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SPECTRAL REFLECTIVITY OF
CERTAIN MINERALS AND SIMIL/R INORGANIC MATERIALS

Iﬁtfoductiog

Oge ofufﬁe objecti#eﬁ:of the reééarch investigation.sponsoreé by the Sn&w,
;ce .and Permafrosﬁ Research Establlshment of the U S Army Corps of: Englneers.
-under Contract DA- 1;-; 0-ENG-3, is the mesa Lrement 6f the spectral rex:ecthlty'
of various'materlals.: Of"partlcularllnterest to 1nvestigators in the problems
of-r;diati;g-exohange ang over-all heat balances of the pat; al- envzronment, is
.fhe emission characteristi#s of-tHe diffetent oonstituents'df what is loosely
terﬁeh th;;earth.' Tﬂus, the spectral reflectivity‘chgrécterisfics of minerals
and assbciéted materialsfis of prime importence. The following report is the
result of & preliminary investigation of the spesctral reflectivity of certain
minerals and other similar materials.

The spectral reflection of ‘minerals is characterized by region(s) of high

"

refleotion known as "rest-strahlen" or residual féy reflection. Such materials

as quartz, fluorspar, calcite, etc. have been investigated extensively by many
investigators for the purpose of ébtaining inférmation regarding_thp nature of
absorption and reflection.- The sé]ective ref;Bctioné have also beaﬁ:qsed to
isolaté-ﬁarroﬁ bands of iﬁfra-red’enefgy-for uss in th;,iaborgtory.: The present
1;§rk was not concerned with such éppliéafionézbut‘ﬁas directed tqwar&'determin;.
ation of the inflﬁence of ﬁhese bands upon the emissidn characteristiéé énd the
energy balsnce of the natural surroundg.

As an illgstratién_of this problem, the characteri§fics of quartz may be
shosen. Cr&stalline quartz réflects sélectively in" the region of 8.5 miorons.
The poﬁk of & Planckian radiastor at 90°F occurs at 8.5 microns and since the
energy emitted is a'produét of the spectral emissivity (ey =1 - r,) and the
Planckian ensrgy distribution, the sffect of this selective reflection is to
reduco the energy emitted. Other materials have different "rest-strahlen® baﬁds
and hence a soil consisting predominantly of one materiel may have a diffsrent

equilibrium tomperature (for a particular radiastion) then snother type of soil.
I p
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Tpe problem of determination of these selective reflections is complicated
by the effects of the physical form of the material. "Powdersd or granular
meterials will differ from thﬂsolid, planar form. In addition, the size of
tﬁe partiqlés-bacomes quite impd;pant as the size approaches dimehéions of the
'oréer gf_theiﬁaveléngth of the energy:under‘considerétion.
o Th; reéﬁiﬁs reporééd hsrein ére those of the préliminarv inveséigation. .A
total’of124 different materials were tested using different experimencai tsch-
hiques} The results ;re coﬁtgined.id the tébulations of fhe 41 measurements

reborted.

‘Bxperimental Method. .

The reflectivigies wére determined with the heated cavit&tréflectometer.
This instrument has been described in full detail in the Progress Reporf dated
June 27, 1953 (Giér:and Dunkle, 1955). Briefly, the energf feflacted*from'a ‘
water cooled sample_inserted in-an ideal radiator is passed through a Perkin}
Elmé; Infra-red Spectremetar. This measurement is compared to that obtainedu
from the ideal radiator and the ratio of the two measurements is the absolute
spectral reflectivity. -

The preparation éf_the sample was of'ﬁrime impertance, -as noted previously.
A sémple éét;rial waé'g;oundAinto a powder and dusted,ﬁpoh an aluminum disk
covered with either black paint or sodium silicate.  The paint or éhe sodium
silicate acted as an adhesive between the aluminum and the sample. No¢ effort
was made to obtain a particular particle size or range of sizes. In the initial
'stages.of the investigation, %he development of methode and tschniqueé of
preparation of samples was émpﬁasized. An effort was made to grind the samplés
in such a manner as tp obfain a varisty of perticle sizes. Qualitatively, this
was belisved to be mors rspresentativs of the natural material. The only sémple
for which a plane surface could be obtained was mica. This sample was prepared
by splitting a thicker mica shieet until a very thin section wus obtained. This

was then mounted in the sample holder without any adhssive material.



