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Abstract
In string theory, photon and electron are considered as different vibrational modes of strings. In this work, we assume 
that Raman effect, Photoelectric effect and Compton effect can be visualized in string theory. We find out the force of 
interaction between photon and electron by calculating the time interval between incident photon and scattered photon 
in Raman effect and Compton effect as well as time interval between incidence of photon and emission of electron in 
photoelectric effect using Heisenberg’s Uncertainty Principle. Then we calculate the force of interaction between two 
strings whose vibrational modes are photon and electron in string theory. Finally, we calculate the coupling constants of 
the two interacting strings.
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1. Introduction
In Raman effect, scattering of photons take place due to 
the interaction of electromagnetic waves with electron of 
an atom or a molecule [1-5]. Implication of Raman effect in 
Raman spectroscopy has been studied in Refs. [6-8]. Raman 
effect has also been discussed in femtoseconds, attoseconds 
[9]. Kumar and Sahoo have calculated the time interval in 
the scattering of photon by the electron in Raman effect 
which is of the order of 10-23 s-10-20 s [10]. In photoelectric 
effect, there is emission of electron when high energy elec-
tromagnetic waves such as X-rays are absorbed by matter 
[11-14]. Till now, no detectable time lag has been found in 
measuring the time interval between absorption of electro-
magnetic waves by the matter and emission of electron from 
the matter [15, 16]. It has been shown by Atkinson that the 
excitation of an atom takes place in less than 10-10 s [17]. Ku-
mar and Sahoo have calculated the time interval between ab-
sorption of photon and emission of electron in photoelectric 
effect which is of the order of 10-23 s-10-20 s [10]. In Compton 
effect, a gamma photon collides with an electron in an atom 
serving as the target. Compton collision is an elastic collision 
between a photon and an electron which become predom-
inant when the photon energy becomes large compared to 
the energy that holds the electron in an atom i.e., its binding 
energy. There is unequal energy sharing between the gamma 
photon and the electron which depends on the gamma scat-
tering angle. In most cases which is likely to be happened, 

the photon is not scattered without any loss of power which 
is the case of forward scattering. In rare cases, the gamma 
photon bounces backward propelling the electron in for-
ward direction which is the case of backscattering. In aver-
age cases, the gamma photon is scattered through a certain 
angle between 30-45 degrees [18]. 

In string theory, a photon is the vibrational mode of an open 
string of having finite length whereas an electron is also the 
vibrational mode of string of finite length both having dif-
ferent vibrational modes. Planck energy Ep~1/lp , where lp is 
Planck length, energy of a photon E~1/ls , where ls is length 
of the string. So, energies of incident photon and scattered 
photon are given by E1~1/ls1 , E2~1/ls2 , respectively where 
ls1 corresponds to length of string of incident photon and ls2 
corresponds to length of string of scattered photon. Time in 
string theory t~l. In string theory, force of interaction be-
tween two strings is given by F=g m1 m2/r2  where g is the 
coupling constant of open string with the electron in which 
g1 is coupling constant of string with vibrational mode of 
that of incident photon and g2 is coupling constant of string 
with vibrational mode of that of scattered photon. m1, m2 are 
masses of first and second string respectively and m1~1/ls1 
,m2~1/ls2 . Also we have the relation in string theory for the 
Planck length lp, length of the string ls and the coupling con-
stant of the string g as lp=gls [19-24]. In this paper, we assume 
that Raman effect, photoelectric effect and Compton effect 
can be visualized in string theory.
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This paper is organized as follows: In section 2, we calcu-
late the string’s length of the photon and the electron using 
string theory in four-dimensional space-time. In section 3, 
we calculate the force of interaction between photon and 
electron during the scattering of photon by the electron in 
Raman effect in string theory. In section 4, we estimate the 
force of interaction between photon and electron during the 
incidence of photon and emission of electron in Photoelec-
tric effect in string theory. In section 5, we calculate the force 
of interaction between photon and electron in Compton ef-
fect during the scattering of photon by the electron in string 
theory. Finally, we present our conclusions in section 6.

1.1. String’s Length of the Photon and the Electron in 
String Theory 
In this section, we calculate the string’s length correspond-
ing to the photon ls and the string’s length corresponding to 
the electron lse in string theory. Then calculate the coupling 
constant of the photon g with the electron. For this, we con-
sider Raman scattering of light by the electron for the case 
when the photon is scattered with the same energy initially 
it has, i.e.

E1= E2= E imply ν1= ν2= ν.     (1)

In this case, the energy difference between incident photon 
and scattered photon is given by,

 ∆E = c∆p = E2-(-E1) = 2E.    (2)

Using Heisenberg’s Uncertainty Principle ∆E∆t≥ℏ⁄2 in equa-
tion (2), we can find the time interval as,

In string theory, E~1/ls , ∆t can be given by putting ℏ=1 in 
equation (3) as,

Similarly, for other cases (when the photon will scatter with 
energy greater than the incident energy and when the pho-
ton will scatter with energy lesser than its incident energy) 
also, since in string theory t~l implying ∆t~∆l as given in 
equation (4). So, we obtain the change in string’s length due 
to the coupling of the two strings from equation (4).

