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ABSTRACT 

In 2016, for the first time to the author’s knowledge, the conservation of energy and momentum 

was balanced for an emission and absorption of a photon that results in motion of an atom or molecule 

[1]. This balancing was performed by reasoning and algebra.  In this paper a formal balancing of the 

conservation laws is presented. This includes a new operator that allows a photon to be separated 

between an observed value of the photon, and a value that is the difference between the observed and 

the emitted value of the photon at the source, for a single atom in space and a single photon source. A 

new method for applying the conservation of momentum to an absorption and emission of a photon is 

also presented, where the coordinate system, for the emitted photon, is shifted so the emitted photon is 

moving in the same direction as the absorbed photon. 
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1.  INTRODUCTION 

 

When a photon interacts with an atom or molecule in its ground state, where both the 

photons source and atom or molecule are in the same inertial frame of reference, and the photon 

has the same energy as the first energy state of the atom or molecule, the atom or molecule will 
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absorb the photon, and after a time the photon will be emitted in a random direction. In a 

previous publication, it was shown that if the conservation of momentum and conservation of 

energy were conserved there would be no motion of the atom or molecule caused by the 

interaction of the photon, despite the direction of the emitted photon [1]. However, in the 

previous publication it was shown that if the source was moving there would be a possibility of 

motion for the atom or molecule, where the direction of the moving source determined the 

possibility of motion. This was determined by reasoning and simple algebra. In this paper, 

mathematics will be introduced, including a new operator and a new method of applying the 

conservation of momentum, which will produce the equivalent of what was reasoned in the 

previous paper. Also, this paper will show examples of what this mathematics can produce that 

is not in current physics theory, to the author’s knowledge. 

 

 

2.  SINGLE PHOTON AND A SINGLE ATOM OR TWO IN EMPTY SPACE 

 

The concepts and mathematics that will be introduced in this paper, to the author’s 

knowledge, is new.  Because of this reason, the photon and electron interactions will be limited 

to a single photon from a single photon source and a single atom, or two atoms. 

 

 

3.  MOMENTUM AND ENERGY EQUATIONS OF A PHOTON FROM A MOVING 

     SOURCE 

 

When a photon is emitted from a moving source, in an inertial frame of reference relative 

to an atom, there is a change to the observed wavelength by the atom due to the Relativistic 

Doppler Shift [2], where the observed energy is equal to the first energy state of the atom. 

However, for motion to occur after an atom in the ground state absorbs and emits the 

photon, when the source is moving away from the atom, the momentum and energy of the 

photon at the source is used as the actual momentum and energy that interacts with the atom 

[1].  

For the momentum and energy to be conserved, the kinetic energy and momentum of the 

atom, after the interaction with the photon, is equal to the difference between the energy and 

momentum of the photon at the sources frame of reference and the energy and momentum of 

the emitted photon from the atoms frame of reference before the atom moves.  

As the energy and momentum of the photon from the source is used in the interaction 

with the atom, and the atom absorbs and emits the photon it observes, where the kinetic energy 

and momentum of the atom, after interaction with the photon, is the difference between the 

energy and momentum of the sources photon and the emitted photon, then the following 

equations can be used for the photons momentum and energy: 

 

(1)   𝑃𝑇
⃗⃗⃗⃗ = 𝑃𝑂

⃗⃗⃗⃗ + 𝑃𝑆
⃗⃗  ⃗  

 

and 

 

(2)   𝐸𝑇 = 𝐸𝑂 + 𝐸𝑆
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where:  

𝑃𝑇
⃗⃗⃗⃗  and 𝐸𝑇 are the photons momentum and energy, from the sources perspective, prior to the 

interaction with the atom, respectively. 𝑃𝑂
⃗⃗⃗⃗  and 𝐸𝑂 are the photons momentum and energy that 

is observed by the atom, respectively. 𝑃𝑆
⃗⃗  ⃗ and 𝐸𝑆 are the momentum and energy difference 

between the sources photon, from the sources perspective, and the emitted photon, from the 

atoms perspective, respectively.  is the new operator that will allow the momentum and energy 

of the photon to be divided, and interact with the atom independently. 
 

The equations above imply that the photons momentum and energy, from the sources 

frame of reference, is constant in every frame of reference, and it is only the observed 

momentum and energy that differs per frame of reference. Further, the equation was introduced 

with regards to the photon source moving away from the atom. This would cause the sign of 

the momentum and energy, attached to the operator, to be positive, as the observed photon’s 

momentum and energy is smaller than the photon’s momentum and energy from the moving 

source, per Relativistic Doppler Effect [2].  

