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Fig. 1. Extreme states in nature and in the laboratory (11, the numbers in parentheses indicate the logarithm

of density (g/cm?). The “statics” domain corresponds to static techniques for high-pressure production, the

“dynamics” domain to the dynamic ones.
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Fig. 2. Division of plasma on the density and tem-
perature region: I is the fully ionized plasma, II is
partly ionized and week coupling plasma, III is the
strong degenerate plasma and IV is the strong cou-
pling plasma. The thick solid lines are the boundary
of weak and strong degenerate of electron (v = 1) and
the thick dashed are the boundary of weak and strong
coupling of ion (Ipb = 1). The thin solid lines are
the boundary of four regions. Sun and ICF mean the
regions of hydrogen’s isotopes under the condition of

sun and inertial confinement fusion.
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MR R R, AN E T 2R ANE
HL - — A — AR, BT H s A RE AT DTRR X
Hhn, BRI BUE 48 E H— R, R E R
SR, R ERZARE, WEEE & E BT IR IK
MBS, PPy 4 25 A T B R 46 B2 S 1G OR Fak/, AR
Ji AR BN, an R by R 4 )5 IR kA e 4
MBS, PR R I — N, 2 RBURE R
JAl_ETE, RLF S Shsh A SRS N, T A AR Q R
FEAAZ, R IHG F 400 B B S 2 ek /. A8 ok D6 e B2
ORI OLR, GRS RS, MR (19) 2, 52
2 HL B SR I R 4 B A 2 i T 4.

3.4 #EEH FE Coulomb{E A EZE
BTk

T3 A AR S B R SR A R 55 R T S
T, R 2 18] 1) Coulomb #H HAE FHARXS T iz 3l
e s BB/, EAREZA. KB Coulomb AH HAE

FH AT PAK FH Debye-Hiickel # i 47 1+ 5. Debye-
Hiickel 15 8445 72 BT A 7 HURL T~ (19 34 3% #1802 BROGFR
[, 4 BB 2 18] H 2% FE Coulomb £ /7, (EAT54R
B & Coulomb E FH GEATIZE /N TR T G2 30 3l g,
A A

(Ze)*n'/® < kT
HERIRN
n < 3.4 x 10%(T/Z%)3, (20)

A, AL eV, KT HUE L ALY cm ™2, FE
1eVKMT, MZ =1, Wtk A E—x, M
n < 3.4 x 1020, kLT B BN T [ 40 i
(K173 R] LA 2 R AR SR AR FEAL T #A))
P P F AR T i R A L B AR g,
e B A2 H AR 7 P 2R i S hig sl RIEHRR
il

V2(r) = 4me Z Zini(r), (21)

A o(r) Ronr AT n;(r) /& r 205 i PR 1
IR B, Z; A2 56 i PR FR LA 4. 28 4 Flvriy HRE
FHIBRERT ARIR A

0795 & Boltzmann 48 v AU (6 78 B B A 4K
MR, AR AT UE RS SUSUE), R TR
LR ) AT N

ni(r) = ni e” T~ N0 (1 - Zki;fb), (23)
o ngo =2 AT Z; BRI P80 . (23) X
J& 129555 RO 26 A 2 RL T Coulomb 1F FH REAH
X TR RS BB RS N, T R R ST,
18 (23) TARNTARA T2 (21) 1531

V2g(r) = 20 (24)

2
)\D

[4me? . s
P Ap = ;;; > nioZ2 A Debye KFE. SRAFEH

FAJTTR (24) RABE $(r) = Z;e o
RO MIEA r < A\p, BRIEE

Zie Zie

¢(7“) = r _E7
KB — T DR AR B B = AR 3, 56 0
¢ = Zie/\p & B FLAtORL 7 AE » 40 BT R A

-
>‘D.

(25)
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FEARFRV Hh, 45 1 74 (1) Coulomb HH H 15 H g 4
P kL7 AR ELAE A — 2, M (22) 30fF

v
Eep = 3 Z Zienio¢/

VkT
wﬁmﬁ%%%ﬁE:_ﬁﬁgﬁlam%@E
AT L

VET
wﬁmﬁiiﬁpz—%;&mmmﬁﬁﬁﬁﬁ
Tk

_ kT B lEcb
Fev = 24N T 3V (28)

S R T AR R S R, AN A
KEMHLT, AL Coulomb 1 FH g LA F 3 #2471
fi. Coulomb f F §2 Wi AR (AR 7 T2 ZE AR BLAE PN
ANTTH, — AN A BEAN 58, 38—
RO A B BE, AN TS 75 HL 8 SN B R A
Coulomb A1 HAFH FH LT HF AR 564 B Y,
THTIGEE T, RARIFANO, i
{8, PIAE L A B 1 o e B R 75 2
FEMTHIES e TR, LR REMIRN AT LR IR Y

Al, = 27,3 (%) i ( > nnzg) i

Z,e°
=5 (29)
FERARIRE T, AL, #HXT T kT 7] LLZBE AT, (HAE
FHeVEET, AL/L, 7 LLIEF| 10%. 5% 7
EEOL N, BR8] I 2 Coulomb fEH, &
SR N RE 22, Mo 4S L LB RN B, AT
B T2 by K AE.

4 BEHFETH

HITTHD BT V0 ) RS U4, R T RS IR 42
HL1) Boltzmann Ztit, 1H HAG 78R A 2 a8 %
FEF MR IE TR, A4 REi 2 4 i Boltzmann 41t
S VIBAE R LIRS AT T, BT N T R
I (neX2 > 1), IXIN D62 [& T 1) &1 2R X
T A il e e SR A R DA TR, BT T
{5 1A b B 75 700 SR A TF AL 1 TF B R IR (1)
& BT R ST N BE R DT, SR T AZ O e g B AN

REM DTmk AT AR B SRS T FE R IR,
3Ny
P, =n,kT, E,= §;k:T, (30)
o, ng NIRRT IZECEE.
L0 A BE B SRR B4 T Bl R T S
fi HL - PSR A% TR A ELAE FH R, T T 32 20
WL R G0 08 DL AN RE IR TR,

4.1 BAREHESBHBTFSE

HEH L AR A % 2 B iR P R I 100 I A
22 HL1Y) Boltzmann St i1, {H7E B AR E A % B e
TGN, HT R TEIPRES, HETESY
INEE G, TR, B HB AT B mIPIRE, £
dV dp HHZ TR Anp? dpd V /B3, T HF
BHRAAFE R A BETT 1, BUAE A 2 [A)  &EF30E
e DL 2. AR R AH A R, A — N E
H 77 I\ & IRES T R e — A1, R
VN AN RS SR T 80 p K E T
A, FEA X RN

Po 2 3
N:V/ 8Tp deST(pOV
0

h3 3n3 7 (31)

RSN 53R B o = p?/(2me), ATLAE
HL B 5 K BNRE €.

