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INTRODUCTION
the negative and lets the shadow area take care
of itself.

This article examines the various paper and
film parameters that are measured in the
densitometer article.

Using the correct value of G2 works well in all
situations and is adopted as a single parameter
that is used to determine the correct film
processing time.

In order to achieve an initial attempt at a good
print on grade 2 paper, it is necessary to have an
appropriate development time for the film and an
accurate exposure reading.

It is also assumed that all processing times are
calculated for grade 2 paper. Different times are
used for condenser and diffuser enlargers.

The overall primary objective is therefore to
define what we mean by both parameters as best
we can.

The reader is taken through an initial
discussion of common pitfalls associated with
accurate exposure determination and some
sensitometry relating to the overall process.

Furthermore, the photographer should have
to use as little judgement as possible by defining
a suitable exposure strategy applicable to any
situation.

Previous measures and manipulation of
negative dynamic range have essentially been
abandoned and it is assumed that paper contrast
changes may be used to fine tune a print.

Towards the end of the heyday of film
p h o t o g r a p h y, t h e r e w a s a c o n s i s t e n t
recommendation in the literature that to obtain the
best performance from negative material it is
necessary to expose accurately to ensure that the
compression of tones in the toe of the
characteristic curve is correctly utilised. The
counter intuitive result of over exposure is less
shadow detail and wasted film speed. This
means having little or no margin for exposure
error.

We will see that it is difficult to get more than a
7 stop dynamic range, especially with a
condenser enlarger. Bear in mind that any
underdevelopment of the negative will introduce
progressively lower and unacceptable gammas
into our final print.
One conclusion we have to accept, is that
photographing difficult scenes, previously
described as ‘high contrast’ or ‘high dynamic
range’, may require a combination of the use of
graduated filters, dodging or burning in during
printing, or the use of lower grade papers.

To do this, a good understanding of negative
materials is necessary, combined with some
testing.
Print dynamic range is controlled by a
combination of film and paper characteristics with
a strong emphasis on paper characteristics,
which may dominate the overall process.

One obvious advantage of this approach is
that we are concentrating on grade 2 papers
which means that high quality graded papers
become a viable alternative to multigrade.

Extending the modelling process to the final
print enables the investigation of different
measures of print quality in a way that perhaps
should have been attempted in the early zone
system.
We appear to have only two ‘absolute’
parameters at our disposal. One is the
supposition that a final overall gamma of 1 should
give the most natural looking print .
The second may be expressed as a
requirement to adjust the film gamma so that we
can print a test image of a grey and white card
correctly on to grade 2 paper.
In the rest of this document, this gamma is
called G2 and depends on the type of enlarger
used.
As we will see, the two parameters conflict. An
overall average gamma of 1 will always print the
grey card far too light if the white card is printed
correctly. This is because this parameter extends
into the shoulder and toe of both negative and
paper materials.
G2, on the other hand, specifically measures
the region between the grey and white cards on
2

G2 and OVERALL DYNAMIC RANGE
Graph 1 below shows a typical overall
characteristic curve using Grade 2 Ilford MGIV
and Acros 100 film with a development time in
IDllb 1 to 1 developer, giving a film Ilford G of 0.55

the speed point density i.e. 0.6 to 0.65. This
means that the grey card will print too light which
can only be corrected by using a higher grade of
paper.

The average gamma is between the 2 key
gradient points and is close to 1 as shown in the
table.

G2 for this film is 0.54.
Film 2 , on the other hand shows the requirement
to achieves a G2 gamma of 0.73 which is the
calculated value for a condenser enlarger. See
the calculations after the Film 2 graph.

This has been generated by the b-wTechnik
Film Measurement spreadsheet and software.
The minimised spreadsheet provides tables of
data. Table 1. is a sample of data related to
Graph 1.

In the spreadsheet and the fproc program, the
exposure value for the required white card
density is calculated (normally 1.2 for a
condenser enlarger and 1.5 for a diffuser
enlarger) and from this the exposure point for the
grey card is calculated. Finally, the density of the
grey card is then calculated.

We can see the problem with non linearity. The
two key points are similar to the key points used in
the ISO paper grading scheme, that is, between a
reflection density of 1.8 and 0.04. Compression in
the toe of the film has been used to improve the
linearity of the shadow region but bear in mind
that this will only happen if the original exposure is
accurate enough to place all the shadow region in
the toe. The key points look mismatched but they
are selected to give similar loss of detail in the
highlights and shadows.

G2 target gradients are proposed as the only
development requirement regardless of scene
characteristics.
The required G2 gradient and overall gradients
are included in the fproc calculations and output
data.

