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Refractive Indices of Five Selected Optical Glasses * 
Robert E. Stephens and William S. Rodney 

The refract ive indices of typical samples of five opti cal glasses made at t he Nationa l 
Bureau of Stanriards were measured ove r a range of wavelengths from 0.35 to 2.32 mi crons. 
This was done in such a way that th e values obtained in t he visible a nd invisible p or t ions of 
t he spectrum are consis ten t wi th one another. The res ult s are expressed for each glass by 
a six-constant disp ersion for m ula. 

Pr cise dat a on optical glasses should be readily 
available in considerable detail in order to satisfy 
the complex requirements of optical engineers and 
designers. Only for the visual range of wavelengths 
are refractive indices satisfactorily available for 
either domes tic or imported glasses, and almost no 
data are available on spectral transmittances. 

The flve glasses considered here were madc and 
anneal ed in the Glass Section a t the National Bureau 
of Standards under the direc tion of Clarence H. 
Hahner, who has furnished the weight percen tages 
shown in table 1, descriptive of their chemical 
composition as computed from the batch composi
tion. , iVith the exccption of the rare-carth glass, 
these arc typical op tical glasses n.nd arc probably 
very similar to the corresponding Bausch and Lomb 
glasses 11 = 1. 517, v= 64 .5 ; 11 = 1. 573 , v= 57.4 ; 11 = 
1.621 , v= 36. 2 ; and 11 = 1.649, v= 33 .8, 8 S listed in 
their catalogs under these D-line indices ani v values. 

The refrac tive indices of these glasses were ac
curately determined in the visible region by means of 
the high-precision spectromeLer made b.v E . R . 'llf atts 

T A E Ll, 1. Chemical compositions of glasses' 

OxId e 

B oro· 
s il icate 
crown 
(E SO) 

n= 1.517 
v=6 1. 5 

SiO,_ _____ 05. 6 
H,O, . ____ . 13. 0 
Na' O ____ _ • 7. 6 

K ,O . . . _._. 12.1 
ZnO .. .. _._ l. 2 
PbO . ... . . 

Ba O ____ _ _ 
BeO._ .. __ _ 
La' O'. ___ _ 

OaO ... __ _ 
As,O, . . _.. 0.5 
Sb,O, .... . 
AhO,_ . ... _ 

Ligllt 
bar ium 
crown 
(LB O) 

n= 1.574 
v= 57.7 

·Flint (F ) 
71 = 1.620 
v=36.2 

I Dell se 
fl in t ( DP) 

11,= 1.6"9 
v= 33.8 

R are 
ea rth 

n = 1.673 
v= 56.2 

a n=index of refraction fo r t he sodium· D line, and v, the Abbe va lue=(n - l )/ 
(np- n c) , where 'nF a nd nc a rc refractive indices (O L' the hydrogen F and Clines, 
respecti vely . 

• rrllC compan ion pa pers in t his issue present values of the spectral trans
missive properties, densit ies, and coeffi cients of Unear thermal expansion (or 
fi ve different types o f optical ~ Iasscs produ ced by t he Optical Glass Section of 
the National Bureau of Standard s. These measurements have been made in 
t he diO·erent organization al pa rts of t he Bureau a ppropriate to each type of 
m easuremen t , a nd a re, th erefore, presented separately . For each t ype of glass 
the samples have been taken from the &'l Ill C melt, and , therefore, these papers 
p resen t, collectively, a consistent set of data for the five glasses s tud ied . 

&; Son, Ltd. , London.1 l\IIeasurements in the infra
red and in the near ultraviolet regions were made on 
each of t wo spectrometers. The first was of the 
' llf adsworth minor type, improvised from a Zeiss 
monochromator, the same instrument that was used 
for index determinations on magnesium oxide.2 The 
second was the Gaertner spectrometer equipped with 
mirrors and a lead sulphide detector, the same appn.
ratu that was used for index determinations on 
potassium bromide.3 

The independen tly observed indi ces in the infrared 
and n.lso in Lhe ncar ultraviolet regions were in fair 
agreement, and no sys tematic differences were de
t ected. The values resulting from the second set 
(Gaertner spectrometer ) should be somewhat more 
accura te because of a poten tially high er accuracy in 
angle measurement, and accordingly much more 
weight is given to the Gam-Lner data in computing 
averages. 

'fhe indices of refraction of these glasses were 
represen ted by dispersion equations of the form 

2_ 2 k 2 4+ v + m 11 - a - }.. - p}.. }.. 2 }.. 2_p 

where }.. is in microns, and the parameters have appro
priate values for the various glasses a given in t able 
2. The parameters were adjusted by the NBS Com-

T AE L~~ 2. P amm eters of disp ersion equations 

B SC L BO F 

I 
D P Rarecart h 

Para meter n= 1.517 n= 1.574 n = 1.620 n = 1.649 n= 1.673 
"=64.5 v=57.7 v= 36.2 v=33.8 v=56.2 

a2 _ __ _ ______ 2. 2723379 2. 4372255 2.5551726 2.6383 102 2. 749265 
k. __________ .00961954 .00840627 . 00825919 .00832968 . 0109904 
I ). ·· --. -.--- . 0000982107 . 0000834459 . 0000894995 .0000939503 . 001 3455 
l'. __________ . 006027086 .·005289321 .010023789 .010694553 .0034447 m __ ________ . 004855199 . 00883817i . 01340333 . 0156823:\ . 01 46030 
/' ....... _ . . .0237050 . 0217633 . 0432000 .045 1527 .017689 

A vc r ag e 
rr s id lI a 1 
ult ra ,- i -
oleL __ . .. 1. 9X IQ-' 0.9X IO-' 2. oX lO-' 2. 2X 10-' 1. 3X IO-' 

Visi ble ... _. O.~ .2 .3 .8 .3 
In frared . __ . 1.4 1.0 .i 1. 7 1. 1 

I Robert J . Spindler and Will iam S. Rooney, R efract ivi t y of potassium b ro· 
mid e for vis ible wavelengt hs, J. R esearch N B S 49, 253 (.1952) R P236 1. 

