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xssibility involves an increase in the pro-
jection interruption rate (normally three
Gmes the projection pulldown rate),
Although this possibility has been little
explored, it may afford a more adequate
solution.
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Safety Factors in Camera Exposures

A new American Standard for determining the speeds of black-and-white negative
glms for still cameras was issued in April 1960 by the American Standards Asso-
gation. The new speeds are approximately twice the exposure indexes defined by
the older version of the Standard. The level of the numbers was increased in
order to reduce the “safety factor’” in camera exposures indicated by exposure
meters. The reduced exposures give negatives that are better from the standpoint
of ease of printing, sharpness, and print graininess, The present paper is a report
on a study, made in connection with this standardization project, to determine the
sbsolute magnitude of the safety factor. Both the mathematical and experimental
parts of this study indicate that the safety factor associated with the exposure
index is approximately 2.4 for average sunlit scenes when accurate meters, shutters -
and lens apertures are used. The safety factor associated with the new ASA speed
is slightly more than 1.2, the same as for color reversal films. The revised speed |
criterion and the new additive system of units for film speed, scene light, lens

aperture and shutter speed are described,

DL‘RINC THE PAST three or four years,
much criticism has been aimed at the
safety factor involved in the use of
American Standard exposure indexes!
with exposure meters calibrated in ac-
cordance with American Standard pro-
cedures.? A number of articles in photo-
graphic magazines have pointed out the
penalties and disadvantages resulting
from the use of too large a safety factor
and have urged that a smaller safety fac-
wr be introduced by means of a revision
i the American Standard for determin-
g ASA exposure indexes for black-and
white negative films. The general spirit
of these articles is illustrated by the title
¢ one of them: “ASA Exposure Index:
Bungerously Safe.”’s

A safery factor exists in a camera ex-
sure \\‘henevcr that CXPOSUTE iS grealer
“ian the minimum camerza exposure that

% abridgment of Communication N
2 the Kodak Researc
.r..:.h*s-.ea N. Y., which was

< knp. 4, Neo, 7: 48-58, Jar
O0ns 16 the text have been made in recogni-
hie publication, in Apr. 1960, of the new

-part of the d=
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will produce a negative from which a
print of excellent quality can be made.
The ratio of the actual camera exposure
to this minimum camera exposure is, by
definition, the safety factor.

If a large safety factor is used, the nega-
tives obtained will, on the average, be
much denser than is required for making
a high-quality print. A small safety fac-
tor means thinner negatives. In the field
of still photography, the main advantages
of negatives resulting from the use of a
small safety factor are:

easier focusing of enlargers;

shorter printing times;

. less

sharper pictures:

a. greater depth of fieid:
-motion blur reduced,

stion bibr reduced.

graininess in enlargements;

o R s

Another zdvantage. which occurs with
some films (especially if they have been
overdeveloped . 1s that the shape of the
v-vs -log exposure curve
nner negatives is better
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than the shape of the part of the curve
used for the heavily exposed negatives.

Because of these advantages, many
photographers are convinced that the
best camera exposure is one which is
only slightly greater than the minimum
camera exposure required for a print of
high quality.

The 'main disadvantage of a small
safety factor is, of course, that occasionally
an underexposed negative will be ob-
tained as a result of an error in camera
exposure. The original purpose of the
safety factor was to absorb such errors.
Present-day experience with eolor re-
versal films for which a large safety factor
cannot be used shows, however, that the
number of underexposed pictures result-
ing from the use of a small safety factor
is remarkably small.

If a large safety factor is undesirable at
the present time, why was a substantial
safety factor thought to be fecessary
when the American Standards for film
ratings and exposure meters were first
adopted in the 1940°s? The first reason
is that exposure meters, camera shutters
and lens apertures were not as accurate in
1940 as they are in 1960. The second
reason is that the camera-exposure lati-
tude was effectively greater in those
earlier years, largely because the increase
in print graininess with inhcrease in
camera exposure was not so evident with
the large cameras. large negatives. and
the small degree of enlargement or con-
tact printing then commonly used. The
great increase in the number of small
cameras 1n usc in recent years and the in-
crease in the degree of enlargeinent has
made the graininess problem more sig-
nificant

Many photographers have adopted the
e of giving Jess exposure than is
ase of ASA exposure in-
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Fig. 3. Predicted location,
on the D-log E curve, of
the negative of an average
sunlit scene exposed in
accordance with the ASA
exposure index used with a
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. calibrated exposure meter.
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dexes with exposure meters. They use
the American Standard indexes only as
a starting point for deriving a new kind
of exposure index which is obtained by
the simple procedure of doubling the
Standard exposure index. This practice,
of course, has the effect of cutting the
safety factor in half, giving the preferred
thinner negatives.