E X PKIRSE Ty = e0/k AN
o 1 <3N>2/3 K2

Tp = — = .
F kme

k 8§\ iV
HL - F 87 I 2 2t m] DUAR 08 2 K I B kA7 4
IR IR T > Ty, W 4T 55 1 JF 35 5
HAEMIE, BT DR NS SRR AL B iR
T < Ty, WHF 4T 585 HARE, IRAETF 0.
LA (1) A1 (32) R a o< (Tr/T)%?, Al a < 15
T > Tr RHEM KRR, MERB AT IGH IR,
Ma> 15T < Tr 2N LR, KUBFLT
SR RIRAS. B, (1) 30 (32) AR AT LAVEH) f T
TR FERERE, IR H VPRI 45 52 — B
RV o N ASH T Z) A

Po 2 8 2d
Ek:V/ p~ 8mp~dp
0

(32)

2m. h3
3 /3\¥? R2N5/3
-3 <ﬂ> i (33)

W% R TAS = dE + PAV, FiE N4

] I B AR IR 5
dE. 1 [3\?¥? n2No/3
P=——Z==_ (=2 -
<TL> meV /3

AV 20 (34)
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M (34) K oJ BUE i, ERAGIR 2 T, B B8
TR R SR IE L T8 B 5/3 X7, T 1568 & il 1 Ol
T, HF IR Z 8 Boltzmann 4t 11, 1X i A] PLR
HAR SRS TTRER, R om 5 % M — k07 Uk
bl 33X U B AR AL T 1R IR AS IS B A R 4. =
WA TR IR R B B H I, TRLE
JR 1% LA S AR - B U 5 3 hig 3y, 1K H
FHAT AT UAEH TF B AT k.

4.2 TFiE#R

A JE v A R T % 8 iR A Fermi-
Dirac 7011, 704 BRECN

1 2
r’ = — )
00 = Gy 14 o

b, p RETHMHES, E2BETINEE. /£ TF

BEAR B FAE 5% DL R At T B P AR 1 33

Hizgl), HaemE 3 EAREhAE LLRAE T N ER

BEE, E = p?/(2me) — eU(r), U(r) & r bR,

p NHTIBE. FIH BT A0 R T LS 2
n(r) = / 4rp? f(r, p)dp

0

1 o0 2
- / P dp.  (36)
0

(35)

T2h3 L —eU(r)—p
14+ e »
JE N B TR A, B
Z = / n(r)dV, (37)
%

(37) IFR g B A SRS A, FH L PTAS B0 5 3 .
ERTFHEE CRHFMT, JET AR B AL
SGIBURIELVAPAY X6 ESl

V2U(r) = 4men(r), (38)

(38) 2k /& TF 75 #2. TF J7 e o 7 fE, xF
FORMA TR — B L %A, RO, W
BB Em T OR, BT BT ES e R
TAZJE B, R D o Ak ) L A A b D T A% B
At XIS R SR T AR IR

Ze

U)o = =5 (39)

BT AR T8RS0, FIERT 58T
ﬁﬁ%mﬁ@M:JMLR%E%¥%JW%

Moo = V), it gL RIS, i

AT IS B 1 — AN A
dU(r)

—_— =0. 40
dr r=R ( )

TF 77 FE RN B AN 46 A v DAES SR A, AT
33 TF M TR 7B om. TRy

AR SRS eSS A L R 0P T B
L2 A B A fE — k2, R TF 5 R 1 A AT A aft DA
B3, — MR ABE T H B IR TR R AR, BA
TF 75 L&A AT e, 15 TF J5 72 0 i B 5
i, RERERERLTZ43, VZ A EL,
JEBR. WRE. ELIE DL PZ-10/8 BZ-T/8 Oy Zt
I I, X Bk R B RNE F MR 1 TFR
AR, MR T BT 2 & T, AT DS BT
BICERN TRRE TR, T 2R R 7 A
Ji, BT DA E 3 RS A 2 TR RS R
PR R T BN g SR B AT LR R A

B 1 N o 1 N
Z = N;xizi, M = N;xiMi, (41)

A RS AR 7 B H B b e R T EOH 1 o)
bt, Z; A MG 73 53 9 5 o R T 1R T R AR R
%

i

TF R A X 7 #7215 Ab T AR AIRES, [t
X R W5 ) S BN T B 58 R A
BAEM KRR, RAMETFPEAR. WTF AR
Ed PE BT DA Y, R R B AR, BB R
T, PO s AN A BE A2 A ) 1
MR, BT AX T W5 RE,
Tt R B iy v L R B A, PRt
HLP S RE AL 218, 7 S A I AR R K
oA ERE T YA AEREARE mRRER T, Rt
FL il B A8 KT BRI B (T > Ty), X LT
F T80 1R AT B, 55 S T R M 2 AP T X
PERNT X, JXI RS T RN 58 45 i B BAEUAOIR
BT, Heom A FERIE EE.

4.3 KA TF#=EH

{5 TF AR X 18 1 HL 1~ 2 8] ) Coulomb
MEAEH, T&A %R MM EER. B 2%
KT, BRMIEFIARH R B, H A5 A A8 e 4T
HL - 2 1] 04 A LA L PE T R S R R L Y
A A R, Dirac 16 T 1930 4F 51 AN A2 #e fig
XP R R TF AR BEAT T2 IE, I3 2] 7 Thomas-
Fermi-Dirac (TFD)#£%4. Cowan Fl Ashkin ') i3
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— P8 TFD B B4 BRSO, TF B8
R REE N5 8 1T LT EhAE . LT 5 T A%
L HAb T ELAE S e, TFD BEALIE 5 8 1
TH5PA BT T IS AE. BRI HEE)A

