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Abstract

Solid heat capacity is an important physical parameter reflecting the thermal properties of solid.
In this paper, the Einstein model and Debye model in solid heat capacity theory are solved numer-
ically, and the results are visualized by using the numerical calculation and drawing function of
MATLAB. The results show that the theoretical model of solid heat capacity numerically calculated
by MATLAB has the characteristics of clear mathematical thought, simple programming and high
program execution efficiency. The obtained physical image is clear and the calculation accuracy is
high.
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1. 518

[E] 7 [ R 25 S B [ P A 2 P T I — AN B 24, 5 R b 1) S AR IR Bl R A AR AR 2 T
GEYIM. EEAMMN, FEREFISES IR b 5 BRI, W S0 45 5L (1 7
WRER RS B 2R — A 1] [2].

MATLAB J&H3EE MathWorks 23 7 FF & 1 — 3K B B AN SESUE TR fF 508 5 & T Ak e
— IR TS B N B, HAERFERT I R TR BT 2 M [3] [4]. 5HAMHENIE S ML,
MATLAB &5 i3, SHFER. i BN RE, (FHLFERRER, #nT e — K8 H
f T HEHLE 5 40 C BX Fortran A BESEMUMAESS, HEARESKIPATHE . Ji5, MATLAB nf AL D) RE
K, MH—FEJLAF RG2S, Haek 8 R8s A, Bon H EE & 2 30 ) 77 AR I H R .
MATLAB T\ ARHEIF 0 A TR Sk th s AR TR

ARICK MATLAB BB T3 K T ALK T B FH 7E [ A 2 B A 0 () BB SR A T THT o A S 2k [l
AT R R, BLES MATLAB F27 SEULIBUFH AL, SR 5 R MATLAB 5 H 55055 844
X LR R Hgmibl s m SO, B ETHE T A FIR LSRR T BRI IR o R A S AT AL

2. ElFHREES

FEPYERA L b, AR IIIRZ P 1 MALRE - 325 (Dulong-Petit) 48 $ €, 1% [K] 43t (Einstein) FLiE
P2 FE (Peter Debye) B iR [ 7T IFE[1] [2]. 1820 A% [E B ST B B B4 S o F A BAL B
LT[, 2 MGt FAS AL 1 AR A [5]. AR BRIt N AT, B E fEZECy 3N,
R 8 22 S 1) g B2y o) o B NME B ERCFREEN kT, @ik RERE E BN 3NkeT. &k

R E \ ‘ \ ) s
Hyie s s C, :(Z—Tj aNK,. S SRR 1875 4, H. F. Weber S5 R LA I A B
\Y

A A ) S IR AR L 22 S BRI TN ) 3Nk NS Z[5]0 iy, 1245 R 5 S5R IS EAT G B, R RN
I AE RERURIRIER, C, oc THMIZEBKR. XULHIEIRIRIN 2B o 2 O AR FEH, BATR
FUBT B A REARRE A IR - KRR N AR T IREIERCN 3N AMISLIER 7 1I9R30, &4
WEIRENIS L — MR o (—FHRSIER), R o A 3N AME.

WRIGE T I, RN o IR T HREE:

1 1
a Z(TWJW @)
X 3N AR TS RE R
3N 3N 1 1
E =§Ei =izl[5+—eh“’i/k5-r _]Jha)i (2)
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@)

OE 3N ha}l 2 gl /keT
R R e
R TR AT BIE ARG, Z K (Einstein) 78 1907 G54} FIR A 8HEAT T faifLiAel, Bl J5 A ==
B2 R FF (Peter Debye) 7t 1911 4 X it —B 4 7 AUALEE[5] [6].
3. EEHMBEEKRERS - iRE %

5 PRI AR BE d R P T TR 138 AR R R o (WEAZRFRON 2 IR EAR R ) 4R 5l IX Ee R Bl e il
4, T A N AN T ARSI R0 3N ANSZ R BIAIR N oo HIEIRSN, H1(3) AT Rl A I FAE N -

2 ha [keT
C, =3Nk, [7’“’5 j ¢ : @)
kBT (ehwE/kBT _1)
T, AR BE IR
2 nog [kgT
Gy :3R[hij ¢ . (5)
kg T (ehwg/kBT _1)

K FR=N,k, =8.31J-K™-mol™; N ABTARMNGES # %, AN 6.02 x 102 mol™; ke AT/ 2L S H K,
{4138 %102 J.K?,
/?\('DE :hwE/kB ) X:T/®E ’ (5):—&“’4?3:

e
Cy = 3RX7 2 (6)
(e"-1)
LA H] Matlab 2 22 il [ 14 BE R #v25 C, |, B x AR AL TR
clear; clc
R=8.31;

x=0.001:0.001:1; % x MR T 5% N IHIEZ 0 A

Cvm=3*R*x.N(—2).*exp(1./x)./(exp(1./X) —1).22/4.2; % MALH] 4.2 B f b &

plot(x, Cvm) %2 il [#] 14 BE /R A A Bt x A2 4k it 2k

grid on

hold on

c=xlIsread(‘datal.xls’); % U4 Cu M LI E 5

scatter(c(:,1), ¢(:,2)) % Ziill4:JE Cu AR LI Hds

xlabel(‘T/® {E}’); ylabel(“*Cv,m 4.18 J-KM-1}-mol*{-1}")

legend(* 2% PR HAE A" SO0 44 ”)