For sources moving toward the atom, the sign of the momentum and energy of the photon, 

in front of the operator, would be negative. This is because the observed photon’s momentum 

and energy is larger than the photon’s momentum and energy from the moving source, per 

Relativistic Doppler Effect [2], where the sources photon’s momentum and energy, from the 

sources frame of reference, remains constant. This new operator is designed to allow for this 

sign change, as this operator is designed to work with photons from sources moving toward an 

atom and away from an atom. 

As momentum is a vector, and the new operator allows for a split of the momentum, then 

the new vector representation is as follows for a photon source moving away from an atom: 

 

 
 

For a photon source moving toward an atom, the new vector representation is as follows: 

 

 
 

 

4.  VECTOR REPRESENTATION OF A PHOTON WITHIN AN ATOM 

 

After an atom, in the ground state, absorbs a photon, where the photons energy, from a 

source in the same inertial frame of reference as the atom, is equal to the first energy state of 

the atom, the atom maintains the energy for a time, τ, or the decay time. Further, it does not 
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matter what direction the photon is coming in, the atom will absorb the photon and maintain 

the new energy state for about the same amount of time.  And, for the conservation of energy 

to be maintained there would be no motion caused by the absorption, as the photons energy 

would equal to the energy inside the atom, leaving no extra energy for motion. 

In this same situation, the momentum of the photon is also absorbed into the atom, and 

though the direction of the momentum can be different, the momentum inside the atom will 

increase by the same amount every time. Classically, if an electron is orbiting around a nucleus, 

an increase of momentum would imply an electron is moving faster around the nucleus in a 

larger orbit, but the nucleus’s attraction prevents the electron from flying off.  

Further, in this classical example, the location of the electron would be more difficult to 

determine due to the increased speed of the electron around the atom, as compared to before 

the atom absorbing the photon. As a result, the momentum vector of any photon that is absorbed 

inside the atom can be represented inside the atom the same way every time, despite the initial 

direction from the incoming photon.  

For simplification, the momentum vector inside the atom, after an absorption, can be 

represented by a radial vector pointing in no particular angular direction, away from the atom, 

with a value equal to the magnitude of the momentum of the photon. With this transformation, 

momentum of a photon can be represented inside an atom, despite direction. The following are 

mathematical examples, in two dimensions, of how this transformation occurs. 

 

𝑎𝑖̂ + 𝑏𝑗̂ =  |𝑐|�̂� 
 

|𝑐| =  √𝑎2 + 𝑏2  
 

𝑎 and 𝑏 are the scalar values of the vector, and 𝑖̂ and 𝑗̂ are unit vectors associated with the 

direction, representing the photon that is to be absorbed inside the atom. |𝑐| is the magnitude of 

the photon vector, and �̂� is the unit vector pointing away from the atom, where both the 

magnitude and direction represent the vector inside the atom due to the absorbed photon. This 

transformation can be represented graphically as the following. 

 

 
 

The graph, to the left of the equals sign, represents the photon to be absorbed, where the 

arrow represents the momentum vector of the photon. The graph, to the right of the equals sign, 

represents the momentum inside the atom due to absorbed photon, where the arrow represents 

the momentum vector. The circles on both sides of the equals sign represent the atom. 

The atoms natural state is the ground state, where the atom, after absorbing a photon, will 

move towards. After absorption, the atom will be excited until after about the decay time, and 

emit a photon.  
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This implies that the momentum inside the atom must reduce for the emission of the 

photon to occur. This can be done by subtracting the momentum inside the atom with the 

following: 

 

−|𝑐|�̂� 
 

During the time when the atom is in its excited state the position of the electron varies 

greater compared to the ground state. As a result, the direction of the photon can vary greatly 

when the photon is emitted. However, despite this direction, the atoms position in space will 

not be effected by the emission of the photon, as energy is conserved. For momentum to be 

conserved, the magnitude of the emitted photon must equal to the momentum that was inside 

the atom. Using the diagram below the momentum of the photon can be calculated. 

 

 
 

So 

 

𝑝𝑥𝑖̂ + 𝑝𝑦𝑗 ̂

 

𝑝𝑥  =  |𝑐| cos ∅ 
 

𝑝𝑦  =  |𝑐| sin ∅ 

 

That is, the momentum of the atom is represented as a two dimensional vector outside of 

the atom.  However, as there is no impact to the atom caused by the emitted photon, and there 

is only one direction of the emitted photon from the perspective of the atom, the photon will 

always have the same value and direction from the perspective of the atom. To maintain the 

idea of no impact to the atom, the emitted atom must be equal to the photon that was absorbed, 

despite direction, from the observer’s perspective.  