Force of interaction between photon and electron during the 
scattering of photon by the electron can be calculated using 
the relation that the impulse is equal to the change in mo-
mentum as:

From equation (5), we can calculate the force of interaction 
between photon and electron as,

Putting ℏ=c=1 in equation (6) and E~1/ls , along with using 
equation (4), we find out the force of interaction between 
two strings in string theory as

From equations (6), it is also clear that 1/ls =hν=2πℏc/λ. So, 
for ℏ=c=1 we will have

ls=λ/2π. (8)

Equation (8) gives the value of string’s length in string theo-
ry. In analogy to equation (8), the string’s length correspond-
ing to electron in string theory can be given by,

lse=λ0/2π. (9)
 
In equation (9), λ0= ℏ/me c is Compton wavelength of the 
electron. The value of string’s length calculated using equa-
tion (9) is lse≈6.15×10-14 m. Equating equation (7) with 

In equation (10), we have l is the length of the string formed 
due to the coupling of the strings corresponding to photon 
and that to the electron. We can say that l is length of the 
string formed when two strings join together and exist for 
time ∆t, after which it again splits into two strings one cor-
responding to electron and another corresponding to scat-
tered photon. 

Using equation (10), we can calculate the coupling constant 
between the two strings of length lse and ls for electron and 
photon respectively whereas re is distance of interaction be-
tween the two interacting strings. In order to calculate the 
coupling constant, we put the value l=l+∆l where ∆t~∆l=ls/4 
as from equation (4), we have l=5/4 ls.

1.2. Force of Interaction Between Photon and Electron 
During the Scattering of Photon by the Electron in Ra-
man Effect 
In the scattering of photon by the electron, three cases arise. 
In the first case, the photon will scatter with energy greater 
than the incident energy. In the second case, it will scatter 
with energy lesser than its incident energy. In third case, it 
will scatter with energy equal to the incident energy [1-4]. 
Let, the initial energy of the incident photon is given by

E1=hν1 (11)

where, E1 and ν1 are the initial energy and initial frequency of 
the incident photon respectively. In string theory, the initial 
energy of the incident photon is given as:

E1=1/ls1  (12) 

After collision with the electron of an atom, the photon will 
return back with energy
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force of interaction between two strings in string theory as 

𝐹𝐹 = 8
𝑙𝑙𝑠𝑠2

. (7)  

From equations (6), it is also clear that 1
𝑙𝑙𝑠𝑠

= ℎ𝜈𝜈 = 2𝜋𝜋ℏ𝑐𝑐
𝜆𝜆 . So, for ℏ = 𝑐𝑐 = 1 we will have 

𝑙𝑙𝑠𝑠 = 𝜆𝜆
2𝜋𝜋. (8) 

Equation (8) gives the value of string’s length in string theory. In analogy to equation (8), 

the string’s length corresponding to electron in string theory can be given by, 

𝑙𝑙𝑠𝑠𝑠𝑠 = 𝜆𝜆0
2𝜋𝜋. (9)  
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𝑚𝑚𝑒𝑒𝑐𝑐 is Compton wavelength of the electron. The value of string’s 
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𝐹𝐹 = g 1
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1
lse

1
re2

. l2, we will get the coupling constant as: 

g = 8
𝑙𝑙2

𝑙𝑙𝑠𝑠𝑒𝑒
𝑙𝑙𝑠𝑠

𝑟𝑟𝑠𝑠
2 (10) 

In equation (10), we have 𝑙𝑙 is the length of the string formed due to the coupling of the 

strings corresponding to photon and that to the electron. We can say that 𝑙𝑙 is length of the 

string formed when two strings join together and exist for time ∆𝑡𝑡, after which it again 

splits into two strings one corresponding to electron and another corresponding to scattered 

photon.  
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E2=hν2 (13) 

where, E2 and ν2 are the final energy and final frequency of 
the scattered photon respectively. In string theory, the final 
energy of the scattered photon is given as:

E2=1/ls2  (14)
 
In the first case, when the photon is scattered with energy 
greater than its incident energy, then we have

E2>E1  ν2>ν1 and ls2<ls1. (15)

In this case, the energy difference between incident photon 
and scattered photon is given by,

∆E=E2-E1=h(ν2-ν1 ). (16)

The value of ∆E calculated using equation (16) for λ2=5000A0 
and λ1=6000A0 is ∆E=0.45 eV. Using Heisenberg’s Uncertain-
ty Principle that is, ∆E∆t≥ℏ⁄2 in equation (16), we find the 
time interval 

The value of ∆t calculated using equation (17) for λ2=5000A0 
and λ1=6000A0 is ∆t=8.0×10-16s. In string theory, ∆t is given 
by,

As in string theory t~l which implies that ∆t~∆l. So, we ob-
tain the change in string’s length due to the coupling of the 
two strings from equation (18). Force of interaction between 
photon and electron during the scattering of photon by the 
electron can be calculated using the relation that the impulse 
is equal to the change in momentum as:

Using equations (17) and (19), we find the force of interac-
tion between photon and electron as,

The value of force calculated using equation (20) for 
λ2=5000A0 and λ1=6000A0 is F=3.1×10-22 N.

Putting ℏ=c=1 in equation (20), we find out the force interac-
tion between two strings in string theory as

Equating equation (21) with

we will get the coupling constants of the strings correspond-
ing to the incident photon and that to the scattered photon 
as:

In equations (22) and (23), l which is the length of the string 
formed due to the coupling of the strings corresponding to 
photon and that to the electron has been introduced inor-
der to make the coupling constants dimensionless quantity. 
Putting the values ls1=9.55×10-8 m and ls2=8.0×10-8 m in the 
equations (22) and (23), we will get the values of the cou-
pling constants as g1=3.1×10-22 and g2=3.65×10-22.

