rese!ilJled tC.Lose of tellur~_":..l.m, Berzelius 

called i t "Selenium", from the Greek "lord 'ZEA1v,?, the moon 

(while "Te2.1us" :1.8 tt1e name of t ho earth). Selenium oeeurs 

in the s ixtl.: group of t ~l_e periodic table, 9.10ne wi th axygen, 

sulphur, tellurium and polonium, and resem'bles sulphur bath 

in tho 'lariou8 for1'l1s of the element A..'"1d in its eompounds. Its 

atOIlli~ w.:;it;ht is 78.913, its atomic number 34. The boiling 

point is 688 de grees C., t~e meltinb poipt of the gray wetallic 

fon~ 220 degrees C. (3). Vitreous 8elenium consists of chain 

molecules, and is described as a super-cooled liquid of 3reat 

viscosity. The red, crystalline !llOnoclinic variety :'8 made 

up of 8 - ,-n.embered l"linz molecules. T'letallic selenium is gray 

8.nd crystalline; i t i s the stab le for,'l of the e 1 (;l ((le nt a t aIl 

tei"1peratures np ta 220 degrees C. 
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In 1873 V!illou;;hby Smith (1) anncmnced the d2.sco,,-ery 

that the resist3.nce of selenlu1'1 alterec1 materially on e xposure 

te light. This Cl. rou8Gd \"!idespread jntere st in the follol':ing 

years, and. nany conflièting results were found. 

Selenium h ::t s a number cf' chemical uses. It gives 

coloured 01ass a pale violet colour, or red (used for siGnal 

li ,~hts on railroads), and as a decclourizer overCO!Tles the 

natural green cclour of ordinary Gl~3s. It is effective in 

prevonting combustion and has been used to flame-proof insula

ted wires. It will :C'lame-prc of wall-papers, etc. but the 

large amounts required make the expen88 too great. It has 

been ~sed in the vulcanization ol' rubber, a.nd the U1R.Dufactui'e 

of pigments. 

Selenium co:npounds have a physiological affect sinilar to 

that of arsenic, but their toxicity is much 1333. Selenium 

is used as an insecticide. Se1enat3s, uhlike sulphates, are 

highly poisonous. 

Selc:lium i3 used in --Sorne k :l_nds oi' barrier layer photo

ce11s, for instance the Weston "ihotronic" cell, in exposure 

meters and light m0ters, and in selenium :--"ectifiers, e .g. 

for battery charsers. A type cf ? hot08raphic reproduction 

ha s b een d eve 10p8d which è epends on i t s pllotoconducti vi ty (3) • 

Host of the work on the cptical properties of seleniurn 

hC-lS been dono 'J'vith the nl.etallic v8.riety or the red crystalllne 
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one, 'lnd little '.vith tho vitreous form llsed in tilis st:ldy. 

Weod (6) used tL~in prisms of vlt~0ous seleniù.;:tl to r.10dSUre the 

disP3:i.'sion of the red r.;nd of th.::: spectrum. Using an· 

in-cp,rferometer method wi th thin films, Wood .201J.....'1d a d isporsion 

curV0 Por t Lia ra!1ge 75GOA to 4000A w~1ich rises as the wave-

length i8 decreased ~nd has a turning poi~t in the 3reen. 

He :L0u.nc~ the absorption rising gradually 2.S the wavelength 

iS:13Crease::', froIn 71001-. to 3400A. Edmunds,(7) obsE:œving the 

elliptical polarization of lisht reflee;ccd from vitreous 

seleniti.'n, found ageneral t:;'-'ansi tien from vi treous to metallic 

reflection vJith clecres.Jing wavelength. Analytical interpre-

tat ion g~ 'l8 nbsorpt ion and dispersion c urves of the same f orm 

as Wood 1 s. The experiments as VIeIl 'lS the a pplication of t he 

dispersion fo~mulae scemedto indicate a number of overlapping 

abs :œption bands L1 the :lI tra-violet • Edmur~d.s found tha t 

therü i3 apparently no selective reflection in the ultra-violet 

alt~0~sh this is suggcsted by the high absorption. 