So, as the direction of the photon changes with respect to the observer, and there is no 

impact to the atom, for the conservation of momentum to be maintained the coordinate system 

of the emitted photon must shift or rotate so the direction of the emitted photon can be equal to 

that of the photon that was absorbed.  

This will allow for the mathematics for the conservation of energy to uphold, where the 

atom and photon source are in the same inertial frame of reference. 

To verify the use of this coordinate shift when calculating the conservation of momentum, 

the coordinate shift after an absorption and emission of a photon will be applied to an inertial 

frame of reference where the photon source is moving, and where the introduced momentum 

and energy equations of the photon of a moving source will be used. 
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5.  CONSERVATION OF MOMENTUM AND ENERGY BALANCING USING THE  

     COORDINATE SHIFT AND THE INTRODUCED PHOTON EQUATIONS IN AN  

     INERTIAL FRAME OF REFERENCE 

 

For the following discussion, the photon source is moving away from an atom in the 

ground state, where the observed energy of the photon, 𝐸𝑂, is equal to the energy needed to 

bring the atom from its ground state to its first excited state, and where the energy difference 

between the sources photon, from the photon sources perspective, and the emitted photon from 

the atom, from the atoms perspective, 𝐸𝑆, is equal to the energy needed to bring the atom from 

its first excited state to its second excited state. From the sources perspective, the value of the 

emitted photon energy is 𝐸𝑇. Equations (1) and (2) will be used as the momentum and energy 

of the photon. 

After the photon is emitted from the source, from the atoms perspective, there will be an 

absorption of the 𝐸𝑂 part of the photon. However, as the photon, from the photon sources 

perspective, is a single photon, the 𝐸𝑆 value would need to be represented or the conservation 

laws will not uphold. There are two possibilities for the representation of the 𝐸𝑆 value, where 

one possibility is that the electron absorbs the 𝐸𝑆 value and the electron is in the second energy 

state. The second possibility is the energy is represented as translational motion of the atom, at 

value 𝐸𝑆. As 𝐸𝑂 and 𝐸𝑆 are part of the same photon, then the absorption of 𝐸𝑆, or translational 

motion at 𝐸𝑆, must occur at the same time 𝐸𝑂 is absorbed. 

There are two possibilities of emission if the 𝐸𝑆 value is absorbed, and there is only an 

𝐸𝑂 emission if 𝐸𝑆 is represented as translational motion.  

The table below summarizes the emissions. 

 

𝑬𝑺 Possibilities While 𝑬𝑶 is Absorbed Emission Possibilities 

Photon portion of 𝐸𝑆 is absorbed into  

the Atom 
A single photon at value 𝐸𝑇 

Photon portion of 𝐸𝑆 is absorbed into  

the Atom 
Two photons at values of 𝐸𝑂 and 𝐸𝑆 

Photon portion of 𝐸𝑆 is represented as 

translational motion of the Atom 
A photon at value of 𝐸𝑂 

 

 

For the first two rows, the conservation of energy is balanced as the value of the energy 

of the photon from the photon source is equal to the energy of the photon(s) emitted from the 

atom, for both possibilities. If the coordinate system shifted for every emitted photon, for both 

rows, the conservation of momentum will be balanced, as the incident photons momentum is 

equal to the emitted photons momentum for the first row, and the incident photons momentum 

is equal to the addition of the momentum of both photons for the second row. The coordinate 

system was shifted for each photon emitted for the second row.  If there is a part of or an entire 

photon absorbed by the atom, for each photon emitted the coordinate system must shift so each 

emitted photon is in the same direction as the incident photon.  
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For the third row, the conservation of energy balances as the energy of the translational 

motion and the energy of the emitted photon equals to the energy of the incident photon. As the 

momentum represented as translational motion was from the portion of the photon that was not 

absorbed in the atom, the coordinate system will not shift for the direction of the translational 

motion. However, the direct transfer of momentum to the atom from the 𝑃𝑆
⃗⃗  ⃗ portion of the photon 

will include the direction. Also, the coordinate system of the emitted photon would shift to be 

in the same direction as the incident photon. This would balance the conservation of 

momentum. 

There can be several types of interactions of photons from moving photons sources with 

an atom or atoms in the ground state and/or in excited states. To further clarify the use of the 

photon equations and the coordinate shift, some examples of an atom or atoms will be 

presented. 

