Exposure 15 defined as the product of mage illomination and effective exposure time.
E-t=H

E = Image [lluminance

t = Shutter Speed

H = Film Plane Exposure

For values representing mean values subtext “g” is added to the vanable so the basic camera exposure
equation for mean exposure 13

Aszsumptions:
Eg-t=Hg E =8
t= 1150
E doesn’t represent just the scene but the camera’s optical system as well. The
equation for E breaks down as:
E=L- L}t -T-C-‘-'-cns(deg-ﬁf
a4\ U
: Assumptions:
L = scene luminance m mits L ,=297*10.76
U = distance from lens to object A=16
F = focal lenght of lens F=50
T = lens fransmuttance U=80*F
C = camera flare comection factor V=10
V = vignetting factor C=103
8 = angle of image point from axs of lens a=12
A = f'number of lens aperture system =190
The E equation 1s usnally stmphified and spht mto two.
Oune part 15 the scene hominance divided by the fstop.
L
A°
The second part 15 the optical system defined by the constant g
T 2
q=3(¥) -':-lf:-"1-'-l:n:]-s[llzhzg-El}_Jr q =065

Through-lens-metenng systems don't need g becanse they measure the actual amomnt of Light stnking

the back of the camera. Calculating H with anything other than a TTL system requires factoring g winch
15 an representation of average camera condifions. The part of the equation with U 15 equivalent to focusing
the lens at mfimty. A camera focused nearer than infrmty will change the actnal value of q. But qis
considered to be a constant and doesn’t change.

The camera exposure equation then becomes:

The hand held hight meter 1s m the same situation. It 1s used outside the camera’s optical system and therefore
the optical system has to assume average optical conditions, but bemng a tool itself, it also has elements that
need to be addressed in order to accurately predict comrect camera exposure. The ophical elements from g

are incorporated mto the vanables from the meter creating a new meter constant K. (part 1)



Defining K. Part 2

K 13 very sinular to g in that they can be considered a hght loss constants, but K works in an opposite

manot than q. While g takes the valoe for the lunimance of the subject and factors m the reduction
of illunmnance to what 1s produced at the film plane. K takes what the lumimance value should
wleally be and calculates what the lunnnance needs to be to make the required exposure.

This relationship can be seen m the standard’s calibration equation

where
. A = aperture
A°_B-S T = shutter speed
?'? B = liminance, footcandles
5 =Film spesd
K = Exposure Constant

Let’s break down the equation and fipure out what the 1deal hmunance 15. After removing K and
structuring the equation to solve for B, we apply Sunny 16 numbers. B, 1s the “ideal” hominance
vale.

A% A 256 E 2
2 =B,s By -———— =25 B;=256 A’=R

2! {T'S}- [i)-izj
123

If the optical influence of the lens were eliminated, B would equal A®. As the liminance of the
subject 15 lost do to vanous variables (which are the vanables defined m q), the actual subject

lmminance needs to be shghtly higher. To deternune how much higher, we need to look to LE
inﬂleaquatiﬂnfurEE.

207
256

=1.16 KE=116cd'ff® or K=125 cd'm?

L g=29? B=297

Foherwons AZ=C fid ALKER
K

The equation for K. In part 3, we’ll break it down and look at the component vanables.

4K UL e -
K= 1 U =80*f - Dhstance from lens to object
. 4 f=50mm - Focal length of lens
(U~ £)"-t-C-H-cos(#) -p-R10.76-7 t=0.90 - lens transmittance
C = 1.03 Camera Flare Comection factor
at Hg
H =1.00 - Vignetting factor
Vanables: 8 =12" - angle of mage pomt from axis
t=090 =100 of lens cos'd = 0916
f=50 R=1.00 A= 16 - f-mumber of lens aperature
K, =811 C=103 FL|=B.11-lf}::u].'s'ram-‘-:I|.r!:ua-nR,p,]r=1KJ=Hll
U=280 H=100 E. = 1.00 - Lummnance dismbution factor
a=12 p=1.00 p = 1.00 - ratio of spectra response between

srene luminance and sensttometric

Hlummance.

1 = 1.00 photocell’s spectral response

2
4-KE:U™x : : :
1 116 4-8.11-1.00-1.025




Defiming K Part 3a - Relation Between Basic Exposure Parameters

Most of this part comes from Appendix C i ANSI PH3 49 — 1971, for General Purpose Photographic
Exposure Meters. ['ve updated two vanables from the standard - from EE to Hs“ and from [ to E.

Nomenclature:
: : s i : U = 30%f - Dhstance from lens to object
Classic camera image illommance equation: f= 50mm - Focal length of lens
2 4 t=0.90 - lens transmuttance
g B (U- £ t+CHeos(H) C = 1.03 Camera Flare Correction factor
2 g at Hg
4+-A~U H=100- "i.i'iguettmgfacm
8 =12° - angle of image pomnt from axis
Equation for determination of K of lens cos® = 0916
x A=16 - f-mumber of lens aperature
4K Ur K =811 -Eun_staui-w_henR,P,r=lK]=H‘
K= R =1.00 - Luminance distribution factor
(U- £)2-C-H-cos(8) p-R 10.76-7 p = 1.00 - ratio of spectra response between
scene lunnnance and senstitometnc
Hlimnance.
Both the equations are similar except the equation for K r = 1.00 photocell’s speciral response

contams four additonal vanables (mghlighted). K .1, p. and B

First let’s take a look at the other vanables. U and f together represent a lens focused at infimity.
Together they form

