PG No. 15 Dy, 4/mmm | tetragonal | (polar, internal axial quadrupole)

* Harmonics for rank 0
* Harmonics for rank 1
=(2,1
@(1 )[g} (A2u)

** symmetry

z

** expression

V330G, zy B \/@Gzy (z—y)(z+y) n V30G,.yz B \/%Gyzxz
5 10 10 10

33 1B, O [](E)
** symmetry

x
Yy
** expression

3VI10G,.yz  V30G,yz \/@Gzyxz V30G,.xy \/%Gyz (y—2)(y+2)
T 1w 1w 1 1w 10

3V10G, 2z V30G,xz \/%Gmyyz V30G,,, (z—2)(z+2) \/%Gyzxy
v 10 10 10 T

* Harmonics for rank 2

= (2,1
Vo))
** symmetry

** expression

V2G..y  V2G,.x
2 2

Q% (9] (A1)

** gymmetry

** expression

5vV42G,xyz B 5vV42G 2 (x — y) (x +y) B VA2G,.y (x2 +qy% - 422) N V42G . (m2 + 9% — 4z2)
14 28 28 28

=(2,-1
G 1gl(Buy)
** symmetry

V3(z—y)(z+y)
2

** expression

\/6G<1:yz _ \/éGuLzy _ \/éGsz
3 6 6

Q" 19)(Buy)
** gymmetry

V3(z—y)(z+y)
2

** expression

5\/EGu:cyz \/ﬂGzyz (3x2 +3y? — 222) \/ﬂGuy (9:1?2 —y? - 622) \/ﬁGyzx (xz — 9% + 622)
B 14 + 28 B 28 * 28

= (2,—1
7 19)(Bay)
** gymmetry

V3zy




** expression

V6G,z N V6G,.x  V6G,.y
3 6 6

Q5" 19)(Bay)
** gymmetry

V3zy
** expression

5\/6Guz (x—y)(z+vy) V14G, 2 (3.”52 + 3y2 — 222) N \/ﬁGmr (2x2 — 33/2 — 322) n \/ﬁGyzy (31’2 — 2y2 + 322)
28 28 14 14

=(2,—1 =2(2,—1
GV I(Ey), B85 Vlgl(Ey)
** symmetry

V3yz

V3z
** expression

\/§Gufl7 + \/éavl' + \/éGzyy _ \/6Gzzz
2 6 6 6

V2Guy N V6G,y  V6G,,e N V6G,.2
2 6 6 6

(2,1 =(2,1
G [9(By), B3 19(By)
** symmetry

V3yz

V3z
** expression

7\/ﬁGuw (1‘2 +y? - 422) B V14Gx (mQ —9y? + 622) B V14Gayy (3x2 —2y? + 3z2) n V14G,.2 (3:v2 + 3y — 222)
28 28 14 14

VA2G .y (x2 + 9% — 422) N V14G,y (9:1;2 T~ 6z2) B \/ﬁG’zyw (2x2 —3y? — 322) 3 \/ﬁGyzz (3302 +3y% — 222)
28 28 14 14

* Harmonics for rank 3

2(2,~1
£ 9)(Az)
** symmetry

z (31‘2 + 3y — 222)
2

** expression

7\/%&11'@/ N V30G,y (z —y) (z +y) N V30G,.yz B V30G,,x2
10 20 5 5

Q5" [9](Az.)

** symmetry

K (3a72 + 3y — 222)
2

** expression

B VI5G,zy (22 + y? — 622) N VI5Gay (x —y) (z +y) (22 + y* — 622) B V15G,.yz (322 + 3y — 427) N VI5G.xz (332 + 3y? — 422)

6 12 12 12

Q& Vl9)(Bra)
** gymmetry

V1bzyz

** expression

VBG, (z —y) (z+y)  V2G, (22 +y? — 22?)
4 + 4



2(2,1
3¢V [9)(Bra)
** gymmetry

V1bxyz
** expression

V3G, (z—y) (x+y) (22 + 32— 622) G, (zf — 122292 + 62222 + y* + 63222 — 22%)
6 6
_TGuyry(@—y) (@ +y)  TGeszz(w—2)(x+2) TGyyz(y—2)(y+2)
6 6 6

@5V (0] (Bau)
** gymmetry

V15z (z —y) (x +y)
2

** expression

_\/éGuxy B V2G4, (:(:2 +9% - 2z2)
2 4

A8V 19)(Baw)

** symmetry

V152 (z —y) (x + y)
2

** expression

V3G, xy (:1:2 +9? - 6z2) N 7Gxy (x —y) (x+vy) Gay (5:104 —1822y? — 120222 + 5y* — 129222 + 424)

3 6 12
TG2yz (3x2 +y?—22%) TG,z (9;2 + 3y — 222)
12 12
= (2,—1 2 (2,—1
Q5 V19)(Bus 1), G55 V1g)(Bus 1)
** gymmetry

