3113-example-coordinate-system.nb

Example of vector calculus

In[2]:= er = {Sin[theta] Cos[phi], Sin[theta] Sin[phi], Cos[theta]l};
ephi = {-Si n[phi ], Cos[phi], 0};
et heta = {Cos [t heta] Cos[phi ], Cos[theta] Sin[phi], -Sin[theta]};

Si npl i fy[Dot [et heta, ephi]]

0
projection of delr

Si nplify[Dot [Dt [r xer], er]]
Si npli fy[Dot [Dt [r xer], etheta]l]
Si nplify[Dot [Dt [r xer], ephi]]

Dt [r]
r Dt [theta]
r Dt [phi ] Sin[theta]

gradient of scaler function first change into cartesian, after gradient project onto spherical
unit vectors

fun=r~2Cos[theta] Sin[phi]

r2 Cos [theta] Sin[phi]

newf un =
Sinplify[fun/. r ->Sgrt [x*"2+y”"2+2z"2] /. theta->ArcCos[z/Sqrt [X"2+y"2+2"2]] /.

phi -> ArcTan[y /x]]
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grad = {D[newfun, x], D[newfun, y], D[newfun, z]}
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newgrad = Sinplify[
grad /. Xx ->r Sin[theta] Cos[phi] /. y->r Sin[theta] Sin[phi] /. z->r Cos[theta]]

{_\/r_ZCos [theta]? Cot [theta] Sin[phi] 1
\/Sec [phi ]2 " g +/Sec [phi |?

Cos [2 (phi -theta)] -2 Cos[2theta] +Cos[2 (phi +theta)]) Cot [theta] Sec [phi ]),

(Vr2 (6 +2 Cos[2phi]+

%\/r_2 (3+Cos [2theta]) +/Sec[phi ]? Sin[2phi]}

Si npli fy[Dot [newgrad, er]]
Si npli fy[Dot [newgrad, etheta]]
Si npl i fy[Dot [newgrad, ephi]]

2+/r2 Cos[theta] Tan[phi ]

\/Sec [phi ]2

_A/rz sin[theta] Tan[phi ]

v/Sec [phi ]2

\/rz Cot [theta]
v/ Sec [phi ]?

2r Cos[theta]Sin[phi]; -r Sin[theta]Sin[phi]; r Cot[theta]Cos[phi]; Next, directly
work out the gradient in spherical coordinates!

gradx =D[SqQrt [X"2+y"2+2z"2], X] *partr +

D[ArcTan[y /x], x] =partphi + D[ArcCos[z/Sqrt [x"2+y"2+2z"2]], X] xparttheta;
grady =D[Sqrt [X"2+y"2+2z"2], y] *partr +

D[ArcTan[y /x], Y] »partphi + D[ArcCos[z/Sqrt [x"2+y"2+2z"2]], y] *parttheta;
gradz =D[Sqrt [x"2+y"2+2z"2], z] *partr + D[ArcTan[y /X], z] =partphi +

D[ArcCos[z/Sqrt [x"2+y"2+2"2]], z] »parttheta;

grad = {gradx, grady, gradz}

{_ partphi y . partr x . partthetax z
X2 (1 + i—z) VX2 +y2 +22 (x2 +y2 +22)%2 [1 - x2+;§+zz
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3 '
X (1+ %) VX2 +y2 + 22 (x2 +y2 +22)%2 |1 - x2+§§+zz

22 1
partrz parttheta (- eI A ey, ) )

VX2 +y2 + 22 - 22
y l Xc+y“+Z




3113-example-coordinate-system.nb

gradnew=Sinplify[
grad /. Xx ->r Sin[theta] Cos[phi] /. y->r Sin[theta] Sin[phi] /. z->r Cos[theta]]

{riz (—partphi r Csctheta] Sin[phi] +

4/r2 Cos [phi ] (partr r Sin[theta] +partthetaCot [theta] +/Sin[theta]? ))

rLZ (Cos[phi ] (partphi r Csc[theta] +
A/r2 (partr r Sin[theta] + partthetaCot [theta] +/Sin[theta]? ) Tan [phi ]))

partr r Cos[theta] -partthetaSin[theta]? }
n/r2

Si npl i fy[Dot [gradnew, er]]
Si npli fy[Dot [gradnew, etheta]]
Si npl i fy[Dot [gradnew, ephi ]]

partr +/r?2

r

partthetaCsc[theta] \/Sin[theta]?
i

part phi Csc[theta]
r

partr; 1/r parttheta; 1/(r Sin[theta]) partphi; apply to fun=r*2Cos[theta]Sin[phi]
works!

In[36]:= Sinplify[Dot [etheta, D[er, theta]]/r]
Sinplify[Dot [etheta, D[etheta, thetal] /r]
Si npli fy[Dot [et heta, D[ephi, theta]]/r]
Si npl i fy[Dot [ephi, D[er, phi]]/r /Sin[theta]]
Si npl i fy[Dot [ephi, D[etheta, phi]]/r /Sin[theta]]
Si npl i fy[Dot [ephi, D[ephi, phi]]/r /Sin[theta]]

Qut[ 36] = rl
Qut[37]= O
Qut[38]= 0
Qut [39] = ri
Qut [ 40] = Cot [theta]

Qut[41]= O
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partr A,+ 1/r parttheta A,+ 1/(r Sin[theta]) partphi A, + 2/r A, + Cot[theta]/r A,
Nabla Operator = partr? + 1/r? parttheta? + 1/(r Sin[theta])? partphi® + 2/r partr
+ Cot[theta]/r’parttheta