In the second case, when the photon is scattered with energy 
lesser than its initial energy, then we have

E2<E1  ν2<ν1 and ls2>ls1 (24)

In this case, the energy difference between incident photon 
and scattered photon is given by,

∆E=E1-E2=h(ν1-ν2). (25)

The value of ∆E calculated using equation (25) for λ1=5000A0 
and λ2=6000A0 as ∆E=0.45 eV. Using Heisenberg’s Uncertain-
ty Principle in equation (25), we can find the time interval as,

The value of ∆t calculated using equation (26) for λ1=5000A0 
and λ2=6000A0 as ∆t=8.0×10-16 s. In string theory, ∆t is given 
by,

In this case also similar to previous case, since in string the-
ory t~l which implies that ∆t~∆l. So, we obtain the change 
in string’s length due to the coupling of the two strings from 
equation (27). Force of interaction between photon and elec-
tron during the scattering of photon by the electron can be 
calculated using the relation that the impulse is equal to the 
change in momentum as:

Using equations (27) and (28), we can find out the force of 
interaction between photon and electron as,

The value of force calculated using equation (29) for 
λ1=5000A0 and λ2=6000A0 is F=3.1×10-22 N.

Putting ℏ=c=1 in equation (29), we find out the force interac-
tion between two strings in string theory as
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Using equation (10), we can calculate the coupling constant between the two strings of 

length 𝑙𝑙𝑠𝑠𝑠𝑠 and 𝑙𝑙𝑠𝑠 for electron and photon respectively whereas 𝑟𝑟𝑠𝑠 is distance of interaction 

between the two interacting strings. In order to calculate the coupling constant, we put the 

value 𝑙𝑙 = 𝑙𝑙 + ∆𝑙𝑙 where ∆𝑡𝑡~∆𝑙𝑙 = 𝑙𝑙𝑠𝑠
4  as from equation (4), we have 𝑙𝑙 = 5

4 𝑙𝑙𝑠𝑠. 

 

1.2. Force of Interaction Between Photon and Electron During the Scattering of 

Photon by the Electron in Raman Effect  

In the scattering of photon by the electron, three cases arise. In the first case, the photon 

will scatter with energy greater than the incident energy. In the second case, it will scatter 

with energy lesser than its incident energy. In third case, it will scatter with energy equal 

to the incident energy [1-4]. Let, the initial energy of the incident photon is given by 

𝐸𝐸1 = ℎ𝜈𝜈1 (11) 

where, 𝐸𝐸1 and 𝜈𝜈1 are the initial energy and initial frequency of the incident photon 

respectively. In string theory, the initial energy of the incident photon is given as: 

𝐸𝐸1 = 1
𝑙𝑙𝑠𝑠1

 (12)  

After collision with the electron of an atom, the photon will return back with energy 

𝐸𝐸2 = ℎ𝜈𝜈2 (13)  

where, 𝐸𝐸2 and 𝜈𝜈2 are the final energy and final frequency of the scattered photon 

respectively. In string theory, the final energy of the scattered photon is given as: 

𝐸𝐸2 = 1
𝑙𝑙𝑠𝑠2

 (14)  

In the first case, when the photon is scattered with energy greater than its incident energy, 

then we have 

𝐸𝐸2 > 𝐸𝐸1 𝜈𝜈2 > 𝜈𝜈1 and 𝑙𝑙𝑠𝑠2 < 𝑙𝑙𝑠𝑠1. (15) 

In this case, the energy difference between incident photon and scattered photon is given 

by, 

∆𝐸𝐸 = 𝐸𝐸2 − 𝐸𝐸1 = ℎ(𝜈𝜈2 − 𝜈𝜈1). (16) 

The value of ∆𝐸𝐸 calculated using equation (16) for 𝜆𝜆2 = 5000𝐴𝐴0 and 𝜆𝜆1 = 6000𝐴𝐴0 is 

∆𝐸𝐸 = 0.45 eV. Using Heisenberg’s Uncertainty Principle that is, ∆𝐸𝐸∆𝑡𝑡 ≥ ℏ 2⁄  in equation 

(16), we find the time interval  

∆𝑡𝑡 = ℏ
2ℎ(𝜈𝜈2−𝜈𝜈1) = 1

4𝜋𝜋(𝜈𝜈2−𝜈𝜈1). (17) 

The value of ∆𝑡𝑡 calculated using equation (17) for 𝜆𝜆2 = 5000𝐴𝐴0 and 𝜆𝜆1 = 6000𝐴𝐴0 is ∆𝑡𝑡 =
8.0 × 10−16𝑠𝑠. In string theory, ∆𝑡𝑡 is given by, 
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∆𝑡𝑡~∆𝑙𝑙 = 1
2 ( 1

𝑙𝑙𝑠𝑠2
− 1

𝑙𝑙𝑠𝑠1
)

−1
. (18) 

As in string theory 𝑡𝑡~𝑙𝑙 which implies that ∆𝑡𝑡~∆𝑙𝑙. So, we obtain the change in string’s 

length due to the coupling of the two strings from equation (18). Force of interaction 

between photon and electron during the scattering of photon by the electron can be 

calculated using the relation that the impulse is equal to the change in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝐸𝐸2
𝑐𝑐 − (− 𝐸𝐸1

𝑐𝑐 ).  (19) 

