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SUMMARY 

Radiometrio and photometric concepts, symbols, units and definitions 
•which are employed by the Naval Applied Science Laboratory in its retinal 
burn and flashblindness research are given© 
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ADMINISTRATIVE INFORMATION! 

The work described herein constitutes part of the Naval Applied Science Labora- 
tory's programmed effort on the Effects of Thermal Radiation sponsored by the 
Defense Atomic Support Agency under DASA Subtask 03o00lo 
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the authors and thereby contributed significantly to this development 

OBJECT 

The object of this report is to present the radiometric and photometric con- 
cepts, symbols, units, and definitions compiled by the Naval Applied Science 
Laboratory in its retinal burn and flashblindness research,, The glossary may 
have value for other activities engaged in these areas„ 

INTRODUCTION 

In order that experimental results be of value, they must be reported in such 
manner as to minimize possible ambiguities., Confusion may arise where eon- 
cepts are not carefully delineated and the oorresponsing units not clearly 
defined. Retinal burn and flashblindness researchs particularly the latter, 
requires both radiometric and photometric concepts in order to display data 
in a meaningful manner. The Naval Applied Science Laboratory proposes to 
employ a nomenclature based on four sources? a military standard,^ the 
Glossary of Terms prepared by the American Institute of Physics and used in 
Optics and Spectroscopy,2 a previous glossary issued by the Laboratory,^ 
and correspondence from the Air Force School of Aerospace Medicine«,4 

GLOSSARY 

The radiometric and corresponding photometric concepts are defined and 
given alternately in Table 1 as applied to a source of radiant energy, - 
Table 2 lists the terms as applied to the properties of a material and 
Table 3 lists the terms which describe the characteristics of radiant 
energy at the location of a receiver. In Table 4 the radiometric and re- 
lated photometric terms are listed together. 

Various relationships between the quantities are often usedo Table 5 
relates the radiometric quantities for a spherical source» Table 6 gives 
the relation between radiometric terms at a receiver generally and for a 
focussing receiver such as a camera or eye0 Table 7 gives corresponding 
relationships for a flashblindness situation but the source terms are for 
a plane surface source0 

4 
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DISCUSSION 

"Radiant" concepts are applied to the characteristics of electromagnetic 
energy at all •wavelengths, "Photometric1* concepts refer to what is per- 
ceived as light, i0eo, radiant energy that has been weighted by the stand- 
ard luminosity curve0 The luminosity curve is a measure of the ability of 
the photbpjifc' (non-dark-adapted) eye to respond to radiant energy» 

The concept of luminous flux, measured in lumens, corresponds to the con- 
cepts of radiant flux, measured in watts, the definition of photometric 
units following from this correspondence« Specifically, the luminous flux 
is related to the radiant flux P as followss 

F » 680 Q?^  v\ dX lumens, 

where P^is expressed in watts per micron. Vx is the weighting factor 
given by the standard luminosity curve, and the theoretical maximum lumi- 
nous efficacy is 680 lumens per watt,5 

When it is desired to apply the radiometric terms to the quantity at a 
particular wavelength the term "spectral1* is used as an adjective for 
the concept, the Greek letter X is used as a subscript for the symbol. 
The unit wavelength interval is usually one micron but other intervals may 
be usedo A quantity in a finite wavelength interval is not properly a 
spectral quantity in this sense, and it is customary to refer to it as the 
radiometric quantity in the stated wavelength interval. 

When it is desired to emphasize that all energy in the spectrum is in- 
volved or that a summation of spectral quantities has been performed, 
the adjective "total1* is applied, as total energy, total radiance, total 
emissivity, total radiant exposure, etc The term "total1* is also ap- 
plied to mean all of a quantity in a pulse or to indicate that a summa» 
tion over a time period has been performed. The term "radiant" instead 
of "total" is often applied to transmittance, reflectance and absorptance 
and is also used to indicate a spectral summation. 

