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WHENTVWBELDER—TH S,

e Legendre Z I

_ 1 4" 2 _q\n
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2. 9E5 (Cartesian rep.)
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EEEWMR B EDITES, MEBEMEROFHEZE T, r ZETEE, v ZRA0ODOA L OERE &3
RTH 5,
Com 28D BN ELAIZ, XD Mathematica 70 27 5 LA CTHEMWICEHTE 3, # 21X,
TensorOp[2, {x,y,z}] &3 4UX Ca1, C22, S21, S22, Joo DIEICKER 1IN 5,

sh.nb
(* spherical harmonics in Euclid coordinate *) 1
P[1_, m_, {r_, x_, y_, z_}] := Module[{a, d, ans}, 2
d = D[(a*2 - 1)*1, {a, 1 - m}]; 3
ans = (-D*m(AQ + m)!/Q - m)!)/2*21/11r*m(x*2 + y*2)*A(-m/2) d; 4
ans = ans /. a -> z/r; 5
Simplify[ans] 6
1; 7
Clm[1_, m_, {x_, y_, z_}] := Module[{r, f, ans, ph}, 8
f = TrigExpand[Cos[m ph]]; 9
f =1£f /. ph -> ArcCos[x(x*2 + yA2)*r(-1/2)]; 10
ans = P[1, m, {r, x, y, z}1f r*l Sart[2]((Q - m)!/AQ + m)!)r(1/2); 11
ans = ans /. r -> Sqrt[xA2 + yA2 + zA2]; 12
PowerExpand[Simplify[ans]] 13
1; 14
SIm[1_, m_, {x_, y_, z_}] := Module[{r, f, ans, ph}, 15
f = TrigExpand[Sin[m ph]]; 16
f=1£f /. ph > ArcSin[y(x*2 + yA2)*(-1/2)]; 17
ans = P[1, m, {r, x, y, z}]f r*l Sart[2] (1 - m)!/1 + m)!1)A(1/2); 18
ans = ans /. r -> Sqrt[x*2 + yA2 + z/A2]; 19
PowerExpand [Simplify[ans]] 20
1; 21
Jief1_, {x_, y_, z_}] := Module[{r, ans}, 22
ans = P[1, 0, {r, x, y, z}]r*rl; 23
ans = ans /. r -> Sqrt[x*2 + yA2 + z7A2]; 24
Simplify[ans] 25
1; 26
TensorOp[1_, r_] := Module[{m}, 27
Flatten[{Table[Clm[l, m, r], {m, 13}], 28
Table[SIm[l, m, r], {m, 1}], J10[1, r]}] 29
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s_tensor.nb

jo0
cl1
sl1
j10
c21
c22
s21
s22
j20
c31
c32
c33
s31
s32
s33
j30
c41
c42
c43
c44
s41
s42
s43
s44
j40
c51
c52
c53
c54
c55
s51
s52
s53
s54
s55
j50
c61
c62

(* definition of real spherical tensors in cartesian coordinate ¥)

1;

X,

Y

Z,

Sqrt[3]xz;

(1/2)Sart[3] (xA2-yA2);

Sart[3]yz;

Sart[3]xy;

(1/2) (-x*2-yA2+422z72);
(-(1/2))Sart[3/2]x(xA2+yAr2-4zr2) ;,

(1/2)Sqrt[15] (x*2-y*2)z;

(1/2)Sart[5/2] (x*3-3xyA2);
(-(1/2))Saqrt[3/2]y(xA2+yr2-42z42);

Sqrt[15]xyz;

(1/2)sart[5/2]1 (3xA2y-y*3);
zA3-(3y*2z)/2-(3xr22) /2;
(-(1/2))Sart[5/2]1xz(3xA2+3yA2-42z+2);
(-(1/4))Sqrt[5] (x*2-yA2) (xA2+yA2-62A2);
(1/2)Sqrt[35/2] (x*3-3xyr2)z;

