4.5.2 Radiometry - Units and Definitions

Radiometry deals with the measurement of amounts of light. 53
In radiometric terms the characteristics of a
light source can be specified in several ways.
Radiant power, W, measured in watts, is the total amount of
energy emitted by é-light source per second. The spectral
variation of radiant power can be specified in terms of the radiant
power_dehsity per unit wével%ngth interval,wk. Clearly,
[
W o= Jo W d, (125)
If a light source emits radiation only for some specific
duration - which may be quite short in the case of a flashlamp -~ it is more
useful to specify the source in terms of its radiant energy output,
Qe’ measured in joules. If the source emits radiation for a time -
S

T, wevcan write
T
Q, = jw(t)dt- (126
€ 0

The amount of power emitted by a source in a particular direction

per unit solid angle, is called radiant intensity, Ie,measured

in units of watts per steradian. In general,

We 4T ()de, (27)

where the integral is taken over a closed surface surrounding the
source. If Ie is the same in all directions, the source is said to

be an isotrovic radiator. At a distance r from such a source, where

we will assume that r is much greater than the dimensions of the

source ,the Tradiant flux crossing a small area AS is
I AS
_ e
P T TH e (r8)

e : :
r -
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The irradiance at this point, measured in Watts cm is

E = —% . (129)

which is egqual to the average Qalue of the Poynting'vector measured
.at the point. The radiant flux emitted per unit area of a surface,
whether this be the surface of a source itself or a surface which
is reflecting and scattering radiation, is called the radiant
emittaﬁce, Me’ measured in units of watts m—z.

-For an extended source; the radiant flux emitted per unit

solid angle per unit area of the source is called its radiance, Le'

61

s
e ﬁsn

(130)

whére the area asn is the projection of the surface element of the
source in the direction being considered. When the light emitted
ffom a source or scattered from a surface has a radiance that is
independent of viewing angle the source or scatterer is called a

perfectly diffuse or Lambertian radiator. Clearly, for such a

source, the radiant intensity at an angle 8§ to the normal to the
surface is
I (8) = I (0) cos & , (131)
e e
The total flux emitted per unit area of such a surface is its

radiant emittance, which in this case is

Me = n~Ie(0) . (132)

Illuminated diffusing surfaces made of finely ground glass or finely

powered magnesium oxide will behave as Lambertian radiators.
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For plane waves, since all the energy in the wave is
transported in the same direction, the concepts of radiant intensity
or emittance are not useful. It is customary to specify the radiant
flu# crossing unit area normal to the direction of propagation,
and call this the intensity, I, of the plane wave.

Because lasers emit’radiation into an extremely small solid angle,
they héve very high rédiant intensity and it is once again more
usual to refer to the intensity of the laser beam at a point as the
energy flux per second per unit area. The total power output of

a laser is

W = J‘Ids . (133)
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4.5.3 Photometry

The response of the human eye gives rise to a non-linear
and wavelength-dependent subjective impression of radiometric
quantities. Because of the wavelengthedependent responée of
the human eye, which extends roughly from 400 nm to 700 nm with a
peak at 555 nm for the Ehotdpic (light—adapted) eye, measures in

photometry take into account this so-called relative spectral luminous

efficiency V(A). Thus, for example, in physiological photometry
/

the luminous flux F is related to radiant flux ¢e(h) by

(=]

F =K f V) ¢, () dn (134)

0
where K is a constant. When F is measured in lumens and ¢e(k) is

measured in watts, K = 679.6 lumen Wattnl. Other photometric

quantities which may be encountered in specifications of light

sources are: the luminous intensity measured in candela, where
-1
1 candela = 1 lumen str R

. , . , . . -2 . .
the illumination, measured in units of candela cm ,which is a

measure of the amount of light reaching an area, and the luminance,
also measured in candela cm—2 which is a measure of the amount of
light leaving a surface in a éiven direction. A Lambertian

source has a luminance which is independent of observation direction.
Photometric description of d@ characteristics of light sources should

be avoided in strict scientific work,although some catalogs of light
sources may use photometric units to describe lamp performance.

