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The American Oil Chemists' Society 
Notes and Correspondence 

Standardization of Lovi- 
bond Glasses 

(Investigation in Co-operation wi th  
A . O . C . S . )  

Report for March, 1928 

(Names in parentheses at ends 
of several sections of the report 
indicate individuals principally re- 
sponsible for the work described.) 

I. Continuation of Investigation 
of the Sixty-five 35-Y Glasses Sub- 
mitted by A.O.C.S. in August ,  
1927. 

A condensed report giving the 
final findings on these glasses is 
nearly ready. This report will give 
the following data for each of 
these glasses : 

(1) The rigorous equivalent of 
color quality in terms of yellow 
and red (both varying from glass 
to glass). 

(2) The practical equivalent in 
terms of 35-Y x-red. 

(3) The sunlight transmission 
for (a) unidirectional illumination 
normal to the surface of the glass, 
and (b) diffuse illumination. 

(4) The percentage difference 
between the transmission for dif- 
fuse and unidirectional illumina- 
tion. 

(5) The percentage departure 
from the sunlight transmission for 
standard 35-Y. 

(6) The percentage departure 
from the sunlight transmission 
proper to the yellow numeral as- 
signed to the glass in the present 
calibration. 

The matter of most interest to 
the chemist using these glasses 
under present conditions will be 
the practical equivalent. This 
states that, in quality of color (hue 

and saturation),  the glass is prac- 
tically equivalent to standard 35-Y 

x-red where x has been deter- 
mined for each glass from a great 
number of observations by three 
different observers. The maximum 
value of x (i. e. the numeral of 
the red glass required to be com- 
bined with standard 35-Y in order 
to match the test glass) is only 
0.24. In other words, in this collec- 
tion of sixty-five glasses, the one 
farthest from correct can be prac- 
tically matched in hue and satura- 
tion by a combination consisting 
of standard 35-Y and 0.24-R. How- 
ever, nearly all of these glasses are 
reddish relative to the standard, 
the average error being about 
0.11-R. 

The errors in transmission for 
sunlight are large enough to be 
important in only a few cases. 

The spectral transmission curves 
of a number of these glasses are 
being plotted and compared with 
the standard. (Priest, Gibson, 
Judd, Walker, Brown, Riley). 
II. Temperature Coefficient of 
Color of Lovibond Glasses and Cot- 
ton Seed Oil. 

This investigation, mentioned in 
the report for February, has been 
extended. 

The determinations on the 35-Y 
glass alone have been repeated by 
another observer with results in 
substantial agreement with the 
previous determination. Similar 
determinations have been made on 
the glass combination 35-Y 7:2-R 
and on cotton seed oil itself. I t  is 
found that  the changes in the red 
and yellow glasses are, to a certain 
extent, compensating so that the 
resultant change for the combina- 
tion is less than for 35-Y alone. A 
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t e m p e r a t u r e  change  of  about  20~ 
would be r equ i r ed  to change  the 
color by 0.1-R. S i m i l a r  (p re l imin-  
a ry )  d e t e r m i n a t i o n s  on the oil 
( two samples ,  about  35-Y 7-R) i t -  
self  indica te  c lear ly  t h a t  t h e  
changes  in qua l i ty  of color a re  
even smal le r  t han  fo r  the  glasses.  
They a re  qui te  neg l ig ib le  for  a 
t e m p e r a t u r e  change  of 25~ The 
t r an s mi s s ion  of the  oil increases  
very  s lowly wi th  t e m p e r a t u r e ,  but  
th i s  change  (about  2% for  tern- 
p e r a t u r e  change  of 25~ is also 
en t i re ly  neg l ig ib le  in the  prac t ice  
of color g r a d i n g  oil. ( J u d d ) .  

III. Further Calibration of Bu- 
reau of Standards Set of Lovibond 
Yellow Glasses (B. S. 9940).  

Spec t ra l  t r a n s m i s s i o n  measure -  
ments  have been made  fo r  the  fol- 
lowing yellow glasses  (des igna ted  
by the m a k e r s '  m a r k s )  : 

0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 
0.07, 0.08, 0.09, 0.10, 0.20, 0.30, 
0.40, 0.50, 0.60, 0.70, 0.80, 0.90. 