2
i) =1.023
U-f

It will always equal 1.023 no matter the focal length. Any one shooting large format 15 famuhar with
bellows extension. Exposure 13 reduced when the length of the bellows exceeds the focal length of
the lens. The standard’s equation assumes focus at nfinity:

CmacmmnnnfacmrfnrﬂareatH As the point of exposure increases, flare decreases, so while
mmgeﬂﬂemtheshaduwslsamu.udu-nestup,b}ﬂlehmeltmacheﬂ{g,ltlsmmdi'}{:mlDE'r
Ia&iedthepartabnutH in the nomenclature defmition for clanty and 1t holds troe for the camera
nnageequatmu,hutthenptbca]ﬁrstemmspotmetersnnﬂuchangetheva}uenfﬂmtheﬂequahm

t 15 the hght transmutted through the lens. At 0.90, 1t assumes 90%: of the hght entering the lens
passes through it. H1s the vignetting factor. It's value of 1 or umity means that it 1sn’t factored in.
And 9 has the angle of the image from the axis at 12 percent. I assume that has been considered
a good average between axis and more extreme angles.

Most of the vanables above are considered to be very comsistent, but techmeally 1f any of the vanables
have a different value, the value of K will change. TTL meters automatically adjust for these
variables, but a hand held hght meter can’t. It mmst assume user adjustment m the case of bellows
extension, or nunor and acceptable vanance m value of the vanable.

Part 3b wall fimsh with evaluating the vanables in the K equation with three of the vanables are most
hkely the cause of the varying K factors m meters, and a very famibiar value for K1.
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The vanables B, p, and 1 perhaps may have the greatest mfluence on the value of K but how much
has to remain speculative becanse they fall under the umbrella of manufacturer testing and mamuifacturers
are notertously secretive about internal mformation.

Equation for determination of K K, =811 - Constant - whenR.,p,r—lK] H,
9 E = 1.00 - Luminance distnbufion factor
K= el p = 1.00 - ratio of spectra response between

geene hminance and senstitometric
Hluminance.

r = 1.00 photocell’s speciral response

(U- 2t CHeos(6) pR 10767

Luminance Distribution Factor — R

According to the 1971 ANSI hght meter standard, “This factor 15 of importance when the background
hmumance within the field 13 radically different from the subject lnmmance. In this kind of scene, a
meeter reading may not lead to the best picture. The best picture would be obtamed by setting into the

meter 5 calculator a readmg based on some other luminance value B and giving the exposure
directed by the calculator.™

Be-evaluation of Factors Affecting Manual or Automatic Control of Camera Exposure, 13 a paper written
previcusly to the 1971 standard, where one of 1t's authors was the comnuttee chairman of the 1971
standard, and much of the paper’s appendix directly taken from the paper. It goes mnto a little more detail
“The prefemred exposure i1s obtammed when the maxinmm hminance represented by the bnghtest area

of mterest mn the scene and the mmmmuom lummance, represented by the darkest area of mterest n the
scene are desirably spaced on the density-log exposure curve.”™

“It has been found by expenence that this spacmg occurs when the exposure resultmg from the
mininm lunrinance (Bmn) 1s located some distance X from the shoulder, and the exposure resulting

from the maximmm luminance (Bmax) occurs the same distance X on the other side of the toe point
of the curve ™

In other words, Hg 15 at a point where the average lnmmance range falls on the curve to reproduce the
tones of the subject with some degree of quahty. If the scene’s lummance distmbution is different
enough to shift the exposure away from Hg, then there needs to be an adjustment — B

It's impossible to know any of the assumed values for the vanables that make up ba do once agam to the
secrecy of mamufacturers; however, see what the contnbuting vanable are and thewr relationship 15 helpful.

The equation for B 13: (some of the nomenclature 15 outdated)

E Where
R=_a Bd = value of luminance which would lead to the best picture
Dy Ba = field lummance as measured by the meter
Ba breaks down mito Where
Ca = cell acceptance of the ratio of the lummance of the field measured
B by the system to the illunmnance on the bare cell when both result m the
& same scale indication.
Ca da a = area of the scene
C. Ic = cell illuminance
B = Bz = lumumance of any particular point in the scene

d Cs = cell acceptance for hight from the same particular pomt.
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Spectral Considerations - r and p

The ANSI standard defines spectral consideration as “the spectral response of the film and the detector as
well as the speciral quahity of the light in the scene, and the light used m cahibration and sensitometry,
affect the meter cahbration.™

The vanable 1 15 part of the short hand K equation mdicating that 1t might be one of the major factors m
any vanance of K The standard defines 1t as 1 1s chosen to relate the photocell’s spectral response

to the scene as compared to that m calibration. r =ratio of luminance of wmform surface source

used m cahbration to lnominance of scene when both sources produce the same response of the meter.
Since the calibration color temperature of 4700K was chosen to mimmmize the spectral effect of mdicated
hmminance m dayhght compared to the mdicated lominance for imgsten, the spectral response ratio
determymed between 470K and 2850K 1s reasonable measure of the effect of difference m spectral
sensitivity between dayhght and the 4700K cahibration sources.™

The meter needs to be calibrated to a hght source that represents real world usage, but the meters are
used m a wide range of color temperatures. Added to this 1s the spectral bias of the photocell The
standard needs to take mto account the spectral range and speciral sensiivity and somehow come up
with a way that will produce an acceptable exposure m as many different sitwations and meters as
possible with as little variance as possible. In Allen Stimson’s paper An Interpretation of Current
Exposure Meter Technology, he has a mce long section on the change of the color temperature of the
cabibration light source from 2850K used up unfil sometime m the 1960s to 4700K stll used today.