In recognition of this practice, the
American Standards Association formed
a new subcommittee, under the chair-
manship of J. L. Tupper, for the purpose
of revising the American Standard on
speed and exposure index. In April
1960, the revised Standard® was pub-
lished, having been approved by the ASA
Sectional Committee on Photographic
Sensitometry (M. G. Anderson, Chair-
man), the Photographic Standards
Board, and the officials of the ASA.
Copies of the Standard can be purchased
from the American Standards Associa-
tion.

In the new Standard, the term
“speed” replaces the term “exposure in-
dex.”” The new speeds are approximately
twice the exposure indexes. This change
reduces the safety factor to one-half its
former value for the black-and-white
materials covered by the Standard.
Color films are not affected.

The magnitude of the safety factor as-
sociated with the exposure index of
black-and-white films has usually been
assumed to be somewhere between 2 and
4. The most common estimate has been
2.5. A few writers have contended that it
is 4. It is a remarkable fact that the exact
size of the safety factor has not been
definitely known. It is not mentioned in
either the Standard on exposure indexes
or the Standard on calibration of ex-
posure meters.

The purpose of the present paper is to
present new evidence on the magnitude of
the safety factor in the photography of
average sunlit scenes. Two independent
approaches were used, one theoretical
end the other experimental.

This study was undertaken by the
writer as a member of the ASA subcom-

480

Loq‘Ec| (meter)

mittee on film speed, and as a member of
the ASA subcommittee on exposure
meters.

Calculation of the Safety Factor

An estimate of the size of the safety
factor can be obtained by means of cal-
culations based on the following three
formulas:

1. The camera image illumination
formula’

I=CB/f (1)

where

I = image illuminance on the film in

meter-candles;

B = object luminance in candles per
square foot;

f = f-number setting of the lens, and

C = a constant which is approximately
equal to 7 if the assumptions are
made that the lens transmittance
is 0.95, the distance from the lens
to the subject is forty times the fo-
cal length of the lens, and the sub-
ject is 12 degrees off the camera-
lens axis (cos'® = 0.91). These as-
sumptions are believed to be ap-
propriate for an average camera
with a coated lens used under av-
erage conditions of photography.

2. The American Standard formula
for calibration of exposure meters®

t = 1.17f*/BZ (2)

where
t = exposure time;

f-number of the lens;

object luminance in candles per
square foot, and z

American Standard exposure in-
dex of the film.

3. The American Standard formula for

the film exposure index!

/
B
Z

Z = E, (3)
where
Z = American Standard exposure in-
dex, and
E, = the exposure in meter-candle-

seconds required to obtain a speci-
fied minimum response on the
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“ shown in Fig. 3. It is seen that

film as determined by the frac-
tional-gradient speed criterion.
In rhe use of these formulas to compute
the safety factor, it is assumed thar a
photograph is to be raken of an average
sunlit scene and that the camera settings
of exposure time and f-number are to be
determined by a calibrated exposure
meter which is used to measure the
““average luminance” of the scene. It is
also assumed that a spectrally nonselec-
tive gray object is placed in the scene
having a reflectance and an orientation
such that its luminance is equal to the
“average luminance’” of the scene. The
exposure, E,, on the film in the camera
in the image of the gray object is equal to
It. Then, from Formula (1), E, =
CB,t/f*. Combining this expression with
Formulas (2) and (3) and inserting cer-
tain corrections due to flare light and the
ultraviolet content of the radiation used
in determining the exposure index, as de-
scribed in the original paper of which this
is an abridgment, it is found that

E./E, = 37 {4

where E, is the exposure on the film for
the gray object representing the “average
luminance’ of the scene, and E, is the
“minimum useful exposure” defined bv
the fractional-gradient speed criterion
specified in the former American Stand-
ard, PH2.5-1954.

Figure 3* shows where E, falls on the
D-log E curve of the film. E,, the ex-
posure for the gray object read by the
meter, lies a certain interval to the right
of the speed point. According to the cal-
culations, this interval is 37 times grea(ct
than E,, or 1.57 in logarithmic unit.

The safety factor can now be derived
from this interval by making use of th
scene luminance measurements publishc‘d
by Jones and Condit.* They found tha!
for 126 outdoor scenes, the maximui
luminance or “highlight” was on ¢
average 0.55, in log unit, greater than
the average luminance. This result 2
used in Fig. 3 to locate the highlix®
point, 4, on the curve 0.55 unit Llhc
right of point a. Jones and Condit +*
found that for average outdoor suf
scenes and an average camera, the mi?”
mum luminance or deepest shadow *
the scene is recorded 1.8 in log E unit
to the left of the highlight poin® e

the

. - i
shadow is recorded a certain 10g

terval to the right of the speed P"“::(
This interval would be equal t© "‘
logarithm of the safety factor if the Has
light in the camera were equal 1o t:
which is typical of an average unco+"
lens and an average scene. When t‘f"“‘"
flare is equal to that which is P!
an average coated lens and an av<*™”
scene, the deepest shadow can be
about 0.05 to the left of the specd

piae
por?

s
* Figures 1, 2,4, 6, 8, 10, 12 and 13 of
original article are omitted.
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