 

 

6.  FURTHER EXAMPLES OF CONSERVATION OF MOMENTUM AND ENERGY  

     BALANCING USING THE COORDINATE SHIFT AND THE INTRODUCED  

     PHOTON EQUATIONS IN AN INERTIAL FRAME OF REFERENCE 

6. 1. Photon Interacting with an Atom in the Ground State with Source Moving Away 

For the following discussion, the photon source is moving away from an atom in the 

ground state, where the observed energy of the photon, 𝐸𝑂, is equal to the energy needed to 

bring the atom from its ground state to its first excited state, and where the energy difference 

between the sources photon, from the photon sources perspective, and the emitted photon, from 

the atoms perspective, 𝐸𝑆, is equal to the energy needed to bring the atom from its first excited 

state to its second excited state.  

From the sources perspective, the value of the emitted photon energy is 𝐸𝑇. Equations (1) 

and (2) will be used as the momentum and energy of the photon. 

Considering translational motion as an option and the photon is a single photon at a value 

of 𝐸𝑇, from the perspective of the photon source, then translational motion of the atom at 𝐸𝑇 

can be a possibility. That is, an interaction can be possible as long as the conservation laws are 

upheld. The total interactions, before and after the interaction, of the photon with the atom are 

as follows: 

 

Before Interaction After Interaction 

Photon value of 𝐸𝑇 and Atom in Ground 

State 
Translational motion of atom at value 𝐸𝑇 

Photon value of 𝐸𝑇 and Atom in Ground 

State 

No translational motion of atom and Photon 

at Value 𝐸𝑇 

Photon value of 𝐸𝑇 and Atom in Ground 

State 

No translational motion and two photons at 

values of 𝐸𝑂 and 𝐸𝑆 

Photon value of 𝐸𝑇 and Atom in Ground 

State 

Translational motion at value 𝐸𝑆, and a 

photon at value of 𝐸𝑂 
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From the table above, the second and third possibility are based on the electrons behavior: 

where the second possibility is caused by the drop of the electron in the second excited energy 

state to the ground state; and the third possibility are two drops, where the photon value of 𝐸𝑆 

is caused by the drop of the electron in the second excited energy state to the first excited energy 

state, and the photon value of 𝐸𝑂 is caused by the drop of the electron in the first excited energy 

state to the ground state. In the third possibility, the photon of value 𝐸𝑆 will be emitted prior to 

the photon of value 𝐸𝑂.  

Mathematics, in lieu of the conservation laws, will be applied to each possibility to verify 

the possibility of the interaction. As energy has been discussed, only momentum will be 

considered, to simplify the discussion. 

The first possibility is a simple transition of momentum of the photon to translational 

momentum of the atom. As there is no direct interaction with the electron, and only the atom, 

there is no need to transform the momentum of the photon to momentum inside an atom. 

 
On the left side of the figure above a photon is about to interact with the atom. On the 

right side of the figure is the atom moving via translational motion, where the momentum of 

the photon is equal to the momentum of the moving atom.  

As there is no absorption into the atom, the coordinate system does not need to be rotated. 

Therefore, the momentum equation before and after the photon interacts with the atom is 𝑃𝑇
⃗⃗⃗⃗  = 

𝑃𝑇
⃗⃗⃗⃗ . The direction of the atom is moving in the direction the photon was moving in. 

The second possibility requires the momentum of the photon to be transformed into the 

momentum within the atom.  

The photon contains the following momentum equation. 

 

𝑃𝑇
⃗⃗⃗⃗ = 𝑃𝑂

⃗⃗⃗⃗ + 𝑃𝑆
⃗⃗  ⃗  

 

when the photon is absorbed, both 𝑃𝑂
⃗⃗⃗⃗  and 𝑃𝑆

⃗⃗  ⃗ are transformed into the atom to get the following 

equation: 

 

𝑃𝑂
⃗⃗⃗⃗ + 𝑃𝑆

⃗⃗  ⃗ =  |𝑃𝑂
⃗⃗⃗⃗ |�̂� + |𝑃𝑆

⃗⃗  ⃗|�̂� = (|𝑃𝑂
⃗⃗⃗⃗ | + |𝑃𝑆

⃗⃗  ⃗|)�̂� 

 

The right most side of the equation was written to emphasize that both momentum values 

will combine, where both values will be used to create a single magnitude of a photon when 

emitted from the atom.  

After rotating the coordinate system so the emitted photon will be identical to the 

absorbed photon, the momentum of the emitted photon will be 𝑃𝑇
⃗⃗⃗⃗ . Graphically this becomes: 
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The left is the photon split into 𝑃𝑂
⃗⃗⃗⃗  and 𝑃𝑆

⃗⃗  ⃗, the center is the momentum inside the photon 

(|𝑃𝑂
⃗⃗⃗⃗ | + |𝑃𝑆

⃗⃗  ⃗|)�̂�, and the right side is the emitted photon 𝑃𝑇
⃗⃗⃗⃗ .  As the momentum of the emitted 

photons coordinate system is rotated so the emitted photon is equal to the absorbed photon, the 

difference between these two vectors will be zero, where the conservation of momentum is 

upheld. 