Using equations (17) and (19), we find the force of interaction between photon and electron 

as, 

𝐹𝐹 = ℎ(𝜈𝜈2+𝜈𝜈1)
𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ

𝑐𝑐∆𝑡𝑡 (𝜈𝜈2
2 − 𝜈𝜈1

2). (20) 

The value of force calculated using equation (20) for 𝜆𝜆2 = 5000𝐴𝐴0 and 𝜆𝜆1 = 6000𝐴𝐴0 is 

𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
 

Putting ℏ = 𝑐𝑐 = 1 in equation (20), we find out the force interaction between two strings 

in string theory as 

𝐹𝐹 = ( 1
𝑙𝑙𝑠𝑠2

2 − 1
𝑙𝑙𝑠𝑠1

2 ). (21)  

Equating equation (21) with 𝐹𝐹 = g1
1

ls1

1
lse

1
re2

. l2 = g2
1

ls2

1
lse

1
re2

. l2, we will get the coupling 

constants of the strings corresponding to the incident photon and that to the scattered photon 

as: 

g1 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠1𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠2

2 − 1
𝑙𝑙𝑠𝑠1

2 ) (22) 

 and 

g2 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠2𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠2

2 − 1
𝑙𝑙𝑠𝑠1

2 ). (23) 

In equations (22) and (23), 𝑙𝑙 which is the length of the string formed due to the coupling of 

the strings corresponding to photon and that to the electron has been introduced inorder to 

make the coupling constants dimensionless quantity. Putting the values 𝑙𝑙𝑠𝑠1 =
9.55 × 10−8𝑚𝑚 and 𝑙𝑙𝑠𝑠2 = 8.0 × 10−8𝑚𝑚 in the equations (22) and (23), we will get the 

values of the coupling constants as g1 = 3.1 × 10−22 and g2 = 3.65 × 10−22. 
 

In the second case, when the photon is scattered with energy lesser than its initial energy, 

then we have 

𝐸𝐸2 < 𝐸𝐸1 𝜈𝜈2 < 𝜈𝜈1 and 𝑙𝑙𝑠𝑠2 > 𝑙𝑙𝑠𝑠1 (24) 6 
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𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
 

Putting ℏ = 𝑐𝑐 = 1 in equation (20), we find out the force interaction between two strings 

in string theory as 

𝐹𝐹 = ( 1
𝑙𝑙𝑠𝑠2

2 − 1
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9.55 × 10−8𝑚𝑚 and 𝑙𝑙𝑠𝑠2 = 8.0 × 10−8𝑚𝑚 in the equations (22) and (23), we will get the 

values of the coupling constants as g1 = 3.1 × 10−22 and g2 = 3.65 × 10−22. 
 

In the second case, when the photon is scattered with energy lesser than its initial energy, 

then we have 
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𝑐𝑐 − (− 𝐸𝐸2

𝑐𝑐 ).  (28) 

Using equations (27) and (28), we can find out the force of interaction between photon and 
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𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ
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𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ). (30) 

In equation (30) also we have 𝑙𝑙 is the length of the string formed due to the coupling of the 

strings corresponding to photon and that to the electron. Equating equation (30) with 𝐹𝐹 =

g1
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from equation (27). Force of interaction between photon and electron during the scattering 

of photon by the electron can be calculated using the relation that the impulse is equal to 

the change in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝐸𝐸1
𝑐𝑐 − (− 𝐸𝐸2

𝑐𝑐 ).  (28) 

Using equations (27) and (28), we can find out the force of interaction between photon and 

electron as, 

𝐹𝐹 = ℎ(𝜈𝜈1+𝜈𝜈2)
𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ

𝑐𝑐∆𝑡𝑡 (𝜈𝜈1
2 − 𝜈𝜈2

2). (29) 

The value of force calculated using equation (29) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 is 

𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
 

Putting ℏ = 𝑐𝑐 = 1 in equation (29), we find out the force interaction between two strings 

in string theory as 

𝐹𝐹 = ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ). (30) 

In equation (30) also we have 𝑙𝑙 is the length of the string formed due to the coupling of the 

strings corresponding to photon and that to the electron. Equating equation (30) with 𝐹𝐹 =

g1
1

ls1

1
lse

1
re2

. l2 = g2
1

ls2

1
lse

1
re2

. l2, we will get the coupling constants of the strings 

corresponding to the incident photon and that to the scattered photons as: 

g1 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠1𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ) (31) 
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In equation (30) also we have l is the length of the string 
formed due to the coupling of the strings corresponding to 
photon and that to the electron. Equating equation (30) with

we will get the coupling constants of the strings correspond-
ing to the incident photon and that to the scattered photons 
as:

and

In equations (31) and (32), l which is the length of the string 
formed due to the coupling of the strings corresponding to 
photon and that to the electron has been introduced in or-
der to make the coupling constants dimensionless quantity. 
Putting the values ls1=8.0×10-8 m and ls2=9.55×10-8 m in the 
equations (31) and (32), we will get the values of the cou-
pling constants as g1=3.65×10-22 and g2=3.1×10-22.

For the third case of the Raman effect when incident pho-
ton and the scattered photon have same energy, the value 
of ∆t calculated using equation (3) for λ1=λ2=λ=5000A0 is 
∆t=6.63×10-17 s and the force calculated using equation (6) 
is F=4.0×10-11 N. The value of string’s length calculated using 
equation (9) is lse≈6.15×10-14 m. The value of string’s length 
calculated using equation (8) for third case of Raman effect is 
ls≈7.15×10-8 m. The value of the coupling constant between 
the two interacting strings of length lse and ls for electron 
and photon respectively is calculated using equation (10) as 
g=5.0×10-19.