B&W films used to have an ASA plus an EI for = C o Tom e

shooting imder tungsten light and an EI for shooting i | b

under Daylight. This mostly had to do with the color 2™ i

temperature of the calibration hnmmance source and ] (e Yega, woIm
the spectral sensitivity of the exposure meter’s =™ i e N -

photo cell. Testing eventually found errors could be g o g T

equally divided between daylight and tungsten if all § ¥ Lingy

meters were calibrated at 4700 desrees Kelvin Fig3. = ® g e, lvtaast o 1 Wity

According to An Interpretation of Current Exposure ) — i

Meter Technology, “with changes in color temperature, = 3% T £ T EE

the sensitivity of selenium cells of American s Vot IR 8

manufacturers Ghﬂ]]gEE m the same dj]"Eﬂﬁ.D]], Fig. 3. Melen whith ore colibrated o 700K ore more adowrate
a]'l‘_hﬂ-‘llgh snmewhat ].ESE ]II_ ﬂ]ﬂgl]l'l'l.]liE, as avef the enlire fange Thas thads calibrated ol heagiten or doylight

panchromatic negative matenials. Hence, meter S S otwen

makers have urged film manufacturers to eliminate tungsten film ratings for several years.™

“Kodak Research Laboratones made extensive tests on a dozen of

each of fourteen makes for meters to deternnne the feasibihity of v LU
this elimination. Their tests showed that two of the fourteen changed e
sensitivity with color temperature in the opposite direction from the § w
majority. This confirmed other observations that some meters, i i 85 ‘-'"#jf
which mamifested perfect calibration in the laboratory (at 2700K), = fﬁ*
differed markedly when used m daylight™ " #

|

il TENLIT llr.'H_I - __ Sl
z ] z ;
= i b 1 = ! 3 ! E E
Dl TIERERETE 0

Fg 1. Chissge i seardgs wpsrirod naratisly wilk colpe lemperolas
ol | ? paschrgmaiic Mmoo | & gepovere mekers
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I have to admit that I"'m not faniliar with the different
charactenstics of photo cells or their mstory, but I do know that
photo cells made up of different matenals will have different
spectral biases. Selenum cells appear to have a greater
sensitivity to blue hight. If they were in common use before

the 1960s, this could account for the standard’s calibration
temperature of 2850K m order to attempt to balance out the
bias. Pentax’s user manual has a sihcon photo diode as its
photo cell. I assume that would be the sihcon blue in the
examples from Photographic Matenials and Processes.

Also from Current Exposure Meter Technology. * One of the
two manufacturers of meters having red-sensitivity cells has
found 1t necessary to assign a higher speed to certamn color
films than the film manufacturer. It 13 obvious that the
red-sensitivity of the cells causes the meter to read relatively
lower 1n dayhight resulting m overexposure. A higher film
speed was assigned to compensate for the discrepancy.”

As one exposure meter must fit the needs of a wide range of
film types, from b&w negatives to color reversal, it's always
easier to change the film’s ISO or EI than the exposure meter
to match each situation. 115 the adustment to compensate for
the majonty of conditions. Stimson’s paper, Re-evaluation of
Factors Affecting Mammal or Automatic Controls of Camera
Exposure, has a range of values for r for meters with two

types of photo cells:

Selemum Cells—r=1.010 1.2
K=116to 1.40

Cadmium sulfide cells—r=08t0 1.0
K=09 116

I'm assuming that 1 is an average for scenes over a range of
color temperatures

page 2
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According to the ANSI 1971 Standard, “thas factor K has been determimed expenimentally by
psychometnically selecting the “preferred exposure™ for scene types, hight levels, and camera and meter
types covermg the ranges normally encountered. © K, comes from the psychophysical testing by Loyd
Jones i his First Excellent Prmt Test and simlar consequent psychophysical testing.

If anyone remembers the basic exposure equation from part 1:

Where
: Hg = Mean exposure at the film plane
E B Eg = Mean Image illuminance

T = Shutter speed

When t 1s equal to 1 ISO K, r:anrepla:eE!making the equation:

K
H =Kt or g =1 i
= g s 5, = film speed
What this means 15 that within the equation for K sits the am illumimance value Eg for camera exposures.
This should prove to anyone that K 1sn't an arbafrary value. It 1s directly related to a determined exposure
value. But the version of K m the K equation is K') whach is the value of K, when

R=10 t Please note that in the K equations from in the

p=10 i : : |
r=10 B PSR previous parts, [ had K, as K, It should be K°)

K, becomes a constant for the exposure value that all exposure meters aim for. Specific f'stop and shutter
speed exposure 13 calculated usmg the exposure meter’s calculator, but the exposure meter itself 15 cahbrated
to make one specific exposure value and that 1s K°,. This way a single meter can be used for each type and
speed of film, from b&w negatives to color transparencies. For each film type to be able fo work with the
meter, the speeds must be calculated in accordance with the constant K‘l {(which will be covered in more

detail in the next part).

The value of K'1 15 another matter  Mathematically solving for K'1 from the K equation, K°1 equals 8.11.
The constant for the camera exposure 15 8. That's not a big difference and I believe that the difference comes

simply from roundmg.

The equation for K is finally complete. With K, equalmg 8.11, K=116/11.5. This stands for the basic
hight loss of the basic optical system. A TTL system will requare the same subject lnminance and expenence
approximately the same loss of 1llmminance of 1.16 ttmes between the lunumance of the subject and the
tlununance at the film plane as the caleulation suggests from the exposure meter. It's the values greater

or less than 1.16/12.5 that can be primanly attnbuted to the functionahity of the meter and what can be
attnbuted to any discrepencies between the hand held metered exposure and the camera exposure.

