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PREFACE 

The idea for this paper was direct result of the 

writer's skepticism of the glowing advertisements of the 

various manufacturers of color f'ilms. Also, it color film 

could be used for direct application of scientific research, 

especially th:t in the realm of color., considerable effort 

could be saved . Let.tars to manu!a.eturers got very little 

information os to the limitations of color films for such 

uses. 

The writer wishes to acknowledge the assistance given 

him. by Dr. s. w. Eager on photographic probleas, Mr. c. Fre­

mont Harris on problems of optics and lighting, and )(r. J . R. 

lls, Tipton, Oklahoma, for the use ot his Harrison Color 

Corrector Set cllld the .any helpful suggestions he offered 

during the experiment . 
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Chapter I 

The Probl 

l 

For a.my- years, man has sought ways and means to reproduce that which he 

has seen . Earl)r stages of his developnent along this line are reflected in 

the ancient hier oglyphics le1't as memorials to the great men of times gone by. 

Attempts to use colors in addition of the hieroglyphic a.re evident in faint 

colorative stains still diacemible • 

.Following this have been ma.ny means o! expression and reproduction. Oil 

painting, early lithograph3, black and white photogra.ph1, each has had, c.nd 

still has, its place in the proceos of reprodacing what llaJl has seen and ex­

perienced about him. Added to this list no is color photography. 

ffllile color photography is not a new science, it has been only during the 

past fifteen or twenty years that it has enjoyed any marked degree of popular­

ity ong amateur photogr&.phers . In this tiJJ.e great advances have been b.de 

in the manufacture and processing of color film tor the i:Uilliteur . No longer is 

it necessar1 to own expensive equipment to enjoy this r scinating mec;lJ'ls of 

artistic reproduction. Indeed, if one is to believe t he claitns made either 

directly or by implication in the various a.nd nuaeroua advertising lay-outs 

o.f 1I1W1U!c:1Cturera, it ould se one needs only his e7es and "This Blah- Blah" 

film for artist.le results to rival those of the great masters of painting. 

All colors will come out a.s pure as colors in d.e -kisae roses . Exactly as it 

is in nature . Of course, such ex.t.ravugant claims t ake on · irs of w'J.Shtul 

thinking to the snan who usea his in uiring faculties at all. To the man with 

~ scientific ba.ckground, such claiLls are not well founded. 

a ciJl instrument of scientific endeavor, color photography h~s been widely 

advertised . Claims are made tha~ the eXo.at color of a.t\Y object can be recorded 

!or all time by use of certain color films . this b&.s been advocoted in the 

field of the biological sciences, especially. After having read much &dver-
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tising on the subject, one is immediately !aced by sever~ questions. It there 

is any deviation of color rendition, is it constant, or does it vary with wave­

length? Does the color shi!t v cy with the color te.mper·ture of the source 

being used? Is the color shift. characteristic or a certain basic type, i . e., 

subtractive or additive, processes? How will exposure time !feet the tidelit1 

of · particular color film? 

All these questions ust be hllswered before one CWl ~e any conclusive 

statements as to the adapt~bility of color film to preci e uses. All effort will 

be filc;o.de to answer them in this paper. 



Chapter II 

ief Historical Background 

of Color Photography 

s previously ention d, the desire to reproduce in color has existed in 

.mankind .for ny eenturie . In fact, ecrly Japanese uscripts h&.ve been 

found describing a proc ss of reproduction which is v ry similar to modern 

1 
lithography and color-printing., is proce s involved transfer of color by 

superimposing many color soreena on · 1.-iarble lab or silk. vo ntion was 

de of how col.ors for ach screen dete ned. 

Significant dv ces in tho realm of color reproduction were not made 

until the period b-eginning itb the ,arly 17th century .md continuing to the 

present. As tar bc1ek a.s 1611, Ant.o ius de Dominis postul· ted in a published 

work that all colors were form d by the absorption of hite light by objects~ 

Indeed, he carried his theory f·rther by postulating that the tundamental 

colors were red, green, CII.Ild violet and that ll other coloro were the result 

of dif erential abaorpti n or whi light by these !undatitental colors. his 

theory is in striking agre en.t with pre.~ent theories along this same line. 

Shortly after Antonius de Doiainis propound d this theory, Aquilonius 

(1613) &dvanced the theory that rod, yellow, and blue were the primary color s~ 

To support his theory, Aquiloniua st up a method of color synthesis using 

half-circles of light of the th.re colors . 

early fifty years later, Sir Is c N wton (1666) discovered the solor 

l E. J. Wall, History~ !h!:.!!,-Color PhotographJ;, p. 2 . 

2 ~-, p . 5. 

) 1!2!!!.• 1 p. 6 



s t um y u e ot pri '!- 1th the iscov r1 ot the . oln.r . , .ct , !ch 

s continuohs through ut he ntirc ct tr the reds to the violet, 

there po it.iv proof t t 4 te l ht W' a th s ~ tiOI ot .any olors 

an not o ly three . This di coveey did mueh o apu.r inte st in color re-

s~reh .• 

:ly in 1700, J. C. Le Bl.on, a rench print r, introduc d t.o :rope a 

color- rintinf pr ceas w:ich is the v rye enc of odern eolor-printi 

t chni~ue:IJ~ Le Bl.on fir. t. w.ide u e o! co• r,e;r plate to pr nt wit ·ettton•s 

seven colors by u rposition on , hit.e b e ro d. ,,3 hi eolors ll'ero 

tr«n nt, h got crodiblo work. T process lfU tedious 

ing, but it certainly &. an '-r.dv ,ne. nt. . The proc G , when u. ed by other , 

re u1ted in a gNJat <.te{J. ot v ·· r1 tion in .aults due to the ct tha.t e· ch 

opcr· tor used his OMt iruc · d ther.~ a no t.W1<:lb!'dillatio Qf colo 

t Thia laek ot stwidardi:zation in inka, h v, r, wu. not the greate t 

sourc ot v rl tion.. Le Bl.on h· d proposed no od tor det.. mining th 

c po ition 0£ ea.ch color, o th actw: rendition of e lor W-d.,'l ent.i ly 

de end nt upon th eoncep~i n of the oper·tor ~a to hat colors d 

intensities c posed another color. This, of cot r e, prP.sentod re t 

In 1722, Le ~ chanaed his printing proceon to include only 

four ke,1s {platea), o e ~ch !or l"f)d, 11 , blue, nd black to b printed 

upon npuro l'fhit "• Here was rn color-printing in it3 int&ne. 

About 90 yea.rs later (l8l2) , tho worl Wa3 introduced to the first 

pr tical chanicol iethod or reprc;,dueing colo d i ct..ures, lit.ho phy~ 

J.. · Vlarian by the n e o! Senefelder be wi orking oclorod pictur· s on rbl 

I+ Ibid. , P• 6. -
.5 ~-, p. 1. 
6 Ibid., p. 15. -



"atones" by using an etching through a grea e coating. Tho grease would repel 

water in the regions in which it wa left, but at the s e time would be re-

ceptive to colored inks. In the regiona where there was no grease, the water 

would cling and repel the ink. This work had to be done entirely b1 hand and 

was extremely l borious. Ken spent years in apprenticeship before they were 

permitted to work their own "atones", and even then they were ultra-specialists 

in certain types of work. 

While so ueh work was going on 1n the field ot colol"-printing and repro­

duction, ettorts were being redoubled to explain just lfhy combination of three 

colors could give the necessary impressions of all colors. It remained tor 

Thomas Young to suggest a plQ.Usible explanation? Young's theory ot color 

Yision explained, and still does, !or t.hat matter, many of the questions which 

had been raised. Young a sumed that each normal eye contains three types of 

color-sensitive receiving areas . Each type shows a · rked preference ot one 

of the three pri.au:Lry colors: red, green, and blue-violet. Following Young's 

theory, as one looks at the spectrum, the impression or gradual color changes 

is caused by the change in the rel· tive stimulation or these color-sensitive 

areas, or reeept,ors. On the violet end or th spectrum, the blue-violet re­

ceptors are stimul ted strongly and trm1amit this stimulation to what Young 

called the ttsensori " p rt of the brbin. As the eye views successive portions 

of the s ectrum.., the various receptors are stimulated. In the case of the yel-

low, for instance, it was presumed that the red and green receptors are e 1ual-

ly activated. For white light, all three types of receptors ~ activated 

equally. This theory of Young's fell into disuse, and it remained for Helm­

holtz to popularize it by pertonning a seri s of experiments and building up 

eye-color-sensitive curves~ Consequently, this theory is ost frequently 

7 D. A. Spencer, Color Photography _!a Practice, p. 15. 

8 R. A. Houatoun, ! Treatise .2!!. Light, p . 344. 
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referred to as the Young-Helmholtz theory of color viaion, today. 

Shortly after Young published his theory of color-vision, Clerk Maxwell 

w~s the first JllcLil on record to propose the possibility of repro uctian or 
9 10 seene.s by color photography . ' Maxwell point&d out that if the filtering out 

process were done by glass- filters in front ot a oamer instead of by the color 

receptors ot the eye, identical. end results could be possible . Here ie an cf-

fort to build up wl'ld.t one thinks ho sees rather than to repl"oduce uctually the 

spectral avelengths. red flower ~ppears red because it absorbs all but the 

red rays fr hite light, .and these in turn. stiLlulutc the red-sensitive re-

ceptors of the eye . If this s e red nower were to be viewed through o. red 

filter, only the red ruys tr the petals would be peI1I1itted to pass through 

it. Following this line of reasoning, Uax:trell proposed that aucoeasiv pie-

turea be de of tho s e object uuing the ordinary sensitive emulsions and 

red, gre n, and violet filters • . This process would give hat is known to-

y as "separation negatives". It was then necessary to make a npositive" ot 

each or theeo negatives . In order to integrate them into single picture, 

1axwell proposed that e~cl1 of these sep ration posit:1. ves be projected fr a 

projector using the corresponding tilt.er. It all three · ere projected simul-

taneous1-J on a. c on screen, a color picture should result from the addition 

of the three colored lights . 
. ll 

One ot Maxwell' best friends , Themas Sutton, 

carried out wc.well•s instructions in a demonstration for the Royal cademy 

or Seienc~ s 1n 1855 . For some wie.xpl.dned reason, ell und Sutton ehose to 

use four filter& J.nd projectors: red, green, 7ello, and blue. A cont pora17 

reported "that a sort of photograph •••• was produced in the natural colors . 1r 

9 all., QI!. ~ • ., p. 18. 

10 Spencer, Q_e. Cit., p . 18. 

ll 
Wall, .Qe. ill•, P• 31. 



In FrMce, there was · young and eal.tby nobleman who not only w s a 

patron of the sciences but ho also worked diligently in his own all way. 

He had several friends ho were bera or the Academie des Sciences, but he 

w snot hims lf a ember. In 1862, Ducos du Hauron12 sent his "Solution 

physique due probl e e la r production des coleurs par le photograpbie0 to 

hi fri nd. This friend read the paper and was greatly impressed with it . 