For further details’of phdtométryj and other concepts ;uch as color
in physiological opticsjthe reader should consult Applied Optics

by Lev1'];7or Ery?l}
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4.,5.4 Line Sources

Line sources are used as wavelength standards for calibrating
spectrometers and interferometérs,as sources in atomic absorption
spectrometers, in interferometric arrangements for testing optical
components,such as Twyman-Green interferometers (Section 4.7.6(a)),

in a few special cases for optically pumping solid state and gas

lasers, and for illumination purposes.

(é) Line Shapes

7

The emission lines from a line source are not infinitely sharp,

The variation of the radiant intensity with freduency

across a line whose center frequency is v, is described by its lineshape function

g(v,vo)j where

oo

.,'r ‘g(V,vo) dv = 1. (135)

The extension of the'lower limit of this integral to negative
frequencies is done for formal theoretical reasons connected with
Fourier theory and need not cause any practical problems, since for
a sharp'line the'major contribution to the integral in Eq;(l35)
comes from frequencies close éo the center frequency Vo© There are

three main types of lineshape function which are worthy of noteBS:
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The Lorentzian lineshape function

y - 2 1 ) |
gL(v,vo ©omhv 1+[(v-v ) /av1T ? (136)

where Av is the frequency spacing between the half-intensity
points of the line (the full width at half

maximum height or FWHM). Spectral lines at long wavelengths

(in the middle and far-infrared) and lines eﬁitted by heavy atomé

at high pressures and/or low temperatures frequently show this
/

type of lineshape.

The Gaussian lineshape function

= 1o B exp (~[2(v-v)/av 12 n 2] (137)

AvD

gD(v,vO)

where AvD is the FWHM. Gaussian lineshapes are usually associated
with visible and néar—infrérgd lines emitted by relatively light
atoms in discharge gube sources at moderate pressures. In this
case, the broadening comes from the varying Doppler shifts of
emitting species whose velocity distribution in the .gas

is Maxwellian. However, emitting ions in real

crystals sometimes have this type of lineshape because of the random
variations of ion environment Within a real crystal produced by
dislocations, dimpurities and other lattice defects. A Lorentzian
and Gaussian lineshape are compared in Fig. @u745. Frequently, the

broadening processes responsible for Lorentzian and Gaussian broadening are

simultaneously operative, in which case the resultant lineshape is a

convolution of the two, and is called a Voigt profile.
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The low.pressuré mermny.lamp is the most commonly used
narrow line source, these lamps actually operate with a
mercury-argon or mercury-neon mixture. The principle lines from a
mercury-argon lamp are listed in Table ( 4.3). Numefous other line
sources are also available, notably hollow cathode lamps which emit
the strongest spectral line of any element desired for use in
atomic absorption spectrometry. Such lamps are aéailable from

Oriel and Baird Atomic, among others.
/
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TABLE 4. 4

Wavelengths of Characteristic lines from a Mercury Lamp (um)* (vac)

0.253652
0.313156
0.313184
0.365015
0.365483
0.366328
0.404656
0.435835
0.546074
0.576960
0.579066
0.69075
0.70820
0.77292
1.0140
1.1287
3.9425

* Extensive listings of calibration lines from other sources can

be found in references 126 and 127.
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4.5.5 Continuum Sources

A continuum source in conjunction with a monochromator can be
used to obtain radiation whose‘wavelength is tunabie ;hroughout the
emission .range  of the source. However, if the wavelength region
transmitted by the ﬁonochromator is made very small,not very much
energy will be available in the wavelength region selected. Even
so, .continuum sources find extensive use in this way in absorption
and fluorescence spectrometers. dertain continuum sources called

J
black-body sources have very'well characterized radiance as a
function of wavelength and are used for calibrating both the absolute

sensitivity of detectors and the absolute radiance of other sources.