The third possibility requires the momentum of the photon to be transformed into the 

momentum within the atom as in the previous possibility, and using the same momentum 

equation.  After absorption the momentum can be kept as: 

 

|𝑃𝑂
⃗⃗⃗⃗ |�̂� + |𝑃𝑆

⃗⃗  ⃗|�̂� 

 

The first photon that will be emitted will have a magnitude equal to |𝑃𝑆
⃗⃗  ⃗|, and after rotating 

the coordinate system, the momentum will be 𝑃𝑆
⃗⃗  ⃗. The second photon will also require the 

coordinate system to be rotated, where the momentum will be equal to 𝑃𝑂
⃗⃗⃗⃗ . Graphically this 

becomes: 

 
 

The fourth possibility was discussed in a previous paper [1], and will be calculated 

similar to the previous possibilities. The same momentum equation of a photon will be used. 

 

𝑃𝑇
⃗⃗⃗⃗ = 𝑃𝑂

⃗⃗⃗⃗ + 𝑃𝑆
⃗⃗  ⃗  

 

The observed photon will be absorbed into the atom, so the internal momentum of the 

atom will increase by |𝑃𝑂
⃗⃗⃗⃗ |�̂�. Further, the second part of the photon equation needs to be satisfied 

concurrently, as both parts of the photons momentum in the equation above are a single 

momentum from the perspective of the photon source. As a result, as 𝑃𝑂
⃗⃗⃗⃗  is being absorbed into 

the atom, the momentum 𝑃𝑆
⃗⃗  ⃗ will be transferred to translational motion of the atom. Also, as the 

momentum 𝑃𝑆
⃗⃗  ⃗ is not absorbed into the atom, there is no need to rotate the coordinate system, 

where the original coordinate system is maintained for the translational momentum. After 𝑃𝑂
⃗⃗⃗⃗  is 

absorbed, and after the decay time, a photon is emitted with a magnitude of |𝑃𝑂
⃗⃗⃗⃗ |, where the 
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coordinate system will be rotated so the emitted photon momentum will be 𝑃𝑂
⃗⃗⃗⃗ .  Graphically, 

this will be: 

 
 

From the perspective of the photon source, if the emitted photon from the atom was sent 

back to the photon source, then the difference between the photons momentum at the source 

and the total photon’s momentum that is returned, and not the observed momentum, would be 

equal to 𝑃𝑆
⃗⃗  ⃗. That is, 

 

𝑃𝑇
⃗⃗⃗⃗ − 𝑃𝑂

⃗⃗⃗⃗ = 𝑃𝑆
⃗⃗  ⃗ 

 

𝑃𝑆
⃗⃗  ⃗ is equal to the momentum of the moving atom. This implies the conservation of momentum 

is upheld. 

 

6. 2. Photon Interacting with an Atom in the Ground State with Source Moving Toward 

If a photon source is moving toward an atom in the ground state, where the observed 

energy of the photon, 𝐸𝑂, is equal to the energy needed to bring the atom from its ground state 

to its first excited state, 𝐸𝑆 would be a negative value if the following equation was used for the 

photon. 

 

𝐸𝑇 = 𝐸𝑂 + 𝐸𝑆  
 

The total energy of the photon, 𝐸𝑇, would be smaller than 𝐸𝑂. No absorption would occur 

as there is no energy within the atom that will cause the negative value to become zero, due to 

the atom being in the ground state.  As mentioned, both sides of the equation need to be satisfied, 

because the photon is a single photon, as observed from the photons sources perspective. An 

atom in the ground state does not provide this satisfaction. However, there is a possibility that 

the total energy, 𝐸𝑇, and total momentum, 𝑃𝑇
⃗⃗⃗⃗ , of the photon can change directly to translational 

motion of the atom, as there is no absorption of the photon. The discussion for this change of 

energy and momentum is similar to the first possibility above. 

 

 

6. 3. Photon Interacting with an Atom in the Excited State with Source Moving Toward 

For the following discussion there will be a single atom in its second excited energy state.  

The photon source is moving toward the atom, where the 𝐸𝑆 is negative and equal to the 

magnitude of the energy it takes to bring the atom from its first energy state to its second energy 
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state. The 𝐸𝑂 is not equal to the magnitude to any combination of electron energy states of the 

atom. 

