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The needed (above) partial derivatives are:
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and we have as a starting point for doing the 6 terms,
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Given these results (above) we write
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while for the y-equation we have

2 PR
8—y225m f sin ¢W

) . cosfsing\ 0 cosfsing\ 02
—l—sm@smgb{—ﬁ— <T)%+( ; )81"69

(15)



. . cos¢ \ 0O cos ¢ 0% ]
sinfsing [(rzsirﬂ) ¢ * (rsin@) orde |

9 -

cos 0 sin ¢ 0
+ <7> [cos@smqb —|—sm€smq§8 70 |

cos @sin ¢ sin @ sin ¢ cos @sin ¢
e () e (0 o

. cos @sin ¢ B cos ¢ cos b ﬂ_’_ cos ¢ 0%
T rsin?0 /) 0¢ rsinf ) 9600 |

2 A

+ ( CO,S¢ ) [Slnecomb + sin 0 sin g——

rsinf

ord¢ |

n cos ¢ n cos 6 cos ¢ _+ cosfsing\ 0% ]
rsind r 09 r 000¢ |

cos ¢ singcosgp\ 9 cosp \ 0?
+ (rsin@) [_ ( rsind > ¢ + (rsin@) 0¢?

and finally

|

2 2

da?

2

+Gindeos) |- (

T r

cos 6 cos ¢ 0 0
+(T> |:COS€COS¢ —i—schos¢a 70 |

n cos @ cos ¢ B sin @ cos ¢ _+ cos f cos ¢ _—
r T 06 r 002 |

L (s 0 cos ¢ N sing \ 9 [ sing 0% ]
T rsin®6 /) 0¢ rsind /) 0400 |
5 1

oroe |

_(sing \ [ [cosfsing 24_ cosfcosgp\ 0% |
rsin 6 r 00 r 000¢ |

sin ¢ cos¢p \ 0 sing \ 02
B (rsinH) { <7°sin9> ¢ <Tsin9> 092

_ ( Sufld) ) [sin&singb% + sinf cos ¢

rsin @

Now, one by one, we expand completely each of these three terms. We have

0? 0?

cosf@sinf 0
r2 a0
sinfcosf 02
B r oroo

L sin? 0 2
r or

B sin 0 cos 6 9?
r oroo

sin 6 cos 0 g
72 00

n sin? 6 8_2
72 002

cos 0 cos ¢ 24_ cosfcosgp\ 0% ]
BT, 260r |

. sin ¢ o sin ¢ 9%
— (sin 6 cos @) [— (1"2 sinﬂ) 6 + (rsjn0> O0¢pOr |

2 7

0
= (sinf iné =
(sin @ cos ¢) sin 6 cos ¢ 52

|



and, for the y-equation:

and finally, for the x-equation, we have
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Gathering terms as coefficients of partial derivatives, we obtain (from Equations 34, 41 and 58)
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while we obtain from Equations 40, 49, and 66:
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From Equations 57 and 74 we obtain
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II. MAPLE EQUIVALENT

Here is a set of Maple instructions which will get you the same result:

restart;

f:=g(r,theta,phi);

tx =

sin(theta)*cos (phi)*diff (f,r)+((cos(theta)*cos(phi))/r)*diff (f,theta)
-(sin(phi)/(r*sin(theta)))*diff (f,phi);

tx2:=expand (

sin(theta)*cos(phi)*diff (tx,r)+((cos(theta)*cos(phi))/r)*diff (tx,theta)
-(sin(phi)/(r*sin(theta)))*diff (tx,phi));

ty :=

sin(theta)*sin(phi)*diff (f,r)+((cos(theta)*sin(phi))/r)*diff (f,theta)
+(cos(phi)/(r*sin(theta)))*diff (f,phi);

ty2:=expand(sin(theta)*sin(phi)*diff (ty,r)+((cos(theta)*sin(phi))/r)
*xdiff (ty,theta)+(cos(phi)/(r*sin(theta)))*diff (ty,phi));

tz := cos(theta)*diff(f,r)

-(sin(theta) /r)*diff (f,theta);

tz2 := expand(cos(theta)*diff(tz,r)-(sin(theta)/r)*diff (tz,theta));

del := tx2+ty2+tz2:
del := algsubs( cos(theta) 2=1-sin(theta)”2, del ):
del := expand(algsubs( cos(phi)~2=1-sin(phi)~2, del ));