7 

All t is ef !orts to present this paper to the AOademie were blocked by the pre­

judice of the embers to a noblellUill in science and also by the lack of proof 

of JllollY of the things that du Hauron postulated in his 1=a.per. Du Hauron pub­

lished his paper privc1.tely in 1868; it received a great deal of attention 

abroc1.d1 and waa red in the ead e des Sciences shortly a!terwc1.rd . In his 

paper, du. Hauron predicted, without designing or building odels, nearly all 

of our preaent ethods an<i processes in color photogr ph,y. ost notable was 

his postulation of the "subtractive" co1or-pr-1nting process. Here the oolor­

prizt.'.:.ng would be done in eolors complimentar.r to those used in the actual 

pho'l',ogr&.phing ~ 

From the preceding parugrapha, it w1ll be deduced that the trends tor the 

perfection of a n tu:ral eolor process were ai.Bled tow rd means of reproducing 

bat normal eye see. A t w of these processes developed in l ter years, 

such as the Lumiere process; Duf'a.yaolor, Kodachrcme, &nd An.aco Color will be 

di cussed in later par-agraph • Cne process wbi.ch was aimed to reproduce the 

actual a.velength was invented by Gabri 1 Lippmann in 189lt3 

It is well known that tanding waves may be set up by light wa.ves as well 

a by sound and other wave motions •. If light. is incident normal to the first 

surtac of glass plate, a ph se chung of hcllf a W"d.Velength t....kes pl&oe. U 

1.2 J!?!g., p. 33. 

l,3 Bouat.oun, .2£. ill.. , p. 151. 
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it then is reflected ~r.t'ect.ly fr a second medium so th.a.t both the incident 

cand reflected wave are traversing the same direct path, standing waves will be 

sQt ,up with nodes at the second surfac and at distances or integral ultiples 

of the half-wavelength from it. tween the nodes will be a.ntinodes. LippGUmn 

used this principle in his color reproduction. He ba.cked a glo.&s pl~te with 4 

sensitive emulsion with a re.fleeting layer o! mercury behind tle u.lsion. 

The light will enter the glbSs, pass through the film, be reflected by the 

mercury surfci.c, pass throu h the film c.gain, and then through the gl.ass . 

Nodes and ant.inodes will be set up in the film by the principles of standing 

ruves menti~ed above. The sensitiv~ emul,sion will not be u!fected at the 

nodal points, but it will be a.ff ected a ntax.imwn amount at the antinodes. Thus, 

when the fil.lJl is d veloped and fixed , there will be a great number of reflec-

ting planes ot silver at hall-wavelength dist nces from the back surface and 

hal.f- wav length di ta.nces between each other. Te thicknesses of the silver 

layers will be very thin 8.Jld prc:r.ctically transparent. Ho , then, if this plat~ 

is viewed with bite light normal tot.he surface, the individual l.,,yers of 

silver will each reflect its own waves . All the constituent rays ill be -ref-

1 cted, but onl7 those whose wa.v lengths are such that they will reinforce 

them.ttelves will be seen on reflection. All others will b destroyed by des-

tructive interference. By this action, the natural colors originally incident 

upon a certain are~ of the film will be seen upon reflection. It can be seen 

' recs.dily see th t this process would result in only the spectral wavelengths 

incident . It has one very serious drawback, nam.ely: the film ust have a 

very fine grain emulsion. Present d y ulsions give good results, but the 

care which ust be exercised in developing and handling .raakes this process 

very difficult to use. 

In th following discussions, tho term additive color process shall 

? 
• 
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apply to those processes in which the positive pemits passag ot the color 

itb which the negative was made in the arts of the image wher this color 

is pre3ent. A subtractive process re oves froia white light thos primary 

colors with which th6 neg·tive wos taken, in the parts o! the image where those 

colors were absent . 

he fir t commercially succes tul cidditive color process the Lwuiere 

AUtochrome plat6:4 This plate has since be n introduced as rol.l film. In 

Autochr an irregul r mosaic screen is used as the needed filt rs. This 

mosaic creen is prepared by taking three portions of pot~to atarch grdins .;.nd 

dyeing them red, green, and blue-violet, respectively. rter dyeing, these 

grain are m.ixod as thoroughly as possible und then sprinkled on a &tioky 

surface. Any surplus grains are brushed off lightly. Regions not filled by 

starch grains are filled in rlth pulverized lamp-black. This entire plci.te is 

then pressed under high pressure, and th starch grains thus re flattened 

into irregularly spaced red, gr_een, und blue-violet filter. Upon this osai.c 

screen surface, u. panchranatic emulsion is deposited. In de.velopment, the 

exposed film is developed once, reversed, and redeveloped ao that there are 

areas behind the .mosaic screen which will transmit light in Vd.rying intensities 

according to tho intensity of the light incident upon i · fte.r passing through 

the sere n . So, upon projection, the trucing osaic serves as projection 

screen for color addition!5 

Another additive process which nJoy d considerable us by amateur photo-

graphers in ~his countcy b Core World i ar II was Duf color. Maycolor tilm 

was mosaic screen type of !ilm s was the Autochl'OL'le!-'> Its distinguishing 

14 Spencer, .2.E.• .ill•, p . 136. 
15 J • .E. Ma.ck and • J. llartill, 1h.!, Photographic Process, p . 18.3. 

16 ~ -, p . )SJ. 



10 

feature being a regular geometric screen ru.ther than ci.ll irregular mosaic 

screen . This creen is built up by 11cross- hatching 11 the tace or the t'ilm 

with alternate r ows of red and a co,mbinution of blue and green squares . This 

is achieved by successive inkings and rulings. In the canpleted product., the 

little squares formed are bout 0.002 sq. hile this is approx.1Jnately 

three times as large as the average potato starch gra.in, it st.ill cannot be 

detected by the eye on norm.al proj ction and is further rendered less undesir­

able by the geometric pattern. 

Of particular interest to the Wll.ateur photografher are two relatively new 

types of films . These a.re Kodti.chrom.e and AllSCO Color. Both of these films 

are of the subtractive color process type, both are "integral trip4cks", and 

both are 11 dye-coupled11 emulsions . The meaning of subtractive color process 

has a.lrec::r.dy been dealt with . By "integral tripacka" is meant the building up 

of the fil.tl on one base with the three color sensitive lu.yers on this on film 

base . The im.plic · tions of "dye-coupled" will b8 treated ith individually as 

the d1e-coupler process is the distinguishing difference between Kodachrome 

and Ansco Color. 

Koda.chrome film, introduced in 1935, is the first integral tripack type 

of color film. to be introduce;..? , a the cas in all tripacks., it has three 

ulsion lu.yers, each specially sensitized., built up on a single gel tine or 

cellulose b se . The first emulsion n xt to the base is one which is of the 

panchromatic t1pe and ore es ecial.ly sensitive to red . ... he second layer tro 

the b se is an orthochromatic emulsion and sensitive to green. The top leyer., 

and third froo the base, is a non-color sensitized emulsion which will respond 

only to the blue or violet rays. Bet een the red-sensitized and green-sensi­

tized layers is a very thin gel&tine layer dyed a iight red color . ·The green-

17 Spencer, Ee• ~., p. 136. 
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sensitive and blue-sensitive lhyers are separated by u thin yellow gelatine 

layer. As to filter action, the blue layer needs no filter since it will 

react only to the blue light. The 7ellow .filter just before the green-sensi­

tive lc1.yer will pass both green and red light. The .red filter ill pass only 

the remaining red NLys to affect that l~yer of emulsion. Upon developmnent, 

the entire film is developed and then the image is reversed and dissolved. 

Following this,. it is redeveloped through a aeries of operations: 

1. ill three of the reversal positive images are developed in a dye­

coupler developer. Here a certain c0111.ponent of the developer reacts chemicaJ.1¥ 

with silver hul.ides of the inut.ge to give a blue-green (minus red) iraage in ill 

three laJ7ers . 

2. The two top layers are then bleached out by~ very careful]s controlled 

diffusion process, lea.ving the minus-Nd image on the third layer. Aft.er 

bleaching, the two top layers are again redeveloped to proo,1ce a agent.a 

(.minus-green) image. 

3. The outermost layer then is bleached and redeveloped to produce the 

yellow (minus-blue) image. 

4. The silver image which is left now is removed, and the final tttrans­

pa.rencyn is ready for projection as a series of three colored-layers: blue­

green {cy«al), magent, and yellow. 

It is apparent 1'ran the above process that this f'ilm. requires precision 

control during develo:µncnt, and it is becau e of this that the ~.anufacturer re­

commends its return tor development . In fact, the original. cost of the film is 

a price figured on that procedure. 

Since it is known from Planck's radiation 1 w that the color diatribu~ion 

of the light from the same source operating at differing te.raperaturea, or from 

fixed temperatures of ditterent sources, is not the same, Kodachrome is 

11balanced11 for a particular type of light.. Daylight has a much larger port.iO.tl 
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ot blues and violets and is approximat 1y equalled b7 a bl~ck-body radiating 

dot a teG1perature or 5900°K. Ordinary tungsten filament lamps operate with o 

"color temperature" of approximately J200°K . A cert.a.in type of tungsten fila-

ment lamps designed to operate on 70 volts are actually operated at 110 volts . 

These la.r.ips, called photonood lacps, are brilliant and have · color tec.per­

ature of approximately 3400°K. To allow for th se three basic types of light­

ing, Kodachrome is issued in typos balunced to each. If a. certain type of 

film is used with a type. of lighting for which it is not balanced without a 

compeneating filter, the J"'-sults ill be .i 11cold11 or 11hot" according to 

whether or not the film is balanced for red or blue predominance in the source. 

For exumple, if Kod·chrome Type A (tungsten, 3400°K. ) is used outdoors without 

a peach-colored compensating filter, the results will be 11 cold11 , or redom.-

inantl7 blu, tr&nsparency because the film was original.l.y .manufactured so [;j.8 

to filter out som.e of the excessive red found in the lo er temperature source. 

So, in d..1¥light, the sa e reds would be filtered out and leave the blu por-

tions of the sp ctrwa. 

The color film. now known us Ansco Color was first introduced in America 

as .Agfacolor in 1937~8 Anaco Color is al.so a.n integral. trip&ck, dye-coupler 

film. Ita distinguishing feature is thut single, specialized developer 

which contains one essential element of a series of dye-stuffs reacts with the 

other constituents hich ure incorporated in the emulsion at the time or ma.nu-

!acture to produce an insoluble dye wherever a silver iouge is fo ed on devel-

opment of the exposed film. The color produced, of course, is dependent upon 

the second constituent contained in the film. The constituent needed to _F.ro-

duce red in one layer, that for yellow in a second, and that for blue-green 

in" third. 

18 Ibid., p . 138. -
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After exposure, the Ansco Color film is developed and reversed as is Koda­

chrome, but, tram this point on, the processes differ widely. In Ansco Color, 

the reversal positive is developed only one time in the special developer so 

the colors are formed in one processing . Then the silver is..,.ge is dissolved, 

le~ving a subtr~ctive color i.m.age . The end re ult is the swne ~sin Kodachrome, 

but the rocess is s le enough to b., carri d out by the dvanced a1ru1.teur in 

his own dark-roam with little special equipment. 