Although the average gamma is 0.96, the
linear gamma is 1.44.
The characteristic curves shown below are for
Panf+, developed for 6 minutes and 7.5 minutes,
in ID11b, 1 to 1 dilution. Film 1 gives an overall
gamma close to 1.0 and a G of 0.55 as suggested
on the previous page. The location of the
exposures for a white and grey cards are shown.
The grey card is assumed to be 2.5 stops down
from the white card or, a log density difference of
0.75 (2.5 x 0.3).
As you can see, in film 1, the grey card is not in the
centre of the printable characteristic curve above
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Film Example With Overall Gradient = 1

2.5

Film 1: dev. time 6 minutes
Condenser Enlarger
G2 = 0.54 ( (1.2-0.1)/(2.772-0.752) )
G = 0.55
Overall gradient = 1
Dynamic Range: 6.7 stops
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Film 2 :
Condenser Enlarger
G2 = 0.73
G = 0.63
Overall gradient = 1.06
Dynamic Range: 5.7 stops
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If we assume the middle portion of the curve is a straight line, the required centre point grey card density
would be 0.65 and the gradient G2, using a condenser enlarger, would be :
G2 = (white card density - grey card density) / exposure range
= (1.2 - 0.65) / 0.75
= 0.73 (condenser enlarger)
Repeating the process for a diffuser enlarger, using the values in brackets on the graph, we get :
G2 = (1.5 - 0.8) / 0.75
= 0.93 (diffuser enlarger)
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PHOTOGRAPHIC LIGHT METERS
Much has been written on this topic so I will only
discuss particular points of immediate interest.

When correctly used, all the incident light meters
will give similar results in most situations but for
critical work there are exceptions.

Wide angle reflection light meters, as opposed to
spot meters, have limited use for accurate
exposure as they are only calibrated for an
average scene. They will not be discussed
further.

Consider Figure 1.
The relative output from each incident meter
would be as follows

Incident light meters or spot meters will be
assumed to be used in the remainder of the
article.

a. Cosine pointing at camera:
b. Cosine pointing at either source:
c. Cardioid pointing at camera:
d. Hemisphere pointing at camera:

Two types of incident meter will be discussed:
l

l

Turn off one of the lights and repeat.

flat cosine responding sensors which are
slightly more directional than a standard
reflection meter. These do not appear to be
available commercially for photographic
use but are common in light level
measurement.
meters with fully integrating spheres with a
cardioid or similar response. A good
example is the Weston Master V with an
Invercone fitted or Gossen products.

e. Cosine pointing at camera:
f. Cosine pointing at source:
g. Cardioid pointing at camera:
h. Cardioid pointing at source:
i. Hemisphere pointing at camera:

0
1
0.5
1
1

Clearly the correct exposure is given by a "1". The
old style hemisphere records twice as much light
in case d) but as there are no circumstances
where both sources overlap significantly on the
object, the reading is difficult to interpret.

Figure 2 shows three types of response including
a hemisphere.

The cardioid is also pointed at the source in case
(h).

The cosine meter is intended to be pointed at
either the light sources or in the direction of the
camera.

Figure 1 Incident Light Meter Anomalies
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Figure 2 Various incident meter responses
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As you can see there is scope for errors with
integrators as opposed to the cosine type.

Figure 3

The question is: how is a typical incident meter
calibrated.

Grey Card
Incident
Meter

Figure 1 shows a test arrangement to see how
an incident meter is really functioning. The
incident meter is a Gossen Sixtomat and a
reference is a Pentax spot meter reading off the
grey card. The single lamp in Figure 3 was set up
to give EV7.0 in the centre of the grey card. The
incident meter read EV6.2.
The process was repeated with the Figure 2.
set up. This time the incident meter read EV6.8
Measurements outside in a hazy sun in a
number of situations, both meters agreed to
within 0.4 stop but the angle of the grey card has
to be adjusted carefully.
In a similar way to our example above,
integrators appear to give exposure errors
according to how diffuse the light source is and
how the diffuser is designed. This is why the
cosine response is preferred.

Figure 4

Grey Card

The cosine meter duplex technique, where
an average between source and scene is used, is
a tried and tested compromise and is worth
considering as a simple technique.
However, the photographer can simply make
a measurement in relation to the part of the scene
that needs the correct exposure.
Spot Meters are advocated by users of the
zone system primarily for determination of
dynamic range. On their own they cannot be used
to determine the absolute exposure required.
All we need, though, is a standard grey card or
sheet of plain white paper with a white card
backing. The exposed surface should be as matt
as possible.
If all we have is a white card, we know that
there are 2.4 stops between a grey card and a
white card reading and a bit of arithmetic will give
us our normal exposure value.

If an exposure is measured with the card
vertical, and pointing towards the camera and lit
from above, it will result in the overexposure of the
whole scene. The negative will print with the
correct standard grey card density and not how
the grey card looked in our scene.
This is not what we normally want. It is also
likely that in this situation, a normal integrating
sphere incident light meter reading will also not
agree with the card + spot meter exposure
reading. The integrating sphere will include too
much light from extreme directions leading to
underexposure of up to 1 stop in some common
situations. It all depends on the directionality of
the light source.
If the light source is essentially directional and
is illuminating the subject from directly behind the
camera, then the card may be vertical and the
different meters should give identical results.

