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We model photons as being rigid bodies. Based only on Newtonian mechanics, we reproduce numerically the 

Fresnel Diffraction Experiment. In this way, a large number of rigid bodies are thrown against a single slit. The 
rigid bodies used are spherical and their center of mass and centroid are not coincident. Thus, each rigid body 
describes a cycloid (presenting amplitude, frequency and phase - as well as the DeBroglie wave). The numerical re-
sults indicate a wave pattern relatively similar to those achieved by experimental results. Different apertures 
and depths of the slit were tested. 

 

1. Introduction 

We model a photon as being a non-homogeneous rigid body 
and thus verify if rigid bodies describing cycloids can perform a 
matter wave behavior [1]. 

In this way, we used a spherical rigid body within holes so 
that its centroid and its center of mass are not coincident. Thus, 
while the center of mass describes a straight line, the centroid 
describes a cycloid (see Fig. 1). The cycloid presents amplitude, 
frequency and phase as well as the De Broglie wave [2]. 

 

Fig. 1.  Our proposed photon, a spherical rigid body containing a 

centroid (red line) rotating towards the center of mass (black 
line), describing a cycloid. 

In sections 2 and 3, we describe the model used to calculate 
the trajectory and collisions. In section 4, we describe the 
implementation of numerical solution. In section 5, we present 
experimental results. In section 6, we compare experimental and 
numerical results. In section 7, we present our conclusions. 

2. Modeling the trajectories 

 

Fig. 2.  A hole into the sphere shifts its center of mass from its centroid 

In our approach, we modeled a bi-dimensional collision 
system, where the rigid body is a sphere A containing inside a 
spherical hole B, where B is not centered at the same location of 

A.  Fig. 2 shows an example of the rigid body. By applying an 
impulse on the sphere surface, we achieve a cycloid, as in Fig. 1. 

In this way, the center of mass location is described by: 
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and the centroid location is described by: 
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where: 

Px (t): Scalar representing the coordinate x of the position of 
the center of mass as a function of time t 

Py (t): Scalar representing the coordinate y of the position of 
the center of mass as a function of time t 

Px (0): Scalar representing the coordinate x of the initial 
position of the center of mass 

Py (0): Scalar representing the coordinate y of the initial 
position of the center of mass 

vx: Scalar representing the linear velocity of the center of 
mass in the direction x 

vy: Scalar representing the linear velocity of the center of 
mass in the direction y 

Qx (t): Scalar representing the coordinate x of the position of 
the centroid as a function of time t 

Qy (t): Scalar representing the coordinate y of the position of 
the centroid as a function of time t 

d: Scalar representing the distance between the centroid 
and the center of mass 

: Scalar representing the angular velocity of the center of 
mass 

: Scalar representing the initial angle of the direction 
given by the center of mass and the centroid 

t: Scalar representing the time spent since the launch of 
the photon 
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Fig. 1 shows an example of the trajectory of the center of mass 
and the centroid of a rigid body describing a cycloid. For each 
increment, there is a collision test to locate precisely the collision 
point. In case of a collision, the system calculates the impulse 
received by the rigid body and recalculates the new trajectory. 

3. Modeling the Collisions 

During the bi-dimensional collisions, the same hypotheses 
were considered: the energy and the magnitude of momentum of 
the thrown rigid body should be constant along the whole path. 
This means that all collisions were treated as perfectly elastic. 

The dynamics of the rigid body was calculated based on the 
following hypotheses: 

1. The collisions are perfectly elastic. 
2. The impulse transmitted by the slit to the sphere is 

orthogonal to the sphere’s surface (thus, the direction of the 
impulse is given by the point of collision and the centroid). 

The new coordinate system x’y’ helps to determine the 
magnitude of the impulse. Using a coordinate system x’y’ located 
at the point of contact on the slit surface, where x’ has the same 
direction of the impulse, we obtained the final constraints: 

 

Fig. 3.  Calculating linear and angular velocities after collision 
against the internal wall of the slit. 

Conservation of photon’s Energy and Momentum: 
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where: 

I


: Vector representing the impulse transferred by the slit 
to the photon. 

S


: Vector starting at the point of collision and ending in 
the center of mass of the photon. 

I


: Scalar representing the magnitude of vector I


. 

S


: Scalar representing the magnitude of vector S


. 

M: Scalar representing the mass of the photon. 
Izz: Scalar representing the moment of inertia of the photon. 
V0x’: Linear velocity of the center of mass of the photon 

before collision in direction x’. 
V0y’: Linear velocity of the center of mass of the photon 

before collision in direction y’. 
V1x’: Linear velocity of the center of mass of the photon after 

collision in direction x’. 
V1y’: Linear velocity of the center of mass of the photon after 

collision in direction y’. 
0: Angular velocity of the center of mass of the photon 

before collision. 
1: Angular velocity of the center of mass of the photon 

after collision. 

: Trigonometric angle between vectors I


and S


. 

The direction of impulse is given by vector I


 (the direction of 
impulse is orthogonal to the surface of sphere). Once the 
magnitude of impulse was calculated, we obtained v1x’ , v1y’ and 
1 from the constraint’s equations. Fig. 4 presents the result of 
multiple collisions. 