The adhesive material used also furnished the background or reflscting
surface for %rapsmittanﬁ §ampies. Ideally, such a materiel should be opéﬁue and
‘haye a constant refleotifity for‘all wavelengths. The vaiue of the reflectivit&
should be veryinearly zerg;,and the yhiokngss Aecessgry to oﬁfain the precéading
oonditiops'shéulé;be'a maximum of"b.obz to 0.003:16§h§;.= This lattss condition
is necessitated by fhe.pfébiem of cooling of the sample surface, vBl%ck ﬁaint
was satisfactory ig most raspects, but too grqat a thickngss_was required to:
insure these éonditi&ns. 'éodigm silicate was befter than,blap& paiht;bﬁt un-
Lfcrﬁuﬁafély,.this materi;l hasia "rest-strahlen™ reflection iﬁ the.region of 10
microns . Coﬁsequentiy, to insure reliable results, & sample thAt indicated a
reflection in the same region as the sodium silicate wés also measured using
black paint. True reflaction;then could be separated from transmission through
the sample combined with reflection from éhe sodium silicate.

The sample minerals in most instances were obtained from a shop dealing in
mineral specimens for collectors and hence were not chemically prepared materials
but wers as taken from the ground.

Discussion of Results

The results obtained may be compared to those of other investigators. Wood
(Wood, - page 518, 1934) lists values of the wavelength of maximum }éflectionifor

a few materials:

WAVELENGTH (MICRONS)

Present
Wood Investigation
 Quartz - 8.5 ; +970
Calcite 6.76 6.62
Fluorite 2.4 2.20

The differences are attributed to ths use of powdered marerial in the present
investigation whereas the results given by Wood are for solid samplss., 1In
addition, any impurities would materially affect the results and could possibly

distort the position of the maxima. In view of these facts the comparison is



quite favorabie. -

.Thé magnitudes of theo reflection .from samples on black pain£>and on sddiu@i
silicate, differed'in some gﬁses_bXJappreciable amounté. Thislis due partly'to
séﬁple.m;tefials_Qérying in impurities‘ A major source of this discrepanc& was:
the'ﬁgnunifofmity Qf:éampldipréparatién. It was nét;péésiblé to §up1}caté”fwo
samildsvag_ﬁo t%ibkness; partiéle siza,letc.; ﬁithhthe only differ?ncé Eeiﬁg fhe
backg;ound adhesive. If the reshltsiﬁrdsantad here were to bé uséd for déléu—
1atiops;of emissivities 6rtref1;ptivities, the avefage of the éﬁo se%s of data
éould be ;sea to obtain an.approﬁimate answer, s | :

An interesting set of Aata, is that sreseﬁﬁéd for dirt (Table 15,.16, 17
and 18). The material used was that reported in "The Snow Emissivity Meter And
Its Use In Evaluating The Emissivity Of Ice,Frozen Ground And'Othér Materialsﬁ
(Gier and Dunkle; 1953). The value of the emissivity for the dirt was reported
as 0.94 and 0.95. The spectral data may be seen to compare quite favorably at
the wavelengths which would be invol%ed (8 microns and greater). 3

Mica was uséd to i;lustrate the difference between a powdered saﬁple and the
solid form. The pesk of the "rest-strahlen" reflection occursd at 9.62 microns
for both the solid and_flake form, but the value of this maximum differed, 63.5
percent vs. 45'peréent respectively. The reflection at other wavelengths also
differed as 2 result of the effect of transmissioﬂ.combined with the reflection
differences between the sample forms.

- The results presented are for a limited number of materials and were ob-
tained with the heated cavity reflectomster. The sample technique which is
required:witﬁ this instrument introduced the etrect of the achesive. This ex;
traneous influence was believed to have been eliminated as mgy be seen by
comparison of the results obtained with two different adhesives ﬁith the same
sample material, Unfortunately, the sampls technique wes slsc subject to vari-
etion between two samples of the same material by virtue of the powdering and