1.3. Force of Interaction Between Photon and Electron 
During the Incidence of Photon and Emission of Electron 
in Photoelectric Effect 
The energy difference during the absorption of electromag-
netic waves by the electron can be described as coupling of 
open string corresponding to the photon is given as:

∆E=hν. (33)

Using Heisenberg’s Uncertainty Principle, we will get time 
interval in the absorption of photon by the electron as:

The value of ∆E and ∆t are calculated using equation (33) 
and (34) for λ=4584 A0 as ∆E=2.71 eV and ∆t=1.22×10-16 s 
respectively. From equation (34), the value of ∆t in string 
theory is given by putting ℏ=1 as,

∆t~∆l=ls/2. (35)

In equation (35), ls is the string length of the photon ab-
sorbed by the electron . Force of interaction of electromag-
netic waves with electron during the absorption of photon 

by electron and emission of electron in photoelectric effect 
can be calculated using the relation i.e., impulse is equal to 
the change in momentum as:

The force of interaction is calculated using equations (34) 
and (36) as,

The force of interaction calculated using equation (37) 
for λ=4584A0 and ∆t=1.2×10-16 s for Cesium metal with 
work function 1.95 eV, the velocity of the ejected electron 
v=0.52×106 m/s and γ=1.01523 using mass of electron m_
e=9.1×10-31 kg is calculated as F=4.0×10-9 N. 

Putting ℏ=c=1 in equation (37) and using equation (35), we 
find out the force interaction between two strings in string 
theory as

In equation (38), l is the length of the string formed due to 
the coupling of the strings corresponding to absorbed pho-
ton and that to the electron,

has been used in order to make velocity dimensionless, lse is 
string’s length whose vibrational mode is electron whereas ls 
is string’s length whose vibrational mode is incident photon. 
Equating equation (38) with                           we will get the 
coupling constant as:

Using equation (39), we can find out the coupling constant 
between the two strings of string length l_se and l_s one for 
vibrational mode of electron and the other for vibrational 
mode of photon respectively whereas r_e is distance of in-
teraction between the two interacting strings. The value of 
the coupling constant between the two interacting strings 
of length l_se and l_s for electron and photon respectively in 
Photoelectric effect can be calculated by putting the values 
ls =7.3×10-8 m, β=0.00173 along with the other values in 
equation (39) as g=1.2×10-18. 

1.4. Force of Interaction Between Photon and Electron in 
Compton Effect During the Scattering of Photon by the 
Electron 
In Compton effect, when the photon is scattered with the en-
ergy lesser or equal to initially it has, we have

E2≤E1  ν2≤ν1 and ls2≥ls1. (40)

 In Compton effect we have the expression [18]: 

hν1 ν2 (1-cosθ)=me c2 (ν1-ν2 ) (41)

In equation (40), θ is the angle between the scattered photon 
and the recoiled electron whereas me is mass of electron can 
be re-expressed as:
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In this case, the energy difference between incident photon and scattered photon is given 

by, 

∆𝐸𝐸 = 𝐸𝐸1 − 𝐸𝐸2 = ℎ(𝜈𝜈1 − 𝜈𝜈2). (25) 

The value of ∆𝐸𝐸 calculated using equation (25) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 as 

∆𝐸𝐸 = 0.45 eV. Using Heisenberg’s Uncertainty Principle in equation (25), we can find the 

time interval as, 

∆𝑡𝑡 = ℏ
2ℎ(𝜈𝜈1−𝜈𝜈2) = 1

4𝜋𝜋(𝜈𝜈1−𝜈𝜈2). (26) 

The value of ∆𝑡𝑡 calculated using equation (26) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 as ∆𝑡𝑡 =
8.0 × 10−16𝑠𝑠. In string theory, ∆𝑡𝑡 is given by, 

∆𝑡𝑡~∆𝑙𝑙 = 1
2 ( 1

𝑙𝑙𝑠𝑠1
− 1

𝑙𝑙𝑠𝑠2
)

−1
. (27) 

In this case also similar to previous case, since in string theory 𝑡𝑡~𝑙𝑙 which implies that 

∆𝑡𝑡~∆𝑙𝑙. So, we obtain the change in string’s length due to the coupling of the two strings 

from equation (27). Force of interaction between photon and electron during the scattering 

of photon by the electron can be calculated using the relation that the impulse is equal to 

the change in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝐸𝐸1
𝑐𝑐 − (− 𝐸𝐸2

𝑐𝑐 ).  (28) 

Using equations (27) and (28), we can find out the force of interaction between photon and 

electron as, 

𝐹𝐹 = ℎ(𝜈𝜈1+𝜈𝜈2)
𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ

𝑐𝑐∆𝑡𝑡 (𝜈𝜈1
2 − 𝜈𝜈2

2). (29) 

The value of force calculated using equation (29) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 is 

𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
 

Putting ℏ = 𝑐𝑐 = 1 in equation (29), we find out the force interaction between two strings 

in string theory as 

𝐹𝐹 = ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ). (30) 

In equation (30) also we have 𝑙𝑙 is the length of the string formed due to the coupling of the 

strings corresponding to photon and that to the electron. Equating equation (30) with 𝐹𝐹 =

g1
1

ls1

1
lse

1
re2

. l2 = g2
1

ls2

1
lse

1
re2

. l2, we will get the coupling constants of the strings 

corresponding to the incident photon and that to the scattered photons as: 

g1 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠1𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ) (31) 
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from equation (27). Force of interaction between photon and electron during the scattering 

of photon by the electron can be calculated using the relation that the impulse is equal to 

the change in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝐸𝐸1
𝑐𝑐 − (− 𝐸𝐸2

