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The American Oil Chemists' Society 
Notes and Correspondence 

Standardization of 
Lovibond Glasses 

, ( Inves t igat ion in  C o o p e r a t i o n  wi th  
A.  O. C. S.) 

R e p o r t  fo r  F e b r u a r y ,  1928 
(Names  in pa ren theses  a f t e r  sub- 
t i t les  and  a t  ends of p a r a g r a p h s  in- 
d ica te  ind iv idua l s  p r inc ipa l ly  re- 
sponsible for  t h e  work  descr ibed)  

1. Adoption of a Working Stand- 
ard 35-Y. 

Considerable  effort  has  been 
made  to find a s ingle  glass  which 
m i g h t  be t aken  as a pe r fec t  s t and-  
a r d  35-Y to be used in t e s t i ng  
o ther  g lasses  by d i rec t  compar i son  
wi th  i t  in the  Mar tens  photometer .  
Th is  search  has  not  met  wi th  com- 
plete success. These g lasses  de- 
pa r t  f rom ideal  in hue as well as 
in sa tu ra t ion .  A glass  m a y  g r a d e  
35-Y so f a r  as s a tu r a t i on  is con- 
cerned  and  st i l l  be r edd i sh  or 
g reen ish  r e l a t ive  to the  s t anda rd .  
I t  may,  fo r  example,  be  equivalent  
to  35-Y O. I -R.  F a i l i n g  to find a 
per fec t  s t a n d a r d  in one glass,  we 
have  sought  to  make a s t a n d a r d  35- 
Y of two glasses .  By care fu l ly  
no t ing  the  e r ro r s  of several  glasses  
and the  effects of combining  them, 
we  have  found  such a combina t ion  
sui table  to servo as a s t a n d a r d  35- 
u (scale of P r i e s t  and Gibson de- 
r ived  f rom B.S. 9940),  in so f a r  as 
s a t u r a t i o n  and hue a re  concerned.  
(The t r a n s m i s s i o n  is, of course,  not  
correct ,  bu t  th i s  is of no conse- 
,quence in the  way  we use the  s tand-  
ard . )  Th is  combina t ion  consis ts  
o f  the  fo l lowing two g l a s s e s : - -  

35-Y B.S. 10289 C 
1-Y B.S. Test  41960. 

This  combina t ion  was a r r i v e d  at  

as f o l l o w s : - - ( i )  I t  was  noted t h a t  
the  t rue  yellow numera l  for  the  
f irst  named  glass  was  34.03 bu t  t ha t  
i t  was greenish. (2) I t  was noted 
t h a t  the  t r u e  yellow numera l  for  
the  second named glass  was 1.025, 
but  t h a t  i t  was reddish. (3) This  
sugges t ed  tha t  the  combina t ion  
m i g h t  app rox ima te  closely to 85 
and be ne i the r  g reen  nor  red rela-  
t ive to  the  s t andard .  (4) The yel- 
low numera l  and  the dominan t  wave 
length  fo r  th is  combina t ion  were  
computed  f rom the prev ious ly  de- 
t e r m i n e d  spect ra l  t r ansmis s ion  of 
these glasses.  The combina t ion  
was found,  by th i s  computa t ion ,  to 
be equivalent  to 

35. 1-Y 0.00-R. 
The  d e p a r t u r e  of 0.1-Y f rom 35.0- 

Y is of no p rac t i ca l  consequence 
as 0.1-Y is en t i r e ly  inapprec iable  
by d i rec t  compar ison  of colors a t  
about  35-Y. The fac t  t ha t  the  
red  e r r o r  is zero is the  impor t an t  
cons idera t ion .  

This  combina t ion  se rved  a ve ry  
useful  purpose  in the  final tes t s  
made  on the  35-Y glasses  submi t t ed  
las t  A u g u s t  by the  A.O.C.S. ( P r i e s t  
and Gibson) .  

II. Continuation of Investigation 
of the 35-Y Glasses Submitted 
by A.O.C.S. in August ,  1927. 

I n v e s t i g a t i o n  of the Lovibond 
35-Y glasses ,  ment ioned  in the  re-  
por t  fo r  J a n u a r y ,  has been con- 
t i nued  as f o l l o w s : -  

(1) Complete spec t ra l  t r ans -  
miss ion  da ta  have been obta ined  
on the  fol lowing g lasses :  A.O.C.S. 
Nos. 71, 75, 76, 101, 103, 114, 135, 
165. The complete da ta  on these  
g lasses  were  taken  because the  pre-  
l i m i n a r y  pa r t i a l  da t a  ind ica ted  t ha t  
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these glasses were close to true 
35-Y, and it was desired to test 
them more accurately in the hope of 
finding a particularly accurate 35- 
Y. The required computations are 
only about half finished and the 
results will be reported next month. 
(Gibson & Brown) 

