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Introduction 
The article [1] offers a quantum approach to describe 

the diffraction of light from two slits and from periodic 
system of parallel slits on metal screen where they form a 
diffracting screen. This approach is based on the following 
model. Metal tape is compared to in nitely deep potential 
pit, slits are in nitely high barrier. Herewith, diffraction 
pattern composed of interleaving of minimum and 
maximum of illumination intensity is explained as a result 
of elastic interaction of photons with electrons. These 
electrons in strips are in the state of free movement. 

This work offers a model close to reality where strips 

are compared to  nite depth pit and slits are compared to 
 nite height barriers.

Statement and solution of the problem
Supposing photon  ux falls normally to the screen 

plane from the side of negative values X located in the 
YOZ plane with Y-axis slit (Fig.1). When photons pass 
through slits they interact with electrons of material, 
suppose photon de ection from rectilinear propagation is 
observed as a result of this interaction.

Further the following model is taken as a base. 
Quantum-mechanical model of grating formed by in nite 
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sequence of slits (Fig.2) may be a periodic sequence of 
potential barriers (pits) where pits correspond to non-
transparent opaque areas and barriers correspond to slits 

Here we will base on the following assumptions:
1) photon passing through the slits interacts with 

electron;
2) electron is in the state of free movement in one-

dimensional potential pit with walls of  nite height;
3) collision of photon with electron occurs according 

to the perfectly elastic collision law;
4) width of slit b is small compared to the width of the 

metal strip a.  
It is a complicated task to produce mathematical 

expression of intensity distribution in the interference 
pattern. Here we will limit ourselves to dimension that 
determines the positions of the  maximums. 

According to the law of conservation of impulse 

 2211 kpkp ,                         (1)

where 1k , 2k  are photon impulses before and after 

collision, 1p , 2p are impulses of electrons in metal strip 

before and after collision. Diagram of impulses is shown in 
Figure 3. 

Since electron is in a plate-dimensional motion in one-
dimensional potential pit, it can not have X, an impulse 
component. Consequently, in the projections on the axis 
we will get 

coskk 21 ,                       (2)

sinkpp 221 .

Rewrite the system of equations (2) as following

coskk0 21 , 

sinkpp 212 .

After squaring and adding we will get

cos2 21
2
2

2
1

2
2 kkkkp

         

sin2 21
2
1 kpp .                   (3)

According to the energy conservation law

2k2p1kp1 EEEE ,             (4)

Where 1kE , 2kE  is total energy of photon before 

and after collision, 1pE , 2pE   is total energy of electron 

before and after collision. 11pE , 22pE ,

Fig. 1. Photon falling on the screen with slits.

Fig. 2. Quantum-mechanical model of grating.

Fig. 3. Diagram of impulses of photons and electrons.
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, m - 

stands for mass of electron at rest. 
Using binomial theorem, we get the following 

approximate expressions to calculate energy of photon and 
electron of metal strip: 
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Rewrite the energy conservation law (4) as following:

1
2 22

2 21 1
2 2 2 2

2 2
2 22 2

2 2 2 2
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,    (6)

After minor changes in the expression (6) we will get
2

2 4 2 2 2 4 1
2 2 2
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2 2 2 2
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. (7)

Ignoring second-order term in the expression (7) we 
receive

2 2 2 2
2 1 1 2p p k k

 
.                         (8)

Equating right parts of (3) and (8) we will get
2

22121 k2sinkp2coskk2 .  (9)

In the optical range the change of frequency of photon 
as a result of collisions with electrons (the Compton effect) 
is very small [3], therefore in the equation (9) can be 

assumed that 21 kk  and get the relation between the 

initial value of the impulses of interacting particles and the 
photon scattering angle, a diffraction angle :

 
1

1

cos1

sin

sin

cos1

k

p
.              (10)

We now determine the eigenvalues impulses of the 
free-electron that are moving in a symmetric potential pit 
with a height of potential barriers U . The spectrum of 

impulses / momentum of electrons, which move in the 
potential wells is discrete [2], and thus the de ection angles 
of the photons (diffraction angles) when passing through a 
screen with slits will also be discrete. For a given task the 
eigenvalues of the wave numbers can not be obtained 
analytically. To determine them, the transcendental 
equation has been obtained [2]

2arcsin
2

k
ka n

mU
,   n = 1,2,3,...    (11)

where 
2mE

k , 2
h

 
 is the Planck constant.

