
‡ Symbolic Vector Analysis Using Mathematica Ÿ  (Demo) 
Hong Qin, Plasma Physics Laboratory, Princeton University

In[1]:= << ~/mathematica/GeneralVectorAnalysis.m

Ÿ Conventional vector analysis notation is built in.

In[2]:= FullFormêû8 a ◊ Hb + cL, Ha + dLâHbâcL<

Out[2]= 8DotProduct@a, Plus@b, cDD, CrossProduct@Plus@a, dD, CrossProduct@b, cDD<

In[3]:= FullFormêû8— âHa + aâHbâcLL, — ◊ Ha + bâdL<

Out[3]= 8Curl@Plus@a, CrossProduct@a, CrossProduct@b, cDDDD, Div@Plus@a, CrossProduct@b, dDDD<

In[4]:= FullFormêû9—2 Hf gL, A
`

, »B », J @rD=

Out[4]= 8Laplacian@Times@f, gDD, UnitVector@AD, AbsoluteValue@BD, Jacobian@rD<

Ÿ Vector calculations  independent of coordinate system.

In[5]:= DeclareVector@A, B0 , B, C, D, E, F, G, H, J, x, QD; DeclareScalar@a, b, c, d, e, f, g, hD

In[6]:= 8AâA, A ◊ HAâCL, — âH— fL, — ◊ H— âAL, VectorExpand@AâHBâCLD<

Out[6]= 80, 0, 0, 0, -C A ◊ B + B A ◊ C<

In[7]:= VectorExpandêû8AâHBâCL + BâHCâAL + CâHAâBL, HAâBLâHCâDL, — ◊ Hf HAâB + — âCLL<

Out[7]= 80, -D A ◊ HBâCL + C A ◊ HBâDL, -f A ◊ H— âBL + f B ◊ H— âAL + HAâBL ◊ H—fL + H— âCL ◊ H—fL<

Ÿ An example from ideal megnetohydrodynamics

In[8]:= — ◊ HB0 L = 0; Q = — âHx âB0 L; J = — âQ

Out[8]= — â H— â Hx â HB0 LLL

In[9]:= VectorExpand@JD

Out[9]= -H— H— ◊ xLLâ HB0 L - — â HHx ◊ — L HB0 LL + — â HHHB0 L ◊ — L xL - — â HB0 L— ◊ x

Ÿ Vector analysis in any well−defined coordinate system.



In[10]:= SetCoordinateSystem@"Cartesian"D@x, y, zD; A = DefineVector@1, y z, -x, x2 D; B = H— âALP1T;
SetCoordinateSystem@"None"D; Needs@"Graphics‘PlotField3D‘"D

In[11]:= PlotVectorField3D@B, 8x, -10, 10<, 8y, -1, 1<, 8z, -1, 1<, ColorFunction -> Hue D;

In[12]:= SetCoordinateSystem@"Cylindrical"D@r, q, zD;

In[13]:= A = DefineVector@1, Ar@r, q, zD, Aq@r, q, zD, Az@r, q, zDD; B = DefineVector@1, Br@r, q, zD, Bq@r, q, zD, Bz@r, q, zDD;

In[14]:= A ◊ B

Out[14]= Ar@r, q, zDBr@r, q, zD + Az@r, q, zDBz@r, q, zD +
Aq@r, q, zDBq@r, q, zD
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In[17]:= — âA
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-AqH0,0,1L @r, q, zD + AzH0,1,0L @r, q, zD
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In[18]:= 88A1 , A2 , A3 <, 8B1 , B2 , B3 <<

Out[18]= 99Ar@r, q, zD,
Aq@r, q, zD
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In[19]:= »A »
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Ÿ Coordinate systems for tokamaks are built in. Asymptotic vector analysis is available.

In[21]:= SetCoordinateSystem@"TKCircular2", R0 , eD@r, q, jD;

In[22]:= Clear@BD; B@r, q, jD = DefineVectorA1, 0, SeriesA
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