ST R L AP AR S AR T L, 2l B R PR AR (R B PR AR PR SO B R T K mol ™)
BHN TR EE IR TN (4.18 IK T mol ™), TS 45 R ILIE 1. 7B KR FE S0 “datal xls” 4
NI A SEBG BE 7], HEE 1L WTLAE R, 22 R A AR 5 st I 45 1 4 AT O IR S0 75 A I e o
TE T P ARA N [ 44 P A R TR T3 iy, A T 808, 908 Lm0 R 2 5t #4281 sk
JUF- 0] LR AT
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Figure 1. Variation of solid heat capacity with temperature obtained by Einstein model. The symbol of “O” in the figure indicates
the experimental data of diamond heat capacity [7]
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C:V, [@Dj .[0 (ex _1)2

DL 8 MATLAB 4 f 2211 0~2500 K 33 ¥ Bl 4 FR A FRA 2 TH 31 Pb. Cu K & WA (B FR IR ©
7358 88 K. 345 K [ 1860 K) I EE/R A C, | BEIRE T HIAAL T4

clear; clc

for n=1:3 % ULAEHE A H R T FAS [F) [ A AE AN [RIR B 1) BE 7R A

td=[88, 345, 1860]; % td /3%l Pb. Cu K &R KR &

td=td(1, n);

for T=0.1:10:2500 % MLAHFRE 1) F R TSR I 203 ) 25 5 ] 47 10 JB % 5 o ik A A T 2k
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t=td/T;
s=integral(@(x)x."4.*exp(x)./(exp(x) —1).~2, 0, t);
cvm=9*8.31*(1/t)"3*s;
plot(T, cvm, ‘0”)
hold on
end

end

grid on

legend(*-Pb’, “-Cu’, *“-.&NIf)

xlabel(*T(K)"); ylabel(‘C-{v,m} J-K*"{-1} -mol*{-1}")
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Figure 2. Variation of solid heat capacity with temperature calculated by Debye model
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HITEFEBA g RE TH S A Pby Cu KNI BRI C, | BEIRE T ISR anlA] 2 s i
PRI i LRI, =[] A (0 A7 B R S 38 i SR AE 0 s IR PR i, VR T L 24.9

K Mmol ™ (3R), [ AKHEARAE C, , B T (LIS 5 A A SR A
5. MFMREITEAFHELE
FE 5 D LR () 2

-2 1x
& _ xer (10)
3Nk, (el/x _1)
P A A Y (8) Wt
3 X4
S g T [ 22X ax. (11)
3Nk ©p ) ° (ex —1)
=S sk, T omkaskR, (T MATAB G2t~ — L s (b sk, RIATF
3Nk, e 3Nk, ©
clear; clc
n=length(0.001:0.001:2);
a=zeros(1, n);
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x=1;
for t=0.001:0.001:2 % ULAHFRTEf) I KSR AN F] T/© Bof P AR AL AR 1481 14 [ Ak JBE /R PR E
s=integral (@(X)x.. *exp(x)./(exp(x)—1).72, 0, 1/t);
Cv=3*t"3*s;
a(1, x)=cv;
X=X+1,;
end
cvd=a;
t=0.001:0.001:2; % LA~ =47 AT 2 i) 52 PR 20y TE SR - 58 1) ] 4 B /R A B T/@ AR Ak il 4%
cva=t.N(—2).*exp(L1./t)./(exp(1./t)—-1).”2;
plot(t, cva, “-k’)
hold on
plot(t, cvd, *-K’) % Ll EEFFR R A (0 [ 44 BE /R AR BE T/@ A2t £
c=xlsread(‘data2.xIs’);
scatter(c(:,3)/345, c(:,4)/8.31/3, ‘0k’) % 2 fHlAF T/O T 148 Cu BE /R AR S0 K
xlabel(“T/@’); ylabel(‘*Cv/i3NK_{B}")
legend(* 2% PR BRI AL fEFFRIAL | SEIGHE")
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Figure 3. Comparison of heat capacities calculated by Einstein
model and Debye Model (experimental data from reference [8])
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PRI AR R LS R L 3, B “O” Sh4:)E Cu fEEEEUERT 1SR Ak [8], AT K
N TIO 7E[0, 0.15]1X [Al i iR Bl o R Fh SCF “data2.xIs” 4 i Cu 7EAN[H] T/O (I TEL) e 11 B8 /R P78 s
AR . MR RERAKK, 22 R o B R S5 RS SEI B AR R S BOR, TR ALY ) i
AR TR BE, X F BT R FNEEA S TR, BT S AR P TTHR K 22 57 [6] -

6. &

AR MATLAB 3o [ 1A 27 BV 1) 52 DR St TE A AR TR AN R PR R R AT 1 S SR e S 25 R T
WAL W TC . 45 REW]: FIH MATLAB SRR A E BB, Al UK A HE S B 2R
OPRAFIIRE, FAMAENR . SRMPE SRR L. AW ARE RS [ A A BIE R SEIR A R, W)
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