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Lamps with brief discharges are often employed to photograph rapid phenomena. ‘\‘ow the photometric characteristics 
of these lamps are as little known as the rpactions of the photographic emulsions to brief exposures. We studied the 
overall photographic efect of the rays emitted by the lamp, as a function of time independent of all consideration of 
spectral range. 

A n  optical layout with a rotating mirror, and a photometric wedge placed near a slil, allowed us to obtain 
photographic records which gave directly the curve of the logarithm of the intensity of the light as a function of time. 
The photometric characteristics of the dierent  sources were compared with one another by taking their ratio to a 
reference source of steady intensity recorded through the same optical layout, so that the same duration of exposure was 
obtained. 

F L A S H  LIGHT SOURCES, such as gas-filled dischargelamps, 
are frequently used for the photography of fast physical 
or chemical phenomena. The photometric characteristics 
of such lamps, however, are often poorly defined, par- 
ticularly with regard to their utilization with photo- 
graphic emulsions. 

The object of the present study was to determine a 
simple experimental method for the photometric study of 
flashes in direct association with the photographic recep- 
tor. This method makes it possible, in particular, to deter- 
mine for each flash the relative intensity curve as a func- 
tion of the time, and the effective photographic duration 
for the emulsion used. Furthermore, by the use of a 
continuous reference light, it becomes possible to estab- 
lish for each emulsion a numerical comparison of the 
photographic efficiency curves of various types of light 
sources. 

Experimental Equipment 
Optical Layout 

The optical arrangement used is shown diagram- 
matically in Fig. 1. Two different optical paths may be 
considered : 

(a) A condenser C forms the image S‘ of the source 
S to be studied on the reflecting face of a rotating mirror 
M after reflection from the stationary mirror m. The 
rotating mirror consists of a steel cube with only one face 
polished. I t  is fastened directly onto the shaft of a motor 
R (Fig. 2). 

(ti) A slit F, parallel to the axis of rotation of the mirror, 
is placed in the light beam at the focus of the front objec- 
tive L1. The rear objective L2, of the same focal length as 
the objective L1, re-forms at unity magnification the 
image F’ of the slit on the photographic emulsion E. The 
velocity v of this image is a function of the speed of 
rotation of the motor; v = 47r.VL X 10-6 mm/psec, where 
.C’ = number of revolutions per second and L = focal 
length of objective Lf in millimeters. Example: A- = 200 
rps; L = 400 mm; v = 1 mm/psec. 

A photometric wedge P (with linear variation of density) 
is placed in front of slit F. This makes it possible to ob- 
tain on the emulsion an image F’, the illumination of 
which varies in accordance with a logarithmic law from 
one end of the slit to the other. As this image moves at  a 
high v,locity, the emulsion records at  every instant a 
photographic track, the height of which is related to the 
luminous intensity of the light source. 

Synchronizing Device 
T o  record a flash, it is necessary to synchronize the 

electric discharge with the rotating mirror, so that the 
image is formed on the film. At the other end of the 
shaft of the motor R, driving the mirror M (Fig. 2), 
a drum T is attached. A slit fi, parallel to the axis of rota- 
tion, is cut in the cylindrical surface. A condenser C1 
forms an image of a continuous source S1 on a stationary 
slit f l  very close to the drum T. A small mirror in1 re- 
flects the light beam onto a photoelectric cell N. This 
optical assembly, which forms an integral unit, can he 
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Fig. 1. System with rotating mirror for the photometric study of flashes. 

- 66 - 



PAPER B-2 FLASH LIGHT SOURCES ASSOCIATED WITH PHOTOGRAPHIC EMULSIONS 67 

Cell Impulses 

Fig. 2. Synchronization of the flashes. Control Impulse 

moved around the axis of rotation by means or a toothed 
sector and tangent screw. It is thus possible to adjust the 
synchronism with precision. At each revolution of the 
drum, the cell N receives a brief flash of light which 
gives rise to a sharp electric impulse. The impulses are 
sent: 

(a) to a cathode-ray oscillograph with a 50-cps time 
base to permit an accurate regulation of the motor speed 
at  the time when the record is taken; 

(b) to an electronic synchronizing device consisting of 
an  amplifier A, a contactor I and a thyratron T associ- 
ated with a resistance-capacity circuit. 

In  these conditions, the controlling impulse for the 
light flash is created by the discharge of the capacity 
through the thyratron. This discharge occurs at the 
precise instant that the first photocell impulse, trans- 
mitted by the contactor I, reaches the grid of the thyra- 
tron. This occurs at  a well-defined position of the mirror 
M. The image of the slit is then formed on the emulsion. 
The time constant of the circuit is sufficiently long (ap- 
proximately 0.5 sec) for only a single flash to be produced 
after pressing briefly on the contactor. Figures 3 and 4 
show the equipment. 