dusting procedurs. The difficuvlties ncotsd will be eliminated by use of the



5
ﬁaraboloid“reflecto@eter descrieed in the Progress Report for the ysear June 27,.
1952 to June 27, 1955-(Gier and Dunkle, 1953)' With this device, solid and
powﬁeredhsamp;eé may be used with greater control of sample comp051tion and form.
iThez}esu}fe.reported are of 1ntere<t when compared to the transmission
:data published by J. M. Hunt*et’al. (J:-M. Hunt,_etqal.,‘lgso)a Transmission" :
was measured by dep081t1eé“samnles of known partlcle sizs upon rock ra1+ windows .
This information has been suggested as a‘meane of ana1y51s of complex inorganic
mixtures (J M. Hunt and D. S. Turuer, 19ua)
. Couclusions
| 1 An acceptable teohnique of srmpllnv has been developed for measurement
of the speotral reflection of powdered minsrals,

2. The spectral reflectivity of certain minerals indicates a nonuni formity
of emissivity which would alter the equilibrium tempsratures of these materisls
when exposed to the natural environment.

3. This type of measerement will be extended in scope and nature with the
completion of the paraboloid reflectometer now under construction.
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NOMEHCLATURE

8 = Monochromatic emissivity

ry = Monochromatic reflectivity
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CODE - REFLECTANCES OF VARIOUS MINERALS_

Désorigtion

Almandite powder, dusted on sodium silicate

o. 025" thiok

Almandite powder, dusted on flat black;paint :

Alundum powﬂer,_dusted on sodium siiichte
0. 015“ thick :

Bauxlte powder, dusted on sodium siliocate,
0. 012“ thick

Benitoite powder, dusted on flat tlack peint

Calolte pcwder, dusted on sodium silicate
0.016" thick

Calcite powder, dusted on sodium silicate
0 010" thick (Scalenohedren)

Calclte powdar, dusted on flat black paint

Carbon electrode (powdered), dusted on sodium
silicate, 0,016" thick

Carborundum powder, dusted on flat black paint
0.024" thick :

Carborundum powder, dusted on sodium silicate
0.015% thick

Cement, Portland, dusted on sodium silicate
0.025" thick By’

Chripobul powder, dusted:on sodiun silicate
Chripobul powder, dusted on flat black palnt
Dirt (dark), dusted on sodium silicate

Dirt (dark), dusted on flat black pasint

dusted

-

n sodium silicate

Dirt (light), dusted on flat black paint

Fluorite powder, dusted on sodium silicate
0.020" thick

Fluorite powder, dusted on sodium silicats
0.012% thick

Eeolin, dvsted on sodium silicsts 0.008" thick

(]

_Backgroundl

Sodium siiiqate

Flat black paint

Sodium .8ilicate
Sod um silinate

Flat bleck paint

Sodium silicate
Sodium silicate

Flat black paint

Sodium silicate

Flat black paint

deium silicate
Sodium silicate

Sodium silicate
Flat black paint
Sodium silicats
Flat black paint
Sodium silicatd
Flat bleck paint

cdium silicats
(o]
Sodium silicate

Sodium silicats



No. Desoription Backgroundl

22 Kaolin, dusted on flat black paint 0.009" thic Flat black paint

23 Magnesite powder, dusted on sodium silicate Sodium silicate
0.022" thick.

24 -Magnesite powder, austed on flat black paint Flgt black paint
0.014" ‘thick ; 1 > : fiae :

25 Magnesium carbonate.(solid), on flat black péint Flat black paint

- approximatalv 0.016" thick

26 M1ca, sheet 0.015" thick Polished aluminum

a7 Mica, sheet 0,.015" thick Flat black paint

gt Mica, powder, dusted on clear lacquer Clear lacquer
0.004" thick

29 ?yrite powder, dusted on sodium silicate Sodium silicate

30 Pyrite powder, dusted on flat black paint Flat black paint

31 Quartz powder, dusted on sodium silicate Sodium silicate
0.030" thick

32 ) 'Sand, Monterey (quartz), dusted on sodium Sodium silicate_

. 8ilicate

33 Send, Monterey (quartz), dusted on flat black Flat black paint
paint

34 Sulfur powder (rew), dusted on sodium silicate Sodium silicate
0.016" thick

35 Titenite (in chlorite) powder, dusted on sodium Sedium silicate
silicata

36 Titanite (in chlorite) powder, dusted on flat Flat black paint
black paint ’

37 Topsz powder, dusted on sodium silicate Sodium silicate
0.025" thick

38 Tourmaline powder, dusted on sodium silicate Sodium siliecate

39 Tourmaline powder, dusted on flat black paint Flat black paint

40 Turquocis powder, dusted on sodium silicate Sodium silicats

41 Turquois powder, dusted on flat black pain Flet black paint

OTE: (1) The backgrournd material is that from which a second reflection would
ceccur if the materials were transmithant.

