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Abstract 
By raising the tempzrature of photographic plates the sensitivity of panchromatic and 

other slow emulsion plates was found to increase while that of rapid plates was found 
to behave in the opposite way. But their contrasts became always steeper. The 
corresponding change in the inertia of characteristic cu•ves was slower up to the temperature 
of about 30°C. and then became greater as the temperature was raised to about 70°C. 
and again became slower at higher temperature,. The change in the contrast was smaller 
up to the temperature of about 6')°C. and became more marked at higher temperatures. 

y was found to be proportional to e'
2
, t being the temperature of the plate in °C. The 

tangents at inflexion points of the characteristic curves taken at various temperatures seem 
to meet at one point. From these facts the following formula expressing the density as 
a function of temperature is obtained 

D=Dme<tt1{1 -e-(hl+c)R }, 

where a, b, and c are comtants and D,,. is the maximum density at o°C. This fommla 
is valid from 10°C. up to 8c>°C. 

Experiments 

In my first paper1 it was shown that by ra1smg the temperature of 
photographic plates the contrasts of their characteristic curves always 
become steeper and the sensitivity of such plates as panchromatic and 
those of slow emulsion is increaseJ., but that of such plates as very 
rapid emulsion is decreased. In the present experiment it is intendeJ 
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to find how the inertia and contrast r of the plate depend on its tempeature. 
The experimental apparatus and methods were the same as those 

given in previous paper. Several pieces were cut out from a plate 

carefully preserved in a desiccator, and they were heated before the 

exposure at a desire:1 temperature for one hour in a steam bath. Ihe 
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temperature was read by a thermometer inserte:1 into the plate holder, 
the temperature being kept as constant as possible during the exposure, 
but it varied within ± 1 °C. 

Analysis of the Characteristic Curves 

The characteristic curves of certain photographic plates taken at 
various temperatures for lights of special wave lengths are represented 
in fig._ 1. From these curves the inertia and the contrast of such plates 
are plotted against the temperatures as shown in Fig. 2. 
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The values of inertia log i and contrast r determinc1 from the 
characteristic curves are given in the following tables. 

As is seen from the diagrams, though the variation of the inertia 
is generally slow up to the temperature of about 30°C., it becomes very 
marke:1 after that temperature is reached and again becomes smaller at 
temperatures higher than 70°C.. On the other hand, the increasing of 
the contrast is not markeJ at lower temperatures until the temperature 
of 50°C. or 60°C. is reache:1, but becomes gradually· steeper at higher 
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Table I 

llford Special Rapid Panchromatic Plate. 

i5oc. 

300c. 

40°c. 

500c. 

6ooc. 

8o°C. 

150c. 

300c. 

40°c. 

500c. 

6ooc. 

700c. 

8o°C. 

Log i I "( 

2.65 0,466 

2,48 0,482 

2.25 0.488 

1.85 o.5ro 

l,53 0.524 

1.32 0.550 

0,97 0,566 

W ratten & Wainwright 
l'rocess Panchr. PL 

"( 

3.54 0.575 

3.r3 0.588 

2.45 0,613 

1,90 0.618 

1.45 0.645 

1.06 0.675 

0.78 0.740 

Log i 

2,17 

2.06 

r.82 

r.5O 

1.30 

I.2O 

0,96 

150c. 

250c. 

35°c. 

45°C. 

ss0c. 

65°c. 

75°C. 

"( Log i "( 

0,520 2.40 0.440 

0,536 2.20 0,462 

0,590 1,70 0.468 

0.636 r.28 0.508 

0.700 o.86 o.554 

0.7iO 0.39 0.562 

0,840 0.14 0.634 

Eastman Universal Plate. 

),=525 µµ. 

Log i "( Log i I "( 

r.oo 0.304 I.76 0.270 

I.IO 0.306 l.75 0.270 

1.40 0.328 r.79 0.280 

1.54 0.332 1.76 0.274 

1.94 0.346 1.84 0.286 

2.37 0.374 I .95 0.296 

2.44 0.376 r.95 o.3ro 

temperatures. It may be assume:1 from the curves that the contrast 
changes exponentially with the temperature. 