 

Fig. 4.  The sphere (yellow) collides against the walls (dark red) of 
the single slit. 
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Thus, due to collisions that happen inside the slit, the 
trajectory of each sphere has to be recalculated after each 
collision. The impulse transmitted by the slit to the sphere 
provokes changes on its linear and angular velocities. The 
changes on its angular velocity seem to provoke the Compton 
effect [3] and its interaction with the surface of an object seems to 
replicate the effect of color. Estimates for photon mass were 
obtained from Rodriguez and Spavieri (2007) [4]; Williams et al. 
(1971) [5]; Chernikov et al. (1992)[6]; Davis and Nieto (1975)[7]; 
Franken and Ampulski (1971)[8]; Accetta et al. (1985)[9]; Crandall  
(1983)[10]; Lakes (1998)[11]; Fishbach et al. (1994)[12]; Schaefer 
(1999)[13] and  Luo et al. (2003)[14]. In the next section, we 
present the main steps of the source code describing the 
collision’s model. 

4. C/C++ Implementation 

The source code is divided in the following blocks, and includes, 
defines, prototypes and globals.  Main loop: 

1. For each rigid body launched 
2. Update its location 
3. Check for possible collisions (against the slit’s geometry) 
4. In case of collision, recalculate the trajectory 
5. In case the rigid body will not cross the slit, return to 1. 
6. In case the rigid body crossed the slit, (and, therefore, will 

hit the bulkhead): 
a.   Calculate its collision point (precise position at the 

bulkhead). 
b.   Update file containing the location of all final collisions 
c.   Create image file containing the whole trajectory (as 

seen in Fig. 4) 
d.   Return to 1. 

7. Return to 2. 
The source code can be found at: 
http://www.deg.ee.ufrj.br/docentes/sauer/collisions.c 

5. Acquiring Data to Test the Numerical Model 

We believe that light is ballistic and that its behavior of wave 
is caused by its non-homogeneous mass distribution, which 
generates cycloids and, consequently,  a wave behavior. What we 
want to demonstrate is that rigid bodies that are spherical and 
non-homogeneous can provide the same results provided by 
light. In order to test this mechanical model, we selected a widely 
known experiment that showcases the wave properties of light, 
the Fresnel diffraction experiment. 

 

Fig. 5.  Setting up apparatus to compare numerical model against 
experimental results. 

 

Fig. 6.  The diffraction of light produces a wave pattern. 

In Fig. 5, we present the basic physical arrangement used in 
the Fresnel diffraction experiment, which includes a coherent 
source of light (Laser), a slit and a bulkhead. The emitted light 
crosses the single slit and collides against the bulkhead. After 
turning off the ambient lights, we took a picture of the light 
pattern that collides against the bulkhead. 

Fig. 6 shows the resulting wave pattern. To obtain the 
intensity of light distribution in the bulkhead, we took a picture 
(as shown in Fig. 6), and analyzed one line of the image file 
obtained that best describes the wave pattern. The graph (shown 
in Fig. 6) shows the luminance of each pixel of the photograph 
taken. 

6. Results 

After applying only rigid body dynamics, we achieved the 
results shown in Fig. 7. In Fig. 8, we compare the wave pattern 
obtained numerically against the same obtained experimentally. 

 

Fig. 7.  When we throw a large number of non-homogeneous 
spheres against a slit, we also obtain a wave pattern. 

 

Fig. 8.  To visually compare both results (numerical and 
experimental) we present them in a single frame. Images are in 
different scales. While the experimental results present a width of 
20 cm, the numerical results presents a width of 20 m. 
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Table 1 provides the parameters used to obtain results shown 
in Figs. 7 and 8. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 6.0 x 10-10 m 
Slit depth (2) 2.0 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 1.  Data used to produce the wave pattern shown in Figs. 7 and 8. 

(1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 

In Figs. 9 and 10, we used the same parameters of Fig. 7 but the slit’s 
aperture, which was gradually decreased as shown in Tables 1, 2 and 3. 

We noticed that when we enlarge the slit’s aperture, the wave 
enlarges at the same proportion, indicating a clear correlation with the 
Fresnel experiment [15]. In Figs. 9, 10 and 11, we present new results 
obtained with different apertures of the slit.  In Figs. 7 to 15, the 
horizontal axis indicates a width of 20 meters. This result is 100 times 
larger than the one obtained by experimental results. By changing the 
used parameters, we expect a match to the experimental results. 

 

Fig. 9.  By reducing the aperture of the slit used in Fig. 7, we 
reduce the spaces between the fringes. 

 

Fig. 10.  By reducing the aperture of the slit used in Fig. 9, we 
reduce once again the spaces between the fringes. 

Table 2 provides the parameters used to obtain results shown 
in Fig. 9. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 5.0 x 10-10 m 
Slit depth (2) 2.0 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 2.  Data used to produce the wave pattern shown in Fig. 9. 