When it is desirable to indicate the location of a specific quantity an 
adjective is employed? thus, free field, corneal, or retinal are often 
used to differentiate between the various irradiances or radiant exposures 
under consideration« 

Two photometric units which have been tentatively omitted from the table 
of the glossary are the lambert and the troland. The lambert is a unit 
of luminance and the troland a unit of retinal illuminance, K  perfectly 
diffusing white surface receiving an illuminance of one lumen cm~2 is 
said to have a luminance of one lambert. It is common, but by no means 
adequately justified, to omit the concept of a perfectly diffuse surface 
and to use the lambert to indicate a luminance of (l/ir) lumen cm" 2 ster"! 
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without specifying the source. It is felt that this ambiguity mitigates 
against the use of the unit, especially as there is no clear advantage to 
its use otherwise. gee Referenced, page ,12, fora similar comment. 

The troland is defined as the retinal illuminance produced by a surface having 
a luminance of one candela m~2 when the pupil area is 1 mm2, (The candela is 
a unit of luminous intensity defined such that the luminance of a blackbody at 
the solidification temperature of platinum is 60 candelas cm-2.) In specifying 
trolands one measures the pupil area, and the brightness of a surface in lumens 
cm"2 ster" , usually by a visual matching instrument, but often by a phototube 
device which has been calibrated in terms of the visual matching instrument. 
Often the basic measurements are not described and confusion arises as to the 
nature of the experimental quantities. The troland is a unit of convenience 
and is useful only in rather specialized situations. It is also difficult to 
convert trolands to other photometric units in many situations of interest. 

FUTURE WORK 

Future work will entail updating this glossary as additional concepts prove 
useful. 
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TABLE 1 

SOURCE TERMS 

Concept Symbol Unit Definition 

Radiant Power 
or Flux 

P watt Rate of energy emission 
by a source 

Luminous Power 
or Flux 

F lumen 

Radiant Energy- U'' ■) watt-sec (joule) Basic 

Luminous Energy- U(L) lumen-sec 
(talbot) 

Radiant Emittance W watt cm c Power per unit source area 

Luminous Emittance L lumen cnf2 

Radiant Intensity J watt ster Power per unit solid angle 
emitted by a source 

Luminous Intensity I lumen ster"-*- 
(candle) 

Radiance R watt cm"" ster Power per unit solid angle 
per unit projected source 
area 

Luminance 

Radiant Density 

Luminous Density 

B 

u 

q 

P  1 
lumen cm ster~x 

joule cm J 

lumen-sec cm"3 
(talbot cm~3) 

Energy per unit volume 
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MATERIAL TERMS 
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Concept Symbol Unit Definition 

Transntittance 

Reflectance 

Absorptance 

Emissivity 

Critical Radiant   Qc 
Exposure or Dose 

Safe Radiant       Q(safe) 
Exposure or Dose 

numeric 

numeric 

numeric 

numeric 

watt-sec cm" 

watt-sec- cm 

Ratio of exiting to 
incident energy 

Ratio of reflected to 
incident energy 

Portion of energy not 
reflected or transmitted 
(1-r-t) 

Ratio of energy emitted 
to that of a perfect 
blackbody emitter at the 
same temperature 

Radiant exposure for which 
an effect is produced in 
50% of the samples 

Radiant exposure (maximum) 
which produces negligible 
effect 
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RECEIVER TERMS 
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Definition Concept Symbol Unit 

Irradiance H 

Illuminance E 

Radiant Exposure Q 

Luminous Exposure Q(L) 

Radiant Dosage Qa 

watt -cm"2 

lumen- cm-2 

joule cm"2 

lumen-sec -cm-2 

watt-sec cm-3 
watt-sec gm"l 

Power incident on a unit 
surface area 

Energy incident on a unit 
surface area 

Energy absorbed per cm3 

or gram 

M*Mft«MM*M ^Ulri«t^rtilMaiia«MWW(!kMMtaarihi 



• oo 
o i-H 

o ^ ♦J 
Ch M 

O 
4J P. 
o O 
© a 

•i-» 
O to 
u to 
a. © 

M 
o M 

.O o 
«j * 
►J a. 