(2) All vzluee of reflectivity (r) are given as a percentags of 1.
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'WAVELENGTH MATERIAL
Micrens 1 "2 3 8
1.0 29,2 23.1 83 .3 61.0
1.25+ 16.4 17.9 84.9 64 .4
1.50 19.4 20.4 85.0 58.5
1.75 - 19.8 20.5 85.1 53.0
2,0 . 20.8 21.5 84.9 39.2
2.25 19.2 20.8 - 85.7 37.4
- 2.50 19.5 238 84.3 28.1
2,75 15,7 24.8 751 24.9
350 13 .2 24.5 56,2 . 17 .4
3.25 12.8 28.0 61.0 16.1
3.50 12 .8 250 ! 66.1 11.6
3.75 12.9° 26.2 76.7 16.5
4.0 14 .5 - 26.0 78.8 11.2
4.25 15.2 26.2 80.6 1727
4.50 14.3 22,0 77 .4 16.8
4,75 14.0 22.3 7742 16.2
5.0 14,5 20.3 7245 . 16.9
5.25 14.1 15.7 74,7 16.4
5.50 13.5 13.9 7257 o B .8 12.8
5.75 13.2 13 .3 67.2 11.2 9.9 11.9
6.0 13 .1 16.5 58.2 9.5 9.9 10.7
6.25 12 .7 15.3 49,0 9.1 12.2 11.1
6.50 14.0 15.5 45.1 10.2 15.5 32.5
6.75 13~ 7 14.1 38.2 10.3 11.6 28.5
7.0 13.6 13.2 28.2 10.3 9.0 23.6
7.25 12.9 13.2 23,7 9.4 9.1 17.5
7.50 12 .4 13,2 17.2 9.9 9,0 16.2
7.75 13.2 12.6 14.1 10.2 8.2 16.8
8.0 ‘12.5 11.6 11.9 9.0 6.6 16.3
8.25 11.6 11.2 9.4 8.5 5.3 15.7
8.50 11.2 10.6 7.4 8.6 - 5.7 15.1
8,75 11.3 10.6 5.7 8.5 5.8 16.5
9.0 11.2 10.3 5.0 9.1 q.8 17.2
9.25 11.6 10.3 4.9 9.4 13.1 172
9.50 14.9 1s5.1 4.6 10.0 13.9 17 .4
9.75 26.6 29.9 4.5 9.5 i4.6 16.0
10.0 31.0 32.8 4.5 5.4 162 1¢.4
10.25 31 .7 32.5 5.7 9.0 5.4 16.6
10.50 17.1 16.5 7.5 8.7 137.0 16.5
10.75 16.1 15.3 11..2 9.1 Te 6.9
11.0 27.9 28.8 16.2 9.1 13.8 17,2
11.25 23 .4 20.5 23 .8 9.1 11.9 17.9
11.50 25.3 25.8 27.2 9.1 11,2 18.2
11.75 20.3 20.0 27.5 8.7 12,2 16.8
o ¥ 18.0 18,2 27.0 8.7 11.1 i7.2
12 .25 18 .4 17.8 27.4 9.1 9.8 1747
12 .50 17.6 16.5 28.4 8,7 9.4 17.8
12.75 17.5 16.5 29.3 8.7 12 .4 17.1
13.0 17 .5 15.7 30.1 9.0 15.6 17 .4
13,25 16.5 15.8 S0 a7 3.8 14.9 17.8
13.50 - 16.3 15.6 1.5 9.4 13 .5 7 ot
13.75 15.6 5.1 31.7 9.4 12 .6 17.8
14 .0 15.5 14.8 32.4 9.4 13.2 iz.e
i4.25 15,2 15.1 33.9 9.4 14,0 15.8
14 .50 15.2 15.7 889 9.6 14 .r 16.9
14 .75 14 .6 14.7 34.3 9.9 14.3 17.3
15.0 16.2 15.9 34,8 104 15,9 16.9