(a) Black-Body Sources

All objects are continuously emitting and absorbing radiation.
When an object is in thermal equilibrium with its surroundings, it
emits and absorbs radiation in any spectral interval at equal rates.

An object which absorbs all radiation incident on is called a black-

body - its absorbivity a is equal to unity. Such a body is also
the most efficient of all emitters - its emissivity € is also
unity. . In general; for any object emitting and absorbing radiation

at wavelength A, .= «

A A\ Highly reflecting, opaque objects, such as

polished metal surfaces, do not absorb radiation efficiencyjnor when

heated do they emit radiation efficiently.

The simplest picture of a black-body source is a heated-hollow
object with a small hole in it. Any radiation entering the hole
hasvminimal'chancé of re-emerging. Consequently, the radiation leaving

the hole will be characteristic of the
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ES
interior temperature of the object. The energy density distribution of this black-body

radiation 1is
3 .
8mhyv 1
P(V) = ﬂ3 hv /KT e (133)
c e -

1

E_d

where p(v)dv is the energy stored (J m—3) in a small frequency band dv at v

The energy density distribution with wavelength is
8mhe 1
p () = TS THe/kT ' - @sn
A e =

1

This translates into a spectral emittance Mex (the total power
‘emitted per unit wavelength interval into a solid angle of 21w by

unit area of the black-body) of

C » B
M. = 1 , (140) o
e kS(eCz/hT_l) A ’ |
2 .
where Cl = 2nthe”, called the first radiation constant, has the
16 2
value 3.7405 x 10" "Wm~ and C2 = ch/k, called the second radiation

constant, has the value = 1.43878 x 10”2 n °k.

A true blackfbody is also a diffuse (Lambertian) radiator.
Its radiance is independent of the viewing angle. For such a

source

Moy = Tley - (141)
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The variation of Lék with wavelength for various values of
the temperature is shown in Fig. (4.75 . The wavelength of maximum

emittance Am at temperature T obeys Wien's displacement law
-3 o .
AT = 2.8978 x 10 " m "R . (142

The total radiant emittance of a black-body at temperature T is

: w 5 4
My = oM, dx = Zﬂ-g—g ¢ = ot | (143)
’ 0 15¢™h
Eq. (131) is a statement of the Stefan-Boltzmann law. g, called the

Stefan-Boltzmann constant, has a value of 5.6697 x 10~8 Wm-Z(OK)—é.

The known parameters Mex and Me of a black-body allow it to be
used as an absolute calibration source in radiometry. If a detector
responds to photons the spectral emittance in terms of photons,

N may be useful

A Mex ;

N T e e . 144

A " (he/n) (144)
; . v . 36

Curves of Nxare given by Kruse, McGlauchlin and McQuistan.

A source whose spectral emittance is identical to a black-

body, apart from a constant multiplicative factor, is called a

gray-body. The constant of proportionalityse, is ecalled the
emissivity. Several continuum sources such as tungsten filament

lamps, carbon arcs and flash lamps are approximately gray-body
emitters within certain wavelength regions.

(b) Practical Black--o0dy Sources

The radiant emittance of a black~body increases at all
wavelengths as the teﬁperature of the black-body is raised,so a
practical black-body should, ideally, be a heated body with a smali

emitting aperture which is kept as hot as possible. Kruse,



0%
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McGlauchlin and McQuistgg describe such a source, illustrated
in Fig. G.76), that can be operated at temperatures as high as BOOOOK.
25um thick tungsten ribbon 2 cm wide is rolled on a 3mm diameter
copper mandrel and seamed with a series of overlapping spot welds,
A hole about 0.75mm in diameter is made in the foil and the copper
dissolved vut with ditric acid under a fume-~-hood. The resulting
cylinder is mounted on Imm diameter Kovar or tungsten rod feed-throughs
in a glass envelope and heatgd from a high-current,low-voltage power
supply. The glass envelope should be fitted with a window that is
transmissive to the wavelength region desired from the source.
Another design‘of black—bod& source is shown in Fig. (477.
This design is based on a heated copper cyvlinder which contains a
conical cavity of 15° semi-vertical angle which is allowed to
oxidize during operation (so that it becomes non-reflective and
consequently of high emissivity). The cylinder is heated by an
insulated heater wire wrapped around its circumference. If

nichrome wire is used, the cylinder can be heated to about 1400°K.

