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Abstract. 
 

If we intend to bridge physics and psychology one of the shorter paths is 

through Thermodynamics and Analytical Psychology (AP). That is because in 

AP both the First and the Second Law of Thermodynamics, are well defined 

(Principle of Equivalence, Principle of Entropy). The Einstein model of a Solid 

(ES) is a thermodynamic model with applications also in quantum statistics 

and solid state physics. I intend to show that the ES is a suitable model to 

bridge thermodynamics and theoretical AP.  

The approach I follow is an attempt to match the abstract entities of the ES to 

those of the AP. I also attempt to prove that the conditions on which the ES is 

based, agree with AP. Finally I attempt to solve a crucial paradox met in 

theoretical AP, but not physically explained yet. 

The results of this paper could be summarized as follows: I prove that a match 

between the abstract entities of AP and those of the ES can be achieved. I 

prove that the conditions, on which the ES is based, are met in AP. Finally I 

use the ES to explain and solve the paradox. 

The Conclusions/Significance of this research is that I introduce algebraic 

expressions in AP. Additionally I help both the practitioner and the theorist of 

AP and Psychology in general, as any improved theory would. 

Keywords: Einstein Solid, Analytical Psychology, Thermodynamics, Entropy, 

Psychology. 
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Presentation of the ES and the physical conditions it is based on. 

 

The ES is a thermodynamic model that refers to a system of quantum 

harmonic oscillators. It is useful because with a few and fundamental 

assumptions, algebraic expressions are produced that agree with the relevant 

experiments. The title of the book that is useful for the understanding of the 

physics part of this paper can be found here[1]. In pages 54, 55 one examines 

the way of arranging q, the number, integer positive, indistinguishable units of 

energy (values[2], pg. 60,  according to Jung) in N, the number, energy tanks. 

We suppose that these tanks obey the following conditions: (a) they are 

separate/distinguishable among them, (b) non interacting, (c) all the energy 

levels of all tanks are equally probable, (d) each tank can contain from one to 

q, units of energy, (e) the energy levels of all tanks are equally spaced. The 

algebraic expressions equation 2, equation 3 occur after some algebra from 

our conditions. The conditions (a) to (e) are set from the definition of the ES. 

Let us state here that q and N should be large. 

  

 

A successful match between the abstract entities of AP and the physical 

entities and conditions the ES is based on. 

 

There is an intuitive match between the abstract entities of AP and those of 

the ES: 

 

 Energy units/quanta (q) can be matched to Values[2], page. 60, 

according to Jung: “One of Jung’s most important dynamic concepts is 

that of value. A value is a measure of the amount of energy that is 

committed to a particular psychic element.”[2], page 60. This also 

implies that psychic structures/elements can be matched to energy 

tanks. 

 

 The principle of conservation of energy in our model matches the one 

in analytical psychology. That is because the psyche is considered a 

closed system: “The question of whether or not the energic point of 

view is even applicable to psychic phenomena at all is raised along 

with the question of whether the psyche can be looked upon as a 

relatively closed system. Although these questions are controversial, 

they are answered in the affirmative. In order to apply the energic 

standpoint to psychology it is assumed that a quantitative estimate of 

psychic energy is possible.”[4] As a result, internal energy U will be 

considered a constant in our physical model (ES). 

 

 “Such is not the case, however; there are many interactions among 

them. Jung discusses three kinds of interactions. One structure may 

compensate for the weakness of another structure, one component 

may oppose another component, and two or more structures may unite 

to form a synthesis.”[2] page 53. On a first look we could say that the 
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ES is not compatible with AP because in the ES the energy tanks are 

non interacting with one another[1], page 54. This could end our 

discussion here and straight away. However, in our model we accept 

the fact that N can decrease (or increase) while q still remains 

constant. This means that when a structure abandons our model, it 

“leaves” the whole amount of its energy “behind”, which is redistributed 

among the rest of the tanks. This implies that although the tanks can 

be separate and distinguishable and not interacting directly, with one 

another (in the ES), there is an independent “process” (the 

“canalization of libido”[6], in AP) that arranges/distributes statistically, 

the energy among them as soon as N varies. As a result we may 

consider the conditions (a) and (b) of the ES as valid. 

 

 As for the rest of the assumptions ((c) – (e)), they can be considered as 

valid since that all they mean is that the structures of the psyche all 

have the same properties/characteristics.  

______________________________________________________________ 

A crucial controversial issue/paradox met in AP. 

   

“There is another obstacle to the operation of the entropy principle in the 

personality dynamics. When a structure becomes highly developed and 

consequently assumes a position of great power in the psyche, it tends to 

become independent of and cut off from the rest of the psyche. Like an 

autocratic ruler, it seizes more and more power (energy) from other 

structures, besides monopolizing new energy that enters the psyche. The flow 

of energy from a strong structure to a weak one is not only blocked; it is 

reversed. Thus, the psyche becomes greatly unbalanced; there is one 

dominant structure which becomes stronger and a lot of weak ones which 

become weaker. A strong complex, for example, will attract a great many of 

the new experiences to it, just as a rich and powerful nation tends to become 

richer and more powerful by appropriating or discovering new sources of 

wealth. This sort of autocracy in the personality may be a stabilizing influence, 

for a time, but there is always the danger that the ruling complex will be 

overthrown by the operation of the entropy principle. The sudden flow of 

energy out of a powerful system can have the same disastrous consequences 

that result from the breaking of a dam.”[2] , page 72.  
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______________________________________________________________ 

Resolution of this paradox by introducing the ES in AP. 