M 
X 
CO 

§ 
1-4 

CO 
H 

u 
l-l 
05 
H 

2 

§ 
•H 
4J 
U 

X 
4-> 

^S 
•H 
(0 

°rl 
> 
© 

rC 
4J 

tfl 

> 

0) 

-I 

> 

8    O 

to 

10 

3 
£    S   — 
CO 

■-3 U 

e!        OS 

w     o 
& 
o. 
z 
tu 
IU 

H 
UJ 
oo 

o 
4J 
rt 
o 
•3 
© u 
c o 

•rl 
u 

co 
13 
0) 

•H 
?-l 

ft 

c4 
> 
Z 

o 
oo 

10 

g 

cw 
o 
u 
© 

© 

J3 

w 
C 
o 

.-i 
© 

u 
•rl 

© 

u 
•H 

4-» 

§ 
O 
4-» o 

3 

O 

© 
3 
O a, 
to 
§ 

■a 
3 

10 
4J 

V) 

£ 

u 
•H 
M 
4-» 

i 
•i-i •o 
t« 
OS 

G 
© 

9 

o 
o 
(0 
8 
c o 

M 
8 
e u 
e 
© 

© r-\ 
t-« .-4 
«tj «_» 

§ V 
U M 

4-» 
i-t W 

0 
rt fM 
© B 
•M S 
«0 U 

c c 

1 
B u 
c 
©. 

CM 

© 

G 
© 

© 
U 

10 
© 

X     S 
4-»        4-> 

X « to 
t* *» fi 
rl 4-» © 
© T4 4J 
c • s c 
W IU M 

10 
3 o 
B 

10 
3 
O 
c 

(0 
3 
O 
a 

■a 
•H 
rl 
oa 

© 

§ a 
•H 

© 

g 
c 

•rl 

•J HI 

© 
»4 
3 
(0 
o 

tu 
(0 

g 
0 

•H 
6 
3 

M 

© N 
/■"» 4J i~\ 0 
>-4 rH (0 ri e 
v^ e V»» u 

c-4 M C< CM 
a s © 8 1 o 
© S 4J e e © 
«0 
8 

4J 

u <o a o (0 
e 

4J 4J 4-» 4J 4-» •p 
4J 4J 4J 4J y 4f 4-> 
1« Rl A) t« rt ff) rt 
* * 3 * * 3 3 

X 
3 

i-H 

M 
© 
u 4J o g 
4J 

•r« 

f< Is e 
© u +* © 

o 
© 
c 
tu US 

4J 
c 

© 

3 
to o 

» 8- o tu 
© 
o § 4J>\ 

§ § to 
a) ^ o 

V» M «*-' 
os H4 OS 

s 

4J 
U 
V 
ft 
10 

O 
4J 

© 

O 

(A 

© 
ft 

i 

O 

h 
© 

! 
V 

JS 

© 

I 
to 

o 
X u 
B 
© 

•H 
O 

•H 
«M 

© 

10 
3 
O 

.5 e 
3 

© 
t« 

© o 
u 

X       § 
4J tO 

u 
o 

to 
o 
B 

•H 
•H 

© 

(« 

> 
•rl 
© 
O 
© 
M 

4J 

5 

© /-x 
-« P>l 



CM 

(1 00 
o iH 
o <tf •P 
o> M 

O 
l-> Pi o «} 
© OS 

»r» 
o W 
rl in 
a. © 

M 
o M 

x> o 
d rl 

■J eu 

o 
•p 
c« 
M 
O 

■s 
1-5 

© 
U 
c 
a* 

•H 
O 

CO 

© 
•H 
t-H 
Pi 

z 

© 

fe 
O 
4J 
a) 
S 
CO 

•rl 
T3 

CO u <H 
►-) O 
H 
to «a 
rH V) 
os 
w © 
H o 
u u 
ä 3 

o 
m      < in 

s w     u c 
J d 
oa      U4 •H 
<    y +» 
H       a! Vi 

3 © 
O ,2 
CO S 

c4  •» 
_a r-t   *J 
< u i-H   © 
M «  S 
OS o .H 

£ •H  +> 

Q. © XI 
CO Xi   P 

P.-H 
OT   5 

S   M 
r« ts 
O   "H 

££ 
St 

.   © © 
3 (0 
CTrH 
BS   3 
A ft 
O 

cO 
C 
es  C 

•H 
<« 
O    •*> 

O. 
0} 
O   X 

•rt   3 
*i>   f-5 
W <4H 

•r» 
U   bO 
©   C 
+* •rt 
a 4J 
co co 
r« »r« 
CO TJ 

62 

rH 

5 

»-3 

0 
«■H   u 

0      © 
«H P 

iM © in 
0 4-> 

CN rH     rl «CM rH 
g 0     © i   e 

CM     6 r» P CM e u 
0     o ©  M 1     O © 
e P g    +J 

(-4 Urt WrHrH OrH   M 
e 0 B 8 8 

rH     U r-t     OCM rH    O rl i-t   OCM 
D      © o o    © e i     © V 8     ©8 
u  in © owe o in P O « H 
© in ©        U © in ©      o 
in © © s m © in © in © 