Tﬁis assembly is mounted in a ceramic tube, aluminé is quite
satisfactory, or potﬁed in high temperature ceramic cement. For
high temperature operation the whole assembly can be mounted
inside a water cooled block.

The most popular black;body source available commercially
is the Globar, a rod of bonded silicon carbide available from
Carborundum, Perkin~Elmer, and Oriel. For further details of the
advantages and disadvantages of this and various other black-body

' 37
sources, the reader is referred to Hudson.
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(c) Tungsten Filament Lamps'

Tungsten filament lamps are approximately gray-bodies in the
visible with an emittance between 0.45 and 0.5. Such lamps are

frequently described in terms of their color temperature , TC,

which ié the temperature at which a black~body would have a spectral
emittance closest in shape to the lamp. The color temperature will
depend on the operating conditions of the lamp.

Lamps with calibrations of color témperature versus operating current

are available frombEG&G and GE. Tungsten filament 1amps‘can most
conveniently be operated in the laboratory with a Variac, however,

for best stability and freedom from ripple on their output, they

should be operated from a stabilized dec supply. Typiéal~supply requirements range up to
few hundred volts. Lamps with wattage ratings up to 1lkW are readily
available. Small size tungsten filament lamps which can be used as -
point sources are available from Oriel. Very-long-life and constant
efficiency tungsten-halogen lamps are available in which the lamp’
envelope usually contains a small amount of iodine. In operation, the iodine
vaporizes and recombines with tungsten that has eyaporated ffom the
filament and deposited on the inside of the lamp envelope. The

tungsten iodate thus formed diffuses to the hot filament where it
decomposes redepositing tungsten on the filament. The constant replacement
of the filament in this way allows the filament to be operated at

very high temperature and radiant emittance. Because the lamp

envelop must withstand the chemical acfion of hot iodine vapor and

high teﬁperétures, it is made of quartz, hence such lamps are

frequently called quartz-iodine lamps. Such lamps can be quite

compact, a lky lamp will have a filament length of about 1 cm.
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The N.B.S. standard of spectral irradiance consists of a quartz iodine
lamp with a coiled-coil tungsten filament operating at about. 3000°K
énd calibrated from 250nm to 2.6pm against a black—body-source.

Such calibrated lamps are available from E.G.&G. Because they
are intense sources of radiant energy, these lamps can be used for
heating purposes. They are particularly useful when placed

inside complex vacuum systems to bake out interpal compoﬁents which
are otherwise well insulated thermally from the chamber walls.

(d) Continuous Arc Lamps

High current electrical discharges in gases, with currents that
typically range from 1-100 amps, can be intense sources of continuum
or line emission and sometimes both at the same time. For
substantial continuum emission the most popular such lamps are the
high pressure xenon, high pressure mercury and high pressure mercury-
xenon lamps. The arc size in these lamps typically ranges up to about
5cm long and 6.2mm diameter (for a 10kW lamp - 100V, 100A input).
Because of their small size, arc lamps have much higher spgctral
radiance (brightness)kthan quartz iodine lamps of comparable wattage.
In the visible region at 500nm avtypical Xenon arc l#mp shows 1.9
times the output of a quartz-iodine iamp, at 350mm 14 times and at
250mm, 200 times. In addition, because of their small size, high
pressure arc lamps lend themselves well to the illumination of mono-
cﬁromator slits in spectroscopic applications. Lower wattage arc
lamps comé close to being point sources and are ideal for use
in projection systems and for obtaining well collimated beams.