TR UF TR
1 2
f(T‘ap) = (2ﬂh)3 %76[]“)7}3%7“7 (42)
1+ e %

X B, /2 H B FRSSHefg. B Bloch '8 {5545
B RN

Eoe=—3 (%)1/362”4/ ?, (43)
WHR By ~ kT EHE Eoy > kT, W H T 32 GEXT
TF M & IEIE R &, M1 F, < KT, H
TAZ W RE T DL, 3K IR FE T B AL I RN
T > 1.37 x 107 5n?/3. 294 i &b T [ 44 25 FE
BEEFELTHE LG oV, B 728 #5014
AL ZBEATE. 5 TF B 25 J 47 Hh i, TFD A%
BRI T (JU1 eV BLR) t TF AR EHI,
B R B () T v, P R RN, R E A
7E—#2. McCarthy [ 5% FI R [F) B B 3547 11 5545
H TR EAS R B T e i b 2 R (A4, a3 B
9 ATRLE Y, FIE (KT = 0 oV) I, %A TFD
R 75 3] 1) [ o B 5 LG TF R AL 45 3 1) TR SR A,
10 eV B 9 # ZE 7980/, 75 100 eV B DA H A5 7E

10° §

102§

10" §

P/Mbar

100§

10-1 3

p/po

3 HY7E 100, 10 10 eV FHEMEMLZ: TF 458 TFD
ZE LN TFK 45 5% g [19)

Fig. 3. Pressure profile of lead at the temperature of
100, 10 and 0 eV, the solid, dotted and dashed lines
are the results of TF, TFD and TFK models, respec-

tively (191,

TFD A SRS N T LB 1IE, HIFEAH
TR R T RON. 1957 4F, Kirzhnits PO ¥ B
T A R I, 7E Thomas-Fermi #5284 /1 [F] B 5]

AN As 1E fl & 718 1E, % T Thomas-Fermi-
Kirzhnits (TFK) B¢, TFK A 5]\ ()45 1E A
TF B — B A &, T TF SR

Pry T
710/3 — f(VZ’ W)?
Err T
75 = 9(VZ 7).
TFK B AU TF A8 A& I T TF B8 1) 38 5 A8
KRB, HAEIETR] LARR N P

(44)

oP T
Snvais)
0FETE T (45)

753 = g1 (VZ, W>

McCarthy U VELI 51 T 8RR 5 (T Z4/3) A
RGN (VZ) EimMae st R R, it
s B R AGRAR W B 00, TFK 7 3% B ## A 40,
ik 2 U222 m] DUy i e R 8 4% T RO AR AL
WAL B PR TT R

ME3FTELE H, 7E 100 eV ¥ ik iy, =Fpft
A (TF, TFD, TFK) A =E & 7E —i2; 10 eV i,
TF #8825 SR i e, (EL7E 22 5L 2% B2 BT,
TF A8 s 5 B 80 K, 10 TFD 584 TFK 57
T 2558 7 A HAB IE A B T RSB IE, HE TF 8
RS .

TEREERAE A B 7 E v B b B 7 b PR,
1B 52 bR b 583 JR 7 A% B R T 32 B IR 7 % 0m 2
Coulomb fEH, 54 TR EiZs, AR 7RZE4M. &
IR TN R T AT IREDRES, NE T 1M
4, TN L T P R o R SR B R
5 SO BN B H LT, PR T Y B Ty
IR 48 FEL M [ Y R R o Ak B BE 2 30T S B
fEOL. F 8RB IER TFS (Thomas-Fermi
shell) 7772 23] g 4 J5 T H 4 0 340 4 1) 1 8L 1T
Sk TF AL

B TR 9IS X3 2 Sl R 1
T HL T R e ) RS X B A R R R AR
H T XL AR R RUCR ] TE A R 7 9% AL 3,
1M W 2 R 4525 7] LLE A Wenzel-Kramers-Brillouin
IEARAAL B, TFL J5 k8 R 2 1 Btk B H T,
BARFEE T WE KA THIFA K e 15 7
2. Zink 2% 554 ] TFL (Thomas-Fermi like) J5
EAITES it 5 7 i s ok, k4 pos. ez
B IEERIRAR S B2 25 1R A AE ), (T el v
JEXRMTN, MEZEAZ BREE. R R,
TES &5 R W T 7 I RERBLR, Rl op/op BN,
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BRI — LR A SRR g b T S HRAS, SNZ BT
BAESGEBERRGES. YEE N — e E
I, IRAESRER R LT, BB LA Ak 2L b 1T, Ko
O B, X R SR AR T . T2, XA
P8 AN 35 B A S I G R AR AE TRS 45 .
Lee F Thorsos 2 %} TFS J5 k47 1 itk I NE
Yo AT RE AL T H AR R S 2 A L IRAR A,
W2 BCH B DL AR A i AR A
=0, 42T TFSR 5. MfiIxt Z = 5% Z = 30
&R LR BT 75, 45 R 5 PR, Ared
B, EiRbE Z 2008 B, XA TF A8 &
o i i - P A Z R T R X ).

108

107

106

10° -

10* F 7=770 eV

3
S 103 }f
&
10% - T=7.7¢eV
10! F
TF
100 - ———TFL
——TFS
101} i
10 ' ! L + '

—2
10-1 10° 10! 102 103 10* 10°
p/g-em—?

4 BRAETTRITT0 eV N, ANF N 1 g, B
BT TF AL TFL A LK TFS Algh R 23]

Fig. 4. Pressure profile of iron with different density at
the temperature of 7.7 and 770 eV, the solid, dashed
and dashed-dotted lines are the results of TF, TFL
and TFS models, respectively (23],

V-2 7 T (average atom, AA) R 25271
AT B AR S TR TP R R T A . AA R
AR ST IIARAEDS, mtsEes st g
BTSN PER Y. XA R T, BT
H8 Fermi-Dirac 4 T UEHEAR /£ &AL T30 L,
BN T T TR AN [ B R S 7 2T A OR B 22 S
AA BB BUTE R AL T AR T U, PUOE R R
TR F)E 8N, X2 AA BRI TF #5248
L X, o AR AR TR AR 6 2 BT B ks
IR IR. AA AR & 24 O VF 2 ok, thin A
A3 HEI BT RS 25291 R pRiT SR AR 031
A BT 52 & GX SR} L 5 S A R

PR A, P it SRR DT FEBORS B, (LR 75 22
TR R

-l /
2 o ne=3.16 X102 cm—3
10° 4 TE 4%, T=27.2 eV
o'. Pasese
l'..
=
g ne =6.76 X 1022 cm—3
TF ...u. T=272eV
10 4 o0 _ooteer®
H 1 A et
3 .
S .
<
TF
ne=6.76 X 1022 cm—3
10° 4 e T=2.72eV
] -0 .
.
.
c..'. .
. o . LTSSy
*,
o °
L ]
10-1 T T T T ]
10 20 30 40 50

Z

Pl5  ANFIIRBE M i T 40% B2 N TF B 84H0 TSR R4
SRAN R T R R 9% R 24

Fig. 5. The relations of pressure and atomic number at
different density and different temperature, the dotted
and solid lines are the results of TFSR and TF models,
respectively (247

5 mBEEHE T

HIT T BT A 4R AR B 0 T B iR 1B, B
F 18] B AH ELAE F BR AR T 88 - 1 3l fig ] DL ZUBS
AT, PR 5 AT T A O SR AN R TR 24
W 5 AL T A v, T B AN A R i e ) T A
W AR B RASE, W [y ~ 18UH I > 1,
o~ 1, BV A AR G008, WAL T3 s B
oy TR RS, XIS A B B M R A 3 BT )
R FURE 23l R R ZE.