Cne interesting aspect of a dye-coupler film is that the~ ·ge is actually 

almost grainl.esa~9 and the objectionable mos~ic screen is not present to be 

seen upon extreme nlargement . It must, of course, be rointed out th t this 

app rent grcLi.nlessness is no better than the grain of thee ulsion us d. this 

defect isl rgely overcOJlle in Kodachrome due to tha fact th t the dyes fo ed 

in this process dif ruse between grains a great deal . Both Ansco Color and 

KodaohroCJ.o permit of greater sharpness in the image than i3 possible using a 

11.osaic screen. 

19 Mack and Martin, .2£• ill.·, p . 388. 



Cliapt,er III 

Since the object this p~1per was to invast,igc.t,e the color fidelity of 

sorae cw..mercicl color films, it was docided to use ths two brands o.t"' color 

these, the types of flach 

daylight anti tungaten sources vtere used. From: here on, these !ilis will be 

proc .. ~·med by Urn £danuf"i.cturer. 

l"il.ra 11B11 : i~ film bcl.anced for us(i with 5900°K. sou.1"ces and should be 

prcH;essed by the m&,nufacturer. 

cessed by c:.dvanced amateurs or oorar:.erci;:u firms other than the 

!lW.nufaoturer. 

It would be very di.ff'icult, indeed., to raake ar,w mrH1aure1nents cf spectral 

color shiJ.'·r. unless the actuiil wavelength to the light,, used is known. In order 

caab;l.nations of filters were 

observed through a (}ue!'tner navelcngth spectrometer. '!'he lines finally used 

were (wit.:.h their sources): 

7065 tJJ--Heliwn 6 .t?..S spectrum tube. 
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656.3 AU-»ydrogen gas opect.rum tube. 

6158 AU--Sodil.Uil vapor lamp ( actutlly the mezm of the 6154 AU and 6161 AU 

lines). 

5893 AU-Sodium vapor lam.p (actually the mean of th/3 5890 §~U and 5896 AU 

lines). 

5780 AU-11ercury V'l:.por· lamp (actually tho mear1 of the 5770 AU and 5791 AU 

lines). 

5461 J\U-Me.rcury Vb.por 1.c;mp. 

4916 AU-Uercur;y V&por lamp, 

4471 /JJ--Helium spectrum lamp. 

4:>SS AU-J!ercury vapor lamp. 

These· sources, then, would give monochrDmi'rt.ie light over u fairly well propor~ 

tioned span or the visible spectrum. t~'hile it is N:J.lized that more sources 

IJU:J..Y have lead to .more coo<:lusive results., the economic factor hi.d to be 

considered. 

Original. plans called for these monochromatic sources to ohine upon a rs:f­

lectanoe plate., und the e.."tposures to be mude with the reflected light. A large 

sheet {1411 x 16tt) .of ! 11 alwrJ.num plate was :polished and then co.i.te.d with an even 

coating of .magnesium oxide (Mn.O). Magnesium. oxide smoke, obtained by combustion 

of .magnesium ribbon in ur s, •.:..s used because .it has very high und u."lif orm ref­

lectance for the entire range of the visible spectrum. 7Jhan the re.fleeted light 

:rrom thi$ J;lata W'~ El.1:$asured, it was found that Lllifl..\r of the intensities would 

be so l~-w ~bat :mdesirably long exposures would be necessary. This made it 

necess&ry t.o use an exposure f.roo the direct light. 

First efforts at determining the expo.sure for the direct light indicated 

that these exposures, also, would be very long. In order to overcome some of 

this long exposure, a photosphere was designed about the spectrum tribes so that 

a l;.:.rger portion or the e1.utted light could be directed into the lens of the 
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camera. Various schemes were used, but the one which seemed. to give the best 

results involv~d two parabolic .mirrors (see Fig. 1). 

E] 

Fig. l 

A parabolic mirror (actually the reflector from an ~..utomobile headligl)t) was 

cut to acccaodate a.. spectrwn tube along a vertical. axis through the fem.ts of 

the parabola.. This mirl'()r was suitably mounted on a base with strap-iron legs. 

Jinm.edia.tel.T. in front of this mirror and facing it, Wcil.S another parabola .mirror 

or the same dimensions as the first. At the focus ot this parabolic mirror, 

was placed a. small spherleal mirror. With this arrang6ment, it was possible 

for rays ot light from the spectrum tube to rendered parallel by the first 

mirror. These parallel rays, upon striking the second mirr 
or, would then 

be .reflected through its focus, at which point was the spherical mirror •. 

This spherical mirror reflected these rays out through a hole cut. in the 

second parabolic mirror. "After passing :from the photosphere, the light was 

passed through the necessary filters and lens tc the cam.era. 

Considerable difficulty was experienced in l.ooating the small .mirror at 

the proper position., but. worthwhile results were achieved. The amount of 

light incident upon the exposure meter used was increased by about 20$. When 

_ the spherical. mirror was replaced by a small plane mirror., an additional. gain 

of 5% was a.ehi~ed. 

There was still the probability that an image of the spectrum tube would 
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be formed m the camer.,J, even after the light was rendered parallel by use of 

a. lens systen1 and a very short focussing distance on the Ct;!JJ.era. im:re used. To 

reduce this chance to the nirJ.u1um, the rrdrror :surfaces of 't,he parabolic ref­

leet,ora were coated with m,J_gnesiu.m oxide smoke. This coating of 1IU,.gnesiu.m. 

oxide seemed ta reduce the a1I1otlllt of' the light f:.?Om the photosphert'l hut very 

slightly, while th1-11 image of the 3peetrm1 tube Wi'MJ eliminated entirely. 

i-Uthough monochx·on.1,a:t.ie light wa,:, to bf:. uaed, there was some question as 

to whether or not there was any .necessity to correct the exposures for color 

hal.mce of th<" filt1 to the color tera~-er.::.ture of the soi1ree. By theory, this 

color con"eetion would 1~0nder the light i'rore. a pnrticult'1r sou.re~ in b.tlr,nce 

with a black-body radi,)ting the temperature ut which tht; fill;. wus balanced. 

However., by rec1.soning, the aific1 was not to arrive ,.1t a 1:nJ.ance of all colors in 

this experiraent., but to e::q:iose to mo11oclu~ooatio lig)lt only. If only one wave­

length were in the light, then a ba,lru1ce should not# be n~cesBhry.. It was fin­

ally decided that exposures would be f;filde both with and ,vithout color correc­

tion for the color t.e.rr.peratures o! the h;.;.re sources. The color correction was 

achieved by u.sing f:llters taken ;from a Ii.:..rrison Color Correction Set, Series 

VI, and exposures cor·rected a.ccording to the filter f\1ctors furnished by the 

mamtf'acturer. 

'fhe color t;emperature ot the v~ious sources used were: 

Helium spootrum t.1.:11:ie--4J00oK. 

Hydrogen speetrW11 tube--6500oK .. 

Sodium vapor lau.1p--2800°K. 

Mercury Vfi.por lamp-5900°K. 

'!he color temperature of the n1.iarcury arc lamp Wes such as to mii.ke it not neces­

s&ry to correct to ... ch.ieve color b.:i.lbnce when using a i'ilm rated &s a daylight 

type. 



lS 

The exposures necessw.--y were determined by use of three exposure meters: 

a Sixtus, G-e~ude Wld reputedly very sensitive in lmi intensities; a '!Jeston 

II, ct very popular and sensitive roeter; and c.1. DeJur 5B. Upon taking rea.dings, 

if the three meters agreed upon the same exposure, it \'r.ci.13 token to be reliable. 

If only two agreed, the exposure was tu.ken with m.sgivings. However, il' no two 

ag1'aed,. it. wws necessary to est:inate which ai.igbt be right. It 1:w.s these latter 

exposures which had the greatest number of retakes necessary. {On th~ whole, 

the Sixtu.s did show a reliability in the low :red.dings.) 

Since a basic intent of ~he experiment wa.s to observe tbe effect. of ex­

:posu1<>e on the color rendition, three exposures were detemined: .first, fifty 

per cent over the indicated exposure ( 1. 50%); second, the s<i.!:1e dS the indic.uted 

exposure (iii 0%); and third, !:l!ty per cent less th<.i.11 the indicated exposure 

(- 50J'). Color correction filters macie it n1::1eessary to multiply these exposures 

by the proper filter tac.tors. 

In order that thr,: fidelity- of the tra.nsparencies result.mt to the exposures 

determ.inE.id above could be checked in aol.il.e m&1.ner, a meblls had to be devised. 

It the color .tilm were capw.,le of 1~eprodu.cing only the spectral wavehmgth to 

which it was ex.posed., the comparison would have been a simple case of UBing u 

wavelength spee·t.rometer to de.ter¥d.ne this one wavelength produced. However, 

since color tilm of the types u3ed in this expex-imont .:.re 0 tripsoksn and depend 

upon three-color reproduction to sifilulute what the eye sees, it would be incor-­

rect. to iru.dcu ~u.oh an assumption. If, on th~ other band,. t..he film. actually re­

corded other colors besides the one, c.s does h<:1ppen, it would he reasonable to 

expect cl. nu.1.ximua transmission of the subject wavelength when the transparency 

is illum.inated with white light. It wus ou. this latter premise that all further 

checking was done. 

Compariso11 or the treJ.nsmission of th~ transpurencies for-.,:i.ed by ex.posing 

tile .film to the v..:..riou.s 1aonochr001at ic lights Gi.S outlined above was done by 
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using a G.i.iertner Polarizing Spect,rophotometer.. 'l'he Qa,:,rtner Pol.srizing Spec-

t,rophotometer consists of three essentW pt:,rts: 1) a wavelength spectrometer; 

2) a Martens polarizing photomet,er; ;;,nd .3) photosphere ancl holders to illu.min­

~xe the samr,les! 

Light, from. the lamps ot the photosphere is reflected frc.'n a magnesium 

t5lass. These rhombs split. this single beam into two e1(:Ual bl:clll::l:. One of these, 

all-a llblank bewrin.. Thi~ latter case is the condition used in. this experi-

ment. Fror.a the swnple holders the light proceed$ to t:.nothor puir of rhombs 

which reunit,e the beams into another beam, composed of two sharply divided half-

circles of light, one fro.rri ec:.ch sample holder. This be:in is then direc1~ed upon 

a Y;ollaston biprism. which serves us the polariiing element of the Martens 

photometer. 

While this bewJ is said to be reunited, Qct,ually it is still of two parts, 

Upfer ;md hw;er. As the;;I pass through the z,rollaston biprism e~ch is sep.s.rD.ted 
,, 

into ·two pli:itne-polurill.ed bear.is:' The ord:inary- polarized bet® is lost, le.::.vi.ng 

the :Nicol prism i;hi.ch is 

result in . .:.n increase in intensity .of one of the be.um.s. Th·2 .imgle or rot,1ticm 

Q is a me~sure of t,heir reL: . .,,tive int.ensities in that the EiJilplitu.tles of e&ch beam. 