Most of the vanables in the K equation are relatively consistent, but several have a tendency to change.
Allen Stimson m Re-evaluation of Factors Affecting Manual of Antomatic Control of Camera Exposure
suggests creatmg a basic version of K by elmunating the vanables subject to change from the K equation.
The basic exposure constant of K 15 designated K, and the simplified K equation becomes.
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- Bemoving 1.t and E. from the
K= o T K equation K_ equals 1.043. 1.043-1 —116
iR r=10 o0-1 .
E=10 '
t=090

The 1971 standard’s appendix appears to have not considered B to be necessary and the new simplified
equation becomes:

Considering that r and t are the two vanables that Stmson considers hikely to change, t 15 related to the
camera and 1 to the hight meter’s spectral sensitivity, 1t’s hard not to conclude that r whach is the “photocell’s
spectral response to the scene as compared to that in cahbration™ 15 the prmeiple factor in vanations i the
value of K.

In the next part, we'll be lookng at the range of K, what reflectance does the meter read, and maybe how
the constants g, K, and a new one P, relate.



Defining K. Part 4 - Range of K

We've established the value of K = 1.16 cd/ft” and 12.5 cd/m” represents the standard value of K. But

K can vary depending on the vanous condrtions of the component vanables that make up the K equation,
most notably B 1, and t T've only been able to find documentation on modem meters with
K=1.16/125 or K=1.30/14.0 (all with a silicon photocell). But what is the acceptable range of K

and how nuch does it affect the value of B (L m today’s nomenclature)?

The 1994 exposure meter standard has two ranges for the value of K

Range 1 B =256 Range 2

10.60 to 13.40 cd/m? 13.30 to 16.90 cd/m?

1.00 to 1.245 cd/fi® 1.236 to 1.57 cd/fi?

E ,-1.00 =236 B ,-1236=316

B -1245=319 B ,-157=401

Range of K, Range of K,

log(319) — log{256) =0.096 log(402) - log{316) =0.103

The range of K| falls just under 1/3 stop The range of K2 15 ust over 1/3 stop
Difference between K =1.16 and K=1245 Difference between K = 1.16 and K = 1.57
log(319) - 1log(297) =0.031 log(402) - log(297) =0.131

The difference 1z 1/10 stop. The difference 15 4/10 stop.

What 15 the difference between K=1.16/12.5 and K = 1 30/14.07

B,130=333 B_116=2%

log(333) — log(297) = 0.0

The difference 1 B (L) for the two most common versions of K on the market today 1s 1/6 stop.
In myy opinion, it’s not really all that much to be concerned about. At least not as nmch as Soylent Green

being people.

In the next part, we'll look at where the whole light meters reading reflectance comes from and why it
150 't relevant.
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WNow that we've covered the vanables that make up K| 1t’s time to connect K to exposure. The 1dea of

the exposure meter 13 to substitute a single himunance walue in the determmation of the exposure to represent
a multiphcity of lnmmance values of the scene 1tself. In other words, no matter the luminance range of a
scene of how many mdividual measurements made from the scene, there can be only one lummance valoe

placed into the exposure calculator to determime the camera exposure.

According to D. Connelly’s paper Cahbration Levels of Films and Exposure Devices, “In practice,
exposure determined by this substitution is satisfactory only for what may be termed average scenes.
From the pont of view of the film_ satisfactory photography depends upon the proper location on 1ts
exposure’density charactenistic of the densihies produced by the mage illimmation within the camera.
The greatest and least sigmificant hnmuinances in the scene are required to cause exposure of the film withm
the usable part of 1ts exposure/density charactenistic. That imphes that the important characteristics of the
hmminances are:

1. The ratio of 1ts maximum to its minimum value (luminance range)

2. Its abzohate value of maxinmm and mmimm (the actual valoe of the min and max lnmmance values)

For the former deternunes whether or not the film can reproduce the conirast range of the scene and the latter
determunes the exposure time necessary to provide an exposure which will locate the bnghiness scale of the
scene currently relative to the film charactenistic.™

5o what Connelly 15 saymg 15 that we need to determine the average lnmmance range and define how the
range falls on the curve in relation to the smgle camera exposure value.

What 15 that camera exposure valoe? For that we need to go back to the cahbrahion exposure meter equation:

a? gy where B = luminance, footcandles
i A = aperture S =Film speed
T K T = shutter speed K = Exposure Constant

The exposure parameters are based on the camera set at £/16, on a clear sunny day with a solar altitude of about
40 degrees and the film speed equal to the reciprocal of the effective exposure time or Sunmy 16. T like to use a
film speed of 125 because 1t 15 the only film speed with an equivalent shutter speed 1/123.

We have determined that the standard valie of K iz 1.16 cd/ft® or 12.3 cd/m®. That would make the vale
of B (modem L) which represents the lummance value for Lg m the camera exposure equation:

2 175 2 2
ST A k=g _ 19 k-2%6K 116256=207 B=297
{ 1 ) 1.16 (T-5)

125 125

Now, plug the lunnmance value for B mto the camera exposure equation (from part 1) where B becomes LE_
First without t, shutter speed, to determine the value for E_and then factoring in t to derrve H_

qL 5.297.10.7 qL 5.297-10.7
E=g 63-297-10.76 _ o 4y g 65-207-10.76 1

; : _ =0.063
A 16 A . 16 123

EE=E.11cdfmzurnits H_=E -t HE=D.Dﬁ-an5urhmsec
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E hasﬂmeqmw]mtwlueasﬁlﬁ'nmtheﬂaquatlm In fact they are the same vanable just with different
nomenclature. This value of 8. 11 or the possible rounded value of 8 1s what the meter with 1t's exposure
calculator wants to place the exposure at if you assume shutter speed 15 the reciprocal of the film speed.

