PG No. 47 Ty(c) m3 [ cubic ]

Table 1 Harmonics for rank 0.

No. multipole expression

1

Go(Ay) 1

Table 2 Harmonics for rank 1.

No. multipole expression

Gl,l (Tg) T
Gi12(Ty) w
G113 (Tg) z

Table 3 Harmonics for rank 2.

No. multipole expression
5 GouEw) LlEorriee)
2,2 i(o—y)(a
6 Guy) CLEE )
7 Gea(Tw)  V3y:
8 Go2(T,) V3az
9 Go3(Tw)  V3ay

Table 4 Harmonics for rank 3.

No. multipole expression

10 G
11 Gsg
12 Gss
13 Gss
14 Gs,
15 Gsa
16 Gz

)
)
)
T,.2) \/ﬁfﬂ(y;)(yﬂ)
)
)

Ag) V15zyz

1(212733/27322)

2
y(3.7:2—2y2 +322)
2

z(312+3y27222)
- 2

_ V15y(z—2z)(z+=2)
2
V15z(z—y) (z+y)
2




Table 5 Harmonics for rank 4.

No. multipole expression
17 Ga(Ay) \/ﬁ(m‘l—312y2_31222+y4_3y222+24)

18 Gua (Eq(;l)) :

19 Gui(ED) 2

20 Gy1(To,1) w

21 Gyp(To,1) 7%

22 Gy3(Tu,1) w

23 Gua1(Tw,2) w

9 Gyo(T,2) Vol o)

25 Gap(Tu,2) _ Voay(a®+y®—62%)

2

Table 6 Harmonics for rank 5.

No. multipole expression
ﬁ(a%ﬁzy;(z—y)(zﬂ,) + \/m11y:(22+y27222) )
26 (G5,1(E;‘1)) i
ﬂ(f}mg:yz(-;*y)(mﬁ’y) _ mimyz(22+y27222))
27 G511(E£(}b)) i
28 Gsa(Ty,1) o(8a" —402%y® —402% 2 +15y" +-30y° 2* +152" )
5,1 (L, .
29 G (T 1) y(lsa;“_40m2y2+30x222+8y4_40y222+1524)
5,2(1y, :
30 G (T 1) 2(15z4+30129274012z2+15y4 —40y22%+82%)
5,3(1g, :
31 Gs 1(T 2) 3\/%90(@/2_23,2_22)(y2+2yz_22)
5,1(4 g, :
30 Gao(T,,2) oulaitee—s)(troee—s)
5,2(Tg, -
33 G5 3(T‘ 2) 3@2(12—2121,,512)(zz+2zy792)
e g S
34 Gs 1(T 3) mw(l‘/*z)(y+z)(gw27y2722)
) 9 T
35 Gs 2(T 3) \/ﬁy(z—z)(z+z)(1272y2+22)
24 g, i
V105z(z—y) (z+y) (22 +y% —222
36 G513(Tg73) _ : ( )




Table 7 Harmonics for rank 6.

No. multipole  expression
37 G (A 1) \/5(21:6—15z4y2715ar4z2715a:2y4+180w2y2z2715:L'2z4+2y6—15y4z2715y2z4+2z6)
6\ 8
88 Go(A,2) —YEREoiGinE_s)6rnm-2)u)
\/5(mi(z*y)(«‘v#»y)(aﬂ479T2y2—51222+y4—5y222+524) \/ﬁ(x6715:c422+15m2z4+y6—1 2+15y224—226)>
4 _
39 Ge.(EY)
s 2
\/5(7 \/Ez('x:—y)(;n+y)('x4—9.7:2yz—ﬁ'r2zz+y4—5y222+5z4)7\/H('x:("—15m4z2+lﬁr224+y6—15y4z2+15y2z4—2z6)
b) B B
40 Geu(EY)
5 2
3VTyz(y—=2)(y+2) (1022 —y? —22
4 Gea(Tu. 1) yz(y—2)(y 4)( y>—2%)
S\ﬁzz x—2z)(z+z z2-10 2+22
42 GG,Z(Tu-,l) ( )( 4)( Y )
43 Gos(Tu 1) 7Sﬁmy(.’n—y)(m+y)(mz+y2—1022)
N us 4
VA462yz(y?—322)(3y?—22
44 Ge1(Ty,2) (v = It )
4622z (22 —322) (322 22
45 GoalTi.2) (o))
462y 127312 3@27'2
46 Gou(T, 2) YAPrul(rt=n)(3e =)
V210yz (162" —162°y* 162 2" +y* +2y° 2" +27)
47 Gea1(Tu,3)
s 16
210wz(:1:4716w2y2+2w2z2+16y4716y2z2+z4)
48 Ggo(T,,3)
s 16
V210zy (2 +22°y° —162° 2% +y* —16y° 2> +162*)
49 Gos(Tu,3) -