Vc.I~ies 1.d.t.h the angle ~: one bea!i'l, ;:;,s the sin @., c-.cnd t,ht:-: other ,1cs the cos G. 

The ratio or inte:nsities varies as the cr.Yt29, if the s.::;.;""tple is in the uppel" 

~·:. p. 15. 
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beum and the st.andard in the lower b6Sif,1. From the un..i.ly~~r · the b~am. is direc­

ted into the ant.ranee slit of th.a ws.velength·spectrom.eter which uses u cons­

tant. deviation prism to disperse the beams int.a their l:"ee}..1il~t.ive· speet.ra., one 

above the other. It is the Job of the operator to adjut1t the ...nal.yzer pl'ism: 

so that th.e two !ields are of equal intenait.ies; this um.atch point" is obtained 

when the dividing line between the two half-circlea is no longer visible. 

'!'he procedures outlined i:i.bove were followed through, and expos,ures made 

for each ot t.he we.vel.eflh'ths chosen for all four types of film used, for J.50% 

and· -,50$ as \'lell as for the b;;;.sic indicated exposure, und corrected and uncor­

rected tor color temperature buanee. Some two hundred .f'i.fty exposures were 

ma.de clllld anaJ.y,4&d. 



/ 4oo 

/Zoo 

, . .,, 
800 

R~,;, 
6oe 

\ 

Fig. 2A 
Film nA n, Uncorrected 

/ "900 

1200 

1000 

Aoo 

ioo 

40«> 

20,, 

Fig. 2B 
Fila HA", Corrected 



Chapte1" IV 

Analysis and Conclusions 

.1,. J\ndysirJ 

.::1rdin&ry Cartesian coordini.ites. y;hen this was done, the three curves for each 

those for temperature corrected exposures. I.t vms from. thene i.;;raphs th""t the 

spectrcil. shifts were deteI'lli:lned. Upon dete:rr1ining the spectrw. shii::'t from the 

subt.>:~.r:.ction of' the m.onochroi11~tic WD.velongth from the wavelength of 1Uic.J.Ximm1 

the wavelength of the monochrom~tic light used for the Go11rce. 

Film spectral shift noted in tho yellow region 

t.owJi.I'd red, or longer wLtvelengths. Thi$ shift wus so very pronounced that the 

yellow-doublet from sodium wc:.s a definite orange color. '!'his wa~ true of both 

exposures corrected and uncorrected for color ter:1perature. A shift tow0.:rd 

short w .. ,.vclengths was found to t1J.ke pl""c£; · between 4Jv0 AU and 5400 iJ1, bu.t 

c:.bove 54.00 Zero shift wue indicuted by w.l three exposures ut ap;:ro:x::i-

r:1.a.tely 4400 AU and 5400 AU. 'The sbi.ft for the 6563 AU light could not be de-

t,er.mined due to the fact th.,,t the trti.nspd',limcy m, .. de for this wuvelength indi-

cated increiising t:cansuJi:,,sion in the long wuvelsngths; it is possible that the 

hi.Mi the max.i.mum. shift <',,bout 5900 AU (corrected) and at dn estimated 6500 AU 

(uncorrected). In gener£>1, the spectral shift for the .1.505,,;, -!0%, ""nd -50% 

e:i;.posures gave very closely p~rtulel curves. The exposu.res for .0%. showed the 

least shift throughout the spectrum. The -50% exposures h&.d. less shift in the 

red and more shift in the green ct.nd blue r~gions. them. did the · .1.5()% exposures. 
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Film ngn showed the.s.r.me generi:i.l cha:racter.istics <.tS Film ttAn except that 

the m.axiro.um shift in Film 11B" occurred at <i.bout 6000 AU (uncorrected) and was 

slightly less in ,~gnitude. In general, there is~ shift towards the longer 

wavelengths above 5200 AU (appro.xi.m.ately) <'!l'u:i shift toward short wavelengths 

between 4400 J,U und 5200 AU. The shift tow..rd blue was not as great with Film 

ttBn as with J;'ilm "Au when corresponding types of exposures ~re considered. 

'l'he graphs for the corrected exposures for Film "B" indicated a.n inereaaing 

shift to the blue but did not exhibit a r.w.ximua from. which to compute the 

s:pectrtl shift. In general, the s1,ectral. shift !or the .1.5()%, :!)%, &id -50% 

exposures reaulted in purillel graphs with the -5~ e.x;posures exhibiting the 

least shift in the green and blue regions. What happens through much of the 

spectrum tor the transp ... rencies milde with exposures corrected for color 

temperature correction a.rmot be inferred sine~ these gr.:..phs, as a whole, indi­

cated the possibility of a maxim.um outside the visuru. rarige of the observer. 

Film 0 c11 , in the uncorreeted series, exhibits a m~um shift at app:roxi­

rr.ately 5900 AU. This shift is in the order of 1500 AU toward the red, enough 

to l1llike the 5893 otlU yellow-doublet appesr a very definite red. The shitt 

is toward redness .from appr't'xi.m.ately 5200 Jill upward and. below 4400 i~U.. !1' one 

aho!::.ld ext.ra.t~l1;;.te the ~t_:.ons Ql the curves th~t .;.re definitely known, a 

shift t.o tho blue of approximately 700 AU at 4800 AU c..n be inferred. The .LO% 

trwnsparency exhibits the greatest shift. above 5200 AU wid below 4400 AU. The 

aero spectrru. shift for Film ncu, uncorrected, is f'o~d at approximately 

5300 AU .i.il1.d 4400 AU. The data for Film ncn, corrected, is so very meager that 

no conclusions cou,ld be deduced from it. 

Film. non:; uncorrected, exhibits °' m.axilliwn shift toward the red of about 

l.:,00 11U in the neighborhood of 5900 AU. The uncorrected series, by extrapo-

. lation, indicates li. m.1Ximum shift toward the bl.ue of appro.ximately 500 AU in 

the vicinity of 4000 AU. Tbe .L50)5 and !:fJf, exposures, uncorrected, are roughly 
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parallel. in their sr.J.fts, but the -50JI hah0.ves soo:.ewhi.it irregularly. Using the 

method of extrapolation, the .1.50% exr"ot}u.res would be expected to m,:dnt~n a 

shii't toward the l"ed th:t'oughout. Simil,:1.rly, the ~% 001:posures would appear to 

shi:t't slightly towci,.rd the blue only from 4500 11.U to 5100 AU.. In the corrected 

series for t.hia film, the na:dn!u.m shift toward the reds is not determined 

since tho sp.ecita .. al shift curve ia still increasin.~ at the longest wavelength 

eJt}X)sures at1ec:essfully made.. In this series, i.e., corr.scted, the 5893 AU 

trmisr;arency was e. cherry red. · This corrected 6eries shows the -50% dlld ~ 

exposure curves almost coinciding thr.oughout, at .. le! .. st to 5900 AU. the ~ 

and -50$ curves, by extrapolation., show shifts of about 250 AU tovr&rd the blue 

ici.t the neighborhood ot 5000 AU. The .1.5()% curve has a blue ahift only between 

4500 AU ..ald 5100 AU. The r.mge of the blue shift fo.r the !,CJJ!; and -5~ curves 

appears to be between 4600 AU and 5500 AU. 

». Conclusions 

An eXf.imination c:r the .sp&ctral shift curves aho¥is th;;.t the vuria.tion of 

exposure time in boch color corNcted and color uncorrected cases does not 

affect the shift very gre.;..tly. The principi.il effect cbsorvcd in both cases 

seemed to point out that the under-exposure tands to incr.ease the blue content 

of the resultant transpurency slightly .illd tht~ over-exposure t,ends to increQse 

tbe red content .slightly. ?his ooullo that if .1. tr<inµpfire.ncy appeura to be too 

dark, under-exposed within the rooge of this exporinent, a more intense ligh­

ting would tend to offset this darkness without sacrificing color rendition. 

Sirailerly, film. over-exposed within the ru.nge tested in this experiment, could 

be ii~proved by a decreased intensity of lighting. 

The sh~pes of the transmission curves for the tJ•.,nsrx1ranci~s .ii'l.i.da with 

monochromutic lf.e&ht- v.ere very closely sunilar wtather the sourciii w1:;.s cox-rected 

fox· color temperature o:r not.. '!'he eurvea ehcwed the sa."ail lli~ and minima.; 

thetie were, in .most co.ses, displaced only in per cent of tr.msmission but not 



in actual colo1" renaition. Likewise, t.i1~ s.1:iectr<.il shift c:u:t"Ve@ l~re very simi­

l~ for both col.or te.mperat.ure c.c.;:'l'"ection ..:.na m1correction. Fro:n these indie..,;.­

tions, it may be cieduoed thu:l::. the :r.:mciit.ion ol d particuli-1.r spectral wavelength 

is neither enhanced or harmed, Jllc;.terhlly, by color teuperatm~ correction. so 

in general, i.f any of these f iltw ,"\rare to be used to ili.i.lre any picture in which 

several eolors were to appear together, the color teuperature corr~ctiou would 

be desirable to properly aJ;portion the color intensities to somG at«llldard. I:£ 

monoohrooatic light were to bo used, oolor t.e,i:per.rture correction would bo un­

necessary. If color i'i.1..fil we1~e to be used for m.c.:.king Q. s.pectrogrMI1 the inten­

sities 0£ the colors would be in proper propm•tiori by color tem1>e1•;;.t,ure correc­

tion, but the color fidelity would be non,1 thts better • 

.F'ilm. n An and Film 11 au were ru..1.muta.ctured hy the saae c0k1pi;lly. In both 

ca..aes the eh;ira..cteristics, .u.s evidenced by the spf~ctrd.l shift curves, ura gen­

erally similQ.r. There is c,. Vci.riat,ion of intensity b~tween the two f"ilr:ls without 

any color oorrection.. Both Film. 11A" und Film n3n bave si.mil~;.r· shifts tow4rd 

the shorter blue llnd greens in those .regions and e. shift t.owciJ.•d. the longer reds 

in the yellow <Wid 1~d regions. In amataur photog1"h.ph7 .this co.mbin&.t.ion m;;.y 

seem. very desirable to £:llit'ty since it would add to color cof'lt.rast. ''fo the re­

searcher this varia~ion would be detriment~. 