(2) Determination of the dom- 
inant wave lengths by direct com- 
parison with a working standard 
glass has been completed. (Priest 
& Riley) 

(3) Direct comparison of col- 
ors in the Martens photometer has 
given results in accord with the 
numerals found by Priest 's  em- 
piric formula for the yellow num- 
eral on scale of Priest  and Gibson, 
viz : -  

Numeral - -37  / T~ot loglo T~8o/ 

(Cf. Report for January.) This 
conclusion was reached by testing 
the correlation between Judd's ob- 
servations on relative saturation 
and the computed numerals. (Judd 
& Priest) 

(4) The true value of each 
glass in yellow and red has been 
finally arrived at by computation 
supplemented by direct observa- 
tion, the steps being as follows : - -  

(a) The yellow numeral was 
computed, by Priest 's  formula, 
f rom measured values of transmis- 
sion for wave lengths 480 and 550 
millimicrons. (Cf. Report for 
January.)  

(b) Standard yellow glasses 
were applied to neutralize the dif- 
ference between these computed 
values and 35; and the resulting 
combinations were viewed in the 
Martens photometer, using as 
working standard 35-Y, the com- 
bination mentioned under I above. 

(c) Red standard glasses were 
selected by trial to produce a per- 
fect match in hue, and it was noted 

that in nearly all cases a satura- 
tion match was obtained. ( J u d d  
& Priest) 

(5) All glasses received in Au- 
gust, 1927, which had not been 
previously returned, were returned 
(by Mr. Priest) to Mr. Trevithick, 
in New York, February 23, 1928. 

(6) Preparation of report on 
these glasses is in course. 

III. Temperature Coefficient of 
Color of Lovibond 35-Y Glass. 

As is well known the color of a 
glass is not entirely independent 
of its temperature. With this in 
mind it has seemed desirable to 
determine the magnitude of this 
effect. Accordingly, the spectral 
transmissions for 35-Y have been 
determined at 15 ~ and 35 ~ C, a 
range intended to cover all ordi- 
nary conditions of use. From these 
data, the corresponding changes 
in sunlight transmission, dominant 
wave length, purity and Lovibond 
yellow numeral have been com- 
puted. 

The sunlight transmission de- 
creases with increase in tempera- 
ture while the dominant wave 
length and purity both increase~ 
The decrease in transmission is 
only 0.00047 per degree centigrade 
and is therefore quite negligible 
for practical purposes. 

The change in purity is found to 
be 0.00026 per degree centigrade 
and is also negligible for practical 
purposes, even for most extreme 
variations of laboratory tempera- 
tures (say 15 ~ C departure from 
average). I t  is true that the cor- 
responding change in Lovibond 
numeral on the yellow scale is 0.136 
per degree centigrade. That is, a 
change of 10~ really changes the 
yellow numeral by 1.4. This, how- 
ever, is an inappreciable amount 
in color. 

The change in dominant wave 
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l eng th  is found to be 0.020 mil l i -  
mic ron  per  degree  cen t ig rade .  A 
change  of 10~ will  accord ing ly  
change the  dominan t  wave  l eng th  
by 0.2 mi l l imic ron  which is equiva-  
lent  to  0.1-R on the Lovibond scale. 
In  more  specific t e r m s : - - I f  two 
35-Y glasses  were  exact ly  ma tched  
a t  20~ and one of  t hem were  
r a i sed  to 30~ whi le  the  t empera -  
tu re  of t h e  o ther  r ema ined  a t  20 ~ , 
i t  would be necessa ry  to  add  0.1 R 
to the  one at  20 ~ in o rde r  to  re-  
s to re  the  hue match.  (Gibson)  

We have as ye t  no i n f o r m a t i o n  as 
to co r respond ing  changes  in red  
g lasses  no r  in cot ton seed oil. I t  
is, however ,  proposed  to de t e rmine  
s i m i l a r  t e m p e r a t u r e  coefficients fo r  
the  glass  combination 35-Y 7.6-R 
and for  oil of th is  color. I f  i t  is 
found t h a t  the  colors of the  oil 
and  t h i s  combina t ion  of  g lasses  
v a r y  together with  t e m p e r a t u r e  
the  changes  will be of no p rac t i ca l  
i n t e re s t  in color g r a d i n g  oil. I f ,  
on the  o ther  hand,  the  dominan t  
wave l eng ths  of oil and  g lasses  
should change  in opposi te  direc-  
t ions  w i th  t empera tu re ,  or  i f  one 
should change  much more  than  the  
o ther  fo r  the  same t e m p e r a t u r e  
change,  i t  is a p p a r e n t  t h a t  due 
account  of  th is  effect will  have to 
be t aken  in r epo r t i ng  the  color of  
oil. 
IV. Further Calibration of Bu- 

reau of Standards Set of Lovi- 
bond Yellow Glasses (B. S. 
9940).  