Table 8 Harmonics for rank 7.

No. multipole expression

\/9111/2(314 75121/2 7512z2+3y4 75y222+324)

50 Gr(A,) .

51 Gra(ES)

52 Gr.(E
53 Gra(
54 Graf
55 Gr3(
56 Gra(
57  Graof
58  Gr3(
59 Gr(
60  Grof
61  Grs(
62  Gra(
63 Grof
64  Gra(

4

4

\/§< \/231zyz(z—y)(r+y)(3apz+3y2 71022) \/77imyz(3$4—2012y2+101222+3y4+10y222—6:4)

)

4

4

V2 \/2(ilatyz(a:—y)('r+y)(15m2+fiy2 —1022) ~/771atyz(3.1;4—2()'1:2g/2+1()1‘222+3y4+l()y2z2 —5z4)
2 - +

)

2
1) a:(16:r6 - 168:1:4y2 - 1681’4z2+210:1:2y4+4201:2y2 2242102224 735’_1/6 - 105y4z2 - 105y224735z6)
16

1) y(352°—2102" 4> +1052" 2° +1682°y* —4202°y* 2 +1052° 2 —16y°+168y* 2> —210y° 2" +352°)

- 16
1) z(35:n6+105:c4y2 —210374z2+10512y4—420372y222+168:1>2z4+35y6—210y4z2+168y224—1626)

- 16
2) \/2311(1012 —3y? 73z2) (y2 72yzfz2) (y2+2yzfz2)

16

2) \/231y(m2 —2xz—22 ) (12+2zz—z2 ) (312 - 10y2+3z2)

- 16

V231z(2% —2zy—y?) (22 422y —y?) (322 +3y? —1022

2)

- 16
3) \/GOOSI(yfz)(y+z)(y274yz+zz)(y2+4y2+22)

32

3) \/6006@/(1'72)(1’+z)(zl:2—4wz+z2)(w2+4zz+z2)

N 32
3) \/GOUGZ(zfy)(z+y)(1274zy+y2)(z2+4zy+y2)

32
4) VA2z(y—=z)(y+z) (48:1;4 —80x2y2—80z2 z2+15y4+30y222+1524)
32

4) VA2y(z—=z)(z+2z) (1514 —8022y2 4302222 4-48y* 780y2z2+1524)

- 32
4) Vv 42z(x—y)(z+y)(15z4+3012y2 —80z222+15y* —80y222+4824)

32




Table 9 Harmonics for rank 8.

multipole expression

\/33(18 714:563/2 71416z2+3514y4+35z4z4 714123/67 141226+y8 - 1434622#»353/424 - 14y225+zs)

