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Abstract: The limitations of the Debye internal energy function have been deeply analyzed, and the result indicates that
“the Debye T° law agrees with experiments in low temperatures” is an illusion. The analyzation reveals the general law
of internal energy of solids and sketches its curve. It reaches some breakthrough viewpoints about the zero point energy
and the characteristic temperature and provides practical means to determine both of them. It proposes that the vibration
resilience of an atom comes not from interaction with its neighbor atoms but from inner itself, which means radius of
atomic thermal-motion is getting bigger with temperature decreasing while it is getting smaller with temperature in-
creasing. With temperature decreasing to absolute zero point, the harmonious vibration form of atomic thermal-motion
changes into free particle in trap. Based on the fresh viewpoints, a new micro-structure model of solids is founded.
These original viewpoints have important significances for both to know micro-structure and micro-mations of solids,
and to change some existing notions; further more, these will serve as guidance for both to research the laws mi-
cro-motion of solids (especially in low temperatures) and to yield some original theories to expand foundation theories
of solid state physics.
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Figure 1. The Debye internal energy and its first derivative func-
tion
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Figure 2. The thermal capacity curve of solids
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Table 1. Debye internal energy vs. internal energy (Equation (14))
* 1. EEANEMEFAELERARA)

Fe B E ERARU,(T) AHRAEEU(T)
1 53Nk R U,(T)<3NkT U(T)=3NkT
Y%t 0 FEARZE, Ml E S iR E A

2 T M0 Fllo, AU, =lim(3NKT —0) = 3NkT AU =1lim(3NKT - E,) < 3NKT
A i
U (T <3Nk T<T, R Wi Telo
3 AR ¢, =YDl g 751, Q;O%Uq<N | Te(0)
LANE T T |>3Nk T—owx
4 AR ¢,(r)-tm =0 - ¢ (1) -1im =L <ot
5 0 Akt > he E,= [ (3%k~C )ar
LI R 3L r M 8N _ho, b
6 W Y Y 2%\ v k 3Nk
A R F IR IRAN I, A BT XFREE R O M RE, ME—HE
j\j Qmax ° m“ﬁiﬂﬁﬁi E %?ﬂ: 43 ﬁ%%&ﬁﬁﬁgﬁ: Eiﬂ%%iﬁ*}ﬁﬂ] 1&5&.%
Pt oA, 4, FEMt BERRLTF
E:_+_q = 7 9max (21)
2m 2 2

ASCINA, (18)=:0A(21) AR 2 5 T g sh i g &=
Fik R, REERBRAH, (HHER2EH A1,
B(18):5(21) X —5. n15:

1
2 —op — 22
Timax JAm (22)

2(20) ok RN (22) 45
J6 h
= 23
qmax 3 lka ( )

(23)3 R B, [k v J 71~ BRI Bl P2 T s T ik
BEIELEE T RETH K. DA ENEIA N, G, BT
WO RAIE B AR REBIR, i As sl
Po RTRTHSHEE SRERRR, AXNEE
W5 PAT B R R E AN

JE YRR L IR R, AT R AR AR IR
R AAIIR R VE T TG o ASCAON, AR/ i
TR g : IREREAR, J T iz shig R oK,
(HJR T I BRES 4/, ARG/ TR, R
TRIZBEEERD, (H R TR AR RS IR, [ R AR
R R, ASCR TR T S Sl L R
M, 5 [ ARARAR AR 28 (1 TR RS VE IR AT I

120

[ S 7 I A AE SR ZU AR AR L, L is i
JRRAEARNERN . H TR 2D, FTHEN
R, Ut~ E RIS g » ISBIERKIRE N 1, -
USRI S

g<ry,<R<D (24)

A HERION, ek AR, FA
T I S B SR R ARSI A AN [ A
IR AeaE: mIRAME T RRERS, RIS
PR FE R B BB T T AR YE(20) (23)- (24)
3o M R ROW iz 3 T VAR AL BB HIE L 7

RSN . WHE20), MR &M TR TR &
A BOR; HARMER3)A, i1 Ia sl i A -

\/6 h
max =~ <r 25
1 3 JmkT ° @)

AR A BIERIT, #agahi U i gk
3. K 6(a) MR TRz i . ZhEg. HAE. e
EESNER KR, BT Reshrshae £, 51
e E, M. HD:

EK = EP (26)

REIREN . REFK, ARIER0)A (23)=, JET

Copyright © 2013 Hanspub



HUHr AR A s sh L

o]

DS -
- - [ - _,g_.
? I, ? I, 5
r\
q 4q q/ N
/ AN
ro ﬁ\ r : \ I
1, H ‘—‘v I, \ 1,
i \ /
a4 L4 q 4 q A
5 : ] I 5
'

EK i EK 4 EK
!{5! | iii/

. : >

4 E=E+E, | % E=L L, ! AE=E_+E,

-

'
— . |

Figure 6. Thermal motion form of an atom varies with temperatures

6. IRFHENNBERE T E

HRENRH A UL T2 BT, JRENIR LA DL JT 3
RERIN . TR
_B _n
Dmax 3 /—m e

B2, MRHEQ4), Fi0is 57 8 4% R 75
q<r, WHEN, q>r, KISEFEA AT RSB 40,
IR TE R . ERE M, JR TRz s 13)
Bt E, KT FYIHRREE, .