Fi.lJ,,;j, 11c 11 8.lld F'il.r!! '1:D" were mo:inuractu.red by the same c.oni.p"'::.ny. ThE: gener<.ll 

conclusions comper.rl.ng Fil.m 111'>" and 11 0n w..y ... pplzr EJ.s,o to Film nan and l11ilm 11 n11 • 

The main dif.ference being that with the latter two i'ilm.s the.i:"e la not as great 

a. tendency to have &. reigion which shifts t,,md.rd the short$r blues.. !nste&d, 

as ifJ.r &;s color fidelity is eoneerned, the fidelity of Fil..."l nc" tilld. r~ilfl:1 11 :D" 

is slightly better in the green <ind blue regions. Hore,, it should be pointed 

out thu.t there is a tendency for these two film.a to ohift. all colors toward. the 

longer wavelene,~s, hence giving results which are consistently too red. 
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Throughout this e::tperiment, effort :wQ,s 1uade to use the 7065 AU llne ot 

the helium apeetrum tube. first ef'forts .i'ailed to get it to record on~ 

type or film used with the indicated exposu1~s. Second efforts, using four 

times as great exposure, also .failed. From this, it hus been dedue.ed that t,he 

films are not sensitive to light of this wavelength, or, if at all, very 

slightly. 

The net results of this experiJni:mt# rrray be sur..w.ii.rized as being: 

l .. Rea:ffirmation that color !ilm at its present stage of development is 

not applicable to those usea in which a high degree of color fidelity_is 

desired. 

2. Color film. is a tnadiwn tor getting pleasing color pictures whose 

color rendition failures &re prob&.bly not readily discernible by the normal 

e:,e exce1;t in the .most gross -eases. 

J. Exf.,osure time, within the l:il.11its of these tests, affects the e·olor 

intensity but not. the fidelity. 

4. Color tefilperature correction is not necessm-y for nonochrome..tie light. 

5 ~ Films .made by the Sw£"16 manuf a.cturer ti.lld then b<:l.la.nced fo1~ different 

color teroperatures l:,l.t the t:imo of m&.nufi.tcture ean be relied upon to giWi: 

closely simila.r results. 
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Tr-.,.,nsmission for Film ".A1' 

Wavel.ength 
(AU) 

800) 
7800 
7-(;:IJO 
7400 
7200 
7000 
6800 
6600 
6400 
62oo 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
46(:JJ 
4400 
4200 

8000 
7800 
71:1:JO 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
.5400 
5200 
5000 
4800 
4600 
4400 
4200 

6563 11U, Uncorrected 

Transmission (cot29) 
.1. .50% ! ~- - 50% 

0.340 
0.320 
0.)10 
0.270 
0.270 
0.220 
0.165 
0.102 
(NM) 
0.020 
0.010 
o.oo; 
0.003 
0.001 

0.420 
o.z,o 
0.240 
0.220 
0.180 
0.1,;o 
0.095 
(NM) 
(NM) 
0.009 
0.004 
0.002 
0.001 

6563 AU, Corrected 

0.330 
0..340 
0.)30 
0.200 
0.260 
0.2)0 
0.170 
0.130 
0.075 
(lIM) 
0.016 
0.007 
0.004 
0.002 
0.001 

0.360 
0.320 
0.330 
0.270 
0.25_5 
0.230 
0.160 
O.lJO 
(NM) 
(NU) 
0.014 
0.001 
0.004. 
0.002 

0.180 
0.170 

. 0.150 
0.125 
0.110 
0.085 
0.060 
{NM) 
(NM) 
0.007 
0.003 
0.002 
0.002 

0.320 
0.280 
0.280 
0.250 
0.220 
0.190 
0.150 
O.llO 
(rP.J) 
("'"l) .i:,tW 

0.015 
0.006 
0.004 
0.002 



~tavelengtl1 
(,'lU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
;200 
5000 
4800 
4600 
4400 
4200 

eooo 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
;400 
5200 
5000 
4800 
4600 
4400 
4200 

6158 AU, Uncorrected 

Transmission (cot.29) 
.1. 50,1i &: 0$ - 50"Jt 

0.330 
0.370 
0.350 
0.330 
0.305 
0 .. 280 
0.220 
o.1ao 
0.140 
(N!i) 
( !\.,. ''') .tiJ.1,.y,a. 

0.018 
0.007 
0.004 
0.002 
0.002 

0 .. 180 
0.350 
0.365 
0.350 
0 • .300 
0.290 
0.240 
0.190 
0.130 
(I.Ytl) 
(NH) 
0.028 
0.001 
0 .. 004 
0.00.3 
0.002 

6158 AU, Corrected 

0.280 
0 • .380 
0.300 
0.290 
0.:,10 
0.280 
0.240 
0.180 
0.1.30 
Om) 
Om) 
0.013 
0.007 
0.004 
0.003 
0.001 

0.230 
o.:iao 
0.310 
0.310 
0.290 
0.260 
0.220 
0.170 
0.130 
(mJ) 
(m;i) 
0.013 
0.006 
0.004 
0.003 
0.001 

0.200 
0.310 
0 • .305 
O.JlO 
0.270 
0.250 
0.220 
0.170 
0 .. 120 
(NM) 
(HU) 
0.015 
0.006 
0.003 
0.001 
0.001 

o.1so 
0 .. 200 
0.240 
0.250 
0.250 
0.220 
0.185 
0.135 
0.100 
(Mt'f) 
( •1,tM .. ) *~k·Ji. 

0.014 
0.00.5 
O.OOJ 
0.002 
0.001 

2'1 



f1-\BLE III 

Transmission £or Film. niiu 

5893 hU, Uncorrected 

Ua.velength Transmission (cot2g) 
(AU) J. SO% :: ~ - soi 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
sooo 
4800 
4600 
4400 
4200 

8000 
?800 
7600 
7400 
1roo 
7000 
6800 
6600 
61-1,00 
6200 
6000 
5000 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

0.170 0.100 
0 .. 160 0.005 
O.l)O 0.()75 
0.120 0.070 
O.ll5 0.010 
0 .. 110 0.065 
0.105 0.060 
0.085 0.050 
(UM) 0.0.34 
0.040 0.020 
0.025 0.013 
0.015 o.oos 
0.008 o.oo; 
0.005 o.ooi .. 
0.004 0.003 

5893 AU, Corrected. 

0.280 
0 • .310 
0.310 
0.200 
0.280 
0.270 
0.265 
0.230 
0.190 
0.130 
0.000 
o.o;o 
0.0).5 
0.020 
0.075 
0.00.5 

0.210 
0.220 
0.210 
0.220 
0.200 
0.200 
0.170 
0.140 
0.095 
0.060 
0 .. 0.35 
0.022 
0.012 
0.005 

0.000 
0.070 
0.060 
0.052 
0.048 
0.045 
0.040 
0.035 
0.022 
0.014 
0.008 
0.005 
0.004 
0.003 

0.150 
0.150 
0.130 
O.llJ 
0.120 
0.110 
o.uo 
0.100 
0.008 
0.005 
0.030 
0.020 
0.012 
0.007 
0.004 



W<i,velength 
(AU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
M,00 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5,.00 
5200 
5000 
4800 
4600 
4400 
1+200 

Tr.ansmis:rlon for Fi1.1u 11 i, 11 

57tID ,;,.tJ, Ut}correci;,ed 

Transmission {cot~) 
J.. 50% f 0%, - :50% 

0.500 
0.150 0.500 
0.170 0 .. 140 0.550 
0 .. 165 0.130 0 .. 500 
0.160 0.120 0.500 
0.150 0.120 0.59[) 
O.llµ> 0.110 0.590 
0.140 0.115 0.575 
O~lJO 0.115 0 .. 560 
0.100 0.100 o.;50 
0.085 0.085 o.;oo 
0.055 0.060 0.48"1) 
0.035 0.035 0.420 
0.020 0.025 0.300 
0.010 0.015 0.220 
0.005 0.00.5 C.lli.O 
0.003 O.OOJ 0.095 

0.090 
0.090 

0.400 
0.620 0.470 0.420 
0.580 O.li50 0.460 
0.580 0.1+80 0.490 
o.;50 0 .. 490 0.470 
o.;50 o.4ao 0./+70 
OSSO 0.470 0.470 
0.560 0.480 O.l+.10 
0.560 0.460 O.J.{/0 
0.510 O.l.20 0.420 
O.Ll-40 0.380 0.360 
0./,t].O 0 • .300 0.300 
0.310 0.220 0.220 
0.?..40 0.150 0.130 
0.180 0.055 0.060 
0.055 ().020 0.020. 
0~0/+5 0.007 0.007 
o.o;o 0.007 O.Offl 
0.050 0.007, 



TABLE V 

5461 1\U, Uncorrected 

Wavelength Transmission {cot29) 
(AU) .L 50% !: Oj - 50, 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
.5800 
S600 
5400· 
5200 
5000 
4800 
4600 
4400 
4200 

0.300 
0.315 
0.32; 
0.280 
0.290 
0.310 
0.340 
0.38() 
0.400 
0.440 
0.440 
0 .• 370 
0.310 
0.210 
0.150 
0.150 
0.140 

0.290 
0.250 
0.2;0 
0.240 
0.250 
0.270 
o.2s.5 
0.320 
0.350 
0.370 
0.345 
0.310 
0.200 
O.llO 
0.075 
0.055 
0.06, 

5461 AU, Corrected. 

0.310 0.22, 
0.280 0.205 
0.260 0.20; 
0.300 0.200 
0.300 0.2.05 
0.290 0.220 
0.320 0 • .220 
0.320 0.290 
o.360 0 • .305 
0.3$0 0.280 
0.390 0.3.30 
0.325 0.290 
0.2:30 0.180 
0.1.50 0.090 
0.100 0.065 
O.llO o .. o:.m 
o.uo 0 .. 015 

0.250 
0.210 
0.210 
0.200 
0.210 
0.220 
0.240 
0.265 
0.315 
0.340 
0.330 
0.285 
0.180 
0.105 
0.006 
0.007 
0.007 

0.1;0 
0.170 
0.150 
0.140 
0.140 
0.160 
0.165 

·0.220 
0.265 
0.220 
0.285 
0.230 
0.160 
0.074 
0.040 
0 .. 030 
0.040 



4916 AU,. Uncorrected 

Viav.elengtlt Transmission (cot2@) 
(AU) L SO$ ~.~ - 50$ 

sooo 
7000 
7600 
7!+00 
?200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
;400 
.5200 
5000 
4800 
4600 
AAOO 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5600 
5600 
5400 
5200 
;ooo 
4800 
4600 
4400 
.4200 

0.001 
0.004 
O.OOli, 
o.oo; 
o.ooa 
0.015 
0.018 
0.024 
0.02l. 