Measuring Procedure 

Owing to the presence of the photometric wedge, the 
emulsion records at  every instant a photographic track 
having a height which is related to the intensity.of the 
luminous flux emitted by the flash. I t  is thus possible to 

reconstitute from the complete recording of the flash, its 
intensity curve as a function of time. 

The measurements are normally made in two stages: 
a determination of the relative intensity curve; and a 
comparison of photographic efficacy levels in relation 
to a reference source. 

Determination of the Relative Intensity Curve 
Figure 5 shows the recording of a flash. On  this record- 

ing, each iso-density curve represents a curve of equal 
luminous energy for the photographic emulsion. 

Now, as the recording is made with a constant time of 
exposure (the time of passage of the image slit at each 
point of the film), the curves of equal luminous energy 
coincide with the curves of equal illumination. 

If the luminous intensity remained constant, the lines 
of equal illumination would be straight lines parallel to 
the time axis. Because the intensity varies, the lines of 
equal illumination are curves. They are identical curves, 
and may be derived from one another by a simple vertical 
translation. The same is true for the curves of equal 
darkening of the photographic emulsion ; however, owing 
to the limited range of luminous energy which it is 
capable of reproducing, the negative may be divided into 
three regions by the curves S1 and Sz corresponding, 
respectively, to the sensitivity and saturation thresholds. 
See Fig. 6. Region 1, since it has received only luminous 
energies below the sensitivity threshold, remains uni- 
formly light; region 2 is bounded by the curves S1 and 
Sf between which are inscribed all the iso-density cur\.es 

Fig. 3. Motor and rotating mirror. Fig. 4. View of the entire system. 
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of the range of normal exposure; region 3, since it has 
received only luminous energies above the saturation 
threshold, remains uniformly dense. 

Any iso-density curve of region 2 represents in logarith- 
mic ordinates the relative variations of illumination on 
the wedge, and hence also the relative variations of the 
luminous intensity of the source. 

Let Z be the instantaneous intensity of the flash, and 10 
any reference intensity. Any iso-density curve in a rectan- 
gular coordinate system may be represented tiy the 
function f ( t ) ,  i.e., 

/: Underexposure 

S, 

2: Normal Exposure 

-. - .-.-(n)-. -.---L 

$2 

3: Overexposure 

I 
I0 

log - = f(l)  

h,) 

See Fig. 7. If d is the slope of the photometric wedge 
(increase of density per unit length), andy  is the ordinate, 

Fig. 5.  Recording (positive) of aflash. 
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Fig. 6. Diagram of the recording of a flash. 

Optical Wedge 

The curve of equal darkening may be determined by 
microphotometric measurements on the negative. Gen- 
erally, we preferred to make one or several copies of the 
record. This made it possible, by increasing the contrast, 
to make region 2 narrower and thus to leave only a 
narrow strip between regions 1 and 3. The relative in- 
tensity curve could then be drawn directly within this 
narrow strip. 

I n  the most general case, where the spectral compo- 
sition of the emitted radiation varies during the dis- 
charge, the intensity curve is different for each emul- 
sion. I n  fact, in general each wavelength is governed by 
a different law of variation and therefore the total 
response varies as a function of the inherent selectivity 
of the receptor. 

I n  such a case, we no longer get a curve of relative 
intensity, but a curve of relative efficacy which is different 
for each emulsion used. 

O n  the other hand, to the extent that it can be assumed 
that the composition of the radiation emitted Iiy the 
entire source remains constant with respect to timc, the 
selectivity of the emulsion no longer affects the response. 
In  fact, the law of variation is then the same for any 
wavelength, and the relative efficacy curve remains 
the same for any emulsion. 

Comparison of Leorls of Photographic Eficocy 
The curve of relative intensity can be defined inde- 

pendent of the receptor, but the comparison of the 
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Fig. 7. Relative intensity curve; d is the slope of the wedge. 
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Fig. 8. Determination of the reference level I,. 
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Fig. 9. ONERA recordings. Flash unit, 6 kv; time base, 1 mm/- 
psec; slit width, 0.5 mm. (a) C = 0.1 + f; (b) C = 0.025 pcf; (c) C 
= 0.002 pf; (d) Two. flash setup. (Reproduced 0.85 x original 
size.) 

efficacy levels of the various flash sources must be 
made for each emulsion. To make this comparison, 
it is suficient to relate the various curves to a given 
reference level l o .  This is done by comparing, a t  each 
instant of the discharge, the photographic efficacy of 
the flash with that of a continuous reference source. 

The  continuous source is recorded with experimental 
conditions identical to those adopted for the recording 
of the flashes. This means that there must be a simple 
substitution of the sources without any modification 
of the optical system. Furtherniore, it is necessary to 
make sure, in both cases, that the image S' of the source 
is completely inscribed within the useful contour of the 
mirror. I n  order that the times of exposure remain 
identical, the speed of rotation of the motor and  the 
width of the slit must rcmain the same. 

Finally, the film must be exposed only once. To assure 
this, a shutter is placed in front of the slit and is adjusted 
to a suitahle speed, so that it unmasks the slit for a period 

Fig. 10. ONERA flash unit. 

