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Abstract

Using a nuclear spin system of two energy levels, as an example, a detailed introduction and dis-
cussion to the conceptions, research methods and current status of negative thermodynamic tem-
perature is presented. At first, from statistical mechanics point of view, an exact solution of the
nuclear spin distributions is developed. Consequently, it is showed that for determining the ther-
modynamics properties of spin systems, for example the Bolzmann entropy, a most probable dis-
tribution is important. Negative temperatures are not cooler than positive absolute zero, but in-
stead hotter than infinite positive temperature. Secondary, it is emphasized that except the system
energy should be finite, another important condition under which negative temperatures can oc-
CUris Tppp ow > 73> Ty, Where 7. is the relaxation time for establishing the thermal equi-

librium between the nuclear and nuclear spin system by their interaction, and 7,45 s is the

characteristic time for establishing the thermal equilibrium between the nuclear and LIF lattice by
their interaction and energy exchange. Thirdly, based upon the principle of entropy increase, the
thermodynamics at negative temperatures is developed. It is shown that at negative temperatures,
the perpetual motion machine of second kind may be constructed. The Kelvin formulation of the
second law of thermodynamics must be altered. At the negative temperatures work cannot be
spontaneously transformed into the heat, but heat can be extracted from a negative temperature
reservoir with no other influences than the performance of an equivalent amount of work. Finally,
on account for the fact that systems can be existed in the negative thermodynamic temperature
states, the principle of the unattainability statement of the third law of thermodynamics must be
expanded as: by finite series of processes not only is the positive absolute zero no attainable, but
also is the negative absolute zero no attainable.
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tted 50 4K, Pound, Purcell, #1 Ramsey 8 A[1][2] [317E 250 7840 LiF SR 4% B i & St it
I, W E] T 1% B IR SR AT FREDRAS o Wl SIS UL AR B e RGN IR EDIRES, 2 Pound
SE N SEIG L AFAE, BT AR nT IR Fh 7 VERR 2 R R A G . T X RO E R R AT, 25 e
SRAERF A HRE BB vk —. BAOR, G N[4PBX R 5 k4 N T2l 4 8 oAz v i
W9t. Pound SF A TAER KRG, ST HIRERSGITEARA R IZ MG i, 50k 174
BRI T )2 R AE[5]

IR T CAER B, ANMUAE SR B e R S8 Re SEIL S A SR FEIRAS, fE— 28T 58 Flise
B AUIRE, HIRE] T FURE B . GIansEIGUERA[6] [7]: FHEE m E A S P A e B AR R T
pK A B2, ERAAHETEOCE B S ERE R, AURIET 1T A& I HE R B R,
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Figure 1. Two possible directions for the spin
and their energy
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TR RS I M RS, IS BIRTR ASIN BB A AT RS P (n, ) PR OB AR, AN %S
FI R[], FEIRATE AL ZERR S SRS, (6T AT
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FURE R GL 2T {ny,n, | HIREEE Py () 5 2 A SR 20K

PN(”I)ZI/Vanlqn2 =Wanqu7nl9 n] =091’29”'9N- (II4)

R p Al g ARFORAA B LR RO, B8E pra=1. Mp=1g=08, 2WHENS5I
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BRI RELRE )R o P8R 45 € B RAT T To e BE i KIPIRZS o KBTI w7 (7, ) A 576 42
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TS REUE S(E) MR E T(E) B A RGtRE & E MR 2.

1 (oS
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B(11.9)

F-1< <OVEHEPN, RIEEEX: —:(—j >0, T>0;
Nu,B T \0E),
E .. . 1 (oS
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Nu,B T \0E),

DOI: 10.12677/app.2020.103026 209 I EEY/BEH


https://doi.org/10.12677/app.2020.103026

Slk

N In2
I
/’ T>0 T<0 ™

\ Elu,BN
-1 0 +1

Figure 2. Entropy of the spin system as a function of
the Energy
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Figure 3. The system temperature as a function of the
energy
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HITH 283, EAMEZ 50 £484] Pound, Purcell Al Ramsey 5223 & 4618 1 5 A6 41 (LiF) d 4R
B RAWNER LRI, UESE T BRARF T AR ZAEERES . AT LiF &4 E T
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Figure 5. For discussing the Clausius
statement in region of the negative tem-
perature
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Figure 6. (a) The Carnot cycle of positive temperature; (b) The Carnot
cycle of negative temperature
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