, Robert E . Ste phens and I rv ing H . M ali tsoll . Index of refraction of magne· 
s iu m oxioe, J . R esearch N B S 49. 249 (1952) R P2360. 

' R obert E. Stephens, E arle K . P lyler, Will iam R. R od ney, and R ober t J . 
Spindler, R efracthTc index of potassium bromide for infrared J'a rlian i ('nergy, 
J . Opt. Soc. Am . 43, 11 0 (1953). 
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TABLE 3. Computed values of refractive indices of glasses 

BSC LBC F DF Rare earth 
Wavelength n=1.517 n=1. 574 n=1.620 n=1. 649 n=1. 673 

.=64. 5 .=57.7 "=36.2 "=33.8 "=56. 2 

Microns 
0. 3341 1. 54287 

. 3404 1. 54141 

.3467 1. 54001 1. 60313 1. 67(\80 

.3612 1. 53713 1. 59937 l. 66870 J. 70384 1. 70407 

.3650 1. ,\3643 1. 59846 1. 66678 1. 70162 1. 70295 

. 3655 1. 53635 1. 59836 1. 66656 J. 70136 1. 70282 

. 3663 1. 53620 1. 59816 1. 66615 1. 70088 1. 70259 

. 4047 1. 53044 1. 59072 1. 65113 1. 68360 1. 69366 

. 4078 1. 53004 I. 59022 1. 65014 1. 68247 1. 69305 

.4340 1. 52709 1. 58643 1. 64290 1. 67421 1. 68850 

. 4358 1. 52691 1. 58620 l. 64247 J. 67372 1. 68822 

.4678 1. 52402 1. 58253 1. 63569 J. 66602 1. 68380 

. 4800 1. 52308 1. 58133 l. 63352 I. 66357 1. 68236 

. 4861 1. 52263 1. 58076 1. 63249 l. 66241 1. 68167 

. 5086 1. 52112 1. 57886 1. 62911 1. 65860 1. 67938 

. 5461 1. 51900 1. 57620 1. 62446 1. 65338 1. 67618 

. 5770 l. 51754 1. 57439 1. 62136 1. 64990 1. 67400 
• 5791 1. 51745 1. 57428 1. 62116 1. 64968 1. 67386 

. 5893 1. 51702 1. 57375 l. 62026 1. 64867 1. 67322 

. 6438 1. 51502 1. 571 30 1. 61617 1. 644 11 1. 67027 

. 6563 1. 51463 1. 57082 1. 61538 1. 64323 1. 66969 

.6907 1. 51363 1. 56962 1. 61342 1. 64105 1. 66823 

. 7065 1. 51321 1. 56911 1. 61261 1. 64015 1. 66762 

. 7081 1. 51317 1. 56906 1.61252 1. 64006 1. 66756 

• 7729 1. 51166 1. 56729 1. 60971 1. 63695 1. 66542 
1. 0140 1. 50766 1. 56282 l. 60310 1. 62972 1. 66001 
1.1287 1. 50617 1. 56128 1. 60102 1.62748 1. 65812 

1. 3570 1. 50341 1. 55859 1. 59767 l. 62394 1. 65483 
1,3673 1. 50328 1. 55847 1. 59754 1. 62380 1. 65468 
1. 3951 1. 50295 1. 55816 1. 59717 1. 62342 1. 65430 

1. 5295 1. 50132 1. 55666 1. 59546 1. 62164 1. 65245 
1. 6932 1. 49925 1. 55480 1. 59343 1. 61955 1. 65009 
1. 7092 1. 49905 1. 55461 1. 59323 1. 61935 1. 64992 

1. 8131 1. 49766 1. 55338 1. 59193 l. 61802 1. 64839 
1. 9701 1. 49544 1. 55145 1. 58992 1. 61599 1. 64598 
2.2493 1. 49108 1. 54770 1. 58611 1. 61214 1. 64128 
2. 3254 1. 48979 1. 54659 1. 58501 1. 61103 l. 63989 

putation Laboratory, using the method of least 
squares. The magnitude and distribution of the 
plus and minus residuals are such that the formulas 
are unques tionably adequate for represen ting the 
data. The computed values, which are adjudged to 
be better than the obser ved, values are presen ted in 
table 3. 

The necessity of using a dispersion equation with 
six constan ts was not anticipated. Trials wi th four 
carefully adjusted constants , however, proved in
adequate in that for the first four glasses there were 
eviden t systematic differences between the observed 
and the computed indices . Such sys tematic failures 
for four-constan t formulas were as large as 5 or 
lO X 10- 5 outside the visible region, and the deviations 
were more convincing in the infrared because of more 
observed points there than in the violet. Moreover , 
the character of the systematic failures was similar 
for the differen t glasses, and thus the equa tion was 
considered inadequa te in form . 

The addition of a t erm in }..4 was obviously a suit
able expedien t for the infr ared and one in 1j}..2 
improved the ultraviolet end, and bo th seemed 
necessary. The resulting residuals are all less than 
± 5X 10- 5, with the excep tion of 2 (of opposite sign) 
in the ultraviolet and, similarly, 2 in the infrared . 
One-half of all residuals are smaller than ± O.7X 10- 5• 

The remaining systematic t rends between observed 
and computed values are not over ± 1 or 2 X 10- 5 . 

W ASHINGTO N, November 19, 1953. 
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