As such, 1t becomes a constant exposure value with a new designation — P. While P= 8, for the purposes
of keeping the maths nght, we shall mostly be using 8.11.

Basically, the aim camera exposure for any ISO film can be calculated using:

H_= . T,
2 50 2 1s0
example:
S _o0s0 B —gose 8 —oo0
100 125 400

Theplacerm'ﬂtufH 15 based on the assumption of an average lominance range and how 1t will fall on the
cmemrdahmtuuﬁatmcmmder&dmssarytnpmﬂuceathtyprmt These parameters have been
determuined through psychophysical testing. Inmdertuputlta]lmm:untﬂ:t_,whereL falls in relation to
the luminance range of the scene and the relationship on the film curve, weﬁrstn&edtﬂdetﬁmmetbeavemge

scene lummance. For this, we tum once agam to the exposure meter calibrafion equations, this fime addmg
m the equation for incident meters.

2 Where
A° _B-S5_E-S E = meident hght i footcandles (lominance)
TK © § =l speed

C = exposure constant

The standard has the basic value for C = 30, and the value of E becomes:

i C=E L-31}=T-'I5-E[I' footcandles

(T-8) T
[uj) 125 [F

1650
— = 10026

= [0I76

LT ]

This value equals the illummance measured from a solar angle of 40 to 41

10176 * cos(D)

degrees with the hight meter held perpendicular to the subject. The actual E}

value of the average 1llunnmance with the meter at a solar angle of 0 2
degrees is 10,026 footcandles for 40 degrees and 10,176 for 41 degrees. =
Calibrated reflectance 10| [10021
s : g2 20| [9362
1 photopraphy 1 30| 8813
n= Luminance 40] [ 7795
IMuminance 50| [6541
But R implies a Lambertian surface which is a perfect diffuser so B(L) is: 00| | s

7.
=17 g=B7 o (0

E E 7650
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It's also possible to find B using just the constants:

R=K n 1.16-7 — 0121 125-7

C 30 323

=122

It should be obvious at this point that meters aren’t cahbrated to any reflectance. While you can imply a
reflectance in relation between illuminance and hmymance for the average lummance range as a concepiual
reference point, this tends to help maintain the cahbration misconception, but it also can help prove that they
aren’t. Incident light exposure meters generally have two different values for C and E. For example,
Minolta’s Meter IIT which has a C =330 for the “sphencal diffoser” and C = 250 for the “flat diffuser.™ Its
value for 1s K = 14. The average reflectances would then become:

147 o133 M7 o176

330 250

The value B (L) for the reflection exposure meter hasn't changed. only it's relation to the value of E for

the incident exposure meters. I believe the difference in the values of C 1s because the flat disk is generally
pomted directly toward the light source and 15 fully illummated, while the henmsphenc dome 15 pomted
toward the camera with direct illmunance only partially covermg it

Exposure meters are calibrated to an lomunance B (L). The exposure calculator then wants to take that
hminance and produce E = & together with the shutter speed and £'stop reciprocal relationship based on

the film speed to equal a sm.gle exposure value Hg for a given film speed regardless of the scene’s 1lluminance.
So, where ever I point the meter, it wants o produce an exposure of P/ISO or 8/150.

In my opinion, the Zone System’s use of equating Zone V with a specific reflectance and relating 1t to the
metered reading only remforces the cabibration msconception.

The next part will delve further m the importance of P and 1t’s link to film speed. It will also cover the average
hmunance range placement on the film curve and therr illommance values that defie the standard exposure
model and explains the exposure’s middle gray. And if there’s space, it will introduce yet another constant, k,
which expresses the relationship between sensitometnic film speed exposure and P. This constant 15 pethaps the
key to understanding the relationship between the speed of the film the speed setting on the meter, and
EXpOSuTe.
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Enowing the imphed reflectance of the exposure meter can be useful m determining and confirming the
hmminance (L) and exposure (H) values for the standard model average luminance scene and 1t's placement
on the film curve. Exposure 15 more than recording a smgle hmunance valoe. L mighthewhattheexpusme
calculation 15 based on, but 1t 15 only one value in a range of values. TheplatﬂfL must be considered
m relation to how all the other lnmmance values wall fall.

Average Luminance Eange

This means determining an average scene lnmmance range. Varance in natural occurmng phenomenon can
be graphed on a normal distnbution curve or bell curve. Sixty-eight percent of the sample population falls
within the first standard deviation (- to +c) and 95% falls within two standard deviations (-2o to +25). Loyd
Jones did an extensive survey over an 18 month pennda.ud found that the average exterior hnnmm:erange
was 2 20 logs or 7 1/3 stops with | v - - - - - - -

a standard deviation of 0.38. In uf o=03

general usage 220 13 commonly 20 e 230 s 3o

rounded down to 2.1 (7 stops) 1 :
with no 11l effects, but we needto ™ |
keep 1t at 2. 20 m order to better
Hlustrating the concepts of st
photographic theory. For the / %
record, the 2.20 log luminance Aa g L
range doesn't take i the entire / Y
range from deepest darkest crevice
to bright specular reflection. It wl
15 from a dark tone of usable : \
detail to a diffuse white contaimng | . ”‘-

1 ) L =4 1) x
some specular reflections. P 21 T LT - -
1

The next step is to determine how & &5 & 7
the 2 20 log lominance range 13 ! s, !

distributed around Lg. It would ; e y

seem logical to cut the range in two L .

with 1.10 falling below and 1.10
fallmg above, but that 1sn’t the case.
The highhght 15 considered to have a 100%: reflectance (RD 0.00) and the shadows fallimg 220 logs below at
0.631% reflectance. Remember, reflectance is based on a perfect diffnser. A surface with specular reflections

can often exceed 100%: reflectance.