E,>E, (28)

JRFiRaNRE, RissiEX BN B BRTi83)
XA . B 6(b) MR T IRBN K1 T )
¥, Zhee. #Hpe. SREESERECR.

HERFER. 7 -0 FIMRRIERET, 1
#(20). (23):0, JETHRBNTIERE A >0, IRINMESE
Gonax —> © » Z(2A)PRE, g > ry IS5 FIA AT g S
T4 R4 o (EPR s 25 (e, SR TS 3 P shig £, i
KFFHHRAEE,, RTHIEsIfEIEL NS B

> 7 27)

Copyright © 2013 Hanspub

i, B

E,>E,
P? (29)

E=E,+E,~—
m

Bk, ERERCIEE T, Hyr#iesigs
BLREBE B R & 6(c) RRMRARIR LT, R
TIIZEIHE . BhfE. HRE. SRERSE SRR,

Eigor R, AR RIS S A A K
AR, HE i PR LN 0 B, [ R T ia sl i
izzh A g IR ZE LB N BB B kL. T
A EARRIE BB, xR TIRSN KR IR, AR
IBENERE SRR R IR Z, B RRT
iz s A BEIR AR AR AR 7S

4.4. BElERIRFEES 0 REEFEHIE

PP E I AN, T IR R 4
T, BRI AE SR R AR IREI R, SRahE
BRT. ZRDMESIEN 0, TR A RIS
A

E, = (n +%jha) n=0,12,-- (30)[718]

ﬁ¢,mm,%=%mﬁ%¢%i,w%%@ww
B 0 &SEE.

S TARIRE TR B R UL 0 KR, ASCHY
BSOS ZA 8, WNSRAH T, &
PRJE T BB 28 SRR ), I5L T WA [ S 7 A
SERNTGRIE FEBER R THL, 0 SR BRE,
TR R [ O S H =2 L A

FRAE 4.3 WINIRGS G EICRAM T, Bk
BT AR, MBI R Ak T TR 7
FLEE S “H R R &, KT
P I B RE R 2K AV, AT HEA R 4
BRI A B RN R RE . TG, 8423
fetik, 6 PR EARRK IR R, AR AR M
AR AR, P 6 P BARRIX S AL R, B
(BT BN, R RS RS 53 A 2 W)
FHIEEAL, G B 45 A T LA 4 R Rt 41
i

LA R TR SR R, LA LT A
AREIRCRARR . RIRQR, BT EANT, W

121



HUHr AR A s sh L

Rl 8N AU (T, 1) «
AU(T, 1) =U(T,)-

1)

u(n)
=3Nk(T, - 1)__[

L

(3Nk-C,)dT  (31)
<3Nk(T,-T;)

o, WA T, MM T, P R R AE, (T,.T,)

e
AE, (T,,1,) = [ (3Nk~C, )dT (32)

A AAEREC, -
¢, =Y a1 [ (3Mk-C, )dT <3Nk (33)

o or T,-T,

(33)RFW], FTIBAN LI, MRS %,

A AR A SMRRIC, R4 IR R T,

AN SRBEER BT A0 0 BEREIR O P 22 A
BENT , BBNFAIEL R AL, (T)

AE (T)=AE (T,) = ["(38Nk-C, )dT (3)
= aE(7)

GBHAKW], WREENT , FIRINEEAE, (T) KEESET
IE 2 P Rl 2k 51T 2k BNKT 1) %5 & AE(T) -
TERRIS AR, T AR AN IR R B R AN
Wit R OK, % 0 FERTA R RAE, BI(15)x 0 A3
BHNRE Ey . P, O AUREZZNREMIAESARE. &5
X 3] 6 2t X SR/ INBE R B AR AL, EOWLHE S i T
FIRBNEEA O SRR~ A HLEE

4.5. EFRRLHERE

R AL Ar, AR S A [ A O 5 A AR ]
7R, BRSNS ST kL.

b
b

VAN
RETER
)\

h

DD D
\Ja&%;\%r

.

7 K

KR TRMEAR: o BLOBRKIBEFR: 4 JRTRINIKE S O B
OPEALE: RIETAE: 2D JEFEEE: m 5 BL.

Figure 7. Micro-structure model of solids
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