(1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 

 

Fig. 11.  Figs. 7, 9 and 10 are shown together in the same scale.  
Reducing the slit’s aperture reduces the wave proportionally, 
indicating a clear correlation with the Fresnel experiment [1,15]. 
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Table 3 provides the parameters used to obtain results shown 
in Fig. 10. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 4.0 x 10-10 m 
Slit depth (2) 2.0 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 3. Data used to produce the wave pattern shown in Fig. 10. 

(1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 

1.1. Changing the depth of the slit 

After changing the values of the aperture of the slit, now for 
the same aperture, we change the depth of the slit. Fig. 12 
indicates the depth of the slit. The results found for different 
values of depth are shown in Figs. 13, 14 and 15. In Fig. 16, we 
place Figs. 13, 14 and 15 together to compare the depth influence 
over the obtained results. 

 

Fig. 12.  Testing the influence of the depth of the slit on the 
obtained results. 

 

Fig. 13.  To test different depths of the slit, we took the same 
values used to generate Fig. 7. These values are shown in Table 4. 
Figs. 7 and 13 are equal and are presented at the same scale. 
Tables 1 and 4 are also equal. 

Table 4 provides the parameters used to obtain results shown 
in Fig. 13. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 6.0 x 10-10 m 
Slit depth (2) 2.0 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 4. Data used to produce the wave pattern shown in Fig. 13. 

(1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 

 

Fig. 14.  By enlarging the depth of the slit, we reduce the spaces 
between fringes. 

Table 5 provides the parameters used to obtain results shown 
in Fig. 14. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 6.0 x 10-10 m 
Slit depth (2) 2.5 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 5. Data used to produce the wave pattern shown in Fig. 14. 

 (1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 
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Fig. 15.  By enlarging the depth of the slit, we keep reducing the 
spaces between fringes. 

Table 6 provides the parameters used to obtain results shown 
in Fig. 15. 

Data  
Photon mass (1) 1.2 x 10-54 kg 
Photon radius (2) 1.0 x 10-12 m 
Distance between centroid and center of mass (2) 1.0 x 10-13 m 
Initial angular velocity of the photon (3) 428 x 1015 Hz 
Initial linear velocity of the photon on x direction  (4) 3 x 108 m/s 
Initial linear velocity of the photon on y direction  (2) 0 m/s 
Slit aperture (2) 6.0 x 10-10 m 
Slit depth (2) 3.0 x 10-10 m 
Distance between slit and bulkhead (2) 2.0 m 
Timestep (2) 1.0 x 10-27 s 
Distance between consecutive launches (2)  1.0 x 10-16 m 
Phasesteps between consecutive launches (5) /16 

Table 6.  Data used to produce the wave pattern shown in Fig. 15. 

 (1): obtained from Luo et al. (2003). (2): estimated, (3): frequency of monochromatic 
red light emitted by HeNe Laser, equivalent to 700nm, (4): the speed of light, (5): we 
repeated the same experiment for many angles  as defined in section 2. 

The values used as being the mass of the photon, were taken 
among many experiments as shown in Table 7 (Luo et al. 
2003)[14]: 

Author Date Method Upper limit 
of m  (1) 

Williams et al. 1971 Test of Coulomb’s Law 2x10-50 kg 
Crandall 1983 Test of Coulomb’s Law 8x10-51 kg 
Chernikov et al. 1992 Test of Ampere’s Law 8,4x10-49 kg 
Schaefer 1999 Speed of light 4,2x10-47 kg 
Fishback et al. 1994 Earth’s magnetic field 1x10-51 kg 
Davis et al. 1975 Jupiter’s magnetic field 8x10-52 kg 
Lakes 1998 Static torsion balance 2x10-53 kg 
Luo et al 2003 Dynamic torsion balance 1.2x10-54 kg 

Table 7.  Several important photon mass experiments. 

(1): m is the mass of the photon. 

 

 

Fig. 16.  Figs. 13, 14 and 15 are shown together in the same scale. 

When we enlarge the slit’s depth, the wave reduces (apparently) 
at the same proportion. 

7. Conclusion 

As can be seen in Figs. 7, 9, 10 and 11 by reducing the slit’s 
aperture, the spaces between fringes are reduced at the same 
proportion. The launch of a large amount of non-homogeneous 
spheres against a single slit indicates a wave pattern relatively 
similar to those achieved by experimental results. 

While testing different depths of the slit, we noticed that 
when we enlarge the depth of the slit, the spaces between fringes 
are also reduced. The larger the depth, the smaller the spaces 
between the fringes. 

By the results found, as the pattern obtained numerically is 
relatively similar to the pattern experimentally obtained, it seems 
reasonable to model photons as being spherical non-
homogeneous rigid bodies in numerical problems related to 
scattering and diffraction. Further, it seems reasonable to 
propose that photons describe cycloids, since cycloids 
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simultaneously present matter and wave behaviors, as well as 
the De Broglie wave. 

As a final remark, this work was inspired by the model of 
light of the atomist Lucretius[16,17]. Our contribution is in the 
proposal of a non-uniform distribution to the photon’s internal 
mass and in the implementation of a numerical model to test this 
proposal against experimental results achieved by the Fresnel 
experiments. 
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