rH •P 1-1 P rH   P i-i p <-H 4J 
rn  3 P i-t 3 4-* H3tJ rH  3 P H3*J 
rt o CO CO O CO CO O   CO CO  O CO CO  O CO 
O •>-» 2 u •I-» S CJ'r-t S Of-» » O  •!"»* 

CM 
«a *3 

<CM 

« OS 

CM 

<   ** 

OS 

<CM 

os 
CM 

1= 

CM 

•"5 

1=   -«t 

^-vCM 
< tJ 

•1J 
T3 
0. 

fH    O 

un - CM 

t= <.ra «& ■<* t=   t= 

O.K a. o. 

o 
© o o TJ u 

OS u •H 3 
g § i-i 

O 
o 

© « 
<n o m in <-i 
•rl go © 0. Ö«-3 

X (0 c *» r< a © 
3 *> 0-°© u 1-1 © M •H © 

© 3 > O § o. o 
M «M   O B 0.-H © •3   © 
© <M   H © OS X CO X i-i •H T-» 
e o 3 
©      o 

© t> 3 rl © 3 00 rH    O 
r-» XX c o ►J © rl ►J 5 O   rl 

C «n It *> •rl •rl U. P.« tu en   Pi 
© © <■» U 
^ > © o c ft © I fl rl  *» 
(«■HJ3 H -H o Pi © -H 

OS   M*J 
0 . u s * § 

0 3 rH X         CO 
>« CO 3   rl   O 

OS CJ f: SB ►J   ©   rl 
UJ Dfi B U,   O, CO 
3s U rH 
O z s z 8 
Q. M W (-• 

CJ M - H H 
O Za 

< ^ 1 5 
X H +-« HH t-4 
3 O O Q Q 

H 2i 1 o? 

r< 
O 

in 
+J 

cO 

rH 
I»*   I 
00 o 
rH © 

o   01 

rH 
a to 

o 
rH 

1 CJ» 
t» KJ 
© CM 
W     • o 
© 

grH 
f»l 

O 
r»»  © 
80   (A 
rH 
♦   © 

*f rH 

I      rH 
O 
©    ■ 
in 

r*   ** 

O  2 



CN 

* oo 
o i-i 

o 
** ** 
a% 

o 
+> p. o V 
0 OS 

•I-» 
o in 
M in z 

CU o o 
M 1—t 

o M H 
,£> o < 
cct u 3 
J a. 

E 
IN
 
T
H
E
 
R
E
T
I
N
A
L
 
BU

RN
 
SI
T 

O
S
P
H
E
R
I
C
 
C
H
A
R
A
C
T
E
R
I
S
T
I
C
S
 

NO 
IU P 

u < 
CO 2 a 
< 

RI
C 

R
E
L
A
T
I
O
N
S
H
I
P
S
 
A
T
 
T 

S 
R
E
L
A
T
E
D
 
T
O
 
S
O
U
R
C
E
 
AN
 

X H < 
M tu 
O S 
4-> o 
cd 
u 
o 

■3 

o 
u 
§ 
U 

CO 

•a 
0 

a. 

at 

z 

H CM 

ÜH e 
V 1 u 
«0   OCN CM 

a> i o 1 
CM   w e CM             V e 

1          u 1              (A o 
6<N EN      i 
o i    in U 1      w in 

6 +J 6 +> w 
HUH t-H    O   4-> 4J 
CO           Cd cd       cd cd 
O ►-}   S O f-5   > s 

