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Fraunhofer Diffriction Pattern Produced by 4
SUt of Varying Width
and lit

Application to Hteh Speed Cameras

Dr. 3« B. Mack has suggested a high speed camera* capable of taking
pictures at ths rate of about 10" per second. Ore of the limitations of this
camera la the diffraction affects produced by narrow slits placed in front of
the camera lenses* It Is a staple natter to calculate the Fraunhofer diffraction
produced by a slit of narrow aperture* But In these calculations the effect
produoed by the shutter has been neglected* The shutter is s rotating disk]|
haring slits of ths same width as the stationary slits In front of the camera
lenses* Obviously, the shutter soring in front of the camera slit decreases
ths aperture of the latter, producing diffraction which apreada the isagt to a
considerably greater degree, as one might suspect from the simple single slit,
constant width calculations.

It Is the purpose of this report to investigate, both theoretically
and experimentally, the Fraunhofer diffraction due to a slit whose width varies

uniformly from some value Ato aero.

«Official communication of J. X* lack to B. Brixner
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Theoretical Investigation. In carrying out the solution of this
problem, a few simplifying assumptions art nods. It la assumed that the
luminous object la a narrow line source at iAflnityt and thst the action of the
shutter is equivalent to the motion of the jaws of a bilateral slit* Ihe width
of the slit la decreased uniformly to aero. The latter aasumption is Justified,
because the diffraction pattern la Independmt, within limits, of the poeitlon
of the diffracting aperture In ita cun planslt* Ibs slit width of the shutter
equals that of the alit in front of the camera lens.

rig. 1 la a echssmtle drawing of the camera alit, and the shutter.

If the luminous object is a lint source, and the diffracting aperture
is long and narrow, the intentlty distribution in the focal plane of the oamera

A <

Is given by,

share, k«™/7

A, is ths width of the elit in front of the camera l«is

a-( xt )/f, xQbeing the coordinate of the geometrical Image,
jl1, the coordinate of a point in the image
plane. (See Fig. 2.)

f, la tbs fooal length of the camera lens*

\ Ptha wavelength of light

1, the intensity at point Q(x), see Pig. 2

la, the Intensity at P (X0)

*Actually, tha moving shutter exposes portions of the camera alit which are

slightly off ths oamsra axis.
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Since P, the geometrical image, of the object 0, La tho optical axis, xQ- O,

and (X) bMQM,

In thia equation Aand Iq arc Tarlablas. 1Qis directly proportional to tha
aperture, but A * ct, where e is tha velocity of tha shutter. Therefore, 1°s bt.

We are only interested In relative values of Intensities, hence, b aajr be set

equal to one.
The energy the filn or screen receives at soae point x in the tine

interval dt will be,

*t#  ~Nslnjaon/f .

The total energy,

\IId j t. ~A»Intkxcth B odt u

Changing variables,

1=\ 1dt* 1m2 . fin2u (hi
*0
ehere *- kxc/*T xc/A f

and « * nt
K= 1/2n2 1-coe2u d(2u)

B=\2m2 . ( loe,* . T- CUT) )  (6)

*W>Im of function®, Jihnke * brio, 1943 tt»r*r Publication, pp. 3 4 6.



where,
T- a*t= 2t xx/t X
C1(l) - (lof,t alof4T

0.5772

E» a 2/e2 (05772*log, | - CUT))/12 (7)
This equation than gives tha total amount of energy, (ergs/c»2), which a point
Q(x) ontha film receives in time T.

Now since,

B=Ixt*24? (05772 ¢ logj - CUT) )/T*

we may set t 9 1, and write

( 0.5772 # log.! - CUT) J/I2 (8)

[p.5772 log"T - Ci(lj] A2 hat bean tabulated for rabies of T from 0*2 to 1jO.
Sea Table I,

Graph 1 shows a plot of Eq. (8) as a function of I. This graph may
be used wary easily to c<mpute tha intensity at any point x, if A and f are
known. For comparison tha single slit, oonstant width, diffraction- pattern baa
been drawn In* This shows that for T5 2T , the single slit Intensity U *oonstant)

is taro, while for the wecrying slit, the intensity is stili 25% of the maxim.

* lia i [0.5772 Lofd - Ci(T)] /T2 0.25
T-+0



ftrparisental V& Iflection. The experimental Arrangement la essentially
the sam aa that shown In Fig. 2. The light source is a narrow slit, 0.035 m wide.
The slit Is illuminated by the light of a sodium vapor lamp. Parallel light, S
emerging frm an eight inch collimating lens, passes through a second slit in front
of the eamsra lens. The initial aperture of this bilateral slit is 0*070 ms. The
canere leas has s focal length of 200 ca. Both the collimating and camera lenses
are achraeata. Since it proved quite impossible to reduce the width of the shutter
uniform!/ (exposure time about three houre), it was reduced in etepe of 0*050 m
each*

The film it exposed for 10 minutes for eech new flit setting. The
photograph of the diffraction pattern wes deneitanetered on a Leeds A Horthrup
densitometer, k gelatin atepwedge was used to determine the Hft Dcurve of the fils,
this film, in turn, was denaltcmetered on the same instrument as the photograph of
the diffraction pattern, and the trace of the photograph of the gelatin stepwedge,
densities of the slit image as a function of distance were obtained* It was then
an easy matter to convert these densities into relative intensities by mesne of
tbs previously obtained B ID curve* The results of the experimental investigation
are plotted on Graph 2. The theoretically computed intensity distribution for
this special case has also been drawn. The agreement between the two curves is
very good down to intensities of UO» Below 40i the observed curve shows
intensities considerably lees than the predicted values. This discrepancy cannot
be attributed to a failure of the theory at Imaet not definitely so, since the
experimental data is not sufficient to show where the difficulty lies*

Conclusion. Both theoretical and experimental investigations show that
the proposed Megacycle camera will produce a considerable spread of the image due
to diffraction effects. This spread will overshadow all other optical aberrations,

so that they may be neglected in this dlsoussion* Let ue assume, that the focal



length of the c4imere is 100 cm, the aLit width 0.070 cm, end the object, a
lie*incus line, ia 10,000 yards away, then the total spread of the image will be
1*44 nm (The intensity distribution for this special case La shewn on Graph 3.)
This figure has been arrived at by assuming that at 354 of the maxlaun intensity
of the Image, this image will appear to have a reasonably sharp edge. This is
illustrated in Fig. 3* Sines the width of the geosetrieal image may be neglected
in this cast, this image spread corfeeponds to a distance of 14*4 meters in space.

These results asy be applied to an objeot of finite width, if ws make
the assumption that the "fustynese" of the Image is about the same as the spread
for t very narrow line souroe.* Thus, for example, for an objeot 30 meters wide,
the image will appear larger by almost 50*. Sss Fig. 4.

It appears then that the pictures obtained with the megacycle camera
will not give the desired definition to show, say, details in the shockfront of
an explosive. Furthermore, it seems that it will be very difficult to get
accurate space time relationships (say, the diameter of the shockfront as a
function of time) from pictures of this type.

Acknowledge—nts, Dr. R. T. landshoff wes helpful in evaluate integral

(5) in terms of tabulated functions.

eCalculations are In progress to determine the effect of an object of finite

width
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