(1/8)Sqart[35] (xA4-6yr2xA2+yr4);
(-(1/2))Sart[5/2]1yz(3xA2+3yA2-42zA2);
(-(1/2))Sart[5]xy (xA2+yA2-62z42);

(1/2)Sqrt[35/2] (3xA2y-y*3)z;
(1/2)Sqart[35]xy(x*2-yA2);

(1/8) (35z24-30(xA2+yA2+242)zA2+3 (xA2+yr2+2A2) A 2);
(1/8)Sart[15]x(xA4+2(y*2-62A2)xA2+yr4+827r4-12yA22A2);
(-(1/4))Sart[105] (xA2-yA2) z(xA2+yA2-22z12);
(-(1/8))Sart[35/2] (x*3-3xyr2) (x*2+yr2-82zA2);
(3/8)Sart[35] (x*4-6yA2xA2+yrd)z;

(3/8)Sart[7/2] (xA5-10yA2xA3+5yA4x);
(1/8)Sart[15]y(x*r4+2(yr2-62A2)xA2+yr4+82zA4-12yA22zA2);
(-(1/2))Sqart[105]xyz(xA2+yAr2-22A2);
(-(1/8))Sqrt[35/2] (3xA2y-yA3) (xA2+yAr2-8242);
(3/2)Sart[35]xy(xA2-yA2)z;

(3/8)Sart[7/2] (yA5-10xA2yA3+5xr4dy);

(1/8) (63zA5-70(xA2+yA2+2A2)zA3+15(xA2+yA2+2zA2)A22) ;

(1/8)Sart[21]xz(5x24+10(yAr2-22A2)xA2+5yA4+8274-20yA22z42);

(1/16)Sqrt[105/2] (xA2-y*2) (x*4+2(yr2-8zA2)xA2+yr4+16z74
-16yA2z42);
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c63 =
c64 =
c65 =
c66 =
s6l =
s62 =
s63 =
s64 =
s65 =
s66 =
j6o =

(-(1/8))Sart[105/2] (x*3-3xy*2)z(3x*2+3y*2-8242);
(-(3/16))Sart[7] (xr4-6yr2xA2+yr4) (xA2+yA2-10242);
(3/8)Sart[77/2] (xA5-10yA2xA3+5yA4x)z;

(1/16)Sart[231/2] (xA6-15y22x24+15yr4xA2-yA6);
(1/8)Sart[21]yz(5xr4+10(yAr2-22zA2)xA2+5yA4+82z74-20yA2242);
(1/8)Sqart[105/2]1xy(xA4+2 (yr2-8zA2)xA2+yr4+162z7A4-16yA22zA2);
(-(1/8))Sart[105/2]1 (3xA2y-y*3)z(3xA2+3yAr2-8242);
(-3/4))Sart[7]1xy(xAr2-yA2) (xA2+yA2-102zA2);
(3/8)Sart[77/2] (yA5-10xA2yA3+5xr4y) z;
(1/8)Sart[231/2]1xy(3x24-10yA2xA2+3y~4);

(1/16) (231z26-315(xA2+yr2+2A2)zA4+105 (xA2+yA2+2zA2) A2z 2
-5(xA2+yr242z422)13);
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c_tensor.nb

0111
1411
1412
£1413
£2311
£2312
£2511
£2512
£2513
£3211
£3411
£3412
£3413
£3511
£3512
£3513
4111
4311
£4312

(* definition of irrducible tensors under cubic symmetry *)

(* rank, irreducible rep., multiplicity, component *)

= j00;

= cll;

= sli;

= j10;

= j20;

= c22;

= s21;

= c21;

= s22;

= s32;

= 1/Sqrt[8] (Sqrt[5]c33 - Sart[3]c31);
= -1/Sart[8] (Sart[5]s33 + Sart[3]s31);
= j30;

= -1/Sart[8] (Sart[3]c33 + Sart[5]c31);
= 1/Sqrt[8] (-Sqrt[3]s33 + Sqrt[5]s31);
= c32;

