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Abstract

Dr. Teepanis Chachiyo created the equation for describing the correlation energy of

uniform electron gas for the full range of density,
!
g(r.) =a- ln(l +E + rs_z)

This equation gives good comparison with the Quantum Monti-Carlo (QMC) results of Ceperley
and Alder. Thus it is reasonable to use this equation for reference. J.P. Perdew and Yue Wang
also created the equation that can describe the correlation energy of uniform electron gas for
the full range of density and give reasonable results too. In this project, | created several
equations for describing the correlation energy of uniform electron gas for the full range of
density. | showed that my equations give reasonable comparison with the QMC results.
Moreover, these equations are not too complex and the variation between the equations and

the QMC results is equal or less than the variation of the Chachiyo equation.

For example, | proposed the equation of the form

1
e(r)=k-Iln| 1+ : al
a-rs /2+b-rs+c+77

N

_ 1
where k = -1.6920 eV , a = 0.14484 a, 72 , b = 0.44616 —,c=00184,d =-0.0001648 ao,
0

and ayq is Bohr radius unit.
By using data from J.P. Perdew and Alex Zunger, there are 13 points of data, the variation
when the Chachiyo equation is used is 8.9 X 1073 eV2 | while the variation from the above

equationis 5.1 x 1073 eV? .
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IWisudguaIwavLandu us1asiwdlanasau . - = .
ANULANAWTEUIWANIANAFIUATLNEUIA aJMonti-Carlo

: M|
- l-IO -0.69 0.00 0.69 1.10 1.39 1.61 1.79 il 3.00 3.91 4.61

&

® monti-carlo

% Diff
IS

P mEq1do

« eqldn

Correlation energy of the uniform electron gas{eV)

& ) In(r)

d' v s & i =~ a 44'
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In(2)-1
2m2

lneLden k =

108 a, Aovie Bohr radius

() =k-In(1+ Tg +

c
)

b
e

2721138602 eV , a = 204562557 ay , b = 2.4 a, /2 , ¢ = 7 a,?

10

Fanadiléde
75(ao) ec-lableV) .-FnleV) R2((eV)*)
0.01 -5.21 -5.21 0.00
0.1 -3.30 -3.31 1.0E-04
0.5 -2.07 -2.08 1.0E-04
1 -1.62 -1.62 0.00
2 -1.23 -1.21 4.0E-04
3 -1.01 -1.00 1.0E-04
4 -0.87 -0.87 0.00
5 -0.77 -0.77 0.00
6 -0.69 -0.70 1.0E-04
10 -0.51 -0.51 0.00
20 -0.31 -0.31 0.00
50 -0.16 -0.15 1.0E-04
100 -0.09 -0.08 1.0E-04
Function sumR?((eV)?) R?(r; < 10)((eV)?) R*(r; =2 10)((eV)?) Faueaad
1.0E-03 8.0E-04 2.0E-04 4

Wi AsuAm WA uauANHusuasfuSidnasau

Correlation energy of the uniform electron gaslev) |

6 4.00

2.00

0.00

-2.00

-4.00

L
% Diff

-10.00

-12.00

In(r)

ANULANGAITENIWAINAFUATLALLAALAIMonti-Carlo

-4.61 -2.30 -0.69 0.00 0.69 1710 1.39 1.61 1.79 2.30 3.00 3.91 461

Eq2

= v s & ! ~ a
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1don a = 9.50 a,

e(ry) = —%ln (1 +2r—j)

108 a, Aowdae Bohr radius

11

Fawadildde
75(o) &.-labeV) g.~Fn(eV) R*((eV)?)
0.01 -5.21 -3.78 2.05
0.1 -3.30 -2.63 0.45
0.5 -2.07 -1.83 0.058
1 -1.62 -1.50 0.014
2 -1.23 -1.18 2.5E-03
3 -1.01 -1.00 1.0E-04
4 -0.87 -0.88 1.0E-04
5 -0.77 -0.78 1.0E-04
6 -0.69 -0.71 4.0E-04
10 -0.51 -0.53 4.0E-04
20 -0.31 -0.33 4.0E-04
50 -0.16 -0.16 0.00
100 -0.09 -0.09 0.00
Function sumR?((eV)?) R?(r; < 10)((eV)?) R%*(r; =2 10)((eV)?) Faueaad
2.58 2.58 8.0E-04 1

IR sudsuarndsauandiniuduasfirusianasau

Correlation energy of the uniform electron gas{ev)
.\.