WAVELENGTH MATERIAL
Microns 7 8 9 10 11 212
ol 55.5 43,6 2.6 7.1 10.8 35.1 .
1.25 59.) ° 45.0 3.3 Tk 11.9 39.7.
~1.50 120 Becs M Tea 3.3 138 V31 44,0
LTS s SE L 48,3 G 7.9 1¥.8 © 50.0
2.0- 41.4 47.7 3.7 7.8 12.0 52.8
e _42.5 46.1 4.1 8.2 18.3 . 57.4
2.50 ©33.5 44 .3 - 4,1 8.2 =138 57.1
2.75 26.8 44 .6 4.9 8.1 T8 22 .4
2.0 - 18.3 35.4 5.0 . 12.2 20.2
3.25 17.7 36.9 4,6 B 12.4 28.7
3.50 13.2 14.8 4.6 7.3 12.3 32.4
3.75 171 - 36.1 4.2 Td ", 13.0 39.3
4.0 10.0 - 19.3 4.6. 7.4 13.0 38.5
4.25 < 1647 42,0 5.7 8.7 14.1 43 .8
4.50 - 16.6 39.4 4.9 yau ] 138" 42.9
4.75 15.3 41.2 5.0 7.4 13 .4 42.7°
5.0 15.9 41.5 5.0 7.8 14.0 40.5
-~ 5.25 13 .8 37.8 5.4 7.8 13 .9 . 34.3
5.50 11.4 20.5 5.8 8.2 14 .6 26.4
5.75 10.3 13.2 5.2 8.2 14 .2 26.0
6.0 a0 11.5 6.2 8.2 14,2 23.6
6.25 9.0 11.6 6.1 7.8 i SES R 19.7
8.50 25.0 27.6 7.3 7.7 15.7 13.0
6.75 18.9 21.5 6.2 8.2 15.5 13.2.
7.0 15.8 19.4 Tt 7.8 14 .5 15.2
7.25 14..1 16.5 7.5 - 7.8 14,8 15.2
7.50 16.5 18.8 7.4 7.4 14,5 19.8
7.78 19.6 20.7 7.4 7.4 14 .8 2051
8.0 18.2 20.6 730 7.4 14 45 17.5
8.25 18.¢ 20.3 6.6 7.4 14.1 14 .4
8.50 16.8 18.5 - 7.0 7.0 13.0 13.9
8.75 17.3 21.2 7.0 7.0 18 o1 14.1
9.0 18.1 - 234 Tl 750 i3.2 14.1
8.25 17.8 22,2 Tl 7.0 12.2 14 .8
9.50 17.6 23.1 7.0 6.6 11.4 14.3
9.75 17.2 20.8 7.5 6.2 B 14,3
10.0 16.7 22.0 P 6.2 11.6 15.6
10.25 15.1 24 .2 7.3 6.2 14 .5 16.5
10.50 16.3 24,1 7.9 : 23.5 27.6 16.3
10.75 16.0 25.3 8.6 29.8 32.4 L7 1
11.0 16.0 272 3.6 35.2 36.4 17.3
" 11.25 15.8 24.2 9.0 38.4 395.4 17.9
11.50 15,1~ 16.8 8.7 2241 42 .2 18.3
1195 15.4 20.2 8.6 43 .2 45.7 17.9
12.0 16.5° 29.1 8.6 ~44.,2 45,5 17.6
12.25 16,1 28.4 846 44 2 45.1 17.8
Y256 16.0 28.0 8% 40.7 40.2 18,1
12 .75 16.4 L5 S 8.2 34.7 32.0 17.6
13.0 15.6 27 5 9.0 25.4 '28.5 18.2
13 .25 15,5 26.2 9.0 22,9 26.8 20.5
13 .50 15 .7 24 .4 9.1 21.4 26.1 18.7
13 .75 14,5 R 5.4 19.8 24.1 182
14.0 o O 15.8 9.4 17,8 24.0 19.4
14 .25 15 .4 28 ol 9.7 EeT 22.8 20.1
14 .50 17.4 29.0 9.9 177 25.2 20.5
14 .75 15.9 30.0 10.0 176 2%.5 20.8
15.0 17.8 30.5 10.4 16.9 22.8 21.8
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" WAVELENGTII e WTE MATERIAL :