Weiner (8) ~c!nts out that little attention has been 
in 

given to the possibility of photo-conduction the red amorphous 

forr.! of selenium, the uS'..llll statcnent beins tha t i t is cm 

ins'..1.lator showing no photo-con.::1uctivity o.nd he reports that 

it is a :hoto-conductor ~ith a spectral response peaked in 

the blue-Green portion of t he spectrum. 
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PHEPARATION OP S:CLENIU1JI FILMS 

The t h jn film3 of selenium used iL the following work 

were propared by vacuum evaporation(9,1O)of seleniu.'TI. onto 

quartz pla tes, three-inch g lass microscope slides, or the 

cempensatinc plates of t~e Michelson interferomatsr. 

Purified ~elenium manufactured by the Canadian Copper Refi-

ners and given to the laboratory by PY'ofessor J.U. MacEwan 

was used for the earlier films, and deuble-distl11ed in 

quartz (DDQ. Brand) seleni1:m presented ~y Canadian Copper 

R8finers for the lat ôr ones. Th0 films used for mC8sure-

ment s \7e1'6 made from this sec ond sample. 

Tho Evaporation Apparatus 

The vacuum e.pparatus used f er making the selenium films 

(Figure 1) Is described by D. S. Smith (ll~ and was previously 

used for "HDTorating al'~n:inum. The vacuum line was rebujlt 

on the sar.le design by Mr. R. Lorimer. The system i3 e vacua ted 

by a g lass tb,ree-stage mercury diffusion pump backad by a 

_c:: 
Cenco Hyvac pump; a presS'ù.:i..'6 of 10 <.J t11111. of mercury or less 

can be produeed. A ~n8 reury trap ":L.ieh i s in the line was not 

used in this experiment. 

The evaporatinb ehamber (Figures 2 and 3) is formed ty 

a glass bell-jar resting on a brRss plate, throu~h which a 

tube la3.ds te t~lG vacuum line. TYIO spark plugs, thI'eaded 

int o the base-plate, provide insuldted alectrical lead-ins. 

- 4 -
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Figure l THE VACUUM ::TJAPOHATIOH APPARATUS 
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FIG. II 

P - Plat e to be coat 0~ 

S - St c nd 

C - Cr~lcitl'3 

A - Pyrex Cup 

T - Cov3r 

13 - . Ba se P L1 ~ C 

G - Ga s ket 

.J - ~oJ I-Jar 

v - to Vacuum Li ne 

L - Leads 
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Figure III THE EVAPORATING CHAMBER 
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The joint between bell-jar and plate i8 sealed with a neoprene 

gasket, coated with Apiezon M stopcock grease. This joint is 

very satisfactory, easily opened and re-scaled, and seldom 

needs re-greasing. 

The selenium to be evaporated is p1aced in a sma11 

crucib1e, one cm. top diameter, made by app1ying A1undum cement 

to a conica1 basket formed of 25-mi1 tungsten wire, and sinter-

ing for a few minutes at 1200-1500 degrees C., as measured 

by an optica1 pyrometer, after drying(12). Chromel wire was 

found unsatisfactory for making these crucibles, since it 

usually melted or broke during the sintering. A conical wire 

~asket of bare tungsten did not hold the selenium, which ran 

through when me1ted. The crucib1e is connected by heavy 

copper wires to the terminaIs of the spark-plugs, and the 

heating current, m03.~ured by a 0-15 al'np. annneter, i8 supplied 

at low voltage by an e1evon hundred watt Variac connected to 

the llO-volt line. The crucible is supported, and enclosed at 

the bottom and sidss, by a glass cup. This is made from a 

Pyrex beaker of one inch diameter, eut off one inch above the 

base, with two slots eut down threG-eighths inch from the top 

to permit passage of the wires. This cup is covered with a 

piece of tin-plate. \·1it:1. this arrangement, the selenium can 

be mclted and given a preliminary de-gassing while covered, 

without danger of depositing anJ 5.mpurities on the plate, and 

the cover removed by means of a magnet outside the bell-jar 

when the evaporation of the fIlm is to commence. 
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The plate: whlc:l i3 to receive th8 film, i8 81lpported about 

10 cn. abo~e the crucible ccntainin3 sele~!ilin upon a stand 

which Is made of glass tubin3' If a thin strip only is to 

be coated, the ~tand holds two ~icroscope slides held apart 

by spacers, and the ~late rests on the~e. 