0.002 
:0.004 
0.004, 
0.006 
0.003 

4916 AU, Corrected 

0.001 
0.003 
0.004 
0.005 
0.007 
0.009 
0.014 
0.015 
0.012 

0.002 
0.001. 
0.004 
0.004 
0.007 
0.010 
o.oos 
o.ooa 

0.002 
0.003 
0.004 
0.004 
0.()06 
0.007 
0.0075 
0.010 
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4471 AU., Uneorre~ted 

Wavelength Transruiasion (cot~) 
(AU) . J. 50)i = Ojl - soi 

8000 
7800 
7600 
7400 
7200, 
1000 
6800 
6600 
64,00 
6200 
6000 
5800 
'600 
Sl+OO 
5200 
5000 
4800· 
4600 
4400 
4200 

0.001 
0.002 
0.00'.3 · 
o.oo, 
0.006 
0.010 
0.018 
0.0)5 
0.050 
0.055 
0.055 

0.001 
0.002 
0.003 
0.003 
o.oo, 
0.006 
0.013 
0 .. 020 
0.040 
0.062 
o.oss 

0.001 
0.001 
0.002 
0.003 
0.004 
0 .. 006 
0.008 
0.015 
0.025 
o.oso 
o.055 
0.070 

0.001 
0.002 
0.003 
0.004 
0.004 
0.006 
0.012 
0.023 
0.034 
0.049 
0.047 

0.001 
0·.002 
0.003 
0.004 
0.005 
0.001 
0.014 · 
0.0)0 · 
0.050 
o.oss 
o.o6o 

0.002 
0.003 
0.003 
0.003 
0.004 
0.000 
o.oa 
0.027 
0.035 
0 .. 049 



TABLE VIII 

Transmission tor Film nA" 

4358 iHJ., Uncorrected 

ifavelengtb 'l'r,msmission ( cot 49) 
(AU) .1. 505; = 051 - 501! 

8000 
7000 
1600 
7400 
7'200 
7000 
6800 
6600 
6400 
6-..?00 
6000 
5800 
5600· 
5400 
5200 
jOOO 
4800 
4600 
4400 
4200 

8000 
7800 
?f:.IJO 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
:5600 
5400 
5200 
.sooo 
4800 
4600 
4400 
4200 

0.110 
0.110 
0 .. 100 
0.120 
0.140 
0.195 
0.270 
0.330 
0.400 
0.440 
0.450 
0.450 
0 • .390 
0.:375 
0.340 

0.090 
0;,080 
0.075 
o.os; 
0.110 
O.ll.O 
0.200 
0.280 
0 • .350 
0.400 
O.lJ..?.0 
0 • .380 
0.370 
0.350 
0 • .3ii.O 

43'8 AU, Corrected 

0.000 
o.oso 
0.09; 
0.120 
0.160 
0.230 
O.JOO 
0.300 
0.410 
0.460 
0.420 
0.3110 
0.)80 
0.315 

0.045 
0.048 
0.055 
0.075 
0.115 
0.175 
0.230 
0 • .300 
0.360 
0 • .380 
0.365 
O.Jl-.0 
0.290 
o.~o 

0.015 
0.015 
0.020 
0.030 
0.050 
0.080 
0.11.0 
0.200 
0.2h5 
0.290 
0.280 
0.2li5 
0.220 

O.OCI"/ 
0.008 
0.010 
·0.018 
0.029 
0.007 
0.095 
O .. lJ5 
0.190 
0.220 
0 .. 225 
0.210 
0 .. 210 

JJ 



!Javelev..gth 
(AU) 

8000 
7800 
'1600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5000 
5600 
5400 
5200 
;ooo 
4800 
4600 
4400 
4200 

8000 
700'.J 
7600 
7400 
72JJO 
7000 
6800 
6600 
6l+OO 
6200 
6000 
;soo 
5600 
5400 ;· .,·. ' 

,v 

;ooo 
4800 
4600 
4400 
4200 

656) AU, Uncorrected 

'fra;nsr:ission (cot~) 
L 50% !: (}% - 50J~ 

0.330 
0.390 
0 • .390 
0.370 
0.345 
0.300 
0.:2.30 
0.165 
0.110 
(NM:) 
0.022 
0 .. 010 
0.005 
0.0035 
0.0035 
0.003 

0.420 
0.410 
0.410 
0.39".) 
O.Jl._0 
0 • .320 
0 .. 24; 
0.190 
0.120 
0.0;2 
0.026 
0.010 
0.006 
O .. OOl1,5 
0.004 
0.004 

0 .. 320 
0.350 
O.J.20 
0.320 
0.285 
0.250 
0.210 
0.150 
0.090 
0.045 
0.020 
0.009 
0.005 
0.004 
O.(XJ~ 
O.OOh-

0.425 
0.360 
O.JltO 
0.365 
0.340 
o .. 2s; 
0.22; 
o.1eo 
0 .. 130 
0.0;5 
0.021 
0.010 
o.C-ct;, 
0.00/i.5 
0.001"5 
0.001, 
O.QO'? 

0.29'') 
0.250 
0.260 
0.250 
0.230 
0.190 
0.160 
0.125 
0.000 
0.050 
0.020 
o.oo.~ 
0.005 
O.OO!i 
0.0035 
O.tXl4 

0.1<,o 
0 .. 220 
0.205 
Oe205 
0 .. 190 
0.175 

·.0.150 
0.095 
0.070 
0.035 
0.017 
().007 
0.005 
O*Ot)J~ 
o.OOJ,, 
0.00/i 
0.0045 



rlavelangth 
(AU) 

8000 
7000 
?600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4MJO 
4200 

8000 
7800 
?fJ:JO 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5~'00 
5000 
4$00 
4600 
4400 
4200 

TABLE X 

6158 AU, Uncorractod 

•rransraission (cot2G) 
J. 50';b , oi - ,or 

0.430 0.330 
0.460 0.,360 0.330 
0.430 o.~o 0.425 
0.425 0.400 0.400 
0.400 0.300 0.375 
o.3ao 0.350 0.:36{) 
0.320 0.310 O.JOO 
0.260 0.255 0.230 
0.170 0.170 0.1.70 
o.uo 0.100 0 .. 090 
0.060 0.050 0.050 
0.020 O.O;Z() 0.020 
0.009 o.oos o.ocs 
o.oo; 0.005 0.005 
0.004 0.0:)li,5 0.004 
0.001;. o.001~ O.O'JJ~ 
0.004 O.O'Jl!- 0.004, 

0 .. 300 0.310 0 • .350 
0.420 0.340 0.360 
0.400 0.350 0.350 
0.360 0.31 • .0 0.340 
@.')4(} 0 • .315 c.330 
0.300 0.200 0.280 
0.240 0.210 0.245 
0.160 0.165 0.15; 
0.090 0.100 0.095 
0.040 0.040 0.043 
0.015 0.016 0.016 
0.006 0.005; 0.006 
0.004 0.004 0.0014, 
0.0025 0.0035 0 .. 0{)3 



TABLE XI 

transmission tor Film 11 13» 

5893 AU, Uncorrected 

Wavelength transmission (cot~) 
(AU) L50% ! ()% -50% 

8000 
7000 
7(;/)0 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
:5600 
5400 
$200 
5000 
4800 
4600 
4400 
4200 

0.12; 
0.105 
0.100 
0.080 
0.000 
0.000 
0.065 
0.050 
0.035 
0.020 
0.010 
o.ooa 
0.005 
o.oo, 
0.005 

0.095 
o.oss 
0.000 
0.070 
0.065 
o.o;s 
0.050 
0.042 
0.026 
0.015 
o.008 
0.006 
0.005 
o.oo; 
0.005 

5693 11.U, Corrected 

0.260 
0.270 
0.305 
0.)00 
0.280 
0.200 
0.260 
0.240 
0.100 
0.100 
0.070 
0.040 
0.028 
0.019 
0.010 

0.280 
0.280 
0.:290 

. 0.300 
0.290 
0.28, 
o.265 
0.250 
0.190 
0.120 
0.075 
0.050 
0.0:3; 
0.030 
0.020 
0.018 

0.130 
o.oao 
0.075 
0.060 
0.050 
0.045 
0.045 
0.040 
0.030 
0.020 
0.010 
0.006 
o.oos 
0.004 
0.004 
0.004 

0.250 
0.260 
o.260 
0~250 
0.240 
0.230 
0.210 
0.180 
0.1J5 
0.008 
0.045 
0.026 
0.020 
0.015 
O .. Oll 
0.010 



31 
.::t·~ . 

,100 AU, · Unoo.rre.ct.ed 

Wavel.engtb Transmission (cot~) 
(AU) L '°" :!: 0% - SO% 

0000 
7000 0 600 . '' o.690 0.550 
?600 o.625. 0.640 0.530 
'7400 o.t.,o o.62S o.,ao 
7200 0.670 0.63() 0.560 
7000 0.650 0.6;0 0 • .500 
6$00 o.640 0.6:20 0.620 
6600 0.625 0.620 0.600 
6400 o.6,o o.600 o.;so 
6200 0.620 0.600 0.560 
6000 0.58() 0.,00 o.;so 
5800 0.490 0.500, .0.470 
~ ' 0.420 0.420 0.420 
5400 0.330. 0.320 0.320 
5200 0.220 0.2.30 0.225 
sooo 0.113 0.120 0.125 
4800 o.os, 0.050 0.050 
4600 0.025 0.025 0.022 
4400 0.0,2 0~025 0.025 
4200 0.050 o.oso 0.040 



lVavelengtb 
{iUJ) 

sooo 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
.54.00 
5200 
5000 
4800 
4600 
i.400 
4200 

5461 AU, Uncorrected 

Tranarrd.ssion (cot.20) 
L 50$ = 0% - 5~ 

0.4;0 
0.370 
0.350 
0.335 
0.340 
0.340 
0 • .330 
0.350 
o.,'.360 
0.)60 
0.320 
0.260 
O.l9S 
o.uo 
0.045 
0.020 
0.020 
0.05.2 

0.3.30 
0.290 
0 .. 290 
0.200 
0.265 
0.270 
O.JOO· 
0 • .310 
0.315 
.0.330 
0.300 
0.280 
0.190 
0.100 
0.042 
0.019 
0.020 
0.030 

0.220 
0.220 
0~200 
0.200 
0.200 
0.200 
0.205 
0.220 
0 .. 250 
0.260 
0.270 
0.250 
0.180 
0.100 
0.040 
0.020 
0.020 
o.o:;o 



Wavelengtb 
(AU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
;soo 
5600 
54.00 
5200 
5000 
4800 
4600 
4400 
4200 

0000 
7800 
7600 
7400 
7200 
7(J(X) 
6800 
6600 
6400 
6200 
6000 
5000 
5600 
5400 
5200 
5000 
i..soo 
4600 
4400 
4200 

TABLE ill 

li472 AU,- Uncorrected 

Transmission {cot2o) 
.I. 50<:¢ .1. r,,;f 51\d 

_ · 11J- - Vj;i;'!. .- ; VP 

O.OOl 
O~OOi 
0 .. 0015 
0.0015 

0.004 
0.009 
0.0.30 
0.0)2 
0.02£ 

0.0005 
0.001 
0.0015 
O.O'Jl.5 
0.002 
0.0045 
0.0].2 
0.018 
0.030 

44 72 AU, Correct.ed 

0.0005 
0.001 
0.001; · 
0.001.5 
0.002 
0.004 
0.010 
0.024 
0.035 
0.050 

Oe0005 
p .. 001 
0.001; 
0.0015 
0.002 
O .. OOJ5 
0.009 
0.022 
0.030 
0.045 

0.0005 
0.001 
0.Q(Jl 
0.0015 
0.(YJ2 
0.003 
0.006 
O.Oll 
0.017 
0;022 

0.000; 
0.001 
0 .. 001 
0.001 
0.0015 
o.oo, 
0.007 
0.011 
0.020 
0.040 



._,,,; 

