
 



 



 



 



 



 



à Problem 1 (g):

<< Graphics‘Graphics‘
<< Graphics‘Legend‘H* First, we use the original energy function. To make the root real,
z<0.5 for and first case and z<1.5 for the second case are required. *L
nprime@n_, l_D := n - l - 1;

E0@n_, l_, z_D := 1 � SqrtA1 +
i
k
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Plot@8E0@1, 0, zD, E0@2, 1, zD<, 8z, 0, 2<, Frame ® True, FrameLabel ® 8"ZΑ", "Enl�mc2"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"n=1, l=0", "n=2, l=1"<, LegendPosition -> 8-0.5, -0.3<,
LegendSize -> 80.6, 0.2<, LegendShadow ® 80, 0<D;
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H* However, if the expansion is used, there is no limitation of Z.
Thus we see artificial effects. *L

Enl@n_, l_, z_D := 1 -
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y{zz;
Plot@8Enl@1, 0, zD, Enl@2, 1, zD<,8z, 0, 2<, Frame ® True, FrameLabel ® 8"ZΑ", "Enl�mc2"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"n=1, l=0", "n=2, l=1"<, LegendPosition -> 8-0.5, -0.3<,
LegendSize -> 80.5, 0.2<, LegendShadow ® 80, 0<D;
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à Problem 1 (h):

H* For n=1, l=0, we have n’=0. For n=2, l=1, we still have n’=0 *L
Α =

1
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;

Λ@z_, l_D := -
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- Hz ΑL2E;
RDirac@z_, l_, Ρ_D := ΡΛ@z,lD+1 ExpA-

Ρ
�����
2

E;
RSdg@l_, Ρ_D := Ρl+1  ExpA-

Ρ
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2

E;
H* The radial part of wave functions are actually Ρ*RDirac@z,l,ΡD and Ρ*RSdg@l,ΡD.

To avoid divergence at Ρ=0, we plot RDirac and RSdg here. *L8N@Λ@1, 0DD, N@Λ@50, 0DD<8-0.0000532822, -0.158237<
8N@Λ@1, 1DD, N@Λ@50, 1DD<80.999982, 0.954923<
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H* As Z=1, ZΑ <<1, and Λ>l,
we then expect little vavriation of R. When ZΑ get larger,
the relativistic and non-
relativistic functions look more different. From problem 1 HgL,
we know that Λ becomes a complex number when ZΑ>0.5 for n=1,
l=0 and ZΑ>1.5 for n=2,
l=1. At Z=50, ZΑ=0.364, the difference is more pronounced for n=1 and l=0 case. *L
Plot@8RDirac@1, 0, xD, RSdg@0, xD<,8x, 0, 5<, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotRange ® All, PlotLabel ® "Z=1, n=1, l=0",
Frame ® True, FrameLabel ® 8"Ρ", "R1,0HΡL"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"rel", "non-rel"<, LegendPosition -> 8-0.3, -0.3<,
LegendSize -> 80.6, 0.2<, LegendShadow ® 80, 0<D;
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Plot@8RDirac@50, 0, xD, RSdg@0, xD<,8x, 0, 5<, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotRange ® All, PlotLabel ® "Z=50, n=1, l=0",
Frame ® True, FrameLabel ® 8"Ρ", "R50,0HΡL"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"rel", "non-rel"<, LegendPosition -> 8-0.3, -0.3<,
LegendSize -> 80.6, 0.2<, LegendShadow ® 80, 0<D;
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Plot@8RDirac@1, 1, xD, RSdg@1, xD<,8x, 0, 5<, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotRange ® All, PlotLabel ® "Z=1, n=2, l=1",
Frame ® True, FrameLabel ® 8"Ρ", "R1,1HΡL"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"rel", "non-rel"<, LegendPosition -> 8-0.45, 0.2<,
LegendSize -> 80.55, 0.2<, LegendShadow ® 80, 0<D;
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Plot@8RDirac@50, 1, xD, RSdg@1, xD<,8x, 0, 5<, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotRange ® All, PlotLabel ® "Z=50, n=2, l=1",
Frame ® True, FrameLabel ® 8"Ρ", "R20,1HΡL"<,
RotateLabel ® False, PlotStyle ® 8GrayLevel@0D, Dashing@8.03<D<,
PlotLegend ® 8"rel", "non-rel"<, LegendPosition -> 8-0.45, 0.2<,
LegendSize -> 80.55, 0.2<, LegendShadow ® 80, 0<D;
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