Qleaning of Plates 

AlI pLltes wer3 thoroughly clcaned with hot !0'.1n04 

solution (4%), followed by dilute Hel, and rinsed in tap 

watcr ~nd ~lstilled w~t3r. They were then rinsed in alcahol, 

and dried with cotton waol and alcohol (13) 
• A glow dischar~e, 

for cleaninJ by ionic bOPli).9,rdnent, was produced in the chamber 

at 8 pressure of about :3 x 10-3 mm. (the lower limi t of .tb.e 

fore-pu.'Up) by R.pplying the terminal of a Tes~la c0il "lcak

hunter" to one of the leads of the spark plugs for about 

fifteen minutes. It is difficult to assess the value of t.he 

dis charge in thi s eXperir.1Emt. iJo significan t difference was 

noted between films on plates '.'/hich had been exposed to the 

disch8.rge and those not· ·so treated. The usual result of 

poor cleanlng Is films which peel off or show pinholes, and 

neither of these diff:l..culties ':las enc0untered with the 

seleniu.~ films. 

Evaporation Procedure 

Aft~r clcaning the plate and arranging ths apparat~s 

as described abol/e, the vacuum chamber was 3ealed and the 

fore-purr.p started. 1}Vhen the systerr. wa s pumped down, -'. 
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th8 discharge was started and run for fifteen minutes. 

When thiR was completed, the Mercury diffusion pump was 

:ta~ted and in one-half to one hour the pressure was reduced 

to l~ss than 5 x 10-5 IYJr.l. The heating current V'las then 

turned on: only very low voltages were necessary with the 

pai"'ticular crllcibles and lead::; u8ed. The cu.rrent was 

immediately raised ta 8 amps, "':~le Variac read.inf::; less than 2 

volts, ta malt the selenium. (The DDQ selenium \'las ruppliod. 

in the form of small pellets, ca lIed "shotted" sele~ium). 

This takes cmIy I?, few mlnutes and al though acco:npanied by 

heavy deposition of selenium on the walls of the class 

shieldinz cup, May be o~ served by eye. The current was then 

lowered. to a~out 4 amps 20r fifteen minutes to out-gas the 

selenium and recove a!ly vola tile in~puri tie s. The c ovep was 

• removed by means of a permanent magnet outside the bell-jar, 

and the current set at about 5 amps for the evaporation. 

T~üsdeposited a thin layar il1 l'ive to ten minutes. The 

thickness of t he film was ostimateC'. durinc; de:?osition by 

observing the succession of the interference calours , 

preferably 'oy rcflected sky liGht,~s the thickness increased. 

The 9ressure immediately aft e r tt0 evaporation was usually 

sliChtly highe~ than before, but still 133S than 5 x 10- 5 mm. 

The plate '1'18.<3 left in the cr,a'TIber, wi th the pumps going, 

for a t least twenty minutes, to 2.void possible abs'o~ption of 

gas cn the heated surfaces. The surface of the selenium in 

the crucible was ~ot uniformly stiny aftc~ h8ating, sug3esting 

slis ht contaminatio!1, and althou: h no effect of this O!.l the 
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films W8. S Q~) Serv- 0d., ';.;he surface laye r- ':'l'lS removed before 

subsequent evapora tion of selenJum. 

Geno~~l Observati ons on Seleniu~ ?-ilms 

The f iJl"1s fOrr:1ed by the aoove proeed1.A.:"'3 show T'ed 

c olourings by transr.1i tted li ght. The t:linner one s .<1 re a 

light red-brown, medium ones 8. brm;ili3~!_ red, 9. nd t h3 t:1.icker 

ones a deef ruby-red. The selenium surfaces h2.78 a metaJ Ile 

lustre. Th8 selenium in these fllms is evidently of the 

runor.phoUS ?llotroplc FJ.odification (vitreous form), and Ke cle 

(:)4) comment 8 tha t this is the f orn of seleniv.rrl ..:ieposi ted by 

vacuum e vapo:,:"ation when the plqt e s 3.1"'6 Qt temperaturos Im'ler 

then 5 C de grec3 C. durin~ c oatinc . 

The films are Basily seratche d and May be scraped off 

the p18te, ~J ut adh3re firmly undc l" o r dinary handlinc. Indeed, 

tho filns the.-i:; formed on the b el : jar and other objects in 

-::'13 0Yapo:ea ting cham ber were often 3xtreYC1e ly difficul t t 0 

rel1~Ovc: th~n layers were fairly s oluble in xylol and Gould 

be rubbed off, ,.r~lile thicker one s v:ere slowly di s sol ved by 

aqua ~e3ia. The thin deposit which always appearad on the 

upper side o~ a plate was removed by wiping with xylo1. 

Observation ryith a micro9cOpe~ at a rnagnification of 

lOCO j~ showed no structure in the films. 