Now if we plot the values of log r against t 2
, the straight lines 

shown in Fig. 4 arc obtained. Thus the contrast r is represented by 
the expression : 

................................. (1), 

where a and k are constants depending on the wave length of the light 
used for the exposure, the time of the development and the properties 
of the emulsion, and t is the temperature expressed in °C .. 

The constants a and k of the equation ( 1 ) are calculated from the 
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straight lines given in Fig. 4 as follows ;-

Table II 

Ilford Spec. Rap. Panchr. Pl. Eastman Universal Pl. 

).=5oo P·11-· I A=70011-11-· A=45011-11-· 

a 0.0000300 0.000057 0.000044 

k -o.74 -0.822 - I.I 72 

It may also be seen that the tangents at the point of inflexion of 
each characteristic curve given in Fig. 1 seem to meet at one point. If 

this is correct for every temperature the following relation must hold : 

-{1 -~.--r ....................................... (2), 
log2i-rt 

where a and /1 are the coordinates of the point of intersection. 

That is, there must be linear relation between - 1
- and log/. 

r 
A graph is therefore drawn taking 1/r as abscissa and log z" as 

ordinate and a straight line is thus also obtainc:1. The c:x_amplcs of such 
diagrams arc represente:1 in Fig. 3, in which points almost lie on the 
straight lines showing that equation (2) holds in the present case, z: e., 
the tangents at the point of inflexion to each characteristic curve taken 
at various temperau1res intersect at a point. 

The constants a, {J are calculatci from these lines as follows. 

Table III 

I 

Ilford Spec. Rap. Panchr. Pl. Ea,tman Universal Pl. 

A=500 !'·11-· ).=70011-11-· A=4SO 11-11-· I 

(X -8.5 -6.o 2.4 

~ -5.3 -3.8 8.8 

Empirical Formula 

The equation connecting the relation between the density of a 
developc:l photographic plate and the exp::>sure is given by the following 
equation by Elder, 

D=D,,. (1 -e-Kg), ................................. (3), 
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temperature of the plate being suppose:l to be constant. But if the 

temperature of the dry plate is changej, D,,, and K should also vary as 

a certain function of the temperature, consequently, in considering charac­

teristic curves, x=log E is to be taken as abscissa, and then we get 
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by differentiating this equation we obtain 

!~ =Dm(t)K(t)ex-K(t)e" ........................ (5), 

~: =Dm(t)ex-K(t)e" { 1-K(t)e"}. 

At the inflexion point this equatin must be equal to zero, or 

I -K(t)e"=o 

this is, 

.......................................... (6). 

Substituting the last value in equation (5) we obtain 

~i = Dm(t)e-1 

This is the slope of the tangent at the inflexion point of the 
characteristic curve, and it is not anything else than the contrast of the 
characteristic curve. But in an ordinary characteristic curve E = 2' is 
taken as the exposure inteat of E=eZ, thus the abscissa axis in the 
accompanying curves representing the value of~. consequently, 2'=e" or 
~log 2 =x 
then 

de=---
dx log 2 

therefore 

dD dD d~ dD --=-- --=-- ---
dx d~ dx d~ log 2 

dD =D (t) loo- 2 • e- 1 

d~ ,,, "' 

that is 

-D (t)e-1.366 ( ) r- m .................... , .................. 7 , 

because Log 2 = e-0
-
366

, 

As shown above the contrast may be given by the equation 

therefore 

D,,,(t)e-1.366 =e"'i+k 

or 
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putting 

k+ 1 .366=k' 

D,,.(t)==-c"'
2 
+k' ....................................... (8) 

The last equation shows how the maximum density changes with 
the temperature. Now, let the value of D,,.(t) when t=o be represente:1 
by Dm, then D 11, =eK', and equation (4) becomes 

........................... (9) 

In order to see how the relation (8) holds in the present experiment, 
densities calculate:1 from equation (8) an1 those calculate1 from obscrve:1 
characteristic curve a.re compare:1 in the following table, in which the 
data are taken from Ilford Special Rapid Panchlomatic Plates for the 
ray of A= 500 µµ .. 