Scene Lumananct Rangs

We know when K =116/12.5, L hasareﬂa:tan::enfll%mauR_anDﬂwhenmmpamdtuthemmdent
hghtmetervaluefurﬂﬂr']’ﬁﬂﬂ{Hacma]i}rhasareﬂectameuf 121 which equals an RD of 0.916 which 15 the

value we will be using for calcualtions). That’s a difference of .92 between I"s and the mghhght lummance,
Lh_ That leaves 2.2 —0.92 or 1.28 for the difference bEl"i\"Ef.llLE and the shadow himmance, L.'

Exposure Fenge and Exposure Placement

In order to see how these fall on the film curve we need to find the value for the illuminance value at the film
plane, H, for each of the three reflectance values. This can be done by applying the values to the standard
camera exposure equation, but first we need to determime their linuinance valoes.
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Equation to find luminance from reflectance and 1lloninance:

Where
p=EF E = Scene illuminance
T L = Luminance
E. = Reflectance

I like to work from reflection density, so to convert RD to B T use:

E_=_1
10°2

Findmg the himinance values fnrlt L!,andl'_.:

page 2

(7680)—— (7680)-— (7680)-—
1.1 216 0.0
0 150 07 —29 0 —ous
T n n
L =15.42cd/f’ L =297 cd/ft’ Ly, =2443 cdift?

We now use the standard camera exposure equation to determine the valoes for the exposure at the film
plane, H. I'm using a film speed of 125 because it 15 the only film speed that has a shutter speed equal to 1ts

reciprocal.
Where
_ql H = Exposure at the film plane — m mes or lux-sec
B q = Exposure constant = 0.65
AT L = Luminance - in cd/m?
A = Aperture number
5-15.42-10.7 5-207-10.7 5.2445-10.7 p
0.63 1:|.-L12 10.76 1_ — 0.0034 0.63 ,9110..5_ 1_ — 0.065 0.63 _-H., 10.76 1_ — 053
16~ 125 16° 125 16° 123
H _=0.00534 mcs H ,=0.063 mcs H , =0.334 mcs

E=

The relationship between the onigmal subject’s lnommance range and the resulting camera exposure valoes, H,

can now be presented in a graphic form The 2.2 log lummance range, m reflecion density values, 13 indicated
along the top of the graph. The three values of H are mdicated along the camera immage curve. The lummance
I:angehetweeu[.,andLE,LgandL‘asweﬂastheﬂ]umiuancemngesbetweml—lxanstma]snshmm
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Camera Image graph showmg the relationship between the lnmmance range of the subject and the resultmg
camera exposure values, H, for a 125 speed film.

Original Subject Luminance Range - 2.20
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Part 5b 1s too big of a topic to do in a single mstallment. I'm going to stop here and the next installment
will continue from where this left off.
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The last installment defined the average lummance range as 2.2 logs. It showed how the constant P relates
the matenial’s film speed to the preferred exposure indicated by the meter and depicted the camera image m
graphic form for a 125 speed film.

The next step is to define the relationship between the camera exposure and the sensitometric exposure or
speed point m order to determine the placement of the camera exposure onfo the film curve. Whale 1t has
already been shown that this 15 done by multiplying the reciprocal of the film speed mumber with P=138, 1t
doesn’t explam concept of the film speed number’s function or its relationship with exposure placement.

The camera image’'s tllummance range as determumed by the scene’s Inminance range needs to be placed
on the film curve within some kind of context. The exposure requirements of the varnous photographic
materials have been determuned through testing which differ dependmg on the film type and purpose of use.
Shadow exposure was found to be the prmeiple factor in the perception of a quahty photograph with black
and white negative film and the guahty of the midtone is used for color reversal film  Other specialty films,
hke aenal and microfilm, have therr own requirements.

1]

Black and white negative film speed 15 144+

deternuned by the exposure, H_, required to 184
produce at a point of density of 0.10 above L o

film base plus fog under specific contrast i
conditions. Color reversal film speed is the _ ] —

geomeiric mean exposure, H, between point,

F, having a density 0.20 above nuninmm
density and a maxymum density point on the
curve, 5, tangential to F where the density T
doesn’t exceed 2.0 02 1 | m

Even though speed 15 determined at different T
pomts on the film curve for different typesof = * 1
Sl ittt el et
change the calibration of the meter for each g Hy, bogH . 'n,

film type. What 15 not commonly known 13

that film speed and sensitometric exposure

{speed point) are not necessanly the same thimg.
Sensitometric exposure 15 related to the pomt on
the log-H where the speed 15 measured. The

film speed number 15 connected to an actual
value of exposure only through a constant
assoclated with it.

There are two ways of thinking about film speed.
Speed as property of a photographic enmlsion

and speed as a practical approach to have an index
to enter into a meter. I don’t believe the concepts
are mutually exclusrve. They simply address the
two major problems mvolved m attempting to
devise a rational speed number:

Dianszity

{1 e

s

1] o
Bl
Loy s upm-uuflumm]

1. The defimition of exposure
2. A cntenion of excellence for the photographic image.



Defming K. Part 5¢ - Film Speed, Exposure Placement. and k| page 2

The speed pomt defines the characteristics of the film which produce the most consistent measurement, and
the constant, whether as part of the standard or modified by the user, creates the desired mdex.