Approximate observations on filn thieknoss wero made 

by ::3veral methods. The intorference t'ringes could be 

countC::l easily for films whiehthir.nad g r'3.dually to nott.ing, 
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a1thou3 h in ~~e case of etrips wit~ sharp edges they cou1d 

be counted cnly durin~-::: fopmation. Comparisol:.s betvJeen films 

can ~e made in this way, although the determination of the 

6eometri~al thickness \":ollld l'equire k~owledge of the refractive 

indax an~ the phase change on r 8flection. The order of 

magnit1.1.de of the tl-~ickness cf one film was fOlmd b:r the 

scale ori the fine adjust~ont of the microscope as one micron, 

of anothe r, by the spherometer, as three microns. ~owever, 

thi!1!ler fllms were used for tl:.e optical measurements, and 

the se methods of dir'ect measul'cr.:ent could not b e applied to 

them. 
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SPECTROGRAPHIe MEASUREMENT OF ABSORPTION 

A semi-quantitative method(15) was used to measure the 

absorption of light by selenium films. Series of exposures 

on the s~eetrograph were made which differed in length by 

powers of two. A short series (3::1.:;" three) was first made 

with a clear portion of a platG (glass or quartz) in front of 

the slit. Then on the sarne photographie plate a longGr series, 

of longer exposures, was l~.2..de with a coated glass or quartz 

plate before the alite For various spectral lines, the re-

ferenee spectrum was matched with the exposure throue:;h the 

film whieh gave the sarne density. The eornparison of exposure 

times gives a measure of the absorption, sinee the intensity 

of the source was relatively constant throughout. 

The transmission, T, is defined(16) as the ratio of 

transmitted intensity to incident intensity. 

T = 1/10 

Negleeting reflection, the absorption, A, i8 1 - T. A quantity 

often used 18 the extinction, E, deflned by 

E = loglOIo = loglo1 
l T 

The 
(17) . 

reciproeity law states that the 2.r.lount of a 

photoehemical reaction depends on the light energy absorbed -

i.è. the produet of the light intensity, l, and the time of 

irradiation, t. This law appliea to photographie plates to 

a good approximation. 

Therefore, when densities are the sarne, the intensity of 

light falling on the slit is inversely proportional to the 

-l3-
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T - l 
Ïo 

- 10 , whera ~ is the €Xp0SUre 
t 

time of tr.e refe:r'ence spectrum and t i9 the exposl1re time of 

the ma tc:ling d3r.si ty in a spectrurl1. taken through the absorbing 

medium. 

The instruments used were a Hilger medium Quartz spectro. 

graph with a selenium film on a quartz plate, and a Hilger Glassl 

Constant Deviation spect:trogr>aph '.vi th a selenium film, or a 

glass plate. 'rho filMS 1!'lere of a pproximately the same thicknes s, 

as m32sured by the interference colours. 

A print of a plate taken on the Hilser medium quartz 

spectrograph is shown in Figure 4, with matching densities 

marked. The results are shown s raphically in Figure 5. It 

may be seen that the selenium film on glass, for which the 

measurements at lon~er wavelengths were taken, is somewhat 

thicker than the other. 

These results a re in agreement with V/oodls observations(6) 

of the a bsorption in vitreous selenium. He found that in the 

range from 7l00A to 3400A the absorption rises slowly from 

very low values at the long wavelengths. 

'l'he curve found here ri s es steadily from very low values 

in the red, and appears to levaI off at about 2600A. However, 

the observations at wavelengths Sl:orter than 2600A are 

estimated i'rŒll mea o:re data, and are accordin:.ly less reliable. 

Although reflection has been ne ~lected, it will be seen 

in Chapter V that it Is not Inconslderable. 
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FIGURE IV SPECTROGRAM SHOWING ABSORPTION 

Taken on the Hilger ~edium quartz spectrograph. Six short 

exposures through clear quartz; eiCht long ones through 

selenlu:r.J. film. The scale reads from 2200A. to lO,OOOA. 