The expe r imen ta l  work  on these  
d e t e r m i n a t i o n s  is n e a r l y  completed.  
(Gibson,  B rown) .  
IV. Sensibility to Change in Yel- 
low and Red at 35-Y and at 35-Y 
7.6-R on the Lovibond Scale. 

In  o rde r  to check and supple-  
ment  the  e s t ima te s  of sens ib i l i ty  
given in the  F e b r u a r y  repor t ,  fu r -  
t he r  obse rva t ions  have been made 
to ob ta in  e s t ima tes  of l eas t  r ead  
and yel low differences percep t ib le  
wi th  c e r t a i n t y  a t  35-Y and a t  35-Y 
7.6-R. These  e s t ima tes  a re  as fol- 
lows : 

E x p e r i m e n t s  have also been 
made  to discover  how these  sen- 
s ib i l i t i e s  depend upon b r igh tness .  
E s t i m a t e s  of s ens ib i l i t y  were  made  
a t  fou r  wide ly  d i f ferent  b r i gh tne s s  
levels, the  h ighes t  be ing  ve ry  much 
h ighe r  than  would ever  be used in 
p rac t i ca l  work  and the  lowest,  
much lower t han  would be used. 
(The  respec t ive  r e t ina l  i l lumina-  
t ions  were  rough ly  10,000 photons,  
1,000 photons,  100 photons,  10 pho- 
tons.)  The  fo l lowing e s t ima te s  of 
leas t  differences pe rcep t ib le  wi th  
c e r t a i n t y  a t  35-Y were  made  by  
Judd.  

Retinal Yellow Red 
Illumination dif. dif. 
10000 photons 1.2 0.05 

1000 1.3 .06 
100 1.7 .07 
10 4.0 .1O 

I t  will  be noted t ha t  the  sensibi l -  
i ty  is nea r ly  cons tan t  over a ve ry  
wide r a n g e  of o r d i n a r y  b r i gh tne s s  
levels such as  a r e  commonly used. 
The re  is, however,  as would be ex- 
pected,  a notable  decrease  in sen- 
s ib i l i ty  a t  ve ry  low b r igh tness .  I t  
is p robab ly  f a i r  to say  t ha t  the  
sens ib i l i t y  is p rac t i ca l ly  cons tan t  
over  a b r i g h t n e s s  r a n g e  which the  
observer  would ins t inc t ive ly  feel to 
be s a t i s f a c t o r y  fo r  such observa-  
t ions.  ( Judd ,  Walker ,  P r i e s t ) .  

V. Approximate Empiric Equiv- 
alence of Small Differences in Red 
and Small Differences in Yellow at 
35-Y on the Lovibond Scale. 

The a p p r o x i m a t e  empi r ic  equiv- 
alence of  small  d i f ferences  in red  

Least Differences Perceptible 
With (3ertainty 

At 35-Y At 35-Y 7-6-R 
Yel. Red Yel. Red 
dif. di~. di.f. dif. 

Estimated bs" Walker, at moderate brightness, 
north sky illumination . . . . . . . . . . . . . . . .  1.5 

Estimated by Judd, at very high brightness, 
artificial sunlight . . . . . . . . . . . . . . . . . . . . .  1.2 

0.028 5.6 . . . .  

0.05 1.3 0.068 
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and yellow at about  35-Y, men- 
t ioned in the F e b r u a r y  report,  has 
been inves t iga ted  more carefully. 
T h e  or ig ina l  observat ion ( b y  
Judd)  tha t  0.1-R migh t  be sub- 
s t i tu ted  for  5-Y has been substan-  
t ial ly verified by two other ob- 
servers (P r i e s t  and Walker) .  I t  
has also been noted tha t  the basis  
of this  equivalence is equali ty of 
dominan t  wavelengths.  I t  has been 
shown by computa t ion  tha t  the in- 
crease in dominan t  wavelengths due 
to adding 5-Y is equal to the in- 
crease due to adding 0.1 R. The 
equal i ty  of dominan t  wavelengths 
appears  to be the de te rmin ing  ele- 
men t  in the empiric color match. 
The increase in pu r i t y  due to add- 
ing the yellow is much grea te r  
than  the increase due to red;  bu t  
this  is of relat ively li t t le impor- 
tance in de te rmin ing  the color 
match when only small differences 
are i n v o l v e d .  For  differences 
grea te r  t han  0.2-R (or 10-Y) this  
practical  equivalence begins  to 
break down. That  is, if  we have a 
two-par t  matched field (at  35-Y) 
and add yellow to one side and red 
to the other in the ra t io  of 50 to 1, 
the side to which the yellow is 
added will appear more sa tura ted  
if the yellow increment  is grea ter  
than  about  10. (Pr ies t ,  Judd, 
Walker) .  