4.358 AU> Uncorrected 

Wavelength Transmission (cot~) 
{AU) L 5()% :!: ()% - 50% 

0000 
"1800 
7600 
7400 
1200 
7000 
6SOO 
6600 
6400 
6200 
6000 
5000 
5600 
~ 
5200 
5000 
4800 
14',00 
4400 
4200 

0.004 
0.005 
O.OO'lS 
0.014 
0.025 
0.045 
0.072 
0.100 
o.118 
0.150 
0.150 
0.130 
0.135 

0.002 
O.OCl,3 
o.004 
0.010 
o.,oie 
0.028 
0.040 
o.060 
0.090 
o.uo 
0 .. 125 
(l.l3S 
0.100 

0.0005 
0.001 
0.0015 
0.004 
0.005 
0.010 
0.01.s 
0.025 
0.040 
o .. 060 
0.070 
0.070 
o.oao 



TABLE XVI 

6563 AU., Uncorrected 

Wavelength Trunsmiasion (cot~) 
(AU) J. .50% & 0$ -50% 

8000 
1800 
7600 
?'400 
7200 
7000 
6000 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
,000 
4800 
1+600 
4400 
4200 

8000 
?800 
7600 
7400 
7200 
1000 
6800 
6600 
6lµ)O 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

0.270 
0.260 
0.260 
0.245 
0.235 
0 .. 230 
0.215 
0.180 
0.130 
o.os6 
o.o;o 
0.0).;.2 
0.004 
0.()'JJ5 
o.001~ 
0.005 
0.()0.35 

0.260 
0.270 
0.2'70 
0.250 
o.;"24,o 
0.21; 
0.180 
O.lliO 
0.085 
0.040 
0.012 
0.001 ... 
0.003 
0.0035 
0.004 
0.0045 

0.240 
0.200 
0.195 
0.185 
0.175 
0.160 
0.1;0 
0.135 
0.105 
0.070 
0.039 
O.OJJ2 · 
0.001. 
O.OOJ 
0.00.35 
O.OOl,5 
0.001+ 

0.140 
O.l~i) 
0.150 
0.11,,5 
0.1:,8 
0.1~~0 
0.100 
0.065 
0.031 
0.010 
0.004 
0 .. 0035 
0.004 
O.OOli.5 
0.004 

0 .. 060 
0.065 
0~066 
0.066 
0.065 
0.062 
0.060 
0.045 
0.018 
0.008 
0.004 
0.003 
0.0035 
0 .. 0045 
0.004 

0.1.35 
0 .. 095 
0.073 
0.0613 
0.068 
0.061+ 
0.065 
0.055 
0.040 
0.024 
0 .. 010 
0.004 
0.0025 
0.004 
0.0045 
0.0035 



Wavelength 
(AU) 

8000 
7800 
7000 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
56o0 
5400 
5200 
;ooo 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6£>00 
6400 
62.00 
6000 
5800 
5600 
.5400 
5200 
sooo 
4000 
4600 
4400 
4200 

'I'ABU XVII 

Transmission tor Film ''C" 

6158 AU, Uncorrected 

Transmission (eot~) 
.a. 50% :Ir O,t; - 50% 

0 • .390 · 
0.460 
0.460 
0.490 
0.490 
0.440 
0.:345 
0.270 
0.190 
0.120 
0 .. 055 
0.015 
0.004 
0.003 
0.0035 
0.0045 
0.002; 

0 .. 410 
0.450 
0.430 
0.400 
0 • .340 
0.280 
0.200 
o.uo 
0.055 
0.010 
0.0045 
0.003 
0.004 
0.005 

6lS8 AU, Corrected 

0.430 
0.450 
0.475 
0.460 
0.430 
0 • .360 
0 • .300 
0.100 
0.120 
0.043 
0.010 
0.0045 
0.00.35 
0.004 
0.004s 
0.0035 

0.445 
0.440 
0.465 
0..460 
0.400 
Ch 340. 
0.275 
0.190 
0.125 
0.050 
0.014 
0.004 
0.003 
0.004 
0.005 
0.0035 

0,340 
0 • .310 
0 .. .340 
0 • .330 
0.310 
0.:?80 
0.215 
Q.1..60 
0.100 
0.045 
0.012 
0.004 
0.003 
0.0035 
0.004 
0.004 

0.305 
0.330 
0.370 
0.350 
0.325 
o.280 
0.220 
0.175 
0.120 
0.049 
0.013 
0.004 
0.00.35 
0.004 
o.oo, 
0.00.3; 

I/!. 



Wavelength 
(AU) . 

8000 
7800 
7600 
740,0 
7200 
?000 
6800 
6600 
6400 
6200 
6000 
5000 
5600 
5400 
;200 
5000 
4800 
4600 

·4400 
4200 

8000 
1800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
;200 
5000 
4800 
4600 
4400 
4200 

TABLE XVIII 

Transw.ssion-for Film 110" 

589.3 AU, Uncorrected 

Trunsm.ission (cot~} 
.t. 50% ~ 0% - 50S' 

0.140 
0~150 
0.150 
0.1)8 
o.:u,.o 
0.1.35 
0.130 
O.ll5 
0.088 
0 .. 060 
0.020 
0.009 
0.006 . 
0 .. 0075 
0.008 
0 .. 003 

o.u; 
0.115 
O .. llO 
o.u, 
0.120 
0.120 
0 .. 110 
0.090 
0.055 
0 .. 025 
O.Oll 
0.00'9 
0.010 
0.00·1 
0 .. 004 

0.110 
0.09.5 
0.100 
0.105 
0.105 
0.105 
0.095 
0.070 
0.045 
0.019 
0.007 
0.005 
0.005 
o.ooa 
0.003 

0.120 
O .. llO 
0 .. 100 
0 .. 092 
O.lOJ 
0.095 
0 .. 090 
0-0'!5 
0.043 
0.020 
0.009 
o.oob 
0.007 
0 .. 007 
0.003 

0.140 
0 .. 115 
0.100 
o.oa; 
0.090 
0.090 
o.oa5 
0.078 
0.060 
0.038 
0.015 
0.0055 
0.0045 
0.0045 
0.0055 
0.004 

0.060 
0.060 
0.059 
0.059 
0.060 
0.062 
0.060 
0.050 
0.030 
0.015 
0.005 
O.OOlt-5 
0.005 
0.006 
0.003 

' ... 1,.,., 



rravelength 
(AU) 

8000 
7800 
7600 
7400 
"/200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
;600 
5400 
;200 
5000 
4S00 
4600 
41+00 
4200 

Trana.mission tor Fillll 11cn 

57S0 .4.U, Uncorrected 

Trunsmi.ssion (cot29) 
.1. 50% : 0% - 50% 

o.;40 
0.540 
0.575 
0.600 
0.640 
o.64o 
0.650 
o.6i..o 
0.620 
o.;90 
o.56o 
0.500 
0.405 
0.280 
0.150 
0.055 
0.020 
o.ooa 

o.600 
0.610 
0.610 
0.610 
0.625 
0.625 
0.610 
0.610 
0.610 
o.;60 
0.500 
0.405 
0 • .280 
0.160 
0.058 
0.016 

0.610 
0.620 
0.600 
0.500 
0.620 
0.620 
0.590 
0.590 
0.550 
0.520 
0.470 
0.380 
0.265 
o.u.o 
0.055 
0.016 
0.0075 



Vtavelength. 
(i\.tJ) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
02ea 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

TABLE IX 

5461 hU, Uncorrectad 

Transmission (cot2G) 
.1. 50% :! 0% - 50% 

0.270 0.205 
0.270 0.200 0.170 
0.280 0.210 0~180 
0.280 0 .. 225 0.190 
0.290 0 .. 245 0.210 
0.320 0.280 0.220 
0.345 0.315 0.265 
0.3SO 0 • .340 0.295 
0.440 0.410 0.360 
0.450 0.405 0.3·1, 
0.450 0.405 0.390 
0.380 0.355 0 • .355 
0.280 0.260 0.260 
0.160 0.150 0.150 
o.o65 0.055 0.060 
0.016 0.013 0.015 
0.055 0.009 0.009 
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Wavelength 
(AU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6000 
6400 
6200 
6000 
.5800 
5600 
5400 
5200 
5000 
4300 
4600 
4400 
4200 

8000 
7800 
761:t) 
7400 
7200 
7000 
6000 
6600 
6400 
6200 
6000 
5800 
56o0 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

TABLE XXI 

Transmission for Film uc 11 

4472 ilU, Uncorrected 

Transmission (cot2g) 
,L 50% '= 0% - 50% 

0.002 
0.002; 
0.003 
0.0025 
0.0015 
0.0015 
0.003 
0.008 
0.025 
0.042 
0.025 

0.002 
0.003 
0.003 
0.0025 
0 .. 0015 
0.0015 
0.002 
0.006 

. 0.025 
0.03.3 
0.025 

4472 .HJ, corrected 

0.001; 
0.0025 
0.003 
0.0025 
0.002 
0.001..5 
0.0025 
0.007 
0.030 
0.035 
0.025 

0.002 
0.0025 
0.003 
0.002.5 
0.0015 
0.0015 
0.0025 
0.009 
0.030 
0.040 
0.025 

0.0015 
0.002 
0.0025 
0.002 
0.0015 
0.001 
0.0025 
0.007 
0.02.3 
0.032 
0.018 

0.002. 
0.003 
0.003 
0.0025 
0.0015 
0.001 
0.0025 
0.006 
0.025 
0.034 
0.032 
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Wavelength 
(AU) 

8000 
7800 
?600 
7400 
7200 
7000 
6800 
66oO 
6400 
6200 
6000 
5800 
56<X) 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

TA3l.E YJ::II 

4.358 AU, Uneo:r·rect~:,d 

Transmis~ion (cot29') 
.1. 50,:; :!: O;S - 5ot 

0.()045 
0 .. 00? 
0.015 
O.OJ;) 
0.074 
0.140 
0.?,40 
0.320 
0.375 
0.380 
0.300 
0.330 
0.250 

0.0045 
0.006 
0.015 
0.028 
0 .. 064 
O.l/~5 
0.250 
0.320 
0 .. )80 
0.400 
0.370 
0.320 
0.230 

O .. OOJ 
0.00h5 
0.009 
0.020 
0.050 
0.10; 
0.180 
0.215 
0.295 
0.320 
0.320 
0.260 
0.180 



~favelength 
(AU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5.200 
5000 
4800 
4600 
Jl-400 
4200 

Ti1.BLE XXIII 

11''~.nsmission for Film 11 D" 

6563 ;JJ, Uncorrected 

'I'ra.nsrn:ission ( cot2G) 
.t. 50% : 0% - 50% 

0~150 
0.140 
0.130 
0.125 
0.125 
0.110 
0.110 
0.105 
0.085 
0.055 
O.OJ8 
0.010 
0.004 
0.003 
0.004 
0.007 
0.006 

0.170 
0.180 
0 .. 160 
0.160 
0.145 
0.140 
0.130 
Oi.100 
0.053 
0.032 
o.ou 
0.001;, 
0.00.35 
o.oo; 
0.008 
0 .. 001 
O.OOl} 

0.120 
0.090 
0.090 
0.085 
0.080 
0.072 
0.078 
0.063 
0.01+5 
0.023 
0.009 
0.0014 
0.0035 
0.005 
0.007 
0 .. 006 

O.JJ,+fJ 
0.125 
0.110 
0.110 
0.105 
0.100 
0.095 
0 .. 074 
0.05s 
0.0:30 
0.008 
O.OOL1, 
0.0035 
o.oo; 
0.006 
0.0075 
o.oo,~ 

0.080 
0.050 
O.OJ8 
0.038 
0.0.33 
0.040 
0.040 
0.035 
0.030 
0.018 
0.007 
0.0035 
0.003 
0.004; 
0.006 
0.006 
O.OOli. 