𝑐𝑐 ).  (28) 

Using equations (27) and (28), we can find out the force of interaction between photon and 

electron as, 

𝐹𝐹 = ℎ(𝜈𝜈1+𝜈𝜈2)
𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ

𝑐𝑐∆𝑡𝑡 (𝜈𝜈1
2 − 𝜈𝜈2

2). (29) 

The value of force calculated using equation (29) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 is 

𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
 

Putting ℏ = 𝑐𝑐 = 1 in equation (29), we find out the force interaction between two strings 

in string theory as 

𝐹𝐹 = ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ). (30) 

In equation (30) also we have 𝑙𝑙 is the length of the string formed due to the coupling of the 

strings corresponding to photon and that to the electron. Equating equation (30) with 𝐹𝐹 =

g1
1

ls1

1
lse

1
re2

. l2 = g2
1

ls2

1
lse

1
re2

. l2, we will get the coupling constants of the strings 

corresponding to the incident photon and that to the scattered photons as: 

g1 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠1𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ) (31) 7 
 

In this case, the energy difference between incident photon and scattered photon is given 

by, 

∆𝐸𝐸 = 𝐸𝐸1 − 𝐸𝐸2 = ℎ(𝜈𝜈1 − 𝜈𝜈2). (25) 

The value of ∆𝐸𝐸 calculated using equation (25) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 as 

∆𝐸𝐸 = 0.45 eV. Using Heisenberg’s Uncertainty Principle in equation (25), we can find the 

time interval as, 

∆𝑡𝑡 = ℏ
2ℎ(𝜈𝜈1−𝜈𝜈2) = 1

4𝜋𝜋(𝜈𝜈1−𝜈𝜈2). (26) 

The value of ∆𝑡𝑡 calculated using equation (26) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 as ∆𝑡𝑡 =
8.0 × 10−16𝑠𝑠. In string theory, ∆𝑡𝑡 is given by, 

∆𝑡𝑡~∆𝑙𝑙 = 1
2 ( 1

𝑙𝑙𝑠𝑠1
− 1

𝑙𝑙𝑠𝑠2
)

−1
. (27) 

In this case also similar to previous case, since in string theory 𝑡𝑡~𝑙𝑙 which implies that 

∆𝑡𝑡~∆𝑙𝑙. So, we obtain the change in string’s length due to the coupling of the two strings 

from equation (27). Force of interaction between photon and electron during the scattering 

of photon by the electron can be calculated using the relation that the impulse is equal to 

the change in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝐸𝐸1
𝑐𝑐 − (− 𝐸𝐸2

𝑐𝑐 ).  (28) 

Using equations (27) and (28), we can find out the force of interaction between photon and 

electron as, 

𝐹𝐹 = ℎ(𝜈𝜈1+𝜈𝜈2)
𝑐𝑐∆𝑡𝑡 = 4𝜋𝜋ℎ

𝑐𝑐∆𝑡𝑡 (𝜈𝜈1
2 − 𝜈𝜈2

2). (29) 

The value of force calculated using equation (29) for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 is 

𝐹𝐹 = 3.1 × 10−22𝑁𝑁. 
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 and 

g2 = 2
𝑙𝑙2 𝑙𝑙𝑠𝑠2𝑙𝑙𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠

2 ( 1
𝑙𝑙𝑠𝑠1

2 − 1
𝑙𝑙𝑠𝑠2

2 ). (32) 

In equations (31) and (32), 𝑙𝑙 which is the length of the string formed due to the coupling of 

the strings corresponding to photon and that to the electron has been introduced in order to 

make the coupling constants dimensionless quantity. Putting the values 𝑙𝑙𝑠𝑠1 = 8.0 × 10−8𝑚𝑚 

and 𝑙𝑙𝑠𝑠2 = 9.55 × 10−8𝑚𝑚 in the equations (31) and (32), we will get the values of the 

coupling constants as g1 = 3.65 × 10−22 and g2 = 3.1 × 10−22. 
 

For the third case of the Raman effect when incident photon and the scattered photon have 

same energy, the value of ∆𝑡𝑡 calculated using equation (3) for 𝜆𝜆1 = 𝜆𝜆2 = 𝜆𝜆 = 5000𝐴𝐴0 is 

∆𝑡𝑡 = 6.63 × 10−17𝑠𝑠 and the force calculated using equation (6) is 𝐹𝐹 = 4.0 × 10−11𝑁𝑁. The 

value of string’s length calculated using equation (9) is 𝑙𝑙𝑠𝑠𝑠𝑠 ≈ 6.15 × 10−14𝑚𝑚. The value 

of string’s length calculated using equation (8) for third case of Raman effect is 𝑙𝑙𝑠𝑠 ≈
7.15 × 10−8𝑚𝑚. The value of the coupling constant between the two interacting strings of 

length 𝑙𝑙𝑠𝑠𝑠𝑠 and 𝑙𝑙𝑠𝑠 for electron and photon respectively is calculated using equation (10) as 

g = 5.0 × 10−19. 
 