The dots mark densities matching t~A ref3~ence spectrum, 

which Is marked by an arrow. 
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IV 

REFRACTIVE ~:r-,TDE~C l'.'T.E:~SURSMENTS 

The N~ichelson interferom3tGr' (13) was used in an attenpt 

to measure the refracti ve in::l0y. of t he se lenium films. A 

horizontal strip of selenium was deposited directly on the 

compensating plate of the interferometer, and using vertical 

strair;ht-line frin;:;8s, tl-le frin:;c :Jhift'" '-'TOre me::sured by 

means of a rnicrometer eyepiecè . The a~paratus is shown in 

Figure 6. A lens is used to focus tho ::'rin;es :l.n t~:.t;; pl'J.lle 

of t'.1€i cross-hairs. A GrcLilld Glass 8creen, Hnd a filter 

where nece3sary, 9.r'e pl"tced ~etween the light source and the 
in Figure 6 

intcrfs:;."ometer. The s GJ.enium flhl may be seen"as a dark 

band on the compensating plate. Pictures of typical fringe 

patterns ar~ shown in Fi~ure 7. 

The affect of placing ~ thin fi~m of :refractive index 

)J. [l,nn. tJ:dclmess ": i"l t~l(' .t-lath of ona of the interfering beams(19) 

i8 to di3pl::"c8 the frinb8s latcrally b~· an amount pro~orti_on[ll 

ta the change in optic[ll length of the path. For plate at an 

an81c of 45 d8~rees the ~ath cnange ls 1.41[2(~-1)tJ and this 

divlded ~y ~,th3 wavelength in air, 18 the displacement x, 

in terms of ~rinbe widths. Thus 

x l\ :;;; [2(P.-l)t J 1.41 

and. ::.r one of p or t is known, the other can be found f rO!l1 

measurements of x. The ratio of two film thicknesses can b e 

found from measur6111cnts at the S:li1le wavelengti.l. 

-l~-



FIGURE VI 
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TH:ë: MICHELSON INTERF:2:ROI,lETER AS USED 
FOR REFRACTIVE IJ.IJ""DEX }.:ŒASUREMENTS 

The selenium film nay be seen as <l clark band 

on the right-h~nd rectangulàr plate (the 

compensatine plate.) 
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FIGURE VII SOME INTSRFERŒ.'LETER FRINGE PATTERNS 

1. Fringe pattern made by sodium light. At top and 
bottom are fringes ?roduced by light passing through 
the clear portions of the compensating plate and in 
the middle by light passing through the selenium film. 
The latter fringes are displaced to the right because 
of the film and are curved at the ends because the 
displacement produced by the thinning edge of the 
filr:1 is less. 

2. Fringe pattern made by sodium light. The pattern is 
viewed from above the horizontal axis and therefore 
some fringes are produced by light which has passed 
only once through the selenitun film and once through 
the clear portion of the plate, and others by light 
which has passed through the film twice. In the 
former case the displacement is half. 

3. Vrnite light fringes. The central dark fringe may liG 
i'ollowed through the pattern to determine the number 
of fringe-widths displacement. This fringe is 
clearest in the upper portion of the picture. 
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OL~8rvations were made o~ three films of Jifferent 

thicknesses. The interferomet3:::' was s et for Vlhit(;-li6~lt 

fringes, a:r:cl tL19 central dar!{ f r:!_n;;e could be observe::l. if' 

:: t s n c::--:n2.1 position and as displa ced by the st:èJp aï' se lenium. 

This g1-I108 the a~)proxir:1d.t l; frinGB shift, :1. ;:), l'or example, 

threc f rin2;e widths. Mencu::.'o~nents V'8:' :J l;ld.de with monochromatic 

light, sett :tn3 the micrometer cros s-hair on the da.rk fringes 

of 3ither set in order across the field. Four wavelengths 

\'lere used: sodium yelloVJ, and !1ercury red, green and blue. 

Visibility, :md therefore accuracy, '.vere best for the yellow 

and green. 

The thickness of one film was measured by l\ir. D.S. Smith, 

of the National Research Counc11, Ottawa, using a Pulfrich 

interferometGr. This instrument measures the geometrical 

thickness plus the phase shift on reflection at .the ~ir

selenium surface(ll). Measurements were made with six 

wavelengths and the Mean used for the calculation of relractive 

indices. The thicknesses of the other films were calculated 

in terms of t~üs one from the thickness rat :tos. 

A Eilger interferometer was used and monochramatic lieht 

was produced as follows: 

Hed - 6230 - j.·jercury lamp with filter IJo.2, Cambosco Spectro
Radioscopic filters. 

Yellow - 5890 Osram sodiu~ lamp, no filter 

Green - 5460 Mercury lannp with No.7 Cambosco and Wratten No.62. 

Blue - i1360 l',:ercury lamp with No. 10 Cambosco and Zeiss 
No. BG 12. 

