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ABSTRACT. Theoretical formulation of a straight edge diffraction shows 

a phase difference of n/2 between the incoming and diffracted waves. 

Experiments using two straight edges do not confirm the n/2 difference 

but suggest that the incoming wave is in phase with the wave diffracted 

into the shadowed region of the edge and out of phase by a factor of it 

with the wave diffracted into the illuminated region. }'.'t^> 

RESUMO. Segundo a fórmula de difração de Fresnel-Kircbhoff, existe uma 

diferença de fase de n/2 entre a onda eletro-megnétíca incidente numa 

borda e a onda difratada. Experiências realizadas com a luz do laser de 

HeNe não confirmam a predição teórica mas mostram que, no caso de difrst 

ção por uma borda, a luz difratada para dentro, i . e , para o lado da aom 

bra, está em fase com a luz incidente enquanto que a luz difratada para 

fora, i . e , para o lado iluminado, potsue uma diferença de fase de ir em 

relação i luz incidente. ÍO^-O*) 

*Submited for publication in the Journal of the Optical Society of America 

in December 1982, and, in revised form, in Hay 1983. 

Work partially supported by FINEP. 
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I - INTRODUCTION 

The mathematical complexities of a plane wave 

diffracted by a straight edge were worked out by 
1 2 Somraerfeld. ' His solution retained the phase difference 

of ir/2 between the incoming and diffracted waves present 

already in the so called Fresnel-Kirchhoff diffraction 

formula.^ 

The present article investigates the mentioned phase 

difference using the diffraction of two straight edges 

arranged in a such way that, the second edge is illuminated 

by the light diffracted at the first edge. The locations of 

the resulting interference fringes are analysed in order to 

yield the desired phase relationship between the incoming 

and the diffracted light. 

Only the wavelength of 6.328 X 10-5cm, that of a HeNe 

laser, is used in the experiments, limiting the conclusions, 

at the best, to the optical region where the wavelength is 

very small compared with other quantities. But within the 

range of validity, the experiments do not confirm the phase 

relationship predicted by theoretical work. 

No attempt is made to propose a mathematical 

formulation of the phenomenon. The extremely simple 

assumption made in this paper is restricted to the 

interpretation of the locations of maxima and minima. The 

assumption does not invalidate the experimental results that 

must be taken into consideration in any formulation 

undertaking the task of bringing together theory and 

experiment. 
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II - THE EXPERIMENT 

Two straight edges A and B, in succession, are 

separated from each other by a distance a and both point in 

the same direction. Tie edges are located in the plane 

longitudinal to the direction of light propagation as shown 

in Fig. 1. The edges and a point 0 are in the same line. The 

light detector is a conventional photomultiplier system. The 

point P is any point where the detector registers a maximum 

or a minimum. The segment A Pm is represented by d, B P by 

c, B 0 by b and O P by x . 

A HeNe laser is~"the source of light and is 

separated from edge A by a distance r. The laser is not 

placed on the straight line A B O but rather makes a small 

angle with it. The light from the laser hits edge A and iz 

is diffracted by edge A but it does not hit edge B directly. 

Light diffracted by edge A hits edge B and it is then 

diffracted by edge B. With the laser in position I only 

light diffracted into the illuminated region of edge A hits 

edge B, while in position II only light diffracted into the 

shadowed region of edge A hits edge B. 