1.3. Force of Interaction Between Photon and Electron During the Incidence of 

Photon and Emission of Electron in Photoelectric Effect  

The energy difference during the absorption of electromagnetic waves by the electron can 

be described as coupling of open string corresponding to the photon is given as: 

∆𝐸𝐸 = ℎ𝜈𝜈. (33) 

Using Heisenberg’s Uncertainty Principle, we will get time interval in the absorption of 

photon by the electron as: 

∆𝑡𝑡 = ℏ
2ℎ𝜈𝜈 = 1

4𝜋𝜋𝜈𝜈. (34)  

The value of ∆𝐸𝐸 and ∆𝑡𝑡 are calculated using equation (33) and (34) for 𝜆𝜆 = 4584 𝐴𝐴0 as 

∆𝐸𝐸 = 2.71 eV and ∆𝑡𝑡 = 1.22 × 10−16𝑠𝑠 respectively. From equation (34), the value of ∆𝑡𝑡 

in string theory is given by putting ℏ = 1 as, 

∆𝑡𝑡~∆𝑙𝑙 = 𝑙𝑙𝑠𝑠
2. (35) 

In equation (35), 𝑙𝑙𝑠𝑠 is the string length of the photon absorbed by the electron . Force of 

interaction of electromagnetic waves with electron during the absorption of photon by 
8 
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(hν1)(hν2)(1-cosθ)=me c2 (hν1-hν2 ) (41) 

The energy difference between incident photon and scat-
tered photon is given by,

The value of ∆E calculated using equation (42) for λ1=100A0 
and λ2=1000A0 as ∆E=112 eV. Force of interaction between 
photon and electron during the scattering of photon by the 
electron can be calculated using the relation that the impulse 
is equal to the change in momentum as:

F∆t=me γv (43) 

Equation (42) can be written with string theory as:

F∆t=γβ/lse . (44)

Force of interaction between photon and electron during the 
scattering of photon by the electron in string theory by put-
ting the values of the coupling constants as derived from the 
equation (10) is given as;

Using the equations (44) and (45), the coupling time for inci-
dent string with the electron is calculated as:

while using the equations (44) and (46), the coupling time 
for scattered string with the electron is calculated as:

Total time of interaction between the photon and the elec-
tron considering the interaction between the photon and 
the electron as the interaction of two strings is calculated by 
adding the equations (47) and (48) as:

In equations (47), (48) and (49), l is the length of the string 
formed due to the coupling of the strings corresponding to 
photon and that to the electron when two strings join togeth-
er and exist for time ∆t, after which it again splits into two 
strings one corresponding to electron and another corre-
sponding to scattered photon. 

2. Discussions and Conclusions
In this paper, we explain the phenomenon of coupling of the 
strings corresponding to incident photon with the string cor-
responding to the electron. The coupled string having length 
l exsits which is due to coupling between the incidence or 
absorption of photon and the scattering of the photon or 
ejection of electron for a time interval ∆t which has been 
calculated using the Heisenberg’s Uncertainty Principle. We 
find that time interval in the scattering of electromagnetic 

waves by the electron in Raman effect and Compton effect 
as well as absorption of photon and emission of electron in 
Photoelectric effect. After a period of time ∆t, the coupled 
string of length l again splits into two strings which corre-
spond to the scattered photon or the ejected electron in Pho-
toelectric effect and recoiled electron in the case of Compton 
effect. We have calculated the force of interaction between 
photon and electron in different cases. We have also calculat-
ed the coupling constants between the two strings of length 
lse and ls for electron and photon respectively for Raman ef-
fect, Photoelectric effect and the Compton effect. The values 
for different parameters we have calculated in our work are 
the optimum values. The value of the string length for elec-
tron calculated lse≈6.15×10-14 m in maximum value. l_se must 
be less than size of the electron or the Compton wavelength 
of the electron. In Raman effect the coupled string having 
length l exists for time, ∆t=8.×10-16 s for first and second 
cases and for time, ∆t=6.63×10-17 s for third case. The force 
of interaction between to strings calculated for λ1=5000A0 
and λ2=6000A0 is F=3.1×10-22 N for first and second cases 
of Raman effect while the value of force of interaction cal-
culated for λ1=λ2=λ=5000A0 is F=4.0×10-11 N in third case 
of Raman effect. The values of the string’s length calculated 
as =9.55×10-8 m and ls2=8.0×10-8 m in the equations (22) 
and (23), are the maximum values which cannot exceed the 
wavelength of light. So, the string’s length must be always 
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In equation (40), 𝑐𝑐 is the angle between the scattered photon and the recoiled electron 

whereas 𝑚𝑚𝑒𝑒 is mass of electron can be re-expressed as: 
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The value of ∆𝐸𝐸 calculated using equation (42) for 𝜆𝜆1 = 100𝐴𝐴0 and 𝜆𝜆2 = 1000𝐴𝐴0 as ∆𝐸𝐸 =
112 eV. Force of interaction between photon and electron during the scattering of photon 

by the electron can be calculated using the relation that the impulse is equal to the change 

in momentum as: 

𝐹𝐹∆𝑡𝑡 = 𝑚𝑚𝑒𝑒𝛾𝛾v (43)  

Equation (42) can be written with string theory as: 

𝐹𝐹∆𝑡𝑡 = 𝛾𝛾𝛾𝛾
𝑙𝑙𝑠𝑠𝑒𝑒

. (44) 

Force of interaction between photon and electron during the scattering of photon by the 

electron in string theory by putting the values of the coupling constants as derived from the 

equation (10) is given as; 

