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P.S. #4, prob 1c

Multipole Expansions of Discrete
Charge Distributions

Configuration (i)

M Definitions

Norm[vector_] := Sqgrt[vector.vector] (* norm of vector *)

VO[r_,rp_] := 1/Norm[r-rp}
(* potenial of a unit point charge at rp *)

Vtrueilx ,z_] :=
Module[{r={x%,z}},
3 vVo[r,{0,1}] + VO[x,{0,-1}] -
2 (vVo[xr,{1,0}] + VO[r,{-1,0}]1)]
(*The exact potential *)

Vilx_,z_] := Module[{r=Sgrt[x*2+z42]},
2 Z/xrA3 - 6 (xA2-242)/rAr5]
(* Approximate potential including gquadrapole correction *)

H Close up to the charges

{(* Exact potential *)
ContourPlot [Vtrueilx,z], {x,-2,2},{z,-2,2},PlotPoints->30]

2

(* Approximate Potential *)
ContourPlot [Vi[x,z], {x,-2,2},{z,-2,2},PlotPoints->30]

2

-1




P.S. #4, prob'lc

B Far away from the charges (Dipole term dominates)

(* Exact potential *)
ContourPlot[Vtruei[x,z], {x,-20,20},{z,-20,20},PlotPoints->30]

20f3

10

-10

205 4 o]
~20  -10 0 10 20

~ContourGraphics-

{(* Approximate Potential *)
ContourPlot[Vi[x,z], {x,-20,20},{z,-20,20},PlotPoints->30]

205

1014

-10

-2044 : i
-20  -10 0 10 20

-ContourGraphics-

Configuration (ii)

B Definitions

Vetrueiilx_,z ] :=
Module[{r={x,z}},
vo[r,{0,1}] + VO[r,{0,-1}] - VO[r,{0,0}]]
(*The exact potential *)

Viiix_,z_] := Module[{r=Sgrtix*2+z+2]1},
‘1/r + 3 242/rA5 = 1/r43]
(* Apprqximate potential including quadrapole correction *)

J




P.S. #4, prob 1c

H Close up to the charges

(* Exact potential *)

ContourPlot [Vtrueii [x,z], {x,~2,2},{z,-2,2},PlotPoints~>30]
2

-ContourGraphics-

(* AaApproximate Potential *)
ContourPlot[Viilx,z], {x,~2,2},{z,-2,2},PlotPoints->30}
2

-2 -1 0 1 2

~ContourGraphics-




P.S. #4, prob 1c

B Far away from the charges (Monopole term dominates)

(* Exact potential *) - »
ContourPlot [Vtrueii[x,z], {x,-20,20}, {z,-20,20},PlotPoints->30, i
Contourshading->False]

20

10

-10

-20 i
-20 -10 0 10 20

-ContourGraphics-

(* Approximate Potential *)
ContourPlot [Vii [x,z], {x,-20,20)},{z,-20,20}, PIOtPOintS->30,
ContoursShading->Falsel]

20

10

(=]

~10

-20
. =20 -10 0 10 20

-ContourGraphics-
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