Gs(Aw) 8
\/5( w/8581(z*1¥)(1+y)(a¢2+y2—14;2)(x2—4ry+y2)(12+4a‘y+y2) 1/286(1‘8—14161,/2—14z622+210z4y222—143823/61»210123/4:2—420123/2:41»‘2812z6+y8—14y6z2+28y2z6—228)
- +
64 64
(a)
Gs,1(Ey’,1) 5
3x/7(]'r,(:r,7y)(;l,+y)(:l'6+3'l:4yQ730:1:422+31:2y47601:2y222+80:r,224+y6730y422+80y224732z6) \/210(;,:8—62.1,51,2+341,-6z2+160;r4y4—30:.-,4y222—80.1,424—62;,.-2yﬁ—:xo:r,zy422+60n,2y2z4+28r2z6+y8+34y6z2—s()y4z4+25y225—223)
(a) v2( - 64 + 64
Gs. (ES,2)
V3 ~/858i(z*y)(1+y)(12+y2714z2)(12—4¢y+y2)(12+4¢y+y2) \/286(18—141‘6142—141612+210w4y2z2—1412y6+21012y4z2—42012y2z4+25r2z6+y8—14y6z2+28y226—2zs)
= + =
64 61
(b)
Gs.(EY, 1) .
3\/70i(x*y)(T+y)(zB+3m4y2—301422+3m2y4—6012y222+8012z4+y6—30y422+80y224—32z6) \/210(18—62r6y2+34m622+16014y4—30:541/2:2—801424—62123;6—3012114:2+6012y2z4+28m226+y8+34y622—803/4241»28]/226—2:8)
(b) V2 64 + 5T
Gs1(ED,2) _

3VT15yz(y—=z)(y+z) (y2 72yzfz2) (y2+2y2722)

GS,I (Tu: 1) 16
3VT15zz(x—2)(x+z) (12 —2:172—22) (.1:2+2.rz—22)
GS,Z(TUJ 1) - 16
3VT1bzy(z—y) (z+y) (z° —22y—y*) (=* +22y—y°
GS,B(Tua 1) ( 16 ( )
3VTTyz(y—2)(y+2) (40x* —242%y? — 2422 2% Hy* 424222 4 2*
Goa(T2) 2 e :
3VTTzz(x—2)(x+2) (w472412y2+2z2z2+40y4 724_1/2z2+z4)
Gs2(Tu,2)  — 16
3VTTay(z—y) (o+y) (v 4+227y% — 242222 4! —24y %22 +402*)
Gs,3(Tu,2) 5
V/858yz (y2 7322) (3y2 —2? )(14:L'2 7y2 7z2)
GS,I (T‘uv 3) 32
858z2 (22 —322) (322 —22) (2% —14y°+22
ConlT) (=02 o) )
vV 858:63/(:62 —3y2) (3.1:2 —yz) (.1:2+y2 — 1422)
Gs3(Tu,3) - 32
3V 70yz(32z(j 78014y2 —80x% 22 4+302%y* 46022 y? 22 +3022 21 —y° 73y4z2 —3y2z* 726)
GS,I (Tua 4) 32
3V 7012(16 —30xty? +324 22 48022 y* —6022y? 22 + 322 2% —32y54-80y* 22 —30y224+26)
GS,Z(Tm 4) - 32
3V 70wy(x6+3w4_1/2 730m4Z2+3:r,2y476012y2z2+8012z4+y6 7301/4z2+80yzz4 732z6)
Gs3(Tu,4) - 32




Table 10 Harmonics for rank 9.