Microns 1¢ 2 21 - 22 23 24
1.0 55.0 56.2 57.3 64 .5 61.0 40.5
1.25 59.7 59.7 - 64.3 - 64.2 61.0 40.1
1.50 50.0 - 59.0 82,9 66.5 490 ST Es
1.75 45.3 . 56.0 58157 58,0 . e R G
2.0 258.0 . 46.3 57.0 o i . 28.9 37.5
2525 31.5 1 45.3 40,6 35170 26.4 |- 34.8
2.50. 23.4 et o s SR2 L 20E 33.6
2.75 16.2 30.7 R B s o 21.1
3.0 10.3 14 L ¥ 5.0 10.2° 6.6 10.7
5.25 10.5 14.:3%, 7.8 13.9 6.6 1.0
3..50 10.4 13.8 19.2 e P o g e, T 5 e g
3.75 10.2 15..6 34.8 21.9 o B 13.8
4.0 1033 17.2 43 .2 31-.1 7.4 19.2
4.25 - 11.8 18.2 - 44 .1 21.0 . 9.0 21.3
4.50 11.0 16.8 140.8 17.7 7.5 17.5
4.75 - 10.7 LT 2¥ 33.7 14.8 7.9 18.9
5.0 10.0 18.2 28.1 12.3 8.2 7.2
5.25 10.6 18.0° 12.2 10.2 8.2 12 .4
5.50 10.8 1%-.7 7.9 9.4 -7 2 7.5
5.75 p I 1 : 17 .5 13.5 9.2 8.2 6.5

6.0 10.4 15.6 9.4 8.3 7.9 9.1
5.25 10.4 15.6 12.2 8.1 9.5 16.5
6.50 11,1 17.6 15.2 9.9 10.7 12.6
8.75 10.7 i7 2 15,2 5.4 9.9 10.9
720 10.3 16.7 11.6 8.6 9.5 07
7.25 10.4 16.9 10.6 8.6 9.5 12 .4
7.50 1027 17.5 9.5 7.8 o4 14 .6

775 10.6 18.0 7.8 8.5 ‘9.4 14 .0
8.0 10.4 16.5 4.5 7.7 7.8 11.5
8.25 10.3 16 .4 3.3 736 27 12.2
8.50 167 15:2 & & 7.4 8.3 12.9
8115 10.5 14 .8 8.3 146, 10.4 11.6

9.0 6.3 Tal:l 7.0 - 9.5 11.5 11.6
9.25 10.8 s - 31.9 ot 2T 13 .5 11.4
9.50 12.0 15.2 417 33.4 16.7 12.3
9.75 12 .4 - 15.3 25.8 19.5 17.2 12.3

10.0 11.6 14 .3 21.9 18.0 16.4 11,2

10.25 11.5 14 .6 9.8 11.8 14.2 o A

10.50 10.6 14 .6 6.1 10.8 14.0 i0.7

_10.75 10.4 13.9 9.4 12.8 12 .3 11.2
11.0 10.4 14.2 15.4 15.8 1.7 13.9
11.25 10.2 14.2 B 12 .8 13.1 9.4
11.50 10.2 ‘14 .3 8.6 11.8 “18.1 11.5
11.75 10.4 14 .0 7.8 1114 13.0 11.5
12.0 9.4 13.9 6.6 11 .1 125 105
i2.25 10.4 13.5 6.1 11.56 12.3 10.8
12.50. 100 13.2 5.8 11.2 115 1040
12.75 9.4 12 .5 6.2 - 132 12.3 102 ¥
13.0 9.9 12 4 5.8 11.0 12 .2 9.6
13.25 9.5 11.9 5.4 Tkl 12.6 8.2
13.50 0.9 12.1 5,0 10.7 12.9 9.4
13.75 3.6 11.5 5.0 6.7 12.9 9.8
14.0 9.0 1.1 4.9 10.% 15 <1 o7
14.25 10.0 11.5 5.3 10.7 1322 10.3
14.50 10.8 11.4 5.3 11.8 13.8 11.5
14,75 10.0 11.5 R 11.6 14,0 9.5
15.0 19 P 11.8 5.4 iz.s 15 .7 11.8