In  o rde r  to complete the  ca l ib ra -  
t ion of f r ac t iona l  yellow glasses  
(numera l s  less t han  un i ty )  in the  
set  B.S. 9940, m e a s u r e m e n t s  on 
the  spec t ra l  t r an smi s s ions  of  these  
g lasses  have been s ta r ted .  Meas-  
u r emen t s  have been made  on the  
fo l lowing glasses  (de s igna t ed  by  
m a k e r ' s  numera l s  as m a r k e d  on 
the  g lasses )  : - -0 .90,  0.80, 0.70, 0.60, 
0.50. The  da ta  ob ta ined  so f a r  

a re  not  complete  nor  final. (Gib-  
son & Brown)  

V. Sensibility to Change in Yel- 
low at 35-Yellow on the Lovi- 
bond Scale. 

Observa t ions  made  in connect ion 
wi th  the  ca l ib ra t ion  of sixty-fiv~ 
35-Y glasses  enable  us to make  
wha t  is bel ieved to be a f a i r  p re -  
l i m i n a r y  e s t ima te  of the  o rde r  of  
m a g n i t u d e  of the  difference in yel-  
low j u s t  pe rcep t ib le  wi th  c e r t a i n t y  
(w i th  br i l l iance  equa ted ) .  Th i s  
e s t ima te  is one to t h r e e  units .  Al-  
t hough  the  e xpe r ime n t  by  the  
method  of r i g h t  and  wrong  an-  
swers  has not  ye t  been made,  these  
da ta  indica te  t ha t  the  smal les t  d i f -  
fe rence  for  which a good observer  
would answer  cor rec t ly  10 t imes  in 
10 t r i a l s  would 1,ie between one and  
th ree  units .  ( Judd )  

VI. Approximate Empiric Equiva- 
lence of Small Differences in 
Red and Small Differences in 
Yellow at 35-Yellow on the 
Lovibond Scale. 

The fol lowing observa t ions  as to  
subs t i t u t ion  of  red  for  yellow re-  
sul t  f rom the expe r imen t s  made  
in ca l i b r a t i ng  sixty-f ive 35-Y 
glasses .  I f  two  nominal  35-Y 
glasses  do not  ma tch  exactly i t  
o f ten  happens  t ha t  an a p p r o x i m a t e  
ma tch  can be made  by  t r i a l  by  add-  
ing e i the r  red or yellow to one o r  
the  other .  I t  is difficult to  decide 
which to  add or whe the r  some of  
both should be added.  The p rac -  
t ica l  equivalence appea r s  f rom ex- 
per ience  to be tha t  0.1 R m a y  be 
subs t i t u t ed  fo r  5-Y. ( Judd)  

VII. Review and Reduction of 
Earlier Data on Bureau of 
Standards Lovibond Red 
Glasses (B.S. 9940).  

The  review and reduct ion  of  
ea r l i e r  da t a  by  Dr.  F r e h a f e r ,  as  
ment ioned  in the  r epo r t  for  Janu-  
ary ,  has  been continued.  The com- 
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putations were nearly finished by 
the end of February, but not in 
form for final discussion. (Gibson 
& Riley) 
VIII. Further Data on Bureau of 

Standards Lo.vibond Red 
Glasses (B.S. 9940). 

The spectral transmissions of the 
following glasses (designated by 
maker's marked numerals) in set 
B.S. 9940 have been d e t e r m i n e d : -  
3.7 and 1.85. (Walker) 
IX. Design of Apparatus for Ar- 

tificial Daylight Illumination 
to be Used with the Mc~rtens 
Photometer in Grading Glasses 
and in Testing Color Sense. 

In order that observation may 
be made under constant conditions 
apparatus is being designed to pro- 
vide a constant artificial daylight 
illumination to be used with the 
Martens photometer. (Priest & 
Walker) 
X. Progress on Routine Calibra- 

tion of Red Glasses Submitted 
by A.O.C.S. (Walker) 

1. Fourteen red glasses (A. O. 
C. S. Nos. 201-214 inclus.) re- 
ceived January 16, were graded, re- 
ported and returned. (Date of re- 
port, February 10. Date of ship- 
ment to Mr. Putland, February 10.) 