There are two different kinds of high pressure.arc lamps, those

where the discharge is confined to a narrow quartz capillary - which
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must be water cooled - and those where the discharge is not confined

Jreciy
. p},

and which usually operate with forced air cooling. The former are

available from Illumination Industries/PEK and are used for pumping CW solid state laser:

(krypton arc lamps are better than xenon arc lamps for pumping Nd3+

lasers as their emission is better matched to the absorption spectrum
of Nd3+ ions.)

Because~high pressure arc lamps operate at very high pressures
when hot- up to 200 bars they must be housed in a rugged metal
enclosure to contain a possible lamp explosion. The
mounting must be such as fo allow stress-free expansion during
warmup. Generally speaking, commercial lamp assemblies should be
used. Power supplies requirements are somewhat unusual, a high
voltage pulse is necéssary initially to strike the arc and then a
voltage, typically in the range 70-120V,to establish the arc. When S
the arc is fully established, the operating voltage will drop to N
perhaps as low as 10V. Arcs containing mercury need a further
increase in operating voltage as they warmup and their internal
meréury pressure increases. Complete lamp assemblies and power
supplies are available from several companies: for example, Oriel and Conrad-Hanovi

High pressure arc lamps give substantial continuum emission
with superimposed line structure as can be seen in Fig. (4.78) .

These lamps are not efficient sources of infrared radiation.

However, they give substantial UV emission and care should be

taken in their use to avoid eye or skin exposuré. Their UV output
will also generate ozone and provision should be made for venting

this safely from the lamp housing. Deuterium lamps are efficient sources

of ultraviolet emission with very little emission at longer wavelengths as shown

in Fig. (4.78a). They are available from Oriel.

4,139



I s

N AT

AADIANCE
ter at 50 cm dis},

£ TT QUARTZ . E— (ﬂ» \
-t
o
£
o¥ 1 |
&% 3=
[~ 5] ]
: <450 WATY DEUTERIUM LAMP
K [
2 oom : - }
0008 K 1
g% L' T —1
Sooa I T
o002 L /
0.0015 N 1
0.001 L .
200 300 400 700 800 900

500 800
... WAVELENGTH (~w)

1C

(k)

|

[—

D
;

-

Power per unit of wave -tength (w.m-'x10%

360 7o} : 505 ] 700

Wave ’anﬂ'\ (nm)

Fig. (4.78)