It is obvious that the movement of electrons is 
localized in potential pits, beyond which they can not get 
out, which is consistent with the idea that the free electrons 
in the metal are free to move in the sample, but can not 
go beyond it. So when we have a periodic sequence of N 
stripes, energy levels corresponding to a single isolated pit 
will not be split.

Solution of equation (11) can be obtained by iteration 
method. We rewrite this equation in the form

2
arcsin

2

n k
k

a a mU   

 .          (12)

The  rst term on the right-hand side of equation (11) 
determines the eigenvalues of the momentum for an 
in nitely deep potential pit. As shown by numerical 
analysis, results of which are shown in Table 1, it is a good 
starting (zero) approximation for calculating eigenvalues 
of impulses (and energy levels) of the  nite depth pit U . 

Therefore, it is better to represent it in the following form

0
1 0

2
arcsin

2

p
p p

a mU  

,               (13)

where 0

n
p

a
,   n = 1,2,3� .

This expression (13) shows the electron momentum in 
the  rst approximation in the pit depth U  (obtained by 

iteration method). Equation (13) can be simpli ed. 

Assuming that in the equation 0

0

1
2

p

mU
, we will get  

0
1 0

2

2

p
p p

a mU
  .                    (14)

Substituting (14) into (10) we obtain an equation of a 
diffraction grating
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sin 2
1

1 cos 2

n

a a mU
  

,           (15)

determining the position of the maxima in the diffraction 
pattern, is the wavelength of the incident light. For small 

diffraction angles 1  and a deep well (pit) U   
we get the well-known equation of diffraction grating in 
the case of normal incidence of light [4],

sina n                            (16)
Table 1 shows the results of numerical calculations for 

pit depth U  = 33 eV, and width   m. It also presents 

the results of comparison of the values of energy nE  and 

momentum p for the in nitely deep well with the values 

of energy nE  and momentum 1p for the  nite depth pit 

that were calculated by the formula (14) in the  rst 
approximation .

In the above table also shows the values of energy 
"

nE and momentum 1p   for the  nite depth  pit, 

calculated by formula (12) by  nding successive 
approximations by Newton�s method. There are 9 roots in a 
pit at a given height of the barrier. As the table shows, the 
energy eigenvalues   differ little from nE  as well as p  

from 1p  and really are a good zero-order approximation 

for calculating eigenvalues of momentum for the  nite 
depth pit. Comparing the energy eigenvalues 

"
nE  with nE  

(and accordingly 1p  with p ) we can see that the error 

does not exceed 3.5%.
According to the de nition arcsin equation (12) can 

be written as

0 1 0sin
2 2

p p p
a

mU  

.               (17)

From equation (17) can determine the height of the 
potential barrier

2
0

2
0 12 sin

2

p
U

a
m p p

.              (18)

Suppose that we know the diffraction angles  from 

the diffraction pattern obtained as the result of light 
diffraction on two slits or a grating formed by the N slits. In 
this case, the magnitude of the impulse 1p  can be 

determined from equation (9)

1 1

sin 2 sin

1 cos 1 cos
p k          (19)

                                                            

Conclusion
In the article the expression for calculating eigenvalues 

of the electron impulses in a potential well bounded by 
barriers of  nite height has been obtained. Their estimation 
accuracy is given. An expression that de nes the angle of 
diffraction, allowing  nding the position of the maxima 
in the diffraction pattern has been obtained in the  rst 
approximation. The formula for the calculation of the 
potential barrier at the metal-vacuum interface has been 
derived.
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Table 1

n En , eV E''n , eV En, eV p , 10-5kGm/s p, 10-5 kGm/s p*1,10-5kGm /s (p-p1)/p,% (E''n -En)/E''n, %

1 0.381 0.334 0.324 3.297 3.118 3.077 1.3 2

2 1.524 1.335 1.299 6.594 6.234 6.151 1.4 2.6

5 9.528 8.301 8.123 16.49 15.55 15.32 1.5 3

9 30.87 26.32 26.32 29.67 27.66 27.11 1.9 3.5
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