𝐹𝐹1 = g1
1

𝑙𝑙s1

1
𝑙𝑙se

1
re2

. l2 = 8
ls1
2  (45) 

𝐹𝐹2 = g2
1

𝑙𝑙s2

1
𝑙𝑙se

1
re2

. l2 = 8
ls2
2  (46) 

Using the equations (44) and (45), the coupling time for incident string with the electron is 

calculated as: 

∆𝑡𝑡1~∆𝑙𝑙1 = 𝛾𝛾𝛾𝛾 1
𝑙𝑙1

2
𝑙𝑙s1re2

g1
, (47) 

while using the equations (44) and (46), the coupling time for scattered string with the 

electron is calculated as: 

∆𝑡𝑡2~∆𝑙𝑙2 = 𝛾𝛾𝛾𝛾 1
𝑙𝑙2

2
𝑙𝑙s2re2

g2
 (48) 

Total time of interaction between the photon and the electron considering the interaction 

between the photon and the electron as the interaction of two strings is calculated by adding 

the equations (47) and (48) as: 
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∆𝑡𝑡~∆𝑙𝑙 = 𝛾𝛾𝛾𝛾re2 (
𝑙𝑙s1
g1𝑙𝑙12

+ 𝑙𝑙s2
g2𝑙𝑙22

) (49) 

In equations (47), (48) and (49), 𝑙𝑙 is the length of the string formed due to the coupling of 

the strings corresponding to photon and that to the electron when two strings join together 

and exist for time ∆𝑡𝑡, after which it again splits into two strings one corresponding to 

electron and another corresponding to scattered photon.  

 

2. Discussions and Conclusions 

In this paper, we explain the phenomenon of coupling of the strings corresponding to 

incident photon with the string corresponding to the electron. The coupled string having 

length 𝑙𝑙 exsits which is due to coupling between the incidence or absorption of photon and 

the scattering of the photon or ejection of electron for a time interval ∆𝑡𝑡 which has been 

calculated using the Heisenberg’s Uncertainty Principle. We find that time interval in the 

scattering of electromagnetic waves by the electron in Raman effect and Compton effect as 

well as absorption of photon and emission of electron in Photoelectric effect. After a period 

of time ∆𝑡𝑡, the coupled string of length 𝑙𝑙 again splits into two strings which correspond to 

the scattered photon or the ejected electron in Photoelectric effect and recoiled electron in 

the case of Compton effect. We have calculated the force of interaction between photon 

and electron in different cases. We have also calculated the coupling constants between the 

two strings of length 𝑙𝑙𝑠𝑠𝑠𝑠 and 𝑙𝑙𝑠𝑠 for electron and photon respectively for Raman effect, 

Photoelectric effect and the Compton effect. The values for different parameters we have 

calculated in our work are the optimum values. The value of the string length for electron 

calculated 𝑙𝑙𝑠𝑠𝑠𝑠 ≈ 6.15 × 10−14𝑚𝑚 in maximum value. 𝑙𝑙𝑠𝑠𝑠𝑠 must be less than size of the 

electron or the Compton wavelength of the electron. In Raman effect the coupled string 

having length 𝑙𝑙 exists for time, ∆𝑡𝑡 = 8.× 10−16𝑠𝑠 for first and second cases and for time, 

∆𝑡𝑡 = 6.63 × 10−17𝑠𝑠 for third case. The force of interaction between to strings calculated 

for 𝜆𝜆1 = 5000𝐴𝐴0 and 𝜆𝜆2 = 6000𝐴𝐴0 is 𝐹𝐹 = 3.1 × 10−22𝑁𝑁 for first and second cases of 

Raman effect while the value of force of interaction calculated for 𝜆𝜆1 = 𝜆𝜆2 = 𝜆𝜆 = 5000𝐴𝐴0 

is 𝐹𝐹 = 4.0 × 10−11𝑁𝑁 in third case of Raman effect. The values of the string’s length 

calculated as 𝑙𝑙𝑠𝑠1 = 9.55 × 10−8𝑚𝑚 and 𝑙𝑙𝑠𝑠2 = 8.0 × 10−8𝑚𝑚 in the equations (22) and (23), 

are the maximum values which cannot exceed the wavelength of light. So, the string’s 

length must be always lesser than the calculated values. The values of the coupling 

constants calculated as g1 = 3.1 × 10−22 and g2 = 3.65 × 10−22 are minimum values 

below which, there will be no coupling between photon and electron. So, the coupling 
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four dimensional space-time as in quantum gravity, the size 
of string corresponding to graviton is of Planck size. But in 
the case of string theory in higher dimensional space-time, 
string’s length is more than Planck length. For example, in 
the case of six dimensions, lp~10-20 m as the value of gravita-
tional constant, GN~lp

2=g2 ls
2 is changed in higher dimension-

al space-time. So, our verification shows that lp~gls in higher 
dimensional i.e., more than four-dimensional string theory.

In the last, a very important thing we want to discuss that in 
all the cases, the value of coupling constants we have calcu-
lated is very much less means there is very less probability 
of the coupling of photon with the electron. As discussed in 
section 2, for the case that there must be coupling of photon 
with the electron we must have g=1. Taking the value 
lse=10-25 m, and putting all the parameters in equation (10), 
we will have ls≈10-18 m. So, gls=10-18 m~lp in higher dimen-
sional string theory. Thus, we have come to conclusions that 
the string’s length and the coupling constant of the string 
varies with the number of dimensions in string theory.
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