TESR AR A 55 B A S A L S R 4y ik
ITHEE. X TR T E A B E, W BLR A TF B
AL AABR, TEHUIE (orbital-free, OF) B4 DL J&
B, B A HAE R R R R
(hypernetted-chain, HNC) f A [33=35] | 24k %
(MC) 77k LA MD J7 i AT Rl iR . 454 1 IO #h
IR DA B 7 A B IR, B T — Rtk
L o U A B W R P A T T R 7 Ofer 252 1561
K TF BB SR il 3k w7 S5 4, 88 7 [A) AH B AR H
K HNC Bk 4b ¥, Furukawa 1 Nishihara [°7)
KA AABR I % & & T2 1B HNC i Bl Ak #
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B AR AR, Zérah %5 B4R TF BT 5E
HL 5% B X () 40 A, SR MID SR AR & 1 A0 AH A
i, $#¢H 7 TFMD #i%. Dharma-wardana 1 Fran-
cois "2} 7555 £ 7 B HESE N 3838 Kohn-Sham J7 f 4k
HEHL 0] @, AR 5 K HINC T ARk 1 0 ey 5 2%
4 B8 14K, Dharma-wardana A1 Murillo 3 3% F %
T A5 i R v iR P ) R R R TR A ELAE A
0] /. Zérah % [1445) 25 45 008 25 B U2 bR BELIR
MD J7¥%, KR 7 IE3E 5730 J1% 771 (OFMD).
{7k S [10:47) b &5 2 FE B 2 F D8 0B (¥ A A BAY AT
MD J5 42 H 7 AAMD #%. Car #1 Parrinello 14
gEA R S MD ik, PR T SRR
9y FEN S35 77 1 (CPMD). Dai %% U850 B & 1
SN 1T, BT i R B
FALE PR BT, K T Refi iR AR B 5%
A B SR AR T AR & Langevin 0 73 /)
%7715 (QLMD). i LA EE T TF &3, OF #5244,
AA BRI R L5673, 18 TR IR DL %
B %A, T2k T A — VEREL Y QMD, DA SRR T %
B ZRRE (PIMC) 7732 P Bl N2 g
AR, HEM st 2R B, L2
PIMC 7%, A SR A BT ARG o, R
HZRTHFRIRADMKZ HT. B TirEEX,
QMD 75T Re 45 H IRPIR A8 77 #2504 s /b, P A
— M FH SR A D9 U7 ) A e 22 56 T vk 15 0 FH I
Hoe (5254

BEE VR TR R BV R &, 1 8h
FONEARE] TR K RE, 7131 LA K
AR T 2 A EAEH, B R R ES T
A EAER . N m B8 AR s 2%
Bz MR 1 ITEMA A E T I EEE
At S EAER B ET 578 1507

5.1 ZHSFINHFERE

MD J7 ¥ /& — Ff HI R T 5 28 e 2 1A 0k &1 1
ARV T, e H AR BRSO 4 2
NIEATN. AT a5 05k, B IR T #ia
BTN, R TR RAE Bl AL 28 4 T 2 1) 2
SERE SRR TR T ERE R D 2R, AT
Ll it A i 2 75 R A5 B R e BnAT R 1 (112 3)
Pk, HEL SR ENZ RGN E RN 1%S
. TR AR iEs, 2% TR
A B, NGk, SRAR -1 A1 AL
SRSz R e i B e DK oy Rr e - Sk R

A — R A AR S R B e B, R A
WS BN 5 FE K AR

NF=MEENMRTHRSR, BAKT
AR bR, EEE. BhE DL % ] Bl G AR OR
Hri(t),vi(t), pi(t), F(ri,t), TS5 & Al DA
RN

H= Z 27’; +U M), (46)

AP —BUR RGN RE, 6 WU (rY) NRGH R
BREL N = (11,70, rn) RN AT AR,
WG T AR 0] AR IR A

dp; oOH dr; OH

at — or,’ At opi (47)
G W7 RN E WU R myiy = ps, 1 EIRLT
B 2 3 3 7 R

. ou
mt; = o (48)

(48) AU H], B TI8BhPT 2K ) B & 1 P Ak ) 3
Wi E. CRE TR Y, i (48) 2on E
W96 2% A UL LA I 3 57 2% A, AT DAREAT SO oK
fife, AT A5 2 & 1 18 BP0k, 335145 3 % Fh 25 W
VR WERITYHEEE 2L 28K
A] 2 JG 2 b TP EPIRAS, AT AR 28 458 7 A 5T )
Ve E A R] L N R 18 )

1 1 ! N (41 /
A(t) = t/o AN ()t (49)

FEN 8] R K RGX B PHS G, A
A= lim A(t). (50)

T BN 1 TTE I SE R A TSR R SR
AR B A W 3 5 RE AT BUEDSR AR, 159 2R
ARR . TE S5 2 7 S I 18] A2 Ak 1 e K SRR
i 3 g8 v T SRS R AL 2R 405 W o i W B R
P b7y 780 5 v SRR AT 2 o8 T = AP B

S B B (1) = — 0 AT BB, R

RS ARLTAEt + At IIARKER; 8 FORZ A
BEZ (¢ + AL, 4+ 24t -+t + IAD A HE &
A(ri(t + At), ro(t + AL), - -+, (t + At)); TJaxt
AL SR A
L
()= Jim 3 A(ri (140, (A, - rx(AD)
=1

2 T E R R AR B 2
%, MEAE RS AT 255 4R, Rt Sk
B, BT BT RBCE R ROK, ATLGA BT
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MEFRESL. W HAZR A KA Lennard-Jones
g 57 Morse #5551 56, Born 1 Mayer 7 2
HH PRI AR B A T B8 - 2 18] A B A A 1Y Born-
Mayer 3. £4 N1k, C&H KSR E R EIE
ARG HR Y, X B3 bR 0 A 2 LR P AN Sl R (R AH L
TER, AXFPA R AL B AL AR AH O, TEVF 2 TEHLL
G ] DA RE A, (B0 T4 )8 DA S i 4 &
AN T, AReg BRI R4 8. 7£ 20 40 80
EARHT, &M LR T 22 A AH ELATE R E 5 bR Eioki A
k3R . Daw Fl Baskes 78] 3 125 B 27 o FE G 42 Y
TR TR (EAM); Finnis 1 Sinclair P9 FR 5
LA R EIR IR TR S EAM JEAAH
[l {2256 F-S B, Abell 001 75 1985 4E 42 T —Fb
Morse J& 3 2 [ AH BLAR FH B, HuAg Sei
AR RN = AR Y A .