No. multipole expression
82 Gg(Ag7 1) _ \/5105101yz(zfy)(z+y;(zfz)(z+z)(yfz)(y+z)
3301'3,12(616 —2lm4y2 —21x%22 —21:223,/4-%—14Om2yzz2 —21;r224+6y6 —21y422 —21y224+626)
83 Go(4,,2) Y
g»
3 VA290zyz(z—y) (z+y) (314 —11229y2 722224 3y% 742 z2+7z4) N 3\/1430izyz(z6 C7ad224 70224 6 7y42, 0,24 —2z6)
8 B
(a)
84  Go1(Ey") 3
f( VA290zyz(z—y) (z+y) (3m4 112292 72222 43y% 74222 +7z4) 3/1430izyz (16 —7ad 22472224490 _7yt224 7424 —226) )
8 - 8
b
85  Go.(EY) .
86 Gou(T),1) 2(1282° —23042%y —23042° 2% +60482" y* 4120963y 22 + 6048 2* —33602%y® — 1008022y * 2 — 1008022y 2* — 336027 2°+315y° +1260y° 2* +1890y* 2" +1260y > 2°+3152°)
9,1({Lg, 128
7 G (T 1) y(315:z8—3360:t6y2+1260x622+6048m4y4—1008014y222+189014z4—2304:1:2116+12096.7;2y422—10080:t2y224+12601226+128y8—21304y622+6048y4z4—3360y226+31528)
9,2(4g, 128
88 G (T 1) z(315z&+126016y2733601522+1890z4y4710080141/2z2+604814z4+126012y(i710080121/47,2+1209612y2z47230412z6+315y873360y(iz2+6048y4z472304yzz6+128z8)
9,3(4g, 128
3 121551(1;4 —4y32—6y222+4y23+z4) (y4+4y32—6y222 —4yz3+z4)
89 Go1(T},2)
B 9 128
3V 121551,/(;1;4 74x3zf61:2z2+41:z3+z4) (m4+4z3zfﬁa:2z2 74wz3+z4)
90 Goa(Ty,2) -
B 9 128
91 G (T 2) 3V 121552(147413y7612y2+4zy3+y4)(14+4z3y7612y274zy3+y4)
9,3(4g, 128
92 G (T 3) 3\/5005a7(y272y2722)(y2+2yzfz2)(811:478312112781‘222+y4+2y2z2+z4)
9,1\<L g, 64
3 5005y(12 —2wz—22 ) (12+2zzfz2) (14 78352312«#21222%»8y'1 78y222+24)
93 Goo(Ty,3) )
N gy 64
94 G (T 3) 3\/50052(m2—21y—y2)(mz+2xy—y2)(.1:4+2r1:2y2—81222+y4—8y222+824)
9.3({Lg, 64
95 G (T 4) \/42901(llfz)<y+z)(141273y273z2)(y274yz+z2)(y2+4yz+z2)
9,1\Lg> 64
V4290y(z—2)(z+2) (12 —4zz+22) (z2+4xz+22) (312 —14y? +322)
96 Gg2(Ty,4) o1
97 Gg 3(T 4) o \/4290z(zfy)(w+y)(a:274a:y+y2)(w2+4wy+y2)(3z2+31/2714z2)
B 9 64
98 Gou(T),5) 3vT10z(y—=2) (y+2) (3205 —1122"y* —1122% 22 4702y * +1402°y* 2% +702% 2* — 7y 21y 2° —21y° 21 —729)
9,1({g, 64
99 G (T 5) 3\/110y(a:7z)(a:+z)(71’67701'4y2+21a:4z2+112x2y4—140:1:2y222+21a:2z4—32y6+112y4z2—70y2z4+7z6)
9,24 g, 64
G 3V110z(z—y)(z+y) (7164»211/1yQ77()1422%»2112y'1 —1402%y% 22 +11222 24+ 79y  —70y? 22411292 2 732z6)
100 0,3(Ty,5) — o7




Table 11 Harmonics for rank 10.