The 𝐸𝑆 portion of the photon equation can cause the electron in the atom to drop to its 

first electron energy state, as the energy 𝐸𝑆 is negative.  If this occurred the 𝐸𝑂 value would 

need to be satisfied, via translational motion in the direction of the initial photon. Using 

momentum, a photon will be emitted from the atom at a value of 𝑃𝑂, where the coordinate 

system would shift so the photon would move in the direction of the incoming photon, as there 

is an interaction of the photon with the atom.  Graphically, this would be: 

 

 
 

 

6. 4. Photon Interacting with an Atom in the Excited State with Source Moving Away 

For the following discussion there will be a single atom in its first excited energy state. 

The photon source is moving away from the atom, where the 𝐸𝑆 is equal to the magnitude of 

the energy it takes to bring the atom from its first energy state to its second energy state.  

The 𝐸𝑂 is not equal to the magnitude to any combination of electron energy states of the 

atom. 

The 𝐸𝑆 portion of the photon equation can cause the electron in the atom to increase to 

the second electron energy state. If this occurred the 𝐸𝑂 value would need to be satisfied, via 

translational motion in the direction of the initial photon. Using momentum, either a single 

photon with a momentum of magnitude equal to the first plus the second electron momentum 

state or two photons with one with a momentum of a magnitude equal to the first electron 

momentum state and a second with a momentum of magnitude equal to 𝑃𝑆. 

There will be a coordinate system shift for all photons. Graphically, this would be: 
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6. 5. Photon Interacting with Atoms in Excited States with Source Moving Toward 

For the following discussion there will be two atoms very close to each other, where one 

atom is excited in its second energy state, and the second atom is in its ground state. The photon 

source is moving toward the two atoms where its photon will strike the second atom. The 𝐸𝑂 

of the photon is the same energy necessary to bring the second atom to its first excited energy 

state, and the 𝐸𝑆 is negative, were its magnitude is equal to the energy it takes to bring the atom 

from its first energy state to its second energy state. 

The electron cloud of the first and second atoms can vary greatly and possibly overlap. 

Because of this, there is a possibility the 𝐸𝑆 can affect the first atom despite the photon striking 

the second atom. If this occurred there are a few possible results. The first is where each atom 

will emit a photon of value 𝐸𝑂; the second is where the first atom emits a photon of value 𝐸𝑂, 

and translational motion would occur for the second atom with a kinetic energy of 𝐸𝑂; third is 

where the first atom undergoes translational motion at a kinetic energy of 𝐸𝑂 and emits a photon 

at a value of 𝐸𝑂.  Though the third does not seem likely, the laws of conservation would still 

uphold.  When considering momentum, all translational motion would occur in the direction of 

the incoming photon, and there will be coordinate system shift for all emitted photons. 

Graphically this would be: 

 
First Probability, of Source Moving Toward 

 

 
Second Probability, of Source Moving Toward 
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Third Probability, of Source Moving Toward 

 

 

6. 6. Photon Interacting with Atoms in Excited States with Source Moving Away 

For the following discussion there will be two atoms very close to each other, where one 

atom is excited in its first energy state, and the second atom is in its ground state. The photon 

source is moving away from the two atoms where its photon will strike the second atom. 

The 𝐸𝑂 of the photon is the same energy necessary to bring the second atom to its first 

excited energy state, and the 𝐸𝑆 is positive, were its magnitude is equal to the energy it takes to 

bring the atom from its first energy state to its second energy state. 

Using the same reasoning as in the previous discussion, an electron cloud of the first and 

second atoms may overlap. So it may be possible that 𝐸𝑆 can affect the first atom despite the 

photon striking the second atom. The possibilities are tabled below. 

 

Before Interaction After Interaction 

One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

One photon from the First Atom at a value 

𝐸𝑂+𝐸𝑆. One photon from the Second Atom at 

a value of 𝐸𝑂 

One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

Two photons from the First Atom at a values 

of 𝐸𝑂 and 𝐸𝑆. One photon from the Second 

Atom at a value 𝐸𝑂.   

One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

One photon from the First Atom at a value 

𝐸𝑂+𝐸𝑆. Translational motion of Second 

Atom at value 𝐸𝑂. 

One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

Two photons from the First Atom at a values 

of 𝐸𝑂 and 𝐸𝑆. Translational motion of Second 

Atom at value 𝐸𝑂. 
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One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

Translational motion and one photon from 

the First Atom at values of 𝐸𝑂 and 𝐸𝑂+𝐸𝑆, 

respectively. 

One Atom in its First Energy State, Second 

Atom in its Ground State, and a Photon at a 

value of 𝐸𝑇 Striking the Second Atom 

Translational motion and two photons from 

the First Atom at values of 𝐸𝑂 for 

translational motion, and 𝐸𝑂 and 𝐸𝑆 for the 

photons. 