VI. Review and Reduction of 
Earlier Data on Bureau of Stand- 
ards Lovibond Red Glasses (B. S. 
9940). 

The s t andard  red scale adopted 
by P r i e s t  and Gibson in May, 1927, 
is based fundamen ta l ly  on the spec- 
t ra l  t r ansmiss ion  of the glasses 
de termined by Gibson and Har r i s  
(years 1923-24) as published in  B. 
S. Sci. Paper  547. Less reliable 
data for  glasses of nominal  inte-  
gral  numera l s  f rom 3 to 20, inclu- 
sive, by Dr. M. Ka the r ine  F r e h a f e r  

(unpublished,  but  preserved in our 
files) have been available since 
1920. Us ing  these data, the compu- 
ta t ion  analogous to the first step in 
ob ta in ing  the Pr ies t -Gibson nu- 
merals  has been car r ' ed  through.  
This  computa t ion  is sufficient to 
show to what  extent  the numera ls  
are affected by comput ing them 
from these ent i re ly  independent  
data on spectral t ransmiss ion .  No 
weight  is to be at tached to these 
earl ier  resul ts  in de te rmin ing  the 
accurate values of the numera ls  to 
be adopted. They are of interest ,  
however, in the following aspects:  

(1) They show tha t  approxi- 
mately the correct numera ls  are 
obtained f rom spectral t r ansmis -  
sion data much less extensive and 
precise than  the data  of Gibson and 
Harr is .  

(2) They indicate independ- 
ent ly tha t  there are no gross errors  
in the numera l s  due to unknown 
errors  in the spectral  t r ansmiss ion  
data of Gibson and Harr is .  

The following table shows the 
discrepancies in numera ls  com- 
puted from the two sets of data :  

Differences in Computed 
Maker's Numerals (Frehafer 
Numeral Data Minus Gibso,n-Har~'is Data) 

3.0 +0.02 
4.0 - -  .03 
5.0 - -  .09 
6.0 - -  .11 
7.0 - -  .05 
7.6 - -  .10 
8 . 0  - -  .02 
9.0 + .O4 

10.0 - -  .14 
11.o + .07 
120 - -  .01 
13.0 + .04 
14.0 -+- .19 
15'0 + .15 
lt;.0 - -  .22 
17.4) + .29 
1s.o + .10 
19.0 + .11 
20.0 - -  .40 

(Gibson, Riley) 
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VII. Further  Data on Bureau of 
Standards Lovibond Red Glasses 
(B. S. 9940). 

The spectral  t r ansmiss ion  of red 
glass marked  1.75 (maker ' s  nu- 
mera l )  in the Bureau  of  S tandards  
set (B. S. 9940) has been deter- 
mined. 

Three  more red glasses in the 
Bureau  of  S tandards  set  (B. S. 
9940) have been ca l ibra ted  (by 
computa t ion  f rom spectral  t rans-  
miss ion)  in te rms  of the scale of 
P r i e s t  and Gibson. The  resul ts  are  
as follows : 

Maker ' s  Pr ies t -Gibson  
Numera l  Numera l  

1.75 1.92 
1.85 2.10 
3.7 3.80 

We have now exhausted  the pos- 
s ibi l i t ies  in selection of individual  
glasses ( f rom this  set) to repre-  
sent exact  tenths  and exact  inte- 
gers  f rom 1 to 10 on the Pr ies t -  
Gibson scale as adopted in May, 
1927. The  final f indings are  given 
in the  fol lowing table :  

Maker ' s  
Numera l  
on Glass Computed 
Selected Numera l  

Des i red  as  Closest (Pr ies t -  Computed 
Exac t  to De- Gibson Minus  

N u m e r a l  sired Value  Scale) Desired 
0.1.00 0.02 0.104 + 0 004 

.200 .13 .199 - -  .0Ol 

.300 .18 .296 - -  .o04 
.400 .28 .~65 - -  .(~:~5 
,500 .38 .495 - -  .005 
,600 .46 .593 - -  .007 
.70fl) .56 .711 + ,011 
.800 .64 .80(; + .(]06 
.900 .74 .900 .000 