& 20 34 bR B b TR IR R R A T AT DL
HARGF IR IR, T A T S & 5 T AR S I )
JRAFAER KR 2. — iR T 45/ 250 7
I Hn TF AL AA B OF B AL S5 REREAE iyiin
MR B T3 Y. e
JTVEFN Gy -3 77 2 05 V8 AT A5 Bk s im A % 4
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53, 1985 4F, Car 1 Parrinello ' #0855 FE 12 B9
AR N B 778 Jy i, R H 78— R B 15
J1%:771% (ab initio molecular dynamics). %775
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Oppenheimer ITAEANF L. A& G0 5 — VR 2
918l 71 % 77 %% F Born-Oppenheimer #1184,
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FiEE B = po(0P/0p),, 1E AR & B UL K&
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1R 2 58 5 Ak ) 5 72 7 AE A QEOS #4581y 1 5
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FH B [ Atzeni 1 Meyer-ter-Vehn B0 #4145
f Hugoniot 28 () B8 i1 5 45 3R 5 526 45 1 it
17T EeEE, W 6 Fras. AT BLAE Y, QEOS 45 Al
SESAME %5 B:7E 104 GPa LA N 552546 fr 75 51 (1) %
P 3184 e ag i . 7E 10 GPa LA B, P2 0A]
B M ZERN, B R_ERSI0RE 7 A B, X
Ui QEOS 1 SESAME #3625 550k i R3S T
S

104 T T
—— QEOS[™
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10373 O Vladimirove et al.83]
O Raganl8?
| A Altshuler8l
=102 .
= ® Mitchell et al.[34
2
A 10t
100 7
10-1

2 4 6 8 10 12 14
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6 4% Hugoniot i 25 80) B &4 th 7 QEOS 45

BT SESAME £ 5 [75] D J — sz ok 1 [81-84]

Fig. 6. Hugoniot curves of aluminum [30) the black

solid line and red dashed line are the results of QEOS

and SESAME, respectively. The dots in figure are ex-

perimental results [81-84]
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B 7RI LA Y, 30 eV I BT AT A B 45 R 45 5 JE L
5 eV IS, IR R, — SR T iR A A
AT, EE I TF AR DA Je AAMD RS th ] LA

FILLEASH SR, W 7B LUEH, /65 eV i
TF # A DL K AAMD #5554 B 15 21 1) 25 S 70 5 2%
26 N B R B L NPA BIAR 25 5 QMD 45 SR DL
SESAME %4 25 3L .

1.0

P/Mbar

0 0.4 0.8 1.2

0.4 0.8 1.2 1.6

p/g-cm—3

7 530 eV I AN [E % B R AR R A5 U5 R 851 1 b il i TF A (361 QEOS (741, SESAME (751

NPA 8 871 D% AAMD #7 188) it 48 L b

Fig. 7. The EOS of aluminium under the temperature of 5 and 30 eV [85], the solid lines with different marks
are the results of TF [86], QEOS 74 SESAME [75], NPA 87 and AAMD 88! models.
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PLK QLMD DY/ FT SESAME i 122 754 154k
W, X B DU A MDD B2 A R A AR RORE
Hhgh Bk R AS T R, (HEEAGIR T, TEMD 5 Al
OFMD #5571 25 L BF 2 B2 L Hofh LA AL B . M
XGPSR, AAMD #5588 g 7E SR IR R 45
HASHSE R, X =M IR g AR &
T FEN )1 R, XU TR A R4
AR IR R PR . IR AR, F TR e SRR
e D1 g TFEMD J5 378 T 550 1 TR 9 I 35
A7 BT e SCIRATE FH I P A5 1) A7 BT S s SR
DR, Fr LA TFMD ZEAIGHR X 45 H A e i i . AA
B AR LR T T 52 2 450, H b R
SERJUTL, DRI AR I A AMD (R4 B 52t 2 1 F%,
X R R FHEZ R E T 5T oh 1
A RES BB R, 7£0.1 eV IR T, H

T B BERN A BERE BN, 8T B e
QLMD #5574 &5 B LL oK 25 fe B 1 i s 1) 4 S 22
Tt —t, 5 SESAME ¥4 e 45 5 i

— SESAME#2140
104 & OFMD-exchange
¥ AAMD

A omp

103 F

100 [}

QLMD-no spin

R PV B TvTY BT TTTY B ST TTY B w T
10 10—t 100 10! 102 108

T/eV

B8  ANIFEE T %1 Hugoniot Fﬁiéﬁ[gg], A 43 il
YT BT AR I TEMD B8 P01, AAMD #
74 (88]  OFMD £ % (73], QMD # % L), Jz QLMD [P0] 25
A SESAME ¥ i [75] 4552

Fig. 8. The Hugoniot curve of iron at different tem-
peratures (891 the results of TFMD [90] AAMD [88],
OFMD [73], QMD, QLMD P and SESAME [75] mod-

els are presented, respectively.
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Fig. 9. The Hugoniot curve of iron 891 the lines are
the results of various theoretical models and the dots

are the experimental results.