()

% Diff

ANULANAWTEWITAIINFUNILTALUIAUDIMonti-Carlo

10.00

5.00

0.00

5.

8

-15.00

-20.00

-25.00

-30.00

In(r)

- -
- 1|0 -I9 lI] l 110 139 161 1.79 2.30 3.00 3.91 4.61
-10.00
mEq3

= v s & ! ~ a
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\@ona=950a, ,k=0967,m=-25 ai 17y a, Aenuaw Bohr radius
0

e.(rs) = —%ln(

1+—2 )

rs(1-ke™Ts)

12

Fanadilade
75(ao) ec-lableV) .-FnleV) R*((eV)®)
0.01 -5.21 -5.21 0.00
0.1 -3.30 -3.32 4.0E-04
0.5 -2.07 -1.99 6.4E-03
1 -1.62 -1.54 6.4E-03
2 -1.23 -1.18 2.5E-03
3 -1.01 -1.00 1.0E-04
4 -0.87 -0.88 1.0E-04
5 -0.77 -0.78 1.0E-04
6 -0.69 -0.71 4.0E-04
10 -0.51 -0.53 4.0E-04
20 -0.31 -0.33 4.0E-04
50 -0.16 -0.16 0.00
100 -0.09 -0.09 0.00
Function sumR?((eV)?) R?(r; < 10)((eV)?) R%*(r; =2 10)((eV)?) Faueaad
0.017 0.016 8.0E-04 3

uBuuAnya W uanduiuguadirubidnasau

Correlation energy of the uniform electron gaslev) |

% Diff

ANULANAIITEUINIANANAFUNISLTAE LA UAYMonti-Carlo

IIII|

-4.61 -2.30 -I9 i ]ll 1.39 1.61 1.79 2.30 3.00 3.91 4.61

In(r)

= v s & ] ~ a
ASINA 14,15 : ﬂi']wLLﬁﬂ\‘lLﬁuﬁllﬂqiLLagL“l_]aﬁL"Uuﬂ'y]llLW]ﬂfﬂ'NGUaﬂﬁ;@ﬁnﬂallﬂWiLV]EJU"ﬂq@sUanI@u@]-ﬂ’]ﬂa



¥ Y < A
aseonunlaluaunisie

13

-15.00

e(ry) = —%ln (1 +%:_rs)) (5)
\@ona=950a, a8 a, AWy Bohr radius
Fawaiildde
75 (o) &.-lableV) &.~Fn(eV) R*((eV)?)
0.01 -5.21 -4.12 1.19
0.1 -3.30 -2.95 0.12
0.5 -2.07 -2.07 0.00
1 -1.62 -1.65 9.0E-04
2 -1.23 -1.23 0.00
3 -1.01 -1.02 1.0E-04
4 -0.87 -0.88 1.0E-04
5 -0.77 -0.79 4.0E-04
6 -0.69 -0.71 4.0E-04
10 -0.51 -0.53 4.0E-04
20 -0.31 -0.33 4.0E-04
50 -0.16 -0.16 0.00
100 -0.09 -0.09 0.00
Function sumR?((eV)?) R?(r; < 10)((eV)?) R%(r; 2 10)((eV)?) FruauAnAsi
1.31 1.31 8.0E-04 1
ulouAaurmsonuavsiniuguasitudidinasau ANMULAAGIISENIWAIINFUASLAELIRUAIMOonti-Carlo
H 500
000 xn -.nnl I
E -4 -0 -0.69 0.00 0.69 1.10 139 1.61 1.79 2.30 3.00 3.91 4.61
€ ; g
Z eqgplusers | R0 00 mEqs
s

6
In(r)

-20.00

-25.00

In(r)

d' v s & i ~ a
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e.(r) =k-In <1 +;) (1)

1 d
a-Ts /2+b-r5+c+r—
s

oA " w ad 5 . .. = A o ! '
wufienumuLduiidnaseusi(low density limit) aun1sazisuuuufe (wdsueglunie Rydbere)