The concept of the speed pomt 15 for its placement to be m the region of the film curve that 15 the most critical
for correct exposure determination and to be able to be deternmned withim a methodology m an accurate
repeatable manor that 15 applicable m the greatest number of conditions with the greatest number of emulsions.
But this isn’t necessanly where the cnitical exposure component is designed to fall.

With the fractional gradient method, the speed pomnt was chosen because it represented the mmimum gradient
necessary for the negative to produce a quabty photograph. As shadow reproduction was found to be one of
the pninciple factors n producing a gquality print, it would make sense to know the extent of the lower limits.

The factional gradient speed pomnt falls approxmmately one stop to the left of the 0.10 fixed density speed pomt.
Judging from its position alone, it should produce film speeds one stop faster; however, speeds denived from
the fractional gradient method actually were around one stop slower. The reason for this 15 the log-H exposure
15 divided mto a constant. This constant 15 considered arbitrary m that 1t 15 chosen not for an imherent reason,
but like the exposure constant P, it comes from psychophysical and field testimg and 15 chosen to optmuze the
exposure placement for a given photographic material.

0.10 over Fb+f

Fractional Gradient Speed IS0 Fixed Density Spead 0.3G /
M

25 25
Speedpg=——r = =78 Specdn 02 B3y =T
He, 0032 H_ 0064
) 028 |

The film speed constant also makes 1t possible to make adjustments to the film | | | |
speed without having to change the proven methodology or makmg a change to -2.023

the exposure meter. Color reversal film used to have a speed constant of 8. I

Sometime in the 70s it was changed to 10. This made transparencies one third H H

stop faster.

8 _ps 1% s

064 064

Black and white film speeds effectively doubled in 1960. The reason 1sn’t as easy to illustrate as the color
reversal change because the film speed change was accompamied by a change m the speed determination
methodology. The reason for the adjustment was to eliminate a safety factor that was no longer necessary
because of better lenses and lens coating, more accurate exposure meters, and the increased use of smaller
formats.

Agccording to CIN. Nelson, the speed change could have been accomphished by changmg the speed constant

of the fractional gradient method from 0.25 to 0.40. After all the fractional gradient method was proven to be
the most accurate method with the greatest vanety of enmlsions under the largest range of condifions. Butm
general practice, the frachonal gradient method was prone to testing errors. ANSI wanted to create an
mtemnational speed standard and knew that the Europeans wouldn't adopt the fractional gradient method.

They found that when the DIN's fixed density method of 0.10 above film base plus fog method was used under
certain contrast parameters, the speed produced using the fixed density method was the same as what would
have been produced by the fractional gradient method. The contrast parameters are critical, because without it
the fix density method doesn’t have as high a level of consistency of exposure as the frachonal gradient method
They changed the methodology of speed determmation to (.10 not because 1t there was any mntnnsic sigmficance
to a density of 0.10, but because 1t was easier find and therefore a more repeatable method.
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We already know that 0.10 doesn’t represent the minimum useful density because the fractional gradient
method’s speed point basically represents that and 1t 15 located almost one full stop to the left. Agam, 1t's used
basically because it 1s easy to find  The USSE’s old GOST method used a fixed pomt at a density of 0.20.
Obwiously this doesn’t represent the mummum useful density. It should be a surpnise that both represent 1/3
stop merements. If the speed point was to use a mmmmum useful density pomt, 1t probably won't work out to
be such a mice round number.

Additionally, the film speed number denved from the IS0 0.8/H_ equation doesn’t represent the value that
should be determined at that precise pomt. Furﬂlatmhappen,tféa:[uanmwuu]dhwetubelﬂ-hn Much
hke the factional gradient method, this 15 an example of how the speed pomt 15 where the speed 13 determmed,
but the constant adjusts what the speed number 15 which when plugged mto the exposure meter deternunes
where the exposure will fall on the curve. In this case 1t's a one third shift toward a slower film speed But
that doesn't necessanly mean that there 1s a one third stop safety factor only that from the 0.10 fixed density
pomt, the film speed exposure number needed to be adjusted m order for the exposure for an average lummance

scene to fall on the curve where 1t will produce a quality prmt m accordance with psychophysical testing.

In order to find the relabonship between the sensitometric measure of exposure, Hm, and the photographic

exposure requirement, Hg, the ratio between the two mmst be determuned. k, for b&w. The values are for 125
speed but the results are umiversal to all speeds.

H _ .
k28 kgt 8 g kgm0
H 0064 0064

The difference between the photographic exposure and the sensitometnc measurement 15 10x, or 1.0 log-H,
or 3 1/3 stops.

With k and the speed constant o, it can be shown the relationship “between the parameters involved in the
determination of the exposure requured for an average scene and also provide the basis upon which cahbration
techmiques of exposure devices are decided,”™ D. Connelly, Calibration Levels of Films and Exposure Devices.

HE-S Eg-t-5=ng-t-S

O

H, §=

=11

n using speed point exposure and film speed number
n=H_-§ .0064-125=038

n using the classic exposure equation combmed with k1

) 1
65-297-10.76—-123
gL _t8 -
n=_ 5 e G

Atk 16°-10

The followmg equation companson illustrates relationship of film speed, camera exposure, and the exposure
meter EXposure.
q I_ S
A”
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Combined with the exposure meter cahibration and the relationship can be reduced down to the constants as
long asp=1.