T (2&02 —3y% — 322)
2

Y (3;1:2 — 2% + 322)
2

** expression

3V10G,yz  V30G,yz  V30Gu,xz  V30G..zy  V30G,. (y—2) (y+2)
0 20 5 h 5 + 20

3V10G, 2z V30G,xz  V30G.,yz  V30G.. (x —2) (x4 2)  V30G,.xy
T2 T2 T 5 20 t—5

= (2,1 = (2,—1
Q19 (Bur2), B Vlo)(Bur2)
** gymmetry

Tz (y = 2) (y + 2)
2

Viby (v — 2) (v + 2)
2

** expression

V6G,yz _ 3v2G,yz 4 \/iGyz (2952 —y? - 22)
4 4 4

\/éGuLZ 3\/§Gv.’LZ ﬁGzz (l,2 - 2y2 + 22)
4 T 4

(2,1 =(2,1
QG (9B, 1), B3V (91 (Bu, 1)
** symmetry

x (2302 —3y% — 322)
2

Y (3.1:2 — 2% + 32‘2)
2



** expression

B V5G,yz (6.1:2 —y? - 22) B V15G,yz (6362 —y? - 32) . V165G xz (4x2 —3y% — Szz)
4 12 12
B V15G,.zy (4a? — 3y — 32?) ~ VI5G,: (y—2) (y+2) (62% — y? — 2%)
12 12

V5G,xz (9:2 — 6y2 + 22) V165G, xz (352 — 6y2 + 22) V156G, yz (3952 — 4y2 + 322)
- + +
4 12 12
V156G, (x — 2) (z + 2) (12 —6y% + 22) V15Gy.xy (31’2 — 4% + 322)
12 12

2(2,1 (2,1
@(3,1 )[g] (Bu,2), é,Z )[9](Eu7 2)
** gymmetry

ViBa (y = 2) (y + 2)
2

V1by (x — 2) (z + 2)
2

** expression

V3Guyz (12x2 -9y + 5z2) B Gyyz (36;v2 +y? - 13z2) 4 TGryz2 (2$2 —3y% — 22)
12 12 12
n TGy (2w2 —y? - 322) Gy (4274 —1222y% — 122222 + 5y* — 18222 + 524)
12 12

V3G,xz (912 —12y% — 522) Gyxz (x2 + 36y% — 1322) TG ryyz (sz — 2% + zz)
12 12 12
Gy (55[34 — 1222y — 182222 + 4y* — 12y222 + 5z4) TGy .y (mQ —2y% + 3z2)
+ 12 * ' 12

* Harmonics for rank 4
=(2,—1
Q& g) (41 1)
** symmetry
V21 (,1:4 —32%y? — 30222 +yt — 3y + z4)
6

** expression

\/gGrcyZ (z—y)(z+y) _ \/EGwzy (z—=2)(z+2) + \/‘F)Gyzx (y—2)(y+2)
2 2 2

Qo) (41g.2)
** gymmetry

V15 (:L'4 —1222y% 4 62222 + y* + 6y22% — 224)
B 12

** expression

6V7G Yz \ﬁGwz (z—y)(z+y) V7Gary (4x2 — 3y + 522) ﬁGyzz‘ (31’2 Y 5z2)
B 7 B 14 + 14 + 14

Q1) (Asg, 1)
** gymmetry

V21 (1’4 —32%y? — 32222 +y*t — 3222 + 24)
6

** expression

3V2310Guayz (v —y) (w+y)  3VTT0G,ayz (2° + y* — 22°) N VTT0G 1y (x — y) (3 4 y) (2 + y* — 222)
44 44 22
B VTT0G..y (x — 2) (x + 2) (1’2 — 2% + z2) B VTT0G .z (y — 2) (y + 2) (21’2 —y? - zz)
22 22

Q" 19)(Asg,2)
** gymmetry

V15 (2% — 122y + 62222 + y* + 6y222 — 224)
12




** expression

21V66G 2yz (v — y) (z +y)

21v22G,xyz (xz +9? - 222)

N TV22G 2 (x — y) (z +y) (22 +y? — 222)

44 44
n V22G,.y (17x4 —2222y? — 362222 + 3yt — 8y?2% + 10z4) B V22G,x (31:4 —222%y% — 82222 + 17Ty* — 36y%22 + 1024)
44 44
2,-1
TV lgl(As)
* symmetry

V3bay (z —y) (x +y)
2

* expression

VBGuz(z—y) (z+y)

+ V3Gaywyz +

\/§Gwzx (I2 - 3y2)

V3Gy.y (3$2 - y2)

2

T 1)(As,)
* symmetry

V3bay (z —y) (x +y)
2

* expression

9V 154Gy 2z (x2 — 2xy — y2) (xz + 2xy — y2)

B VA62G,z (z — y) (z +y) (2% +y? — 222)

4 B 4

N V462G, xyz (xz T 2z2)

88

n V462G, (1:4 — 8x2y? — 20222 4+ 3yt + 6y2z2)