1.000 .86 1.00'3 + .003 
2.00 ~.8 1.95 - -  .(~5 
3.00 2.8 2.99 .01 
4.00 3.9 3.94 - -  .0'6 
5.00 4.9 5.08 + .[)~ 
6.(10 5.6 6.16 + .1(; 
7.00 6.8 6.85 - -  .15 
8.00 8.2 8.04 + .04 
9.00 9.0 9.17 + .17 

10.00 0.8 10.00 .00 
(Gi'bson, Walker) 

VIII.  N e w  Equipment for Corn- 

paring Lovibond Glasses in Arti-  
ficial Daylight and for Tests of 
Color Sense. 

Equipmen t  designed to be used 
wi th  the Mar tens  photometer  in 
compar ing  Lovibond glasses in 
art if icial  sunl ight  has been con- 
s t ructed and installed, I t  is now 
being used in the  rou t ine  examina-  
t ion of glasses submi t ted  by the 
A.O.C.S. This  new equipment  pro- 
vides a much h ighe r  field b r igh t -  
hess than  has been used here tofore .  
Comparison of glasses need no 
longer  be delayed because of  lack 
of sui table  i l luminat ion  on dark 
days. The new equipment,  acces- 
sory to the Mar tens  photometer ,  
consists essent ia l ly  of :  

(1) A magnes ia  lined sheet 
metal  lamp inclosure conta in ing  
two 100-watt  gas-filled tungs ten  
lamps. The l igh t  used proceeds 
f rom the whi te  wall of this  in- 
closure th rough  a hole in one side. 

(2) A Davis-Gibson t i l t  e r  
which reduces the l igh t  to equiva- 
lence with  noon sunl ight .  

(3) A b ipr i sm and lenses at- 
tached to the Mar tens  photometer  
so as to proper ly  di rect  the l ight  
and give a un i fo rm field of view in 
the photometer .  

A few glasses previously  graded  
in na tura l  nor th  skyl ight  have been 
regraded  wi th  the new appara tus  
wi th  ent i re ly  consis tent  results .  

This  appara tus  will also serve 
for  tests  of color sense such as 
were  made at Memphis  by P r i e s t  
in May, 1927 (See OIL AND FAT 
INDUSTRIES, March,  1928). I t  is in 
fac t  the same appara tus  wi th  the 
added f ea tu re  of constant  s tandard  
art if icial  sunl ight  i l luminat ion.  The 
va r i ab i l i ty  of na tu ra l  i l luminat ion  
being el iminated,  the resul ts  for  
different  observers  will be compar-  
able wi th  much less quest ion as to 
the significance of  the comparison,  
( P r i e s t ) ,  
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IX. Design of Ins trument  for 
Using Lovibond Glasses. 

An instrument i n t e n d e d  to 
greatly increase the convenience 
and accuracy of using the Lovi- 
bond glasses in color grading oil 
has been designed and is now being 
constructed in the Bureau of 
Standards instrument shop. The 
essential features of this instru- 
ment are : 

(1) Use of the Martens photo- 
meter as an observing instrument 
and as a means of obtaining a 
brightness match and a measure- 
ment of transmission. 

(2) Mounting of glasses in 
wheels as in Bailey's colorimeter. 

(3) Use of standard artificial 
daylight. (Priest) .  

X. Progress on Routine Calibra- 
tion of Red Glasses Submit ted by 
A.O.C.S. 

Twenty-five red glasses sub- 
mitted February 17th have been 

graded, reported, and returned. 
(Date of report, March 3rd. Date 
of shipment to Mr. Putland, March 
5th.) 

Twenty-five red glasses sub- 
mitted March 5th have b e e n  
graded, reported and returned. 
(Date of report, March 10th. Date 
of shipment to Mr. Pultand, March 
14th.) 

The grading of twenty-four red 
glasses submitted March 16th is 
nearly completed. (One glass re- 
ceived without A.O.C.S. No. in this 
shipment w a s  returned imme- 
diately without being graded.) 

Twenty-four red glasses were re- 
ceived March 29th. 

Including the glasses received 
March 16th, the total number of 
red glasses graded under ~he pres- 
ent arrangement for routine grad- 
ing (First  lot submitted January 
16, 1928) has been 117. (Walker). 

I R W I N  G .  PRIEST, 

Chief, Colorimetry Section 
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