6 % i

ARCRYE ST R LT R I E S
FE 5 B % B ST T P 4 56 B8 Ao A&S R 4 A PO AN X
g, 6 DY AN DX 3N S5 B AR RS 7 R R ) 2
PR EAT TSRS, RS A R A TR X,
AR &, R oea &, R (A BAE AR
/N, HLT AR TR AT LR AR AR AS T R
. AEHS oy L SR G A S AR DO, T
2, R Z AR AR AR BN, RS TTFE AT LR
FH Saha 77 #23K fi#, % fEki ¥ 2 MK F2 Coulomb #H
‘HAEH J& 7] & F Debye-Hiickel J7 #2453 2], £ 58 &

HAE RS FAR X, 4% 18 A AH B A e T A
HL -1 BF il 7T LA 5T A% PR A B SRR S
Ji RS, W R TF A8 AT LLAS B0k i (1 45
B, Uk A ) TF AL ) DL TF 458 5 4 58 2
FIRIR A A . R A S TR X, R
FEAS AR w5, %5 P TE ) o ] 4 % FE B a0, wbb B 420 )5
GO R e e N P A K R
THTTH = AN XIS, A B A 1 VA IR S T
PRIPIRZS 7 F2, (R 55 B T4 A T 158 DA B FAHR [X 42k
I, %A BRI IAT S — IR, &1
T8l 712 BAR IR ) _E RE 65 45— il i B X 34 7R 11
PEIR, AR T K SR A S S B, AL
W57 B —E MR H]. — LSk R T el iy
A QLMD, BRI BT T /T T3 150
VRIS Y R, H A P A% R DA R AR VAT 75 L3
—HWAEFIA, T HHEHEEL X, FELSEKE
[T SRR BT A AR A BB SR BRSO R R,
DL R AR B ) i R AR ) R 2. — R R
Iy FEN 1551, Ll TFMD, AAMD, OFMD %%,
THEE BN, HEKE TR RS R R ERR. 7T
T, A P At i T R AR R DX 3 ) S g B AR T -y
WE 5, WARS) S AR AT A RS 7
P2 5 BT SRR . RS TR R T
T, THEERK, WA T AR 1 F 80 7
B MRS 5 FE S HOR 0 RIS, Xtk sh /)
SR ZE LI AT SR P AR R R . DR, SR A A
IFi F1 A7 LA A AN (] 2 P 03 P X AT e 1, AN
SN TR SRS 55 B T RS T RR I L U5 1.

S

[1] Fortov V E 2016 FExtreme States of Matter (Berlin:
Springer) p9
] Xu J A, Mao H K, Bell P M 1986 Science 232 1404
[3] Ming L C, Bassett W A 1974 Rev. Sci. Instrum. 45 1115
] Nellis W J 2006 Rep. Prog. Phys. 69 1479
] Qian X S 2007 Lectures on Physics (Shanghai: Shang-
hai Jiaotong University Press) (in Chinese) [£&%%#k 2007
WIE R SO (R RIS R 2 H AL
[6] Fortov V E 2007 Phys. Uspek. 50 333
[7] Lindl J D, Amendt P, Berger R L, Glendinning S G,
Glenzer S H, Haan S W, Kauffman R L, Landen O L,
Suter L J 2004 Phys. Plasmas 11 339
[8] Saha M N, Srivastava B N 1965 A Treatise on Heat (Al-
lahabad: The India Press)
[9] Debye P, Hiickel E 1923 Physik Z 24 185
[10] Thomas L H 1927 Proc. Cambridge Philos. Soc. 23 542
[11] Fermi E 1928 Z. Phys. 48 73

030505-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.232.4756.1404
http://dx.doi.org/10.1063/1.1686822
http://dx.doi.org/10.1088/0034-4885/69/5/R05
http://dx.doi.org/10.1070/PU2007v050n04ABEH006234
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1017/S0305004100011683
http://dx.doi.org/10.1007/BF01351576

) I % R Acta Phys. Sin.

Vol. 66, No. 3 (2017) 030505

(12]

N
w

[\
[S4

[\

KRS )

OO

Xu X S, Zhang W X 1986 Theory Guide of Practical
Equations of State (Beijing: Science Press) (in Chinese)
s, 5k 1986 SEHIMIA T IEEE T3] (bat: B2
H R L))

Feynman R P, Metropolis N, Teller E 1949 Phys. Rewv.
75 1561

Car R, Parrinello M 1985 Phys. Rev. Lett. 55 2471
Letter R 1955 Phys. Rev. 99 1854

Dirac P A M 1930 Proc. Camb. Phil. Soc. 26 376
Cowan R D, Ashkin J 1957 Phys. Rev. 105 144

Bloch F 1929 Zeits. F' Phys. 57 545

McCarthy S L 1965 Lawrence Livermore Laboratory Re-
port UCRL-14364

Kirzhnits D A 1957 Sov. Phys. JETP 5 64

Tang W H, Zhang R Q 2008 Introduction to the Theory
and Compution of Equations of State (Beijing: Higher
Education Press) (in Chinese) [0, fk# 8 2008 #1745
TIFEEIS P ES (LG SR i RAL))

Bell A R 1980 Rutherford and Appleton Laboratories
Report RL-80-091

Zink J W 1968 Phys. Rev. 176 279

Lee C M, Thorsos B I 1978 Phys. Rev. A 17 2073
Rozsnyai B F 1972 Phys. Rev. A 5 1137

Rozsnyai B F 1982 J. Quant. Spectrosc. Radiat. Transf.
27 211

Rozsnyai B F, Lamoureux M 1990 J. Quant. Spectrosc.
Radiat. Transf. 43 381

Bauche-Arnoult C, Bauche J, Klapisch 1978 M. J. Opt.
Soc. Am. 68 1136

Bauche-Arnoult C, Bauche J, Klapisch M 1979 Phys.
Rew. A 20 2424

Bar-Shalom A, Oreg J, Goldstein W H, Shvart D, Zigler
A 1989 Phys. Rev. A 40 3183

Oreg J, Goldstein W H, Bar-Shalom A, Klapisch M 1990
J. Comput. Phys. 91 460

Iglesias C A, Rogers F J, Wilson B G 1987 Astrophys.
J. 322 45

Kurten K E, Ristig M L, Clark J W 1977 Lett. Al Nuovo
Cimento 20 313

Kang H S, Ree F H 1998 Phys. Rev. E 57 5988

Rose D V, Genoni T C, Welch D R, Clark R E, Campbell
R B, Mehlhorn T A, Flicker D G 2009 Phys. Plasams
16 102105

Dror O, Nardi E, Rosenfeld Y 1988 Phys. Rev. A 38
5801

Furukawa H, Nishihara K 1992 Phys. Rev. A 46 6596
Zérah G, Clérouin J G, Pollock E L 1992 Phys. Rev.
Lett. 69 446

Clérouin J G, Pollock E L, Zérah G 1992 Phys. Rev. A
46 5130

Flavien L, Gilles Z 2006 Phys. Rev. E 73 016403
Danel J F, Kazandjian L, Zérah G 2006 Phys. Plasmas
13 092701

Dharma-wardana M W C, Francois P 1982 Phys. Rewv.
A 26 2096

Dharma-wardana M W C, Murillo M S 2008 Phys. Rev.
E 77 026401

[44]

[45]