88 44
| VAG2Gy-y (3xt — 8%y’ +62%2% 1y’ — 227

44
ALV gl(Byy)

* symmetry

VB (z —y) (v +y) (2% + y* — 622)
4

* expression

44

6V7G xyz n \/ﬁGzyz (3w2 + 3y — 2z2) B V21G,.y (2:1:2 —y? + 22) n V21Gy,x ($2 — 2% — z2)
7 14 14 14
T 19)(Bry)
* gymmetry

VB (z —y) (z +y) (2% +y* — 62%)
4

** expression

21y 22Gzyz (22 +y? — 222)

 21V66G, xyz (x — y) (z + y)

N V66G.yz (92 — 2422y? — 102222 4 9y — 10y222 + 224)
44 44
V66G,.y (z* + 222y% — 122222 + ¢* — 129222 + 824 V66G,x (z* + 222%y% — 1222
Yy y Y Yy y y

22yt — 129222 + 8z4)

44
AV [g)(Bay)

** gymmetry

B Vbay (IZ +y? - 622)

2

** expression

3VTG .z (x —y) (z +vy) n

V21G,z (3:1:2 +3y2 — 222) V21G,,x (.1’2 —5y% + 222)

44

V21G,.y (5x2 — y? — 222
_ y

7 14
QY [g](Bay)

* symmetry

B VBzy (x2 +y? - 622)
2

* expression

_QImGuz (x—y) (z+y) (a® +y? —22%)

V66G, 2 (3z* — 7822y + 202222 + 3y* + 20y222 — 42%)

28 28

21V66G 1y 2yz (x — y) (z +y)

88

 V66G,.x (z* + 222y — 122222 + y*

—12y%2% 4 82*)

88 B 44
N V66G,.y (v + 22%y% — 122222 + y* — 129222 + 82%)

44

Q% V1gl(By, 1), B3 V[gl(By, 1)

44

ot



** symmetry

V35yz (y — 2) (y + 2)
2

V35zz (x — 2) (z + 2)
2

** expression

3Guz (y _42) (y+2) 4 V3G (y 4_ z) (y +2) i V3Gayy ElyQ - 322) _ V3Ga:z (43y2 - 22) + V3G, .7yz

3Gy (x —4z) (x4 2) n V3G (z ; 2)(@+2z) V3G EfQ —322) 3G+ V3G,.2 (431’2 —2?)

=(2,— =(2,—
OV 19(By,2), %5 V0l(Ey,2)
** symmetry

\/5yz (61’2 — y2 — z2)
2

B NG (:1:2 — 6y2 + 22)
2

** expression

3V7G (2x2 — 5y% — 22) V21G,z (2x2 + 3y — 922) \/2>1Gzyy (21‘2 +y? - 522) V21G,. 2 (21‘2 — by + 22)
28 * 28 a 28 * 28

3VTGLy (5%2 — 22 + 22) \/ﬁGuy (3x2 +2y2 — 9z2) \/ﬁGzyx (a:2 +2y% — 5z2) \/ﬁGyzz (5;v2 — 2% — z2)
28 * 28 * 28 * 28

~(2,1 =(2,1
0191 (E, 1), Q%" [91(E,, 1)

** symmetry

V35yz (y — 2) (y + 2)
2

35zz (v — 2) (z + 2)
2

** expression

3V154Gx (z2y2 — w222 oyt —9y22? + 224) V462G, x (r2y2 —x22% — Byt + 27222 — 42’4)
88 88
V462G .,y (2.752y2 — 62222 — yt 4+ 8y%2% — 324) n V462G, .2 (6x2y2 — 22222 4+ 3yt — 8y?22 + 24) V462G, zyz (2?52 —y? - 22)
44 44 44

3v154G .y (154 +ay? — 92222 — 222 + 224) " V462G .y (5:[4 — 22y — 27a%2% + 2% + 4z4)

88 88
V462G, (x4 —22%y% — 82222 + 6y%2% + 324) V462G, zyz (zz —2y% 4+ z2) V462G, 2 (3:v4 + 622y? — 82222 — 2y%2% + 24)
44 44 44

= (2,1 =(2,1
G 0)(Ey,2), BF" 91(Ey, 2)
** gymmetry

Vhyz (63:2 —y% - 22)
2

_ NGEZ (:c2 — 6y? + 22)
2

** expression

3V22G,w (22" — 32%y? — 172%2% — By 4+ 39y%2% + 221)  V66G,x (22" — 31z%y? + 112222 + 9y* + 39?22 — 1224)
88 88
_ V66G.yy (8z* —1222y* — 122222 + y* + 2y%2% + 2%) N V66G,.2 (8zt — 122%y% — 122222 + y* + 2y%2% 4 2%) _21V66G a2 (y — 2) (y + 2)
44 44 44

3V22G,y (5a* + 32%y? — 392227 — 2% + 17y%2% — 22%)  V66Gy (92 — 312?y? + 392222 + 2y* + 11y%2% — 122*)
B 88 B 88
n V66Gyx (2t — 122%y2 + 22222 + 8y* — 129222 + 2*) N 21V66G:ayz (v — 2) (x +2)  V006Gy2 (a* — 122292 + 22227 + 8y* — 12727 + 2%)
44 44 44