 

 

When considering momentum, the translational motion is in the same coordinate system 

of the incoming photon. The coordinate system for all emitted photons must be rotated so the 

emitted photons can be parallel to the incoming photon. Graphically these becomes: 

 
First Probability, of Source Moving Away 

 
Second Probability, of Source Moving Away 
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Third Probability, of Source Moving Away 

 
Fourth Probability, of Source Moving Away 

 
Fifth Probability, of Source Moving Away 
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Sixth Probability, of Source Moving Away 

 

 

7.  PHOTON SOURCE FROM A NON-INERTIAL FRAME OF REFERENCE 

7. 1. Non-Inertial Source Moving Away from an Atom 

If a photon source moving away from an atom is accelerating and the wavelengths emitted 

from the source, relative to the photon source, is constant, the atom observing the photon source 

may only absorb and emit photons when the photon source is at specific energies, relative to 

the atom. That is, blips of wavelengths from the source that are equal to the electron energy 

states of the atom occur only at specific wavelengths of the changing wavelengths, relative to 

the atom. When the source is accelerating away from the atom, the energy of the 𝐸𝑂 decreases 

[3], and the 𝐸𝑆 increases, though the addition of the two energies is equal to 𝐸𝑇.  

This is from 

 

𝐸𝑇 = 𝐸𝑂 + 𝐸𝑆  
 

If 𝐸𝑛 are the energy states of the atom, then the blips would occur at the following energies 

from the photon source: 𝐸𝑛 = 𝐸𝑂 and 𝐸𝑛 = 𝐸𝑆. Further, as the emitted energy is constant, a 

complete transfer of energy, would result in the following: 

 
The photon and the translational motion have a value of 𝐸𝑇 with a momentum of 𝑃𝑇

⃗⃗⃗⃗ . As 

the value from the source is constant, the derivative of 𝑃𝑇
⃗⃗⃗⃗  would be zero, which would result in 

the following. 

 

𝑑𝑃𝑇
⃗⃗⃗⃗ 

𝑑𝑡
=  

𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
+ 

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
= 0 
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𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
=  − 

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
 

 

The values of 
𝑑𝑃𝑂⃗⃗ ⃗⃗  ⃗

𝑑𝑡
 and 

𝑑𝑃𝑆⃗⃗⃗⃗  ⃗

𝑑𝑡
 may not be zero as the observed wavelength changes due to 

the acceleration of the photon source. So as 𝑃𝑂
⃗⃗⃗⃗  changes, 𝑃𝑆

⃗⃗  ⃗ changes also so the value of 𝑃𝑇
⃗⃗⃗⃗  

would remain a constant. Further, if the source is accelerating linearly away from the atom, the 

wavelength of 𝑃𝑂
⃗⃗⃗⃗ will increase over time. This implies 𝑃𝑂

⃗⃗⃗⃗  will decrease over time due to the 

relation P = h/λ, where P is momentum, h is planks constant, and λ is the wavelength.  So the 

slope of the momentum, the derivative, would be negative. Conversely, 𝑃𝑆
⃗⃗  ⃗ increases over time 

as the wavelength decreases over time, where the slope of the momentum would be positive.  

This would change the equation above to: 

 

−
𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
=  − 

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
 

or 

 

𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
=

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
 

 

However, the derivatives can be separated under the following condition, where 𝐸𝑂 is 

equal to the first energy state of the atom and 𝐸𝑛 ≠ 𝐸𝑆, where 𝐸𝑛 are the energy states of the 

atom.  Graphically, using momentum, this becomes: 

 
 

That is, the derivatives can be separated if the incoming photon was separated between 

absorption of the photon within the atom and translational motion of the atom. The portion of 

the photon that is absorbed into the atom would not be affected by the negative value derivative, 

as there would be no excess energy or momentum for motion or an emission. For the portion of 

the photon that changes to translational motion of the atom, the force is instantaneous and a 

positive value.  

However, if there was a similar photon about to impact the atom, the atom can undergo 

the same instantaneous force after the decay time, where the atom will be ready for absorption 

and translational motion.To maintain the force of the photon on the atom after each decay time, 

the portion of the photon that is used for translational motion cannot be absorbed into the atom. 

So therefore, 𝐸𝑛 ≠ 𝐸𝑆, as is the reason this condition was introduced for this example 
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7. 2. Non-Inertial Source Moving Toward an Atom 

For the following discussion there will be a single atom in its second excited energy state.  

The photon source is accelerating toward the atom and the wavelengths emitted from the source, 

relative to the photon source, is constant.  For every emitted photon 𝐸𝑆 is negative and equal to 

the magnitude of the energy it takes to bring the atom from its first energy state to its second 

energy state. The 𝐸𝑂 is not equal to the magnitude to any combination of electron energy states 

of the atom, 𝐸𝑛 ≠ 𝐸𝑂.  