0.055 
0.050 
0.050 
0.050 
0.050 
0.045 
0.033 
0.020 
0.009 
0.0035 
0.003 
0.004 
0.006 
0.005 
0 .. 004 



Wavelength 
( ,n' .,1.J) 

8000 
7800 
7600 
7400 
'7200 
7000 
6b~ 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4000 
4600 
4400 
4200 

8000 
"/800 
7600 
71..00 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

TABLE Y;,!IV 

6158 AU; Uncorrected 

Transmission (cot2g) 
.,_ 50% :!; 0% - 50% 

0 .. 160 
0.180 
0.220 
0.200 
0.185 
0.1S5 
0.160 
0.140 
o.uo 
0.090 
0.031 
0.012 
0.004 
0.0035 
0.0045 
0.006 
0.006 
0.004 

0.220 
0.250 
0.2·20 
0.220 
0.210 
0~170 
0.150 
0.090 
0.045 
0.019 
0.007 
0.005 
0.009 
0.01:, 
0.010 

0.164 
0.160 
0.170 
0.165 
0.160 
0 .. 140 
0 .. 125 
0.105 
0.060 
0.034 
0.014 
0.0045 
0.004 
0.004;, 
o.ooa 
0.006 
0.004 

0.165 
0.140 
0 .. 140 
0.140 
0.130 
0.120 
0.110 
0.090 
0.060 
0.034 
0.010 
0.004 
0.0035 
0.005 
0.007 
0.007 

0.21+0 
0.22; 
0.220 
0.220 
0 .. 200 
O.J.90 
0.160 
0.115 
0.080 
0.040 
0.019 
0.006 
o.oo; 
0.008 
0.013 
0.013 
0.010 

0.085 
0.085 
0.085 
0.085 
O.OS5 
0.082 
0.076 
0.070 
0.050 
0.029 
0.010 
0.004 
0.00'.35 
0.005 
0.007 
0.007 



iYavelength 
(AU) 

8000 
7800 
7600 
7400 
?200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8'000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
;ooo 
4800 
4600 
4400 
4200 

'l'ransmisi:dc:n (cot2g) 
.L 50% l: ()'.{{ - 50% 

0.094 
0.090 
0.090 
0.088 
0.088 
0.082 
0.072 
0.055 
0.036 
0.010 
0.0045 
0.004 
0.005 
o.oos 
().0075 

0.160 
O.lli,0 
0.130 
0.125 
0.120 
0.120 
0.115 
0.095 
0.060 
0.040 
0.015 
0.005.5 
0.005 
0.006 
0.010 
0.006 

0 •. 090 
o.07~ 
0.07.2 
0.0'70 
0.070 
0.070 
0.065 
0.048 
0.025 
0.0095 
O.OOli.5 
0.004 
0.005 
0.009 
o.orl6 

0.125 
0.095 
o.oeo 
0.078 
0.075 
0.075 
0.075 
0.065 
O.Ol;.8 
0.02£., 
0.010 
0.0045 
0.004 
0.0055 
o.oos 
o.006 

0.090 
0.065 
0.050 
0.050 
0.048 
0.050 
0.045 
0.038 
0.02.1. 
o.ooa 
0.004 
0.004 
0.005 
0.007; 
0.006 
O.OOJ 

0.04,2 
o.o;..o 
0.040 
0.044 
0.044 
O.OkO 
0.033 
0.020 
0.009 
0.001+5 
O.OC14 
0.0055 
0-.009 
0.006 



'l'ransmisaion for Film 11 D11 

Wavelength 
(AU) . 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
.5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7'1JJO 
70'i:tJ 
6800 
6600 
64,00 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
48()0 
4600 
4400 
4200 

5700 AU:, Uncorrected 

n~a.r1smission ( cot. 2Q) 
J. 50% : 0% - 50J 

0.475 0.425 0.370 
0.480 0.440 0.425 
0.475 0.440 0.425 
0.4hf1 0.440 0.425 
0.485 0.450 0.440 
0.490 0.450 0.450 
0 .. 490 0.450 o.w..o 
0.48:0 0.460 0.440 
0.460 0.460 0 .. 425 
0.435 0.410 o.390 
0,..390 0.375 0 .. 330 
0.330 0.295 0.280 
0.240 0.2..30 0.220 
0.160 0.150 0.140 
o.oso 0.075 0.075 
o.c40 0.,0JZ o.o:,o 
0.02.3\ 0.020 0.023 
0.023 0.023 0.023 

5780 AU, Corrected 

0.425 ·0.340 0.3.30 
0.440 0.410 0.410 
0.450 0.425 0.4~'0 
0.1 ... 0.455 0.420 
0.475 o,.~,o 0.440 
O.J.{15 0.450 0.440 
0.430 0.460 0.450 
0.4BC1 0.450 0.425 
0.4'70 0.450 0.420 
0.440 0 .. 4(}0. 0.350 
0.,3$0 0.370 0.345 
0 • .320 0 • .305 0.280 
0.2£15 0.230 0.210 
0.160 0.145 0.12, 
o.oeo 0.070 0.0?4 
0.030 0.030 0.0.34 
0.020 0.020 0.020 
0.023 (}.020 0.020 
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Wavelength 
(AU) 

8000 
7800 
760o 
7400 
7200 
7000 
68CYJ 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
7200 
7000 
6000 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

TABLE llJH I 

5M:il AU, Uncorrected 

Transmission (cot2Q) 
J. 50% & OJt - 50$ 

0.160 
0.175 
o.iao 
0.190 
0.205 
0.245 
0.270 
0.32.5 
0.365 
0.390 
0.360 
0.290 
0.200 
0.115 
0.050 
0.023 
0.030 

0.160 
0.160 
0.145 
0.160 
0.190 
0.210 
0.2;5 
0.305 
0 • .3.50 
0.360 
0.355 
0.2s; 
0.185 
O.llO 
0.045 
0.030 

5461 AU, Corrected 

0.110 
0.115 
0.110 
0.123 
0.140 
0 .. 165 
0.200 
0.260 
0.300 
0 • .320 
0 • .31.5 
0.240 
0.160 
o.oao 
0.035 
0.025 

0.080 
0.085 
0.100 
0.110 
0.150 
0.190 
0.2CYJ 
0 .. 270 
0.310 
0 .. 335 
0.265 
0.175 
0.085 
0.038 
0.025 

o.uo 
0.095 
0 .. 105 
O.ll5 
0.135 
0.160 
0.2.10 
0 .. 255 
0.285 
0 • .300 
0.310 
0.250 
0.170 
0 .. 080 
0~035 
0.018 
0.030 

0 .. 100 
0.105 
0.110 
0.115 
0.110 
0 .. 200 
0 .. 220 
0.305 
0.310 
0.320 
0.260 
0.180 
0.095 
0.035 
0.025 
0.023 



Transmission for Film n 11' 

44?2 AU, Unconeeted 

tiavelengt.b Trunsmission (cot~) 
(AU) .&. 5~ :!: O;i - 50% 

8000 
7800 
?600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
S600 
5400 
5200 
;ooo 
.48()0 
4600 
4400 
4200 

8000 
'7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
;600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

0.003. 
0.0025 
0.003 
0.004 
0.0045 
0.004.5 
0.0045 
0.003 
0.004 
0.005 
0.025 
0.043 
0.043 
0.038 

0.0015 
0.002 
0.003 
0.004 
0.004 
0.004 
0.003 
0.002; 
0.004 
0.009 
0.02s 
0.039 
0.039 
0.039 

4472 AU, C~rrected 

0.0015 
0.002 
0.003 
0.00.3, 
o.ooy 
0.004 
0.003 
0.002 
0.003 
0.007 
0.022 
0.0.36 
0.030. 

0.001s 
0.0025 
o.oo, 
0.0035 
0.004 
0.004 
0.003 
0.002 
0.0035 
0.007 
0.025 
o.o.36 
0.035. 

0.001; 
0.0025 
0.003 
0.004 
0.004 
0.004 
0.003 
0.002 
0.003 
0.0075 
0.024 
0.049 
0.048 
0.048 

0.0015 
0.0015 
0 .. 0025 
0.004 
0.004 
0.004 
0.0025 
0.002 
0.00.3 
0.0065 
0.020 
0.030 
0.02a 
0.028 
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~1avelength 
(AU) 

8000 
7800 
7600 
7400 
7200 
7000 
6800 
6600 
6400 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4800 
4600 
4400 
4200 

8000 
7800 
7600 
7400 
?200 
7000 
6800 
6600 
64.00 
6200 
6000 
5800 
5600 
5400 
5200 
5000 
4000 
4600 
4400 
4200 

TABLE XXIX 

Tra.nsmission for Filla 

4360 AU, Uncorrected 

Transraiasion ( cot 2@) 
.L 50% ~ fY'J; - 50% 

0.019 
0.018 
0.022 
0.034 
o .. o;o 
0.000 
0.130 
0.200 
0.250 
0.290 
0 • .325 
0.340 
0.305 
0.2;; 
0.170 

0.004 
0.005 
0.008 
0 .. 01$ 
0.039 
0.07'2 
0.140 
0~19J 
0.21.,5 
0.290 
0.305 
o.;?90 
0.235 
0 .. 200 

4360 AU, Corrected 

0.029 
0.03.3 
0.050 
0.075 
0.110 
0.190 
0.260 
0.310 
0.350 
0.385 
0.335 
0.360 
0.320 
0.210 

0.004 
O.J)05 
0.006· 
Oe0:14 
0.030 
0.060 
0.110 
0.170 
o.zzo 
0.27n 
(J".280 
0.270 
0.190 
0.130 

0.150 
0.155 
0 .. 160 
0.200 
0.240 
0.240 
0.270 
0.315 
0.,380 
O.li30 
O.J,i.60 
0.450 
0 .. 45() 
0.410 
0.1 .. 10 
0 • .330 
0.270 

0.004 
0.004 
0.005 
0.010 
0.022 
0.045 
0 .. 086 
O.ll+O 
0.185 
0.215 
0.214) 
o.?.45 
0.205 
0.180 
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