No. multipole expression
101 G1o(Au, 1) V390(2210 —452%y? —452° 22 +422%y* + 100828y % 2% +4225 21 +420y© — 12602 y* 2% —12602% y* 2% +422* 26— 45275+ 10082y % 2% — 12602y 21 +10082°y? 26 — 4527 25+ 2y 10 —45y5 22 +-42y5 21 442y 20 — 45y 2542210)
10 Uy
96
\/27170(w7y)(x+y)(l'*z)(:L'+z)(yfz)(y+z)(3w4711w2y2711x2z2+3y4711y2z2+3z4)
102 Gio(An,2) — -
\/§<\/1400631(7,-—y)(;u+y)(22m8—ss3;.,f"y2—315;,,522+2f502;,/1y4—945;,,4y222+15753:4z4—553.1,?y6—945;,,2y4z2+315m:2y2z4—1680m226+22y8—315y"'z2+1575y’124—1680y2z6+360zx) ‘/420159(22;1:“’+/15;,,8;/2—1035;;:8z2—105;,,55/1—630;,,5(,2z2+4935;r,5z4—105;,,4gs+3150m4y4z2—1575.1:4y2z4—48303:%6+45;‘,2y8—ssf);.,2y6z2—1575.1:2y'1z4+1260;x.-2y5
11984 - 35952
103 Go(E™, 1)
s ’ 2
VI07T1070i (z—y) (z+y) (928 —16520y2 — 2312622 2524 y% 4+ 380124 y2 2214062424 — 165220 +380122y%22 — 96742292 24 +26622 26+ 998 — 2319622 +406y% 24+ 2669220 —5728 V3213210 ( 3210 — 96282 — 392822 122426 y4 41344269222 422624 1224246 6720249222 +33602%y224 — 1822226 062298 +134422y622 1336022 y% 24 26882242264 13542
\/5 Y Y +: Y Y +
23068 - 23068
104 Gyo 1(Ez(ta)a2)
’ 2
\/5( \/1400631'(-27*1/)(1'4»31)(22:08—653116312—3153:6zz+2602w4y4—9453:4y222+1575:v424—653w2y6—9451:2y422+31501v2y2z4—1680x2z6+22y8—315y5z2+1575y4z4—1680y2z6+36028) \/420189(221'10+45w8y2—1035:1'822—105.‘1763/4—63D£6y222+4935:l:624—105w4y6+31501:4y422—1575:L’4y2z4—48301,4z6+453:2y8—630312y622—1575:L'2y4z4+12601’2
b) 11984 - 35952
105 Gio1(EY, 1)
» 2
\/5(7\/1071()7(]1(m—y)(1+y)(918—IGSszQ—2311612—25Jc4y4+380114y2z2+40(314z4—1651 y6+380112y4z2—9674t2y2z4+261312z6+9y8—2131y6z2+406y4z4+266y216—57z8) \/321321(](3110—96:::8;/2—3918z2+224z6y4+13441‘6y2z2—42z6z4+22414y6—G72(}z4y4z2+33b01‘4y2z4—1821‘4::6—9(}12y8+134412y612+1336012y4z4—268812y2z6+135
b) 23968 - 23968
106 Gio(EY,2)
, 2
V12155yz(y—2) (y+2) (1822 —y2 —22) (y? —2yz—22) (y? +2yz—22
107 Gi0,1(Tu, 1) ( 32 X X )
12155z z(z—z) (v+2) (22 —18y>+2?) (22 —222—2? ) (2® +222— 22
08 Groa(y1) Y (210 )( I )
121552y (z—y) (x+y) (22 +y? —1822) (2? 20y —y?) (22 +2xy—y?
100 Gus(Tn1) - ( 1 ) ) v?)
\/2145yz(y72)(11+z)(112z67168x4y2—1681422+4212y4+8412y2z2+42z2z47y“73y4z273y2z47z£’)
110 Gio,1(Tw,2) 32
\/214512(1—2)(I+z)(ze—42x4y2+314z2+16812y4—8412y222+31224—112y6+168y422—42y224+26)
111 G10.2(Tu72) 32
\/21451'_1/(567_1/)(1:+y)(1:6+3w4_1/2—421:4z2+3:r2y4784;l;2g/2z2+168w2z4+.116742y4z2+168yzz4—112z6)
112 Gys(T,2) - -
V92378yz(y* —10y% 224524 (5y* —10y2 2%+ 24
113 Gioa(Tu,3) ( o) )
V92378zz(z* 102222 +52* ) (5a* — 1022 22 +2*
114 G10,2(T‘u>3) ( 256 )( )
V92378zy (2 —1022y2 45y ) (5t — 1022y +y*
115 Gio(Tu,3) ( e I V)
V4290yz(y? —322)(3y? —22) (2242* —9622y* —962% 22 +3y* +6y2 22 +32*
116 Gio1(Tu,4) ( X ( 256 )
V4290zz (2% —322) (322 —22) (32* —9622y2 +-622 22 +224y* — 969222 4+324
117 Gio2(Tu,4) ( ) ) S 4 v )
VA4290zy (22 —3y?) (322 —y?) (32t +62%y2 —9622 22 +3y* — 96y 2% +2242*
118 Gio3(Tu,4) ( X X 256 — )
V165yz(3842° —17922%y% —17922° 2 416802 y* +3360ay 22 +1680a 2* —33627y° — 100822 y* 22 — 100822y 2* —3362% 20+ Ty® +28y° 2% +42y* 2% + 28y % 20+ 72")
119 Gioa(Tu,5) -
16522 (725 —3362%y° +282° 2% +1680z" y* —1008z" y* 2° +422 2* —17922%y° +33602°y* 2> — 100827y 2" +282° 20 +384y° — 1792y ° 2° +1680y* 2* —336y° 20 +72°)
120 Giop(Ty,5) o
. V165ay (725 +2825y —3362° 2% +422% y* 10082 y? 22 416802 2* +2827 % — 100822y * 22 +33602y? 2* — 17920 26 +7y® —336y° 2% +1680y* 2* — 1792y 20 +3842%)
121 GlO,S(T‘uﬂ)) 128