Graphically, using momentum, this becomes: 

 

 
 

As the wavelength is decreasing when the source is accelerating toward the atom [3], 𝑃𝑂
⃗⃗⃗⃗  

will increase over time. So the slope of the momentum, the derivative, would be positive. As 

𝑃𝑂
⃗⃗⃗⃗  is greater than 𝑃𝑇

⃗⃗⃗⃗ , 𝑃𝑆
⃗⃗  ⃗, a negative value, would need to decrease over time so 𝑃𝑂

⃗⃗⃗⃗ +𝑃𝑆
⃗⃗  ⃗ would 

equal to 𝑃𝑇
⃗⃗⃗⃗ .  

This implies the slope of the momentum would be negative.  This would change the 

derivative of 𝑃𝑇
⃗⃗⃗⃗  to be the following: 

 

𝑑𝑃𝑇
⃗⃗⃗⃗ 

𝑑𝑡
=  

𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
− 

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
= 0 

 

So 

 

𝑑𝑃𝑂
⃗⃗⃗⃗ 

𝑑𝑡
=

𝑑𝑃𝑆
⃗⃗  ⃗

𝑑𝑡
 

 

The derivatives can be separated because the magnitude of 𝐸𝑆 is equal to the energy it 

takes to bring the atom from its first energy state to its second energy state and 𝐸𝑛 ≠ 𝐸𝑂, where 

𝐸𝑛 are the energy states of the atom. As in the previous discussion, the portion of the photon 

that is absorbed into the atom also has a negative derivative.  

Further, though the situation of the photon being in its second excited energy state is 

possible, this situation is less likely to occur compared to an atom being in the ground state. 

And to maintain the force on the atom, whatever energy it takes to bring the atom to its second 

excited energy state, would need to occur immediately after the decay time.  

Therefore, an instantaneous acceleration is less likely to occur, compared to the previous 

discussion, when the photon sources are moving toward the atom. 
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8.  DISCUSSION 

 

The examples presented for inertial frames and non-inertial frames of reference does not 

include every example for an atom or molecule absorbing and emitting a photon. However, the 

application of the equations presented, and the shift of the coordinate system for emitted 

photons, can apply to many more examples. It was the intent of the author to not bombard the 

reader with examples, as any further examples may be redundant. It was the intent of the author 

to present the new equations and the new method of applying the conservation of momentum 

in the simplest way possibly, as this is only an introduction to what was presented. 

Though the examples presented included single, or two atoms, and single photon sources, 

the ideas presented in this paper can apply to molecules and multiple photon sources. However, 

if photons in space become dense there is a possibility the photons can effect each other due the 

possible effect on space-time, where the 𝐸𝑆 and 𝐸𝑂 of a single incident photon must account for 

the photon field the photon encountered. This examination is not within the scope of this paper, 

as this paper served as the introduction to the ideas presented. 

For a non-Inertial frame of reference, the instantaneous force, which is caused by the 

accelerating photon source, applies to any example presented in this paper, and not in this paper, 

where a photons energy is separated between absorption into the atom and translational motion. 

Further, it does not matter if 𝑃𝑂
⃗⃗⃗⃗  or 𝑃𝑆

⃗⃗  ⃗ is absorbed into the atom or used for translational 

motion, as long as they are separated. So therefore, 𝐸𝑛 ≠ 𝐸𝑂 if 𝐸𝑂 is used for translational motion 

or 𝐸𝑛 ≠ 𝐸𝑆 if 𝐸𝑆 is used for translational motion, where 𝐸𝑛 are the energy states of the atom. 

 

 

9.  CONCLUSIONS 

  

In this paper new equations of energy and momentum of a photon from a moving source 

was introduced, where the energy and momentum from the source was maintained despite the 

energy and momentum observed by the source. Also in this paper, a new method of applying 

the conservation of momentum for an atom or molecule that absorbs and emits a photon was 

introduced, where the coordinate system of the emitted photon was shifted so the emitted 

photon was moving in the same direction of the absorbed photon. Introducing the equations and 

the method of applying the conservation of momentum resulted in the conservation of energy 

and conservation of momentum being balanced for any absorption and emission of a photon 

from an atom or molecule, whether the atom or molecule results in motion or non-motion due 

to the absorption and emission of the photon. The equations and method applies to inertial and 

non-inertial frames of reference. However, the translational motion for a non-inertial frame of 

reference will have an instantaneous force if the photon is separated between translational 

motion and absorption and emission. 
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