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Fraunhofer D If fric tion  Pattern Produced by 4 

SUt of Varying Width 

and l i t

Application to  Hteh Speed Cameras

Dr. 3• B. Mack has suggested a high speed camera* capable of taking
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camera la the diffraction affects produced by narrow s l i t s  placed in front of 

the camera lenses* I t  Is a stap le  na tte r to  calculate the Fraunhofer d iffraction  

produced by a s l i t  of narrow aperture* But In these calculations the effect 

produoed by the shutter has been neglected* The shutter is  s  rotating disk | 

haring s l i t s  of ths same width as the stationary s l i t s  In front of the camera 

lenses* Obviously, the shutter soring in front of the camera s l i t  decreases 

ths aperture of the la t te r ,  producing diffraction which apreada the isagt to  a 

considerably greater degree, as one might suspect from the simple single s l i t ,  

constant width calculations.

I t  Is  the purpose of th is  report to investigate, both theoretically

and experimentally, the Fraunhofer diffraction due to a s l i t  whose width varies

pictures a t ths rate of about 10  ̂ per second. One of the lim itations of th is

uniformly from some value A to aero.

•O fficial communication of J . X* lack to  B. Brlxner
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Theoretical Investigation. In carrying out the solution of th is 

problem, a few simplifying assumptions a r t  nods. I t  la assumed that the 

luminous object la a narrow line source a t iA flnityt and thst the action  of the 

shu tter is equivalent to the motion of the jaws of a b ila tera l s l i t*  Ihe width 

of the s l i t  la decreased uniformly to aero. The la t te r  aasumption is  Justified , 

because the diffraction pattern la lndependmt, within lim its, of the poeitlon 

of the  diffracting aperture In i ta  cun plans11* lbs s l i t  width of the shutter 

equals that of the a l i t  in  front of the camera lens.

r ig . 1 la a echssmtle drawing of the camera a l i t ,  and the shu tter.

If  the luminous object is a l in t  source, and the d iffracting  aperture 

is  long and narrow, the in tent lty  distribution in the focal plane of the oamera 

Is given by,

..I, <»
share, k « ^ /^

A, is  ths width of the e l i t  in front of the camera l« is 

a - (  x t  ) / f ,  xQ being the coordinate of the geometrical Image, 

jl, the coordinate of a point in the image 

plane. (See Fig. 2.)

f ,  la tbs fooal length of the camera lens*

\ p tha wavelength of ligh t 

1, the in tensity  a t  point Q (x), see Pig. 2 

I a, the Intensity  a t  P (X0)

* Actually, tha moving shutter exposes portions of the camera a l i t  which are 

s lig h tly  off ths oamsra ax is .

32' 8*2
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Since P, the geometrical image, of the object 0, La tho optical axis, xQ -  0, 

and (X) bMQM,

In th ia  equation A and Iq arc Tar lab las . IQ is  d irec tly  proportional to  tha 

aperture, but A * c t, where e is  tha velocity of tha  shutter. Therefore, I^ s  bt. 

We are  only interested In re la tiv e  values of In ten sities , hence, b aajr be set 

equal to one.

The energy the f i ln  or screen receives a t  soae point x in the tin e  

in terval dt w ill be,

The to ta l  energy,

* t# ^  s ln ja o ^ /f  •

i f  ,. .\ Id t« j t .   ̂ »ln^kxct/f j  d t J

Changing variables,

1= \ Idt* 

*0

1/w2 . f  in2u (hi

•here * -  kxc/*T xc/A f

and « * nt

K = l/2n2 1 -  coe 2u d(2u)

B = \/2m2 . ( lo e ,^  . T -  CUT) )• (6)

*7W>1m  of function*, Jihnke * brio, 1943 tt»r*r Publication, pp. 3 4 6 .
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where,

T -  a* t=  2 t  x x /t  X 

C1(I) -  ( lo f , t  «■ lof4T

0

0.5772

E » a 2/e 2 ( 0.5772 * lo g , I  -  CUT))/!2 (7)

This equation than gives tha to ta l amount of energy, (ergs/c»2), which a point 

Q(x) on tha film receives in time T.

Now since,

[p.5772 log^T -  C i(lj] A 2 hat bean tabulated for rabies of T from 0*2 to  IjO.

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 in tensity  a t  any point x, i f  A and f  are 

known. For comparison tha single s l i t ,  oonstant width, diffraction- pattern baa 

been drawn In* This shows that for T 5 2T , the single s l i t  In tensity  U  * oonstant) 

is  taro , while for the ▼crying s l i t ,  the in tensity  is  s t i l i  25$ of the m axim .