WAVELENGTE ; MATERIAL i
Miorons 25 26 _ 27 28 29. T ‘
1.0 84.5 67.9 13.5 52 .5 a i F) 12.2
1.25 83.2 72 .0 17.9 61.8 16.5 13.9
1.50 76.7 75.5° 1885 65.0 19.0 18.1
=g g 73.8 79.8. 19.6 | - 537.3 19.0. 19.5
2.0 61.2 80.3 20.0 . 89,5 19.8 20,2
2.25 55,6 75.5 20.7 64 .6 19.1 . 19.5
2.50 40,8 75.4 18.5 62.1 19.2 19.9
2.75 13.8 67.7 18.4 56.6 3.1 20.6 °
5u0 1 L e8,7 74 .7 19.7 34.8 11:3 151
3.25 8.4 83 .9 21.4 49.1 11.5 19.9
. 3.50 8.9 83 .2 15.8 303" k.1 1.0
RS S TR C O 52 84,9 16.6 TOBTIE G & R TR 0 B
4.0 10.9 87.5 15.5 62.2 149 21.3
425 14.4 86.5 22.9 65.6 15.8 21.8
4.50 9.9 84.9 15.0 62 .5 14 .6 28R
4.75 10.3 77.8 17 4 60.2 15.4 21.5
5.0 9.5 75.8 19.5 63 .5 15 .2 22.1-
5.25 9.0 69.9 19.2 61.5 15.5 22.6
5.50 9.1 ~ 45.2 15.6 50.4 14.7 21.4
5.75 9.1 45,1 12.3 31.8 13 .8 20.0
6.0 10.5 44 .4 10.4 25.8 12 .7 20.5
6.25 12,5 57.4 11.2 37.6 12.7 20.4
6.50 15.4 60.7 15.9 49.2 14.2 21.8
6.75 14.5 56.6 15.6 35.0 14 .0 19.7
7.0 15,0 47.7 11.2 31.8 13 .5 19.3
7.25 15.4 42,8 11.0 28.8 13 .9 19.6
7.50 15.5 39.7 10.9 27.9 14,2 21:1
7.75 16.5 35.0 10,3 21.7 15.0 21.4
8.0 15.3 27.7 8.2 20.8 13 .0 20.5
8.25 14 .4 21,8 7.4 23.1 12.6 19.3
8.50 14 .4 16,2 7.9 21.7 11 .% 18.5
8.75 14 .4 23.2 18.8 26.2 12 .6 18 .4
9.0 15.3 46.7 44,0 34,2 12.9 18.4
9.25 15.3 52 .5 50.0 36.7 13.9 19.0
9.50 14.5 51.8 48.2 35.0 15.9 18.7
9.75 - 16.5 57.9 ~51.0 38.7 16.7 18.7
1€.0 16.7 47.0 40.1 31.9 . 16.5 19.6
10.8¢F 7.1 41.3 31.6 20,9 15 .4 19.7
10.50 - 17.4 31.9 21.9 23.7 14.8 20.7
10.75 18.1 27.9 18.8 20.8 14.9 20 .k
11.0 18.4 2. .7 19.4 21.3 14 .4 21.3
11.25 20.6 27.0 16.6 21.9 14.3 21.4
11.50 21.5 26.3 5.9 22.8 15.0 20.3
11.75 .82 25 .6 - 14.9 23.1 14.7 20.5
12.0 21.1 23.9 T 13,5 22.5 14.3 21.1
12 .25 23.0 23 .7 12 .5 23.1 13 .6 21.1
12 .50 22.9 23.0 11.4 22 .4 13.8 20.4
12.75 2.8 22.0 10.8 22.3 14.2 19.6
13 .0 23.5 22.5 1041 21.0 14 77 19.7
13 .25 22.9 22.3 14 .3 18.3 14 .4 19:7
13.50 25 .5 23 .2 15 .3 19.0 14.5 20.1
13.75 23 .5 22.6 15.8 19.4 14 .0 20.5
12.0 3.0 22 .5 15.4 19.6 152 18,7
14 .25 24,2 22.9 15.1 19.8 14.8 20.6
14 .50 25.9 22.9 15.1 20.2 15 .4 20.7
14,75 25.3 23 .4 14.7 20.0 3.9 18.5
i5.0 26,0 | 271 16.0 22 .4 15 .4 26 .0
B = TS S N LT FEFS. RS