siajawouRy U} Yiluaieses

gu = sup(d }os(qo |p UOHDUTWIN]]! BISYM spwoldy o o ws o5 ws 0w v
L#1) $/gu =eun(d sBow uo uonLUTWN]] = | sounog . : I H
11 ‘bs/spepuno uy pamspaul Joslqo jo sseupybug =g wen \ : o E
: 18)ji4 o1doioyd : =
suD]J #6DW] DISWDY) JO UOHDUTWN]] v«w EK e F o 3
G e | i E
NI B ™ mH
g- (3 Bor 0[) = X9put NI NS e "3
/G = X8pui ySyY / | 1esnyg Buiso) , o H
Ses-xn'T ut peinspeut amsodxg = g : e
spueippy 21ydnibojoyq jo paedg jusuIsINSnap mmﬁommmm Jo}eie(
suus ] orgdnibojoyg AB1suy owjawoloyd ojaurojoyJ [patdAy
1 801000 SS1°0 ¢£000°0 10000 $£000°0 aius
626 L a4} 1562°0 62600 €81€°0 H/eBpue) 80in0g 146 imewoido w00 10000 09,
Gy'9 ¥6900°0 b G0200°0 §¥9000°0 122000 UlfBIBpue) PapUBI3 0280 10000 (1273
erh'e c8ee L8y b erieo 9.0'} Uaguse o 010 £000°0 173
00004 9,01 055t £8l'e 3 92yt N e 6560 §000°0 0€L
616'C rie 444 626°0 61620 t Haquiepoo, — T ~ 91L0 01000 gel
F . — cm,\ﬂ\\#}! B lt ert 12000 0L
8 o Joqun e VAR hN 8,2 19000 002
¥ N ~— ioi8leg 855 28000 069
UElq0 oL §UST BOUBUILNT  Blji4 DidojoUd 9t 0LL00 089
Qs cM/elepue) ZUl/e|PpUR] HaquiBiiiN N uequiegooy | <sequnN Aidnini g'ie 02600 0.9
$10}9D ] UOISIBAUOY) (SSauybug d11jowojoy ) soununumy juswisnsoeN oeL 0010 0%
: e : eoupurwmn [po1dAf 064} 05240 0v9
018t 06920 0€9
0'09¢ 018870 029
0eve 08050 019
Jop8ieq 00ey 01£9°0 009
‘alewoido < 0918 0/G2°0 065
- 0'e6S 00480 084
8 0004 b0 9.0} loydiin 1esnya 0'6v9 02560 048
1000 3 100070 801000 oud solit dojoyd —» 8UIS0D 0629 05660 095
o 00001 | 90 X T 0€89 0000} 556
626°0 626 6260°0 ! S8|PUBDICO4 069 05660 055
0099 0560 ovs
g A 0889 02980 0€S
jO 18quInN 0'y8y 001270 02s
" UEvE 08050 015
toydiin 10ud xn] sojpuedjoog | < ssqunpn Adiini 0oee 0£2€°0 00§
JUoWaINSDD oevi 0800 06y
$10}0D ] UOISISATIO)) uondUIIN{] N 86 06€1°0 08y
uopournj(] peatdAy, 129 01600 0Ly
60y 00900 09¥
662 08200 osy
po = yspu D[OPUDD = UDIPDIS}S/USWN] 1 Kyisueju; snoutwmy LG 0€c00 ovy
1= M0 ¥ /PO Hequip| = ,Wd U /D[SPUDD mmm w_ 100 oey
X i ¥00°0 ozt
qsp = W L /po qusodp = ,ul % /O[EpUDD 280 24000 Oty
m “..HHH — — HUU.HH. O T= A /po H8qUID[I00] = 4} U /DISPUDD 120 ¥000°0 00v
- - qs = ,u0/po qIils =, WI/D[ePUDD €10 10000 06€
YU = Wy/po U = U1/D[epUDD ‘1 (sseujybuq) eoupurwng §00 00000 o8ge
0# mﬁ.ﬂﬂﬂw @2UDUTWN{[I §D S}IUN SWDS ;E 80ouD}IXe snoutwng 10J0B UaIIe0Y
- of = ,4j/u| 8[pUDD}00] = ,Jj/uswin] UoISI9AUOY Aoueidiyy3 ()
7 e HEMUBWINT snowwny  yibusionep
SOITUOI il o o, “ odowoud  oidoioud 31
- X] = ,W/w] xnj =, Wyusum| q SOUDUTWN{]] YA
: wy uswn| °1 XN} SNOUTWNT
a
.w mm UH JUI/Sety SUI/PUODBSPUBWIN] A Ayisusp snoutwng “UOISIBATIOD S13}SWOIPDI
104D} = SewW| 10q[D} = pUOJeS»USWN| o) ABisue snouruing o) snounm| y}im ohs ubwny
[ouzou ayy jo asucdsal [paoedg
SUOYDIABIGAY sy foquig Amuondy

SjIuf) pup seuiuLNY) dSHBWooYJ

Answojoyqg



inc.,

LS rnatxonai i.,zght

- LUMINOUS FLUX: (y;sib/e Fiux)

- 1 lu’men;(lm) = 1,464 x 10° watts at 555 nm
' = 7.958 x 10? candela (i sotropxc}
, NEHGY ( Vls:ble Flux * Time)
: 1 Im*s =+ . 1talbot (T) v
= - 1.464x10°joules at 555 nm-