CM 
I 

5 
u 
Cfl 

CO 
4J 

M 
0) 
4J 

CM 
H 

u 
o 

4-> 
i-l 
•H 

«0 

§ 

o 
m 
*J 
cd 

H 4-> 
T3 

w i= 
4-> 
v—/ 

X 

ii 4-> 
"-Ä 

.-*—*i 

*J II 

c 

^h CNPN 

0 

cm 

4-« 

4-» 

u 
0 
4J 
»Ml 

H 
V 
X 

(A 
o 
B 

■M 
N-> 

X 
II 

4J 

a: 
II 4J 

0 

u 

a c 
«J 3   0 
cd c 
M cd cd 

i-i 
1 C   (X 

o 
>- M 
OS M O 
p c 
H •H   0 
CO t-l  o 
1—1 fH    Cd 
X cd <M 

CM M 
w 3 
u (A   V) 

3 <M 
t-i x o 
a M 
< u cd 
CK © 0 
CSS C »J i-i 0) cd 

tu 
CO 

2 
a 
CO 

8- X 
tu 

o 
8! 

z 
t-i 

s 

M 
V 
> 

•H 
§   * 3 CJ 

•H    V 
•O   M 
V 
E  0 
' .   JS 
•O +J 
0 

4-1   O 
Cd   4-> 
u 

•H   0 
"O  o .      « c fc M   X 
'H   3 0   0 
.   o 4-> 
0   (0 0   0 

JS   „ 
8  4-> 4->   0 

JS •H 
«M  4J T3 «M 
O   _ u O 

B 0 0 
G o 4J box 
O  M a Cd   4J 

■H <M 
10 % •H   C 
10   0 •M 0 

•as* n 9H 
ed 
s r5 

Sto »M .«  (8 

8* *> o 
U -H 

StS 4J •© e< 
0   0 0 0   0 
««jex« 
4->   4J «J «J  4J 

(0  10 10 (0   «0 
'rt «H •H •rt •!■« 

0 
X 

H Q -9%"**? 



1 oo 
o i-t 
o 
en £ 

o 
*» ft o © 
© OS 

*r» 
O «0 
u (A 
a. 0) 

h 
<3 M 

£i o rt fc 
J &. 

.rt 

Vi o 
•s 
© 
o 
c 
4> 

-H 
U 
to 

ft 
ft 

ta 

55 

to 
rt 
M 
c 

«H 
+J rt 
•H 
-o rt 
M 

to o © 
H» u 
H (4 
lO <M 
HH fc 
« 3 w 10 

Ö 0) « X 
Cc «J 
^? «« 

^    5 X. 
rH  tH 

U)       w r-t    O 
J      U CO 
CQ         Da B   Vt 
<        3 R o 
H       O O  +J 

CO C   Ü .     « 
W < <w 
u 
< CO  c 

ä © o 

3 rt to 
CO 10 

t« -H 
w o a 

J 

(0 
© e u rt 

ft rt vi 
M-l  4J 
h 
3 a» 
10 

60 
•M  C 
rt -H 

<-•  > 
tH at 
_ X 
cd 

(0 
e* e 
C 3 

-H -H 
3s -3 
©  © 

•H   6 
> 

J5 
©   M 
X 3 
©  O 

u 
S-e. <« -p 

<« © 
o e rt 
c *-< 
O ft 

•i-i 
*» c rt rt 
3-H 
+* *» 
-H   * 
(0   © 

.o 
© 8 

£3 

© 
s 
3 

CM 
t 
e u 
c 
© 

© 
i-i 
•a 
5 u 

i 

© 

(0 

c 
© 

I 
u 
« 
«J 
10 

CM 
» 

8 
8 e 
3 

CM 

e u 
c 
© 

CM 
I 
s o 
c 
© 

BQ 

U. 

En: © 
H < EH CM P. X *-^ &H < TJ NO) 

CM CM ^^ t= <M a Q CM «1 (N 
ft a Q a a < 

w W ft ft ft ft "<* 
t= t= U3 U] w w 

CM H © a X 

«c H ^ CM© 

CQ CQ < < 1= 
t= H CQ CQ CQ CQ Tt 

< 
l-H 

CM H 

<9      CMft 

© 
„  X 
N © m 

CM a 
CMJ 

© 
X 

CM© 

© 
CM            H X a CM © 

< t=       CMft «M 
< 1= t= >»       "3 \ ^>. *>■* H < u. tu u. U,         B.       TT 

J t-t CQ W              t 
u 

1] 