Table 12 Harmonics for rank 11.

No. multipole expression
199 G (A ) \/24311yz(51873016,1/273016z2+63z4y4+6314z4730121/573012»264»5;/8730y522+63y4z4730y226+5z8)
119 8
\/§< V692835zyz(x—y) (z+y) (z2+y2 75z2) (:c2 —2.13/—3/2) (:82+2.1,y7y2) V/230945izy = (cCB —620y2 62022 142245222 62290 142229422 84224224 11222206448 64022 412y2.6 72z5) )
- 32 - 32
123 Giy(E™,1) .
\/5( 310012y z(z—y) (z+y) (51£’+1514y2 — 7024224152294 —14022y222 41682224 4546 —70y4z2+168y2z4—80z6) \/3(!!!311yz(51‘8 —15028y2 4902622433624y — 70249222 - 1682224 — 15022y —7022y% 2241402292 2% +6022 26 +5y8 49040 22 —168y% 2% +60y226 — 1(|z8) >
- 32 - 32
124 Gy (EM™,2) .
\/5< V6928352 yz(z—y) (z+y) (1‘2+y2 —6;2) (1‘2 —2:::3/—3/2) (1‘21»2:1:3/—3/2) N V/230945izy = (15 — 62692 62622 +422%9222 62290 142229422 84229224 4122226498 69022412426 —2;8) )
- 32 32
b)
125 Gy (EY 1)
) g 2
\/§< 3vI001zyz(z—y)(z+y) (51:5+15;.:4y2 —700122 41522 y% 14002 y2 22 41682224 4540 —70y2 22 +168y2 24 —sozf") 4 V/3003izyz (5.1,8 —15020y2 4902622433621 y1 — 7004 y222 — 1682224 — 150220 —7022y222+14022y2 22 +6022 26 1548 4904022 —168y2 2% +60y2 26 —mzs) )
- 32 32
126 Gy 1 (EY,2) .
127 G (T 1) z(25611077040x8y2770401822+3168016y4+63360x6y2z2+3168015’z4736960904_1/671108800041/‘%2711088014y2z473696014z6+115507:2yg+46200x2_1/6z2+6930012y4z4+46200m2y2z6+1155012z876931/1073465y8z276930y6z476930y4z“73465y2z87693z1”)
11,14 g, 256
128 G (T 1) y(693zlo—1155018y2+34651822+3696016y4—4620016y222+693016z4—3168014y6+11088014y422—6930014y2z4+69301426+704012y8—6336012y6z2+11088012y424—4620012y2z6+34651228—256yw+7040y822—31680y624+36960y426—11550y228+6932w)
11,24 g, - 256
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