2. Nineteen red glasses (A. O. 
C. S. Nos. 215, 217, 222, 223, 225, 
226, 229, 232, 234, 236, 257, 258, 
273, 275, 279, 281, 282, 285.) re- 
ceived January 30, have been grad- 
ed, reported, and returned. (Date 
of report, February 10. Date of 
shipment to Mr. Putland, Febru- 
ary 10.) 

3. Ten red glasses (special 
form, 16 mm disks) received Jan- 
uary 30, were graded by February 
16. Issue of report and return of 
glasses were delayed because of 
delay in receiving information as 
to identification numbers to be as- 
signed to these glasses. (The re- 

port dated March 1, was mailed 
March 3, and the glasses were 
shipped to Law and Co., March 
2.) 

4. Twenty-five red glasses (A. 
O. C. S. Nos. 218, 254, 255, 289, 
294, 296, 302, 306, 307, 308, 309, 
315, 320, 321, 330, 331, 341, 342, 
346, 351, 352, 353, 356, 358, 359) 
were submitted February 17. The 
grading of these was nearly com- 
pleted February 29. 

XI. Report on Tests of Color 
Sense Made at Memphis, May, 
1927. 

This report (by Priest) was 
mailed to the Editor of OIL AND 
FAT ]~NDUSTRIES December 29 for 
publication. It developed during 
February that some revision would 
be desirable before publication. 
Mr. Priest conferred with Mr. Tre- 
vithick and Mr. Lee in New York 
February~ 23, and February  27, 
relative to such revision. The re- 
port is now being revised and it is 
expected that it will be published 
in  OIL AND FAT INDUSTRIES for  
March or April. An abstract of 
this report (under the title, "Per- 
ception of Slight Color Differ- 
ences") was published in the 
"Tech. News Bulletin of the Bu- 
reau of Standards" for January, 
1928. 

XII.  Reprints of Report by Judd 
and Walker on "A Study of 129 
Lovibond Red Glasses with Re- 
spect to the Reliability of their 
Nominal Grades." 

This report, first published in 
OIL AND FAT INDUSTRIES, January, 
1928, has been separately reprint- 
ed. A limited number of these sep- 
arate reprints are available for 
free distribution. Address : - -  

Colorimetry Section, 
Bureau of Standards, 

IRWIN G. PRIEST, 
Chief, Colorimetry Section. 
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SAMPLE REPORT 

Bureau of Standards and American Oil 
Chemists' Society 

Investigation of the uniformity of Lovibond glasses in use in  
the U. S. 

Repor t  on Ca l ib ra t ion  of Red Glasses Submi t t ed  by the  A. 0.  C. S. 

Da te  submi t t ed  

Lovibond N u m e r a l  as submi t t ed  ( eng raved  on the  g lass )  

Method of ca l ib ra t ion  used to ob ta in  cor rec t  n u m e r a l  

Method used to m e a s u r e  t r a n s m i s s i o n  

The  fo l lowing "Cor r ec t  N u m e r a l s "  r e l a t e  to g r a d i n g  by  hue. They  are  
g iven  in t e r m s  of the  addi t ive  s t a n d a r d s  es tab l i shed  by P r i e s t  and  Gibson in 
May, 1927. 

The  " T r a n s m i s s i o n  E r r o r "  is ( T a - - T . ) / T n ,  where  
T a is s u n l i g h t  t r a n s m i s s i o n  of a combina t ion  cons i s t ing  of the  t e s t  g lass  

and  a 35-Y g lass ;  
T n is sun l i gh t  t r a n s m i s s i o n  of a combina t ion  cons i s t ing  of the  same 35-Y 

glass  and  a n o r m a l  red g lass  h a v i n g  the  n u m e r a l  ass igned  to  the  t e s t  g lass  
in th i s  repor t .  

O t h e r  M a r k s  Da te  of T r a n s ~  
A. 0.  C.S.  E n g r a v e d  on Calibra~ Cor rec t  miss ion  

No. the  Glass  t ion N u m e r a l  E r r o r  R e m a r k s  

Mean  
The  e r ro r s  in the  "Cor rec t  N u m e r a l s "  g iven  above a r e  believed to be less 
t h a n  0.1. 
Repor t  Sheet  No . . . . . . . . . . . . . . . . .  Cert if ied by  
W a s h i n g t o n  . . . . . . . . . . . . . . . . . . . . .  Resea rch  Associa te  of the  A. O. C. S. 

( D a t e )  a t  the  B u r e a u  of S t a n d a r d s .  