The wave traveling directly from edge A to point 

Pm recombines with the one traveling from edge A to point Pm 

via edge B to produce interference fringes. The detector is 

able to move mechanically with constant velocity along the 

line 0 Pm which is perpendicular to the segment A B O , and 

the light intensities seem by the photomultiplier is sent to 

a plotter which registers the information. Interference 

spectra obtained with a * 15cm, b = 1.248 X 103cm and 

\ - 6.328 X 10~5cm are shown in Figure 2: 2(a) for the laser 

in position I and 2(b) for the laser in position II. 
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III - DISCUSSION 

Looking at Figure 2 it is obvious that the 

interference pattern obtained with the laser in position I has 

its maxima precisely where the Interference pattern obtained 

with the laser in position II has its minima. Since in both 

positions the two waves responsible for the interference 

fringes have the same origin, which is edge A, and travel the 

same path, from edge A to point P , one directly and the other 

via edge B, a phase difference of ir is introduced in one of the 

positions. There are two diffractions in the experiment: 

diffraction by edge A and diffraction by edge B. In each 

diffraction there is a phase relationship between the incoming 

and diffracted wave and there is a phase relationship between 

the wave diffracted into the illuminated region of the straight, 

edge (hereafter called outwardly diffracted wave) and the wave 

diffracted into the shadowed region of the straight edge 

(hereafter called inwardly diffracted wave). Any set of phase 

differences adding up to a total difference of n between the two 
positions would account for the experimental results. 

Fortunately it is possible to extract more 

information about the phase relationship between the incident 

and diffracted waves from the locations of maxima and minima in 

the diffraction spectrum. 

If only path differences are taken into consideration, 

the conditions for maxima and minima to appear at Pm are, 

according to Figure 1, 

InA foT maxima 
2 , (1) 

="_!£ x for minima 

n m 1, 2, 3, ... 

\ = wavelength 
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Using equation (1) and geometrical considerations 

the location for a maximum or a minimum of order ra, xm, for 

very small X, is given by 

^ = ^Zmb^a+bl (2) 

Numerical values of maxima and minima calculated 

from equation (2) are compared in Table 1 with values of 

maxima obtained experimentally for position I and position 

II. It is immediately apparent that the experimental maxima 

of position II correspond to the values of maxima 

calculated from equation (2) while the maxima of position I 

correspond to the minima. In position II the wave reaching 

Pm from edge A directly is in phase with the wave reaching 

the same point via edge B and out of phase by a factor of v 

in position I. In other words, the phase difference of ir 

is introduced in position I. 

But in position I the wave that goes from edge A 

to Pm directly is the same outwardly diffracted wave that is 

incident on edge B, except for a difference of angle between 

them. They are in phase because any phase difference as a 

function of the angle would destroy the agreement which 

exists between experimental data and equation (2). Therefore 

the phase difference of IT in position I is introduced by 

outward diffraction of edge B. There is a phase difference 

of j between the wave incident on edge B and the outwardly 

diffracted wave generated at edge B. 

If the outward diffraction by edge B changes the 

phase of the incoming wave by a factor of n, the absence of 

any phase difference mentioned for position II requires a 

difference of n between the inwardly and outwardly 

diffracted waves generated at edge A which cancels the 

difference of ir introduced by the outward diffraction of edge 
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B. It must be emphasized though that the assumption just made 

implies a phase difference of ir between the inwardly and the 

outwardly diffracted waves, but it would be consistent with 

any values of the phase difference between the incoming and 

diffracted waves. 

The next step is to replace the outward by the 

inward diffraction of edge B as shown in Figure 3. Edge B has 

its front but not its back parallel to edge A in order to 

purposely unresolve any maxima and minima that otherwise 

would result with the contribution coming from the back of 

the edge. Only contributions from edge A and from the front of 

edge B are responsible far the interference fringes which are 

shown and compared in Figure 4: 4(a) for the laser in 

position I and 4(b) for the laser in position II; a = 70cm, 

b = 1.1691 X 103cm and A - 6.328 X 10"5cm. 

The initial maxima and minima are obviously not 

detected. As before one position has its maxima where the 

other has its minima and the experimental maxima of position II 

correspond to the values of maxima calculated from equation (2) 

while the maxima of position I correspond to calculated 

minima as shown in Table 2. But there is an essential difference: 

in the present case it is in position II and not in position I 

that the wave going from edge A to point Pm directly is in 

phase with the wave going from edge A to the same point Pm via 

edge B. Reasoning as in the previous case, it is possible to 

conclude that there is no phase difference between the wave 

incident on edge B and the corresponding inwardly diffracted 

wave by edge B. 