The values round for u and tare civen in the following 

table. 
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TABLE OF VALUES OF ltEb'RAC'flVE INDEX 
~'OUND BY 'l'HE MIOHELSON lN'1'ERFEROMETER 

Film Number: l Il III Mean 

}.. = 6230 A. 11= 2.36 2.5~ 2.27 2.39 
5690 2.58 2.7 2.60 2.67 

a460 3.14 3.09 3.~7 3.20 
360 3.41+ 3. 0 3.42 

Thickness: 3070 * 924 2260 A. 

* measured by Pulfrich interferometer 

'l'he third figure 1s not accurate. Measurements were 

made on the accuracy of the setting of the cross-hairs on 

the fringes, and the error was found to be less than the 

scatter of the results. 'l'he accuracy of the values should be 

greatest for film No. II, the thinnest, since 1t gave the 

clearest fringes and the least absorption. 
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OF ':::'RAl\'Sr'ISSIO}T A~ID REFLECTION 

Moasurements of optical trans~ission and reflection 

were :1~3.dc; usine 3. photo1'11Ultipli3r tu'be as described by 

!<:'l!:m (20) (see FiGurE; s 8 R.nd 9). 

The photo~î1ulti:;;lier tube :L3 mOl'nte li on the moveable arm 

of a s:r:;o8tromoter, and the quart:'0 ;?late v:ith the selenium 

fiLl on it is f:txed vertically or: the :pectrometer table sa 

th9.t the 8;~is cf ~otQtlon passes thrcagh the surface of the 

filYl. A diaphra[;i'i with ar.. a)3rturo al:Jut 1 cn. by 4 c:n. 

is placed in front of the fil,n. The phctomultiplier is 

shielded::'rom stra-;:T li,,:;ht by a round can wi th a slit in 

one s :ide. Li;:;ht :'ror: a Hil.zer qU'3,rtz IY'. ,~mochramator 1:Ji th a 

mercu~y lamp fG~ ~ourco i3 fOCUSS8d on the plate by ~ quartz 

lens. A source ':Tit~l f~lters '1lQ~T be uscd. directly in place 

of the rrJnochro~atar. 

The photoin"J.ltipli 8r ~,uhe, an R.C.A. 931-Jl.(2IJ, was 

run fror'l a 100e volt pO'fJer supply ''':tth ICa volts pel'" stage. 

A Sola valtage regulator stabilized the voltara to the 

power suppl~T and the Mercury lamp and a 500-·.~'''tt Variac 

contrcllod the voltace for the fower supply. The photo-

multi:çlier current ViaS read on a mic::."aa~nmet".:)r. 

-22-
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Three r'eadinGs 'aere tak en, one i."lith the source, stop 

and multiplier in line (I in Figu r e 8 ) without the selenium 

film, the sec nnd in the 3ame \'lay ·:.'ith 1;he film in pl~ce, 

and the third after the photomultiplier h,~ d "!Jeen moved into 

position II in ~hich the li ~ht reflected at a small angle 

reaches the tube. 

Transmissions, reflections, and absorptions are plotted 

on pa ~ e 26. The trans~issi on coefficient T is the per c ent 

of the incident li ; ht trans~itted,R tiat reflected and A 

that absorbed, where 

T + R + A = 100 per cent. 

The tr~nsmission coefficient decreases to very low 

values in the ultra-violet, while the reflection coefficient 

rises. The transmission curve is thus in agreement with that 

found s pectrozraphically. The absorption, which is brge 

in the green and blue, apparently decreases in the ultra

violet. Weiner(8) reports that the photoconductive response 

i8 greatest ir. the blue-~reen reg ion of the spectrum. 
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FIGURE IX APPARATUS FOR MEASUREME~TT OF TRANSMISSION 

AND REFLEC~ION 

The photomultiplier tube m01..U1ted on the spectro
meter arm at 13~t is hidden by the cylindrical 
shield. The monochromator and mercury lamp are 
at the rig:'1.t. 
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CONCLUSIO~S 

The evaporation technique has proved useful for the 

proJuction of thin filMS for measurAments of various kinds. 

The method of detormining refractive indices with the 

Michelson interferometer is promising, although the results 

prosented are not very accurate. It would be interesting to 

examine the effects of ageing on the propcrties of the 
t he 

films, especially in view of(\hygl?oscopic nature of selenium 

and the possibility of change cf allotropie form. Such 

changes might account for the scatter in the measured 

refractive indices 
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