Table IV 

Temp. I isoc. I 300c. 
I 

400c. l~J 6ooc. 70°c. 
I 

8o°C. 

Dm cal. from (8). I.SO 1.94 r.98 2.04 2.I0 2.18 2.29 

Dm cal. from 1eal 
r.93 curve. r.97 2.02 2.04 2.13 2.I8 2.25 

Difference. I 0.03 I 0.03 I 0.04 I 0.00 I 0.03 o.oo i-0.04 

The maximum densities given in the above table arc calculate1 
according to a metho=l similar to that given by Nietz in his book " Theory 
of development" on p. 89. Thus it will be observej that our equation 
(9) gives correct results as the differences lie within the limits of experi­
mental errors. 

Next, the functional form of RJJ) in the equation (9) mi.1st be 
determine 1. The equation ( 9) is now transforme1 into the following 
form: 

Dme"'
2 

Log ., - K{t)E ..................... (10). 
D,,.e"'"-D 

Thus, the value of the left hand side of the equation (IO) is 
proportional to IC(t) ,vhen the exposure is constant. If we draw curves 

2 2 
representing Log Dme'a /(D,,,e"' - D) as a function of K(f), a straight 
line is obtaind only when t 2 is taken as abscissa. 

Fig. 5 represents such relations for some kiwJs of plates for several 
values of E. 

Therefore the function I<(t) is to be exprcsse:l as follows 
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.K(t)=bt2 -t-c .... ................................... (1 r ), 

where b and c are constants, their values being calculate::l from Fig. 5 and 
are given in the following table. 

Table V 

Kind of plate3 Wave length b C a of light 

llfo1d Spec. Rap. Pancbr. 
500 p.1i, o.oooooc;o 0,022 0.000031 Plate 

Ilford Spec. Rap. Panchr. 
700 0.000019 0.019 0.000057 Plate 

Ea3tman Universal Plate 45° -0.0000046 0.046 0.000038 

W ratten & W ainwrigbt 
700 0.000016 0.0058 0,0000 34 Process Pancbr. Plate 

Thus, as the result of these analyses of the characteristic curves the 
following empirical formula of density growth expresse::l as a function 
of the temperature is obtainc::l : 

D= D,ne'112
{ l -e-(M

2
+c Jo} , , ..................... . (1 2), 

where D,,, is the maximum density at 0°C., E is the exp0stu-e, t is the 
temperature of the dry plate in °C., and a, b and c are constants depending 
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on the wave length of the exposure light, time of development and 
properties of emulsion, where a decreases as the time of development 
increases, and b is negative for some rapid plates and positive for other 
plates. 

The following table gives the values of the observed and calculated 
densities using equation ( 1 2) for Ilford Special Rapid Panchromatic Plate 
for light of ).= 500 µµ. 

Table VI 

~ 
15°c. I 3O0c. 40°c. I 500c. 6o°C. 700c. 

I 
8o0C. 

ob. cal. ob. cal. ~lea!. ob. cal. ob. cal. ob. cal.I~ cal. . 
-------- ------ --

2• 0.18 o.r8 0.23 0.23 0.29 0.27 o.34 0.34 0-41 0.42 0.48 0.52 0.63 0.64 

23 0.36 o.34 o.43 0.42 0,51 0.51 0.63 0.63 o.75 o.74 0.92 0.93 I.I 5 1.12 

2• o.66 o.62 0.76 0.76 0.85 0.89 1.08 1.07 1.28 1.26 1.48 1.48 1.71 1.70 

2• I.IO 1.06 1.20 r.23 1.34 r.39 1.53 r.59 1.82 1.82 

The coincidence is pretty good, showing that this formula holds from 
10°C. to 80°C .. 

J n conclusion, the author wishes to express his thanks to Prof. 
M. Kimura for his kind advice and the great interest he has taken in 
the present investigation, and the author's thanks are also due to President 
T. Maruyama of the Konan College for his good offices. 