Finally in the last step, the laser may be replaced 

by a straight edge, a third one in the experiment. The 

conditions of edge B are then duplicated for edge A. Experiments 

show that the maxima and minima do not change theiT locations 

with the change from the laser to the straight edge. Therefore 

there are no reasons why the phase relationships attributed 
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to edge B cannot be applied to edge A. 

IV - CONCLUSION 

The experimental data are consistent with the 

assumption that in the optical region the wave incident on a 

straight edge is in phase with the wave diffracted into the 

shadow region of the edge and out of phase by a factor of it 

with the wave diffracted into, the illuminated region of the 

edge. The experiments do not support the phase difference of 

T/2 between the incoming and diffracted waves as predicted 

by the Fresnel-Kirchhoff diffraction formula and by 

Sommerfeld. 
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TABLE 1. Calculated and experimental values of x for 

a = 15 cm, b = 1.248xl03cm and A = 6.528xl0~5cm. 

x 
m 

= \Umb{a + b) Cffi EXPERIMENTAL MAXIMA (cm) 

MINIMA MAXIMA 

m = - n — \ ra = nA 
n 2 x POSITION I POSITION II 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2 .58 

4 . 4 7 

5.77 

6 .82 

7.74 

8 .55 

9 .30 

9 .99 

10 .63 

11 .24 

3.65 2.30+.03 3.62+.03 

5.16 4.44+.02 5.17±.02 

6.32 5.75+.02 6.30±.02 

7.29 6.82+.02 7.29+.02 

8.15 7.72+.02 8.15±.02 

8.93 8.57+.02 9.94±.02 

9.65 9.30+.02 9.65+.02 

10.32 9.98+.02 10.31+.02 

10.94 10.64+.02 10.94±.02 

11.53 11.24±.02 11.53+.02 



TABLE 2. Calculated and experimental values of x for 
in 

a = 70cm, b = 1.1691xl03cm and X = 6.328xl0~5cm. 

t - \/2ab(a»b) m V a 
EXPERIMENTAL MAXIMA 

n 

15 

20 

2S 

30 

35 

40 

45 

50 

MINIMA 

m - 2 n _ 1 1 

m = — A 
2 

6.16 

7.15 

8.01 

8.79 

9.51 

10.17 

10.80 

11.39 

MAXIMA 

6.27 

7.24 

8.09 

8.86 

9.57 

10.23 

10.86 

11.44 

POSITION I 

6.16+.02 

7.17±.02 

8.00+.02 

8.79±.02 

9.51+.02 

10.16+.02 

10.81+.02 

11.37±.02 

POSITION II 

6.28+.02 

7.244.02 

8.081.02 

8.84±.02 

'9.58±.02 

10.25±.02 

10.85i.02 

14.44±.02 

http://10.85i.02


FIGURE CAPTIONS 

Figure 1. Experimental arrangement to study the 

interference by two straight edges. The 

fringes are obtained in the illuminated 

region of the first and the second edges. 

Figure 2. Interference spectrim obtained in the illuminated 

region of two straight edges; (a) with the laser 

in position I: the second edge is situated in 

the illuminated region of the first edge; 

(b) with the laser in position II: the second 

edge is situated in the shadowed region of 

the first edge. 

Figure 3. Experimental arrangement to study the 

interference by two straight edges. The 

fringes are obtained in the shadowed region 

of the first and the second edges. 

Figure 4. Interference spectrum obtained in the shadowed 

region of two straight edges; (a) with the 

laser in position I: the second edge is located 

in the illuminated region of the first edge; 

(b) with the laser in position II: the second 

edge is located in the shadowed region of the 

first edge. 
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FIGURE 2 
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FIGURE 3 



FIGURE 4 