WAVELENGTH HATERTAL
Micrcns 31 32 33 34 35 36
1.0 62 .6 46.7 18T 60.0 15.8 1475
1.25 653 52.5 15.2 66.5 i8.6 18.8
1.50 61.2 43 .9 =167 838 2L .4 22,5
“1.75 83 .0 36.6 171 59.1 2657 24.9
2 39.4 26.2 17.2 53 .6 25.4 24.5
298 35.0 25.6 16.7 53.9 224 23.0
2.50 26.9 20.3 167 51 .0 22.6 23 .4
2.75 20.3 9.8 12.4- 45.0 12.3 11.2
3.0 - 12 .4 9.1 a: 31.5 9.2 8.7
: 3.25 11.¢9 10.7 14 .4 33.3. .12.7 14.3 :

ST L3450 11.4 12.2 14.6 .37:C 1855 12.0
¥.78 12.2 12.3 = g 4C.1 15.8 19.8
4.0 12 .4 12.7 gl & B 40.2 16.4 21.0
4.25 13.1 12.7 17,3 40.5 17 .6 2247
4.50 - 12.3 10-35 14 .6 41,6 235 ot o 19.3
4. 78" 11.4 9.8 1354 40.6 14 .4 17.8
£.0 sk 8.2 10.6 41.3 g8 15.8
5.25 11.8 7.8 10.6 . 40.9 13 .4 15.7
5.50 11.5 R . 10.6 40.2 12.0 13.7
5.75 11.0 7.8 9.4 39.8 LOE " 10.3
6.0 Ll:2 6.6 9.0 36.5 0.2 103
6.25 2.0 5.7- 9.1 at.4 8.8 * 10.4
6.50 12 .4 7:5 9.9 39.8 12.0 13.1
6.75 12.0 7.4 9.9 %9.8 10.6 12..D
7.0 11.9 7.4 10.2 38.3-° 10.% el ol
7.25 12 .4 6.9 10.6 39.3 16,0 10.7
7.50 12.7 6.9 10.6 38.6 110 10.6
7.73 14.3 8.2 10.6 38.0 10.5 11.4

8.0 19.3 11.0 14.9 36.8 8.3 9.8 "
8.25 20.7 2857 23.9 35.7 7.4 8.6
8.50 22.2 23.0 25.4 34.2 .7 7.8
8.75 26.6 23.2 '25.3 34.4- 7.8 7.4
9.C 28.8 24.4 25.4 33.8 .9 8- 7.9
9.25 24.8 24,0 24.8 34 .4 12..0 e
9.50 22.8 18.8 17.9 . 33.2 15.8 118
9.75 20.8 15,7 16.8 85 T ° 21.0 S lae

10.0 20.0 l4.6 16.:0 34.6 19.0 14.6
10.25 19.1 18 % 15.2 36.0 16.2- 1552
16.50 18.5 12 .2 13 .9 38.1 15.7 2.7
10.75 18,0 13 .4 14.3 825 1528 12.0
11.0 17.9 1.5 4.4 33.2 14.0 11.5
1125 17.9 10.7 14.0 31.9 LI 8 14.7
11.50 177 10.6 13.8 29.6 11,7 10.6
11.75 17.6 10,5 13 .4 24.9 1.9 10.3
12.0 1%.7 9.8 13 .0 2550 10.7 11.0
12 .25 17.6 9.1 L3rde, 29.6 11.2 10.7
12 .50 17.5 11.4 14.7 31.9 10.4 9.5
Ue .75 13.0 12 .2 15.5 32.9 1158 CLEE
13 .0 17.9 g 15.6 32 .4 L. ¥ 1%,6
13.25 1835 L 152 33 .4 2.0 12.0
13 .50 10.4 11.4 14.8 53 .3 12.5 11.1
13.75 18.9 10.6 15.5 32.3 1% .0 s
14.0 16.9 11.8 152 Zl.4 12 .4 116
1420 19.2 11.0 14 .7 gi.2 2 2 12.6
14,50 19.2 11.6 15 b 31 & 13 .9 125
14.75 18.9 11.6 5.7 31.2 12.8 ERE
15.0 19.4 14 <2 16.1 31.6 L5aE 14.8
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