B = Ix t * 24? ( 0.5772 ♦ l o g j  -  CUT) )/T*

we may set t  9 1, and write

( 0.5772 ♦ lo g .!  -  CUT) J/I2 (8)

* l i a  i [0.5772 L o fJ  -  Ci(T)] /T2 • 0.25 

T-+0
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ftrparisental Vt  I f  lection. The experimental Arrangement la  essentially 

the sam  aa that shown In Fig. 2. The light source is a narrow s l i t ,  0.035 m  wide. *

The s l i t  Is illuminated by the light of a sodium vapor lamp. P arallel lig h t, S  ^

emerging f rm  an eight inch collimating lens, passes through a second s l i t  in front 

of the eamsra lens. The in i t ia l  aperture of th is  b ila te ra l s l i t  is 0*070 ms. The 

cane re leas has s focal length of 200 ca. Both the collimating and camera lenses 

are achraeata. Since i t  proved quite impossible to  reduce the width of the shutter 

uniform!/ (exposure time about three houre), i t  was reduced in etepe of 0*050 m  

each*

The film i t  exposed for 10 minutes for eech new f l i t  se tting . The 

photograph of the d iffraction  pattern was deneitanetered on a Leeds A Horthrup 

densitometer, k gelatin atepwedge was used to determine the H ft D curve of the f i l s ,  

th is  film, in turn, was denaltcmetered on the same instrument as the photograph of 

the d iffraction  pattern, and the trace of the photograph of the gela tin  stepwedge, 

densities of the s l i t  image as a function of distance were obtained* I t  was then 

an easy matter to convert these densities into re la tive  in tensities by mesne of 

tbs previously obtained B I D  curve* The resu lts  of the experimental investigation 

are plotted on Graph 2. The theoretically computed intensity d istribu tion  for 

th is  special case has also been drawn. The agreement between the two curves is  

very good down to in tensities of UOi» Below 40i  the observed curve shows 

in ten sitie s  considerably lees than the predicted values. This discrepancy cannot 

be a ttribu ted  to a fa ilu re  of the theory a t lmaet not definitely so, since the 

experimental data is not sufficien t to  show where the difficulty  lies*

Conclusion. Both theoretical and experimental investigations show that 

the proposed Megacycle camera w ill produce a considerable spread of the image due 

to  d iffraction  effects. This spread w ill overshadow a l l  other optical aberrations, 

so th a t they may be neglected in this dlsoussion* Let ue assume, th a t the focal



6

length of th e  C4imere is  100 cm, the a Lit width 0.070 cm, end the object, a 

lie*incus line , ia 10,000 yards away, then the to ta l spread of the image w ill be 

1*44 mm. (The in tensity  distribution for th is  special case La shewn on Graph 3.)

This figure has been arrived a t by assuming that a t 354 of the maxlaun intensity 

of the Image, th is  image will appear to  have a reasonably sharp edge. This is 

illustra ted  in Fig. 3* Sines the width of the geosetrieal image may be neglected 

in th is cast, th is  image spread cor fee ponds to a distance of 14*4 meters in space.

These re su lts  asy be applied to an objeot of f in ite  width, if  ws make 

the assumption that the "fustynese" of the Image is about the same as the spread 

for t  very narrow lin e  souroe.* Thus, fo r  example, for an objeot 30 meters wide, 

the image w ill appear larger by almost 50*. Sss Fig. 4.

I t  appears then that the pictures obtained with the megacycle camera 

w ill not give the desired definition to  show, say, details in the shockfront of 

an explosive. Furthermore, i t  seems th a t i t  w ill be very d if f ic u lt  to get 

accurate space time relationships (say, the diameter of the shockfront as a 

function of time) from pictures of th is  type.

Acknowledge—nts, Dr. R. T. Iandshoff was helpful in e v a lu a te  in tegral 

(5) in terms of tabulated functions.

•Calculations are In progress to  determine the effect of an object of fin ite

S2':«s

width
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I  [0.5772 lo « ,I -  CllT)] / I 2 I  [0.5772 l»t.T  -  CUT)] A 2
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0.2 0.2500 11.0 0.025328

0.5 0.2470 12.0 0.021611

1.0 0.23982 13.0 0.018434

X.5 0.22768 14.0 0.016056

2.0 0 .2X184 15.0 0.014395

2.2 0.21466 20.0 0.008621

2.4 0.19712 25.0 0.006085

2.6 0.18926 30.0 0.004457

2.8 0.18117 35.0 0.003383

3.0 0.17291 40.0 0.002654

3.2 0.16456 45.0 0.002156

3.6 0 . 1*619 50.0 0.001798

3.6 0.14785 55.0 0.001522

3.8 0.13961 60.0 0.001299

4.0 0.13153 65.0 0.001125

4.2 0.12365 70 .0 0.000983

4.6 0.11604 75.0 0.000880

4.6 0.106709 80.0 0.000777

4.8 0,101712 85.0 0.000695

5.0 0.095066 90.0 0.000626

6.0 0.067695 95.0 l 0.000568

7.0 0.049910 100.0 0.000519

8.0 0.039596 110.0 0 .0004)6

9.0 0.033569 120.0 0.000372

10.0 0.029253 130.0 ^ 0.000323

22C8<1
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