11
K=t Bl e
. 65 10.76

By using this equation, Hg for any value of K can be easily determined. For mstance K =1.30/14 for a 123
speed film.
9.1

P=K.gq (1.30-10.76)-65=01 5 =0.073 H_=0073mes

=

Lh

For K=130 k1 becomes 11.25.

= 72
& 92 _ 1125
H, 0064

Now we can project the camera image exposure for the average scene luminance range of 2.20 onto the film
curve based on P, n, and k1.
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It 15 obvious from the example that the shadow exposure doesn’t cormespond with the speed pomnt, but remember
the measurement of the sensitometric exposure, speed pomt, and the camera exposure aren’t the same thmg.
Also remember that n and P are denved from psychophysical testing which takes into account field condifions.
One additonal factor remams needs to be added to the exposure equation m order to make a foll accounting of
those conditions. Incorporated in the camera image along with the exposure values from the scene’s limunance
range 15 velling flare. While flare adds to the over all exposure, its mfluence 15 mostly i the shadow area. A
one stop flare factor means that the shadow exposure has doubled. In the example, that would increase the
shadow exposure from 0.0034 to 0.0068. This same amount of exposure is applied to every pomt in the camera
mage, but an merease of 0.0034 doesn’t make much of a impact on the highhght exposure of 0.334. For the
most part, film speed number doesn’t factor m flare directly. It 1s concemed with the sensitomeinic exposure,
butn and k, take flare into account in deternuming the exposure placement.

APUBDOT G|pRINY 10 - nsedEg
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What flare does 15 to change the ratio of the luminance range to the ilhmunance range within the camera mmage.

A one stop flare factor will take the average log 2 20 lummance range and reduce it to an effective 1.90

hmmance range in the camera. Thlsmdumsthelug—ﬂmugebetmmﬂ and the shadow exposure and
changes the location of 1ts placement on the film curve.

5

Average flare 1s from 1 to 1 1/3 stops. One stop 1s frequently used with exposure theory, 1 %% stop 15 nsed with

large format cameras, and 1 1/3 stops 15 generally applied to 35mm and sometimes medium format. For the
sake of clanty, ['m going to be usmg one stop for the standard exposure model, but I will also illusirate one
of the other values.
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Flare brings the shadow exposure up around the speed point. I consider this the standard model of exposure
because 1t shows how everything is supposed to work when all the condifions are average. But the valne for
flare 15 really the lowest average value. The example below shows what happens with 1 ' stop flare As the
example shows, in most cases the shadow exposure will fall shghtly to the nght of the speed point. Another

mteresting observation can be made from the example. TheﬁmmaumraugeahnwandbelmuH 15 almos
equal. T]:l::smggmtsthatthmde:anfnndd]egmjrmmmﬁ'nmthewa}rthehlmmaummugehﬂanﬂesmthe
camera. In this way 12% can be the nuddle.
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In the last installment I illustrated the part flare plays m exposure and how the assumption of flare factors into
k, and the placement of exposure. The prece was mnning long and [ wasn’t able to explam how flare 15
calculated and mcorporated into the exposure equation

Camera immage equation: Where
H = Exposure at the film plane — m mes or lux-sec
q = Exposure constant = (.65

L
H={1-t) 4 H; L = Luminance - in cd/m?
. A = Aperture mumber
t = Shutter speed

Hf=l-"'lare-:i.l1m::s or lux-sec

There are a number of ways to calculate flare, but I've found this method works well:

Where:
= H_= shadow exposure — in mcs or hux-sec
F = flare factor in stops

B F
Hf-{HE-EJ—H

I hke to calculate L using the following equation which incorporates the reflection density of the subject and
the illummance.

( -—{m)-lﬂ.?‘ﬁ
i 10

n

To determuine Hs, we will assume the average value for luminance range, 2 .20, 100% reflectance for the
highlight and 7680 cd/ft® for the illuminance. t 15 the reciprocal of the film speed, which will be 125.

11}1.1
n

16> 1

B3- (?ﬁSD-L- 1413'15)

H e 0.0034 mes

[ I
Lh

For a one stop flare factor H_would be:

{ 0.0034-2'} _ 0.0034 = 0.0034 mes

For a one and 1/3 stop flare factor H, would be:

{0.0034-22%%) _ 0.0034 = 0.0051 mes
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The example below 13 applying the exposure equation with one stop flare and without flare for the range from
ED 0.00 to 2.20 at log 0.10 mtervals. This 1s how the camera image curve 1s calculated m quadrant 1 of my
four quadrant program.

R RD H H+H,
100.0 0 | [03343] (03377
94| [0a0] [o4244]  [p4278
63.1| [020] [o3371] [n3403

50.1 0.30 0.2678 02712
38.8 0.40 02127 02161
316 0.30 0.1690 0.1724
25.1 0.60 0.1342 0.1376
200 0.70 0.1066 0.1100
15.8 0.30 0.0847 0.0851
12.6 0.20 0.0673 0.0707
10.0 1.00 0.05334 0.0368

79 1.10| [0.0424]  [0.0458
3 1200 00337 [0.0371
5.0 130 [0.0268|  [0.0302
40 140 00213  [0.0247 Exposure at speed point
32 1.50| (00169  [0.0203 for 123 speed film.
25 1.60 u.msJ: 0.0168 O e
20 1.70|  [0.0107]  [0.0141 125
1.6 1.30| [0.0085| [o.0119
13 190 [0.0067|- [0.0101
1.0 2.00| [0.0053] | [|0.0087
0.8 2.10|  [o.0042] | |0.0076
0.6 220|  [0.0034|-L |0.0068
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