As with the discussion concerning figure 1, we
still have to be careful how the card is used.
Being flat, it is essentially an accurate cosine
convertor when pointed at light source or camera.
The same considerations and techniques will
apply, as for the duplex method.
When using either card it is important to
point it at the light source. For example, if
outdoors, with a grey cloudy sky, tilt the card
at 30 - 45 degrees in order to integrate the
available light correctly.
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EXPOSURE STRATEGIES
not agree with the zone system.
The spot meter can be used to easily identify
the upper limit of the scene, that is a fully lit white
card facing the light source or an even brighter
object reflecting the light source differently such
as clouds close to the sun.
However, there are difficulties in the shadow
area when determining dynamic range.
The idea of finding a dark area in a scene in
which we think we can just "print detail” and
calling it Zone 3 is completely open to
interpretation.

The b-wtechnik website has various papers
from the 1960’s concerning the unexpected
difficulties in getting the correct exposure for a
photograph in conjunction with the selection of a
suitable film development time.
This is made difficult because of the
suggested requirement in some of the articles to
print on grade 2 papers. In other words, we
cannot get the film exposure / development
wrong and then make up for it by changing
grades.
Maximum black times for different grades of
multigrade paper show that grades below 2 have
longer times when compared with the times for a
mid grey and white. This makes it potentially
difficult to achieve a maximum black.
Grades above 2 do not show this
characteristic so we can at least use higher
grades. Fortunately with modern graded papers,
grade 1 appears to be perfectly useable.
Va r i o u s l i g h t m e t e r i n g s y s t e m s a r e
considered in the articles and this is discussed in
the previous section about meters.
The Zone system typically uses a spot meter
but the strategy for its use and the identification of
the scene dynamic range, is not clear but, for
reasons given in the previous few pages, we do

Figure 5 shows an example of how scene
dynamic range can be viewed and its relation to
the final exposure. The example in full sun is
based on an extreme difference in light levels of 4
stops between full sun and shade. A lower limit is
assumed to be close to a normal black card or
object placed in the shade.
If we used the grey card in full sun as our
exposure reference, we find that most of our
dynamic range, 5 to 7 stops, is below this point.
This is correct but the negative consequence is
that the grey card in full sun will appear lighter

Typical Scene Dynamic Ranges
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If you want to know the scene dynamic range,
a different approach is suggested below
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position, that is, the centre of the dynamic range.

than it should in the final print.
In other words, we have had to distort the tone
values significantly in order to increase dynamic
range
The overcast sky scenario in Figure 5 is close
to a minimum dynamic range scene that we may
encounter outside or in the studio. In this case,
there should be no problem using a correct G2
gamma. Take care using an incident light meter in
this situation as it is the worst practical case for
errors.
Figure 6 gives full details of the sensitometry
involved and the effect of extending the dynamic
range. It is clear that an overall dynamic range of
around 5 will bring the grey card into the correct

Figure 6

However it has been noted that with correct
exposure and the high G2 gammas the
compression in the shadows is quite effective and
gives an excellent and accurate looking print
before any manipulation.
As mentioned previously, if we are concerned
about the low gamma of high dynamic range
prints, the only possible remedies that may be
available are dodging and burning in of the print or
the use of graduated filters to suppress sky and
cloud film densities.

Typical Scene Extended Dynamic Range Sensitometry
Imagine a scene as shown below and we have decided on an 8 stop dynamic range.
Using our spot meter we take a reflected meter reading from the white, grey and black cards
and repeat the grey card in the shade. If you intend to under develop the film, the exposure value
should be in the centre of the grey cards but you will have to print on a lower grade paper.
If we measure the reflection density of a grey card directly, it is 0.72 but the grey card in full
sun in our print is measuring 0.35 as shown below. The extended dynamic range has been
achieved at the expense of the tones being incorrect.
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FINAL CONCLUSION:
A SIMPLE METERING STRATEGY IF YOU ARE CONCERNED ABOUT DYNAMIC
RANGE
Hopefully now we have a working idea of spot metering and estimating dynamic range so here is a
simple metering strategy.

USING A SPOT METER
1.
2.
3.

MEASURE THE EXPOSURE LEVEL OF A FULLY LIT WHITE CARD.
Example: a full sun giving EV17.
MEASURE THE EXPOSURE LEVEL OF A WHITE CARD IN THE SHADE
Assume this is EV13.
THE REQUIRED OVERALL DYNAMIC RANGE IS GIVEN BY:
DR = 6 + (difference EV17 - EV13)/2 = 8.0

4.

THE EXPOSURE REQUIRED = EV WHITE CARD - 2.5 - (difference EV17 - EV13)/2
This would give us EV17 - 2.5 - 2 = EV12.5

USING AN INCIDENT LIGHT METER
This is essentially the same as using a spot meter. Take an exposure reading as normal, usually into the
light then turn your back to the main light and take another reading with the meter shaded. The dynamic
range is calculated as for the spot meter where the ‘difference’ is the difference between the two incident
light readings.
NOTE: SOME FILTERS MAY COMPLICATE THE EXPOSURE AND DYNAMIC RANGE
REQUIREMENT. See a later section for examples.

ALSO NOTE:
WE CAN CHOOSE TO IGNORE THE DYNAMIC RANGE REQUIREMENT AND
SIMPLY USE THE DEVELOPMENT TIME FOR AN OVERALL GAMMA = G2 FOR
THE ENLARGER WE INTEND TO USE.
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