030505-16

Danel J F, Kazandjian L, Zérah G 2009 Phys. Rev. E
79 066408

Horner D A, Lambert F, Kress J D, Collins L. A 2009
Phys. Rev. B 80 024305

Hou Y, Jin F T, Yuan J M 2006 Phys. Plasmas 13
093301

Hou Y, Jin F T, Yuan J M 2007 J Phys.:
Matter 19 425204

Dai J, Yuan J 2009 Europhys. Lett. 88 20001
Dai J, Hou Y, Yuan J 2010 Phys. Rev. Lett. 104 245001
Dai J, Hou Y, Yuan J 2010 Astrophys. J. 721 1158
Militzer B 2009 Phys. Rev. B 79 155105

Wunsch K, Vorberger J, Gericke D O 2009 Phys. Rewv.
E 79 010201

Gericke D O, Wunsch K, Grinenko A, Vorberger J 2010
J. Phys.: Conf. Ser. 220 012001

Peyrusse O, Mazevet S, Recoules V, Dorchies F, Har-
mand M, Levy A, Fuchs J, Mancic A, Nakatsutsumi M,
Renaudin P, Audebert P 2009 CP, Atomic Processes in
Plasmas 1161 200

Frenkel D, Smit B 1996 Understanding Molecular Sim-
ulation (San Diego: Acedemic Press)

Morse P M 1929 Phys. Rev. 34 57

Born M, Mayer J E 1931 Z. Phys. 75 1

Daw M S, Baskes M I 1983 Phys. Rev. Lett. 50 1285
Finnis M W, Sinclair J E 1984 Philosophic Magazine A
50 45

Abell G C 1985 Phys. Rev. B 31 6184

Collins L, Kwon I, Kress J, Troullier N, Lynch D 1995
Phys. Rev. E 52 6202

Desjarlais M P, Kress J D, Collins L A 2002 Phys. Rev.
E 66 025401

Mazevet S, Clérouin J, Recoules V, Anglade P M, Zérah
G 2005 Phys. Rev. Lett. 95 085002

Mazevet S, Desjarlais M P, Collins L A, Kress D, Magee
N H 2005 Phys. Rev. E 71 016409

Clérouin J, Noiret P 2008 Phys. Rev. B 78 224203
Holst B, Redmer R 2008 Phys. Rev. B 77 184201
Mazevet S, Zérah G 2008 Phys. Rev. Lett. 101 155001
Kohn K, Sham L J 1965 Phys. Rev. 140 A1133

Born M, Huang K 1954 Dynamical Theory of Crystal
Lattice (Oxford: Oxford University Press)

Hohenberg P, Kohn W 1964 Phys. Rev. B 136 864
Hansen J P, McDonald I R 1976 Theory of Simple Liq-
wids (Lodon: Academic Press)

Perdew J P, Kieron B, Matthias E 1996 Phys. Rev. Lett.
77 3865

Lambert F, Clérouin J, Zérah G 2006 Phys. Rev. E 73
016403

More R M, Warren K H, Young D A, Zimmerman G B
1988 Phys. Fluids 31 3059

Lyon S P, Johnson J D 1992 SESAME: The Los Alamos
National Laboratory Equation of State Database Report
No. LA-UR-92-3407

Bushman A V, Fortov V E 1983 Sowviet Phys. Uspek. 26
465

Godval B K, Sikka S K 1983 Phys. Rep. 102 121
Basko M M. Metallic 1985 Soviet High Temperat. Phys.
23 388

Condens.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRev.75.1561
http://dx.doi.org/10.1103/PhysRev.75.1561
http://dx.doi.org/10.1103/PhysRevLett.55.2471
http://dx.doi.org/10.1103/PhysRev.99.1854
http://dx.doi.org/10.1017/S0305004100016108
http://dx.doi.org/10.1103/PhysRev.105.144
http://dx.doi.org/10.1007/BF01340281
http://dx.doi.org/10.1103/PhysRev.176.279
http://dx.doi.org/10.1103/PhysRevA.17.2073
http://dx.doi.org/10.1103/PhysRevA.5.1137
http://dx.doi.org/10.1016/0022-4073(82)90111-X
http://dx.doi.org/10.1016/0022-4073(82)90111-X
http://dx.doi.org/10.1016/0022-4073(90)90004-P
http://dx.doi.org/10.1016/0022-4073(90)90004-P
http://dx.doi.org/10.1364/JOSA.68.001136
http://dx.doi.org/10.1364/JOSA.68.001136
http://dx.doi.org/10.1103/PhysRevA.20.2424
http://dx.doi.org/10.1103/PhysRevA.20.2424
http://dx.doi.org/10.1103/PhysRevA.40.3183
http://dx.doi.org/10.1016/0021-9991(90)90048-6
http://dx.doi.org/10.1016/0021-9991(90)90048-6
http://dx.doi.org/10.1086/185034
http://dx.doi.org/10.1086/185034
http://dx.doi.org/10.1007/BF02783603
http://dx.doi.org/10.1007/BF02783603
http://dx.doi.org/10.1103/PhysRevE.57.5988
http://dx.doi.org/10.1063/1.3247826
http://dx.doi.org/10.1063/1.3247826
http://dx.doi.org/10.1103/PhysRevA.38.5801
http://dx.doi.org/10.1103/PhysRevA.38.5801
http://dx.doi.org/10.1103/PhysRevA.46.6596
http://dx.doi.org/10.1103/PhysRevLett.69.446
http://dx.doi.org/10.1103/PhysRevLett.69.446
http://dx.doi.org/10.1103/PhysRevA.46.5130
http://dx.doi.org/10.1103/PhysRevA.46.5130
http://dx.doi.org/10.1103/PhysRevE.73.016403
http://dx.doi.org/10.1063/1.2345181
http://dx.doi.org/10.1063/1.2345181
http://dx.doi.org/10.1103/PhysRevA.26.2096
http://dx.doi.org/10.1103/PhysRevA.26.2096
http://dx.doi.org/10.1103/PhysRevE.77.026401
http://dx.doi.org/10.1103/PhysRevE.77.026401
http://dx.doi.org/10.1103/PhysRevE.79.066408
http://dx.doi.org/10.1103/PhysRevE.79.066408
http://dx.doi.org/10.1103/PhysRevB.80.024305
http://dx.doi.org/10.1103/PhysRevB.80.024305
http://dx.doi.org/10.1063/1.2338023
http://dx.doi.org/10.1063/1.2338023
http://dx.doi.org/10.1088/0953-8984/19/42/425204
http://dx.doi.org/10.1088/0953-8984/19/42/425204
http://dx.doi.org/10.1209/0295-5075/88/20001
http://dx.doi.org/10.1103/PhysRevLett.104.245001
http://dx.doi.org/10.1088/0004-637X/721/2/1158
http://dx.doi.org/10.1103/PhysRevB.79.155105
http://dx.doi.org/10.1103/PhysRevE.79.010201
http://dx.doi.org/10.1103/PhysRevE.79.010201
http://dx.doi.org/10.1088/1742-6596/220/1/012001
http://dx.doi.org/10.1088/1742-6596/220/1/012001
http://dx.doi.org/10.1103/PhysRev.34.57
http://dx.doi.org/10.1103/PhysRevLett.50.1285
http://dx.doi.org/10.1080/01418618408244210
http://dx.doi.org/10.1080/01418618408244210
http://dx.doi.org/10.1103/PhysRevB.31.6184
http://dx.doi.org/10.1103/PhysRevE.52.6202
http://dx.doi.org/10.1103/PhysRevE.52.6202
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.66.025401
http://journals.aps.org/pre/abstract/10.1103/PhysRevE.66.025401
http://dx.doi.org/10.1103/PhysRevLett.95.085002
http://dx.doi.org/10.1103/PhysRevE.71.016409
http://dx.doi.org/10.1103/PhysRevB.78.224203
http://dx.doi.org/10.1103/PhysRevB.77.184201
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.155001
http://dx.doi.org/10.1103/PhysRev.140.A1133
http://dx.doi.org/10.1103/PhysRev.136.B864
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevE.73.016403
http://dx.doi.org/10.1103/PhysRevE.73.016403
http://dx.doi.org/10.1063/1.866963
http://dx.doi.org/10.1016/0370-1573(83)90014-5