 

We may consider the case of a patient whose psyche deviates from 

equilibrium as described in the paradox: “Thus, the psyche becomes greatly 

unbalanced”[2], page 72. During this procedure in the psyche of the patient, 

the total energy is conserved while the number N of the discrete psychic 

structures decreases: “there is one dominant structure which becomes 

stronger and a lot of weak ones which become weaker”[2], page 72.  

As dictated by the application of the ES:  

i. We observe that when N decreases, the entropy also decreases 

(equations 1 and 2), in contrast to the Second Law of 

Thermodynamics (the psyche is a closed system, so the entropy 

cannot decrease). That makes the specific person to be considered 

a patient. 

ii. We introduce the probability p of the “dominant structure”, “the 

favorite structure” of the patient to gain the total amount of energy in 

the psyche. According to the conditions of the ES, p increases by 

the decrease of N (equation 10, figure 1). This sharp increase of the 

particular probability is what motivates the patient to continue this 

monotonous “game” (keep decreasing the N, in his/her mind).  

No matter how exciting the prospects of the increase of p seem, the 

more chaotic the state of the mind of the patient becomes. This 

more chaotic state of mind of the patient is imposed axiomatically, 

due to the decrease of entropy by a decreasing N (equations 1 and 

2).  

As concluded from the above, entropy increases/decreases if and 

only if p decreases/increases accordingly and in this order.  

 

The probability p’ of the “dominant structure” losing all of its values (total 

humiliation for the patient) is equal to p, since they both refer to microstates of 

the system. That is why there is no “peace of mind” for the patient, but only 

rapid transitions from absolute self-esteem to self-devaluation and vice versa. 

This is how the ES solves the paradox[2], page 72. It means that the particular 

patient cannot have it all, both “peace of mind” and “total victory”. 

This also means that the ES explains the phenomenon a case/state that 

seems as improbable to the external observer (for him/her the probabilities p, 

p’ are negligible), to be considered a definite fact by the patient p, p’ closer to 

one (1). 

 

 

______________________________________________________________ 
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Technical part and Discussion. 

  

𝑆 = 𝑘 𝑙n 𝛺       (1), definition of entropy in thermodynamics. k = Boltzmann 

constant.  

 𝛺 =
(𝑞+𝑁−1)!

𝑞!(𝑁−1)!
       (2), the multiplicity of an ES[1] pg. 55, equation (2.9) with its 

proof. 

The probability of our system to be found in any microstate, is the same for all 

microstates (fundamental assumption of statistical mechanics[1] pg. 57). So, 

the probability (p) for the total amount of energy (q) to be concentrated in one 

specific energy tank is:  

p =  
1

𝛺
= p′      (3), where p’ is the probability for this specific tank to be empty. 

In this paper we are assuming that the number q of energy 

units/quanta/values is a constant for our system and much higher than the 

number N of quantum harmonic oscillators/energy tanks. That is q>>N. This is 

the assumption through which Einstein originally and accurately calculated the 

heat capacity of solids. Under this assumption we further assume, that the 

internal energy (U) of the ES is given by the equation: 

𝑈 = 𝑞ℎ𝑓 = 𝑞𝜀      (4) [1]  page 56. Where h is Planck’s constant, 𝜀 = ℎ𝑓, and f is 

the frequency of oscillation.  

Reading equation (2.20) [1] page 63, we have  

𝑙𝑛𝛺 ≈ 𝑁𝑙𝑛 (
𝑞

𝑁
) + 𝑁 + 

𝑁2

𝑞
≈ 𝑁𝑙𝑛 (

𝑞

𝑁
) + 𝑁     (5) In the last step we used the 

assumption q>>N. 

I additionally assume that there is a variation of N, ΔN. For this variation I 

further assume that: N>>|ΔN|. So equation (5) becomes: 

𝑆

𝑘
= 𝑙𝑛𝛺 ≈ (𝑁 + 𝛥𝑁)𝑙𝑛 (

𝑞

𝑁
) + 𝑁 + 𝛥𝑁       (6) 

By exponentiating equation (6), we have: 

𝛺 =  (
𝑞𝑒

𝑁
)𝑁+𝛥𝑁      (7) 

From equations (3) and (7) we have that: 

 p =  p′ = (
𝑁

𝑞𝑒
)𝑁+𝛥𝑁 = (

𝑁

𝑞𝑒
)𝑁(

𝑁

𝑞𝑒
)𝛥𝑁 = X(

𝑁

𝑞𝑒
)𝛥𝑁      (8).  

Where: X = (
𝑁

𝑞𝑒
)𝑁= constant     (9) 

If we choose ΔN to be negative (i.e. the number of structures decreases), 

then equation (8), becomes: p = p′ = X(
𝑞𝑒

𝑁
)|𝛥𝑁|     (10). Since q>>N, we realize 

that the probabilities p = p’ increase rapidly/sharply by |ΔN|, Figure 1. 
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Figure 1. Equation (10): Probability p = p’, in the vertical axis and |ΔN| in the 

horizontal axis. I have set N = 100 and q = 1000.  
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and chemical energy. It is described as the means by which instincts 

are made productive. The transformation of instinctual energy is 

achieved by its canalization into an analogue of the object of instinct.  

An analogy is drawn to the manner in which a power station imitates a 

waterfall to gain possession of its energy, in order to explain how the 

psychic mechanism imitates the instinct and is thereby enabled to 

apply its energy for special purposes. Primitive man used complicated 

ceremonies to accomplish the canalization of libido; modem man does 

this by an act of will. Besides succeeding in taming external nature, 

man has succeeded in taming his internal nature to some extent. It is 

observed, that only slight threats to present conditions are needed to 

revive the magical ceremonies of our ancestors.” 
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