3 
►J tu a. CJ N

V
X

X
 

sno 

as s« 
*J 3 



UNCLASSIFIED 
Security Classification 

DOCUMENT CONTROL DATA -R&D 
(Security classification of title,  body of abstract and indexing annotation must be entered when the overall report is classified) 

1. ORIGINATING  ACTIVITY (Corporate author) 

U.S. Naval Applied Science Laboratory 
Flushing and Washington Avenues 
Brooklyn, New York 11251        

2a.  REPORT  SECURITY   CLASSIFICATION 

UNCLASSIFIED 
2b.   GROUP 

3. REPORT TITLE 

Glossary of Radiometrie and Photometric Concepts Used in Retinal Burn and 
Flashblindness Research (Definitions, Symbols and Units) 

4. DESCRIPTIVE NOTES (Type of report and.inclusive dates) 

Progress Report 
5. AUTHOR(S) (First name, middle initial, last name) 

Willard Derksen 
Neil Griff 

6.   REPORT  DATE 

23 December 1967 
7a.   TOTAL   NO.   OF  PAGES 

14 
76.   NO.   OF   REFS 

3a.   CONTRACT  OR  GRANT NO. 

b.   PROJECT  NO.      9400-12 

«■ DASA Subtask 03.001 

9a.   ORIGINATOR'S  REPORT  NUMBER(S) 

Progress Report 18 

9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 

10.   DISTRIBUTION  STATEMENT 

This document has been approved for, public release and sale-; :its distribution is 
unlimited. 

II.  SUPPLEMENTARY  NOTES 12.   SPONSORING  MILITARY   ACTIVITY 

Director, Defense Atomic Support Agency 
Department of Defense 
Washington, P.C. '20301  

13. ABSTRACT 

Radiometrie and photometric concepts, symbols, units and definitions which are 
employed by the Naval Applied Science Laboratory in its retinal burn and flashblindness 
research are given. 

DD FORM     I47O 
1   NOV 85 I "T   /  Kf 

S/N   0101-807-6811 

(PAGE   1) 
UNCLASSIFIED 

Security Classification 
A-31408 



UNCLASSIFIED 
Security Classification 

KEY WORDS 
ROLE    WT 

Radiometry 

Photometry 

Flashblindness 

Retinal Burns 

Symbols 

Units 

Definitions 

DD ,F°RvM.B1473 (BACK) 
S/N 0101-807-6821 

UNCLASSIFIED 
Security Classification 



b b 
+» n *» i 

-.! 

fc   tt V-i to 

d * X » • o      o 
05   O 0,   O Q           •    • ,_, rt        »um 

• O • Ü     »MHO 
rH CM          W M  M 

3 
52 s 

r.l 
Z   3 

- .    _   »     en 
•)   tt    V   V   ß     « 
E -H B ft e Vi ■* 
o *H o u m c co 

•O  SSo  m u k o Q 
Ä« X m • o      O 

o o* o o       •   • 
,H rH »HO 

• O     • C5     «MHO 
rt C4        HUM 

& 
w 
(/I a s 
3 

1 i « $ 
b & * *• a 

3 
•p m 4» to CO 
* e V * c   • 
m: o to 

■a S O S*2 < a 
(Boo. 

01 
o su o 

« M ro 
•o • O • M M o 

s 
b  s? ***s +> « -p W   w     w 
o   »   «   «  C    A 

O    t*    O    (.   «i^U 

'  n£  n cü       O 
OO.   OQ •    • 
3     »O    «MM© 

£ 

+> 
g 
o 

3 

S 
„   in 

CO 

Z * Q 

§£« 
W        CM 

to co 
ss I«   • 
(0 M CO 
< Ä rt 
3St 

01   « ri 
o +> H 

*»   O TI 

** 
-S 

co      K 
• o 

•> r-1 Q 

o. o 
a* it 

d •-5 10 
Z   O CO 
• PU 2 

c/j     o 

H3 
Q   I 

DSC 
J CO  to 

M to cu 
Eh !S 

_ E-< *H 
Ä H *« 

gSz'S 

sis' 
•H   «    0) 

•0  ■*»  -H   W 

U CM 73   C 

*• •" ^ ä 

IS 

H 

■< 
J 

8 

I 

OQ o 
■ r* 

Oz 