) I % R Acta Phys. Sin.

Vol. 66, No. 3 (2017) 030505

Kemp A J, Meyer-ter-Vehn J 1998 Nucl. Instrum. Meth.
Phys. Res. A 415 674

Atzeni S, Meyer-ter-Vehn J 2004 The Physics of Inertial
Fusion (New York: Oxford University Press)

Altshuler L 1965 Soviet Phys. Uspek. 8 52

Ragan C E 1982 Phys. Rev. A 25 3360

Vladimirov A S, Voloshin N P, Nogin V N, Petrovtsev
A V, Simonenko V A 1984 JETP Lett. 39 82

Mitchell A C, Nellis W J 1981 J. Appl. Phys. 52 3363
Hou Y 2009 Ph. D. Dissertation (Changsha: National
University of Defence Technology) (in Chinese) [f% 7k
2000 H-E2A B (Kb EBRIEHAR A 2)]

Letter R 1955 Phys. Rev. 99 1854

Perrot F, Dharma-wardana M W C, Benage J 2002 Phys.
Rew. E 65 046414

Hou Y, Yuan J 2009 Phys. Rev. E 79 016402

(89]

030505-17

Dai J Y 2009 Ph. D. Dissertation (Changsha: National
University of Defence Technology) (in Chinese) [#fE:4E
2010 T L2683 (Keib: BRI A 2E)]

Lambert F, Clérouin J, Mazevet S 2006 Europhys. Lett.
75 681

Fromy P, Deutsh C, Maynard G 1996 Phys. Plasmas 3
714

Piron R, Blenski T 2011 Phys. Rev. E 83 026403
Shock Wave Database http://www.ihed.ras.ru/rusbank/
gassim/ [2003-07-13]

Batani D, Morelli A, Tomasini M, Benuzzi-Mounaix A,
Philippe F, Koenig M, Marchet B, Masclet I, Rabec M,
Reverdin C, Cauble R, Celliers P, Collins G, Silva L. D,
Hall T, Moret M, Sacchi B, Baclet P, Cathala B 2002
Phys. Rev. Lett. 88 235502


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/S0168-9002(98)00446-X
http://dx.doi.org/10.1016/S0168-9002(98)00446-X
http://dx.doi.org/10.1070/PU1965v008n01ABEH003062
http://journals.aps.org/pra/abstract/10.1103/PhysRevA.25.3360
http://dx.doi.org/10.1063/1.329160
http://dx.doi.org/10.1103/PhysRev.99.1854
http://dx.doi.org/10.1103/PhysRevE.65.046414
http://dx.doi.org/10.1103/PhysRevE.65.046414
http://dx.doi.org/10.1103/PhysRevE.79.016402
http://dx.doi.org/10.1209/epl/i2006-10184-7
http://dx.doi.org/10.1209/epl/i2006-10184-7
http://dx.doi.org/10.1063/1.871806
http://dx.doi.org/10.1063/1.871806
http://dx.doi.org/10.1103/PhysRevE.83.026403
http://www.ihed.ras.ru/rusbank/gassim/
http://www.ihed.ras.ru/rusbank/gassim/
http://dx.doi.org/10.1103/PhysRevLett.88.235502
http://dx.doi.org/10.1103/PhysRevLett.88.235502

32 % R  Acta Phys. Sin. Vol. 66, No. 3 (2017) 030505

SPECIAL TOPIC —Recent advances in the structures and properties of materials under high-pressure

Equations of state and thermodynamic properties of
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Abstract

The equations of state (EOS) and the thermodynamics properties of plasma under high temperature are widely
applied to the fields of astrophysics, controllable fusion, weapon design and damage. In this paper we mainly review the
theoretical model and computing method of the EOS of hot plasma on different density scales and temperature scales.
For an ideal plasma, the interaction between ions can be ignored, the EOS is simple and the theories turn matured.
Under the condition of extremely high temperature, ions are ionized completely and the EOSs of ions and electrons can
be approximated by the EOS of ideal gas. When the temperature is not very high and ions are just partly ionized,
the EOS can be obtained by Saha model or its modified model. When atoms are strongly compressed, the EOS can
be calculated by Thomas-Fermi model or its modified model. For the non-ideal plasma, there is a strong coupling
between ions. No unified theoretical model can completely describe the interaction between ions at arbitrary density
and arbitrary temperature. In principle, the quantum molecular dynamics (QMD) can accurately describe the EOS of
plasma in large density range and large temperature range. However, due to the enormous computation and the difficulty
in converging, it is difficult to apply QMD to the plasma under high temperature. With simple computing method and
small computation, classical molecular dynamics using semi-empirical potential can calculate the EOS accurately at high
temperature. However, it will produce great error at lower temperature. It is a simple and effective way to obtain
a global EOS by using different theoretical models in different density range and different temperature range and by

interpolating in the vacant density range and vacant temperature range.
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