—2k 1\ ka 0.558  0.045
) =5+ () = =50 .2
LLazﬁ'mwwmLLﬂuﬁWSLﬁﬂmauqq(high density limit) @un153ediguuuufie (ndsueglumile Rydberg)
1 kd 0.0011
ec() =kin (1+2) - S = 0499 - (1.2)
a b c
EC(T‘S) =k-In(1 +T_s+rST/2+Ts_2) (2)
WU fienumuuduieEnnseusi(low density limit) aun1sdiuuuude (wdenuegluniie Rydberg)
ka kb kc 0.636 0.0746 0.684
EC(TS) - T_S + rsg/z + TS—Z =8 Te - rs3/2 - Tsz (21)
wazfinnumuuufedidnaseugathigh density limit) aumsaziisuuuude (ndsanueeluming Rydbere)
g.(r;) = aln(c) — 2aln(ry) = —0.094 + 0.0622In(7;) (2.2)
e.(r) = —lln(l +2—a) (3)
2 =
1 2a
e.(r) ——Eln(l +m) (4)
-
e.(r) = —lln(l +M) (5)
2 T
wuhfienumukiuigaEnaseusi(low density limit) aun159dsUnuUAe (Wasiegluniie Rydberg)
e(r) =— (&) = -2 (3.1,4.1,5.1)
Ts Ts
LLaxﬁmwmeLﬂuﬁ”wﬁLé‘ﬂmauqa(high density limit) aun15azdsunuude (wasaueglumiie Rydberg)
g(r,) = —%ln(Za) +%ln(rs) =—1.47 + 0.5In(r;) (3.2)
e(ry) = —%ln(Za) + %ln(rs) + %ln(l — ke™s) = —2.90 + 0.5In(r,) + 0.957; (4.2)

e(ry) = —%ln(Za) + %ln(rs) — %ln(l +e ") =-1.72+0.5In(r;) — 0.57; (5.2)
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5 @ung lnefidesauni1sLsndainuanainfituesnin Chachiyo equation Turagdnaiuaunisiuastuile

ANURANAINANINAT Chachiyo equation

ANNUANANTENIWAIRINEUMSLALUIRBAIMonti-Carlo

8

% Diff

-6.00
-8.00
10.00

-12.00
Infr)

ANUULANEINTZUINAIRNARUASLTABUIABaIMonti-Carlo

1 i 2 y
-4.61 -2.30 -0.69 0.00 069 1"30 1.39 1.61 1.79 2.30 3.00' 381 /461

600 i /
-8.00
1

I
10.00 X

Eq2

% Dff
s
8

In(r)

ANULAAATIITEUINANANARUANSLTAHUIAUDIMOonti-Carlo

2.00
= l i et

0.00
-4.61 -2.30 -IQ 139 161 1.79 230 3.00 3.91 4.61
2.00

% Diff

-4.00

-6.00

% Diff

% Diff

% Diff

0.00

-5.00

-10.00

-15.00

-20.00

ANMULANGINTZUINAIRANFUANTLTALUAADAYMonti-Carlo

-4.61 -2.30 -0.69 0.00 0.69 1.10 1.39 1.61 1.79 3.00 3.91 4.61 mEqt

In(r)

AUUANFAINTENINANIANNFUATLTiEUIAUaYMonti-Carlo

N -
1 -280 -IQ i] li 1.10 1.39 1.61 1.79 2.30 3.00 3.91 4.61
mEq3

-25.00 !

-3000 '

In(r)

ANMULANGINTYMINAIANNFUNTLALUIAUAIMonti-Carlo

10.00 ¢

5.00

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

0 -0.69 0.00 0.69 1.10 1.39 1.61 1.79 2.30 3.00 3.91 4.61
mEqQS

In(r)
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1

e(r)=k-In{ 1+ a

a-rsl/2+b-rs+c+—
7"S

PA11150 LT U NAINUANAURUSTVDUIAANUAUILULUIUNAND SN LARNNaUN15Y89Rs AU Ta 9130y way
) =k-In(1+2+-2 45
g () =k-In —+—+—=
c\'s 7:; 7:53/2 rjsz
anansaldoSurendsnuanduiusiveuwnanumnuwiuliunandsgalafnitaunisvesns.ivriia v1dle
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