= 1/Sqrt[12] (Sqrt[5]c44 + Sart[7]j40);
= -1/Sart[12](Sart[7]c44 - Sqrt[5]j40);
= -c42;

41
42
43

45
46
47
48
49
50
51
52
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4411
4412
£4413
£4511
£4512
£4513
£5311
£5312
£5411
£5412
£5413
£5421
£5422
£5423
£5511
£5512
£5513
6111
£6211
6311
£6312
6411
£6412
£6413
£6511
£6512
£6513
£6521
£6522
£6523

-1/Sart[8] (s43 + Sqrt[7]s41);

-1/Sart[8] (c43 - Sqrt[7]c4l);

s44;

1/Sqrt[8] (Sqrt[7]s43 - s41);

-1/Sqrt[8] (Sqrt[7]c43 + c41);

s42;

s54;

-s52;

1/8/Sqrt[2] (3Sqrt[7]c55 - Sqrt[35]c53 + Sqrt[30]c51);
1/8/Sqrt[2] (3Sqrt[7]1s55 + Sqrt[35]s53 + Sqrt[30]s51);
350;

1/16(Sqrt[10]c55 + 9Sqrt[2]c53 + 2Sqrt[21]c51);
1/16(Sqrt[10]s55 - 9Sqrt[2]s53 + 2Sqrt[21]s51);

c54;

1/4/Sqrt[2] (-Sqrt[15]c55 - Sqrt[3]c53 + Sqart[14]c51);
1/4/Sqrt[2] (Saqrt[15]s55 - Sart[3]s53 - Sqrt[14]s51);
c52;

1/Sart[8](-Sart[7]c64 + j60);

1/4(-Sqrt[5]c66 + Sqrt[11]c62);

1/Sqrt[8] (c64 + Sqrt[7]j60);

1/4(Sqrt[11]c66 + Sqrt[5]c62);

1/8(-Sqrt[22]s65 - Sqrt[30]s63 + 2Sqrt[3]s61);
1/8(Sqrt[22]c65 - Sqrt[30]c63 - 2Sqrt[3]c6l);

s64;

1/16(Sqrt[3]s65 + Sqrt[55]s63 + 3Sqrt[22]s61);
1/16(Sqrt[3]c65 - Sqrt[55]c63 + 3Sqrt[22]c61);

s66;

1/16(Sqrt[165]s65 - 9s63 + Sqrt[10]s61);
1/16(Sqrt[165]c65 + 9c63 + Sqrt[10]c6l);

s62;

4. i1 (Stevens’ operator method)
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kO RBEEMZICEK > TR ONALEMHEE 11X Hermite TH D . ZDOFEAHIZERTH 3,
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V3
04° =8J40, O4® = %642, O4° = \/i7_0(§43/ 04(s) = \/i7_0§43,
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BIZEHTES,

replace_op.nb

(* Create angular momentum matrices *) 1
Create]Matrix[J_] := Module[{Jp, Im, Jz, Jvec, i}, 2
Jvec = Table[i, {i, J, -3, -1}1; (* sequence of basis *) 3
Del[x_, y_] := Switch[x, y, 1, _, 0];(* Kronecker’s delta *) 4
Jpl[ji_, j2_] := Del[j1, j2 + 1]1Sart[(J - j2)( + j2 + 1)]; 5
Jm[j1_, j2_] := Del[j1l, j2 - 1]1Sart[(J + j2)( - j2 + 1)]; 6
Iz[1_, j2_1 := Del[j1, j21j2; 7
List[ 8
(Outer[Jp, Jvec, Jvec] + Outer[Im, Jvec, lJvec]l)/2, 9
(Outer[Jp, Jvec, Jvec] - Outer[JIm, Jvec, Jvec])/(2I), 10
(Outer[Jz, Jvec, Jvec]) 11