: ‘LUM!NOUS lNTENQiTY (Vis. Flux per Sohd Angle)
: g 1 -andela (cd)
= ~12 5o6 Jumens (sotropsc

': ‘10“"phot (ph)
/9 290 x 107 Iy

candela/m2 (cd/m‘) ;

o .= o 1nit -
T “T= 10*Imicme/sr o
- ~= o 10%cdlem® - ',

= - 10%stib (sb) -
0 +79.290 x 107 cd/fta‘

_Z 79290 x 107 Im/fte/sr
=L 3,142 aposnlbsgsasb)

=73 142)( 10*lamberts (L) -
: - 2 9199x 107 foo‘c-samberts (fL)

RAD!AN"‘ FLUX (F’ux)
1 watt (W) = 1 joule/second
= - 107 erg/second
o= - 0.27 Im at 400 nm
) = 25.91Im at 450 nm.(blue)
= 220.0im at 500 nm’. -
= '679.0 Im at 550 nm (green)

1 W/sr = 12.566 waﬁs (isotropic)

= 683 candeia at 555 nm ,
RRADIANCE (Fiux Density) - LA
1 ~10° watts/m2 . -

17 Graf Recad, Newburyport, MA: 01 o50- 4092 U, S AL
T’:L' 508 463 5923 FAX- 508-462- 0759 o

'RAmANTmTENSiTY (Fiux per Solid Angle) -
Wicms

. RADIANCE:
A Wiemdsr

"= . 683.0lmat555nm (CiE peak) W
7:7430.0 Im at 600 nm . : '

= 73,0 !m at. 650 nm (red)
278 m at 700 nm. s

10 erg
«1 waﬁfsecond N
1 0.2388 gram*calones

©6.83 X 10° lux at 555 nm - o

14.330 gram*ca!ones/c*n"mm .

14:330 \angiey/mm - ‘
(Fiux Dens:z‘y per Solid Angie) -

8.83x 108 im/m”’sr at 585

= 683 cd/c'n‘f at o nm

nm

EAP S

A i

%;‘a,iﬁ?\l & LQW!NO S FLUX

IREA JgA?\th— & ;LLUMINANC_
{Density of light incident upon z suriace) (Tota: jignt output in all direction
S B T mete” - = . Fius 1S tvpica
3 h - - surec In lumen
- using an int
ST - L
: ", o ae _ — s:me*e tc ¢
st - € - —  emited in al
. . Seam DOwWE!
— _ — ] measurac ai
- - iong as the !
v . e - filis tne aetectos
A 1 wattisteradian source produces 1 W/m*at 1 m. RS
Al cander {1 lumen/steradian} sourc sroduc\,s 1 watt = 383.0 lumens at 558 nm.
Tim/im® {1 juxjat 1 m.and ? m/ﬁ2 {1 fcyatt * watt = 1 joule per seconc.
=A DEANC_. & LUMINANCE RA iAN" & LUMINGCUS INTENSITY
(Light scattered or emitted by a suriace; {Fiux per soiic angie of an isotropic source)
\
The sampied arse = _ Mear spherica
increases with dis- i . Mmeasurements
iance "ancmm c o - Ctanbsmageina |
ah inverse square iosses 1 _ T _ calibratec inte- i
ic make radiance =~ - T graung sonere.
independent of dig- ! =ear 1nt
— tance. Typicallv mee- — ©oeasdrs
surac ir cmerss sampie on
Diffusing rec in Wromes - RN :
/?,U,@/ imymisr or o 2 J2eak ov 2 D » 
1 footcandle iliumination on z perfectiv diffusing A 12.8 watt isotropic source proauces 1 wattsr.
. surface produces 1 A 12.8 iumen isotropic socurce produces 1 Un/ss.

t footlambert of ar;qnmess