Fig. 11. ONERA diode tube. 

- Monodlode C, C = O . l p f  

Monodiode 6, C=O.O25pf 

c= 0.002 pf ------ 
J 
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Fig. 12. Intensity curves for ONERA flash unit. 

slightly shorter than that required for one complete 
rotation of the mirror. 

T h e  films are developed simultaneously. 
The  determination of the reference level lo on the 

curve of relative intensity is made by a photometric 
comparison of the two negatives. 

As shown in Fig. 8, one selects on the rcference nega- 
tive, by means of a microdensitometer, a horizontal 
line H with a photographic density n which is included 
within the normal range of exposure. One  then seeks 
on the corresponding horizontal ine o* the flash recording 
the point which has the same density. This point indicates 
the instant t of the discharge where the luminous efficacy 
of the flash is equal to the efficacy of the reference 
source. I t  therefore determines the position of the level 
lo on the curve of relative intensity. 
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Fig. 13. Intensity curve for ONERA flash unit: two-flash setup. 
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In  the event that the maximum efficacy of the flash 
should be smaller than the efficacy of the reference 
source, it would suffice to reduce the latter by means of a 
known, suitably selected density. 

Results and Conclusion 
Figure 9 shows several recordings (positive prints) 

relating to the ONERA* flash unit. 
This apparatus, which is shown in Fig. 10, can produce 

discharges in a diode tube containing krypton under a 
pressure of 15 a:m. The tube is shown in Fig. 11. The 
supply voltage of the condensers is 6 kv. The first three 
recordings (Figs. 9a, 9b, 9c) correspond, respectively, to 
capacities of 0.1, 0.025 and 0.002 pf. The recording 9d 
corresponds to a special setup which makes it possible 
to produce in the same diode two flashes at  an interval 
of 15 psec. 

The relative intensity curves are given in Figs. 12 and 
13. The emulsion used for all recordings is the Tri-X 
Kodak emulsion. The reference lamp is an  HBO 200 
mercury-vapor lamp which has an intensity on the axis 
of approximately 1100 candles. 

Figures 14 and 15 are from records made with the 
Fringe1 Superstroboscope for various values of the 
capacity. The supply voltage was 8 kv; and the gases 
used were argon at 1 kg/cm2 and hydrogen at 1.5 kg/cm2. 
The curves give the intensity variations in a range the 
extent of which is a function of the density interval 
actually used on the optical wedge. For the present 
results, the range of the wedge extends from 0 to 3. 
Accordingly, the curves represent the intensity variations 
in an interval with extreme limits in the ratio of 1OOO:l. 

The utilization of a more extensive range of densities 
would permit increasing this ratio, provided sufficient 
light was directed on the slit to assure that the peak il- 
lumination caused some exposure of the emulsion 
throughout the entire range of the wedge. In  fact, the 
range from 0 to 3 is sufficient in practice since it corre- 

* Office National d’htudes et de Recherches AGronautiques. 
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Fig. 15. Intensity curves for Friingel Superstroboscope. 
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Fig. 16. Effective duration of the flash as a function of the emulsion. 

sponds approximately to the normal latitude of standard 
emulsions. 

The effective duration of the flash is actually determined 
partly hy the type of receptor. I n  the case of a correctly 
exposed photographic emulsion, the duration T of the 
flash is related to the range of the normal zone of ex- 
posure. See Fig. 16. If it is desired to obtain the entire 
gray scale which the emulsion can reproduce, the peak 
intensity must be adjusted to correspond with the satura- 
tion threshold. 

It is evident that the use of underexposed emulsions or 
the use of high-contrast emulsions makes it possible to 
reduce the effective duration of a flash. However, this 
approach reduces the range of information which the 
negative may contain. Nevertheless, this method can be 
useful when the aim is not especially to make an analysis 
of the illumination levels i n  the image-for instance, in 
cases, when it is simply desired to define the silhouette of 
a ballistic projectile, or t o  record the position of a shock 
ivave. 

O n  the other hand, when it is desired to study phe- 
nomena presenting a wide range of illumination, it is 
necessary to use the emulsions throughout their entire 
normal range of exposure. As the range may be very 
extensive (luminous energy can easily vary 1000-fold), 
we must know the behavior of luminous phenomena over 
a very wide range. 

Owing to its inherent logarithmic scale, it seems that 
the photographic method at  present is the best choice, 
particularly as this method yields the results directly 
as a function of the commonly used receptor, the photo- 
graphic emulsion. 

This method can be very valuable to the users of 
flashlamps, in enabling them to make a selection to suit 
their particular problems; and to manufacturers by 
providing them with an effective means for the control 
and study of their equipments. 
Edit. h’ole: Readers’ attention is drawn to the paper, “Flash 

Light Source Measurement,” presented by G. H. Lunn at the 
Fifth International Congress on High-speed Photography; pub- 
lished as the preceding paper in these Proceedings. 