] 12
1; 13
(* Replace an expression as a sum of permutations *) 14
ReplaceOperator[ex_, j_] := Module[{Lbar, GetExp, ReplaceTerm, term, 15
ix, Jjy, iz, f}, 16
Lbar[L_] := Apply[Plus, Apply[Dot, Permutations[L], 1]1; 17
GetExp[c_?NumericQ val_] := {c, Exponent[val, x], Exponent[val, y], 18
Exponent[val, z]}; 19
GetExp[val_] := {1, Exponent[val, x], Exponent[val, y], 20
Exponent[val, z]}; 21
ReplaceTerm[et_] := Module[{c, 1, m, n, 1s}, 22
{c, 1, m, n} = GetExp[et]; 23

ls = Join[Table[jx, {1}], Table[jy, {m}], Table[jz, {n}1]; 24

c 1lm!n!/(1 + m + n)!Lbar[1s] 25
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1; 26
f[x_] := ReplaceTerm[x]; 27
f[x_ + y_] := ReplaceTerm[x] + f[y]; 28
Simplify[f[Expand[ex]] /. {jx -> j[[111, jy -> jLC[2]], jz -> j[[311}] 29
1; 30

5. ¥ (RPA) &2

HF& N R D 72 WA & O RIS 112 P15 TR © 21213 RPA BEZRPFHEMT 2IE T 2 RdN
X, A b i TOSMHE T o 2 X TRU, UTFORINBNIN =7 v 25X D,

= 2 = X i D S D xex! Y X ®)
i ij ap i

BRSNSV =7 v B TIHIE Zeeman H (—gju ), Ji - H) TH 5, HBEIHIE YA FEDOK
PHHE A2 £ T, mEDEIZ, BZEZFETI2OICEAL ST a ICHERETH 2, HIRWES
oL BUNRS OF B3ppole L EDEBT ORI Z (X)) = (XF)o + (XT)g EHH< TTT, (XHo
F. @ ICKkoTHREINL ¢ ICHHITHEE T D, ARG T TIE (X)) FERTHENLDbHZ T L
e =

BN IV T i, BTFTD XSk 5,

HMF:Z[HO—ZX?A? ,
i a
Ho=HY), - Z(h“+ZD“ﬁ(Xﬁ )Xf‘, = ¢¢ +ZD“ﬁ<X5

HENZRFDORWEAEEZEZTHSE3DT, Hy ZV A1 FMckokhw, H) DR I)LF—LEHIRER

©)

(XY = Z forlm|Xgm),  fo = (10)

THY, Ey, [m) 53 (XF)o ICHHTKIFL T B 7, RISk (X ZRDZ LNV T - 2V 2T
Y ABEATH S, R Hy DRFTIERZRIE, SPINEHRED x4 = (E, —En)/T £ LT

Txy' =T /0 AM(XE(A) - <x“>o)(xﬁ—<xﬂ>o>>o—2fm — I X¢ ) (] XE ) — (X0 (XE
(1)



21 DAL 112 K % 2B

EREB, Ko, ¢F BEHET 5L

(Xto =D a0 Af = D xy” [0 + ) DI(XDe (12)
p Y ko
L7555, skibfe RPA TR, 1)) = H(X) /000 om0 THB. LOROIGI% ¢f THEILT
Z X3 (816, + Z D xf) (13)
#153%, ZOA% Fourier Z#1L T
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Y
L7, 22T, D¥(g) = X, e M D¥(n,) TH B, K, BOEEY A McOAMIIER DY H3ME<
. D% (q) = zDy, (z EEEHEY 1 bR £ %55, v, = (1/z) X, e EEFOIGIRICIRIET 5,
REMZE IOV T T D@D
o —RILHT: 4 = cos(qa)
o “RILIESHET: v, = %[cos(qxa) +cos(qya)]
o —RILHHIK T v, = %[cos(qxa) + cos(qya) + cos(q.a)]
e bec: v, = cos(gya/2) cos(qya/2) cos(q.a/2)
o fcc: yy = %[cos(qxa/Z) cos(qya/2) + cos(qya/2) cos(q-a/2) + cos(q.a/2) cos(qxa/2)]
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