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m Problem 1 (g):

<< G aphi cs* Graphi cs*
<< Graphi cs‘ Legend'

(» First, we use the original energy function. To nmake the root real,
z<0.5 for and first case and z<1.5 for the second case are required. =)
nprime[n_, | _1:=n-1-1;
2
z
EO[n_, | _, z_]:=1/Sqrt[l+ |E
. 1 1142 2
nprine[n, I]+?+Sqrt[(| +?) -z ]

Plot [{EO[1, O, z], EO[2, 1, z1}, {z, O, 2}, Frame » True, FranelLabel - {"Za", "Ey /nc?"},
Rot at eLabel - Fal se, Pl ot Styl e » {G ayLevel [0], Dashing[{.03}1},
Pl ot Legend » {"n=1, |=0", "n=2, |=1"}, LegendPosition-> {-0.5, -0.3},
LegendSi ze -> {0. 6, 0.2}, LegendShadow- {0, 0}7;
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(» However, if the expansion is used, there is no limtation of Z
Thus we see artificial effects. =x)

z? z4 n 3
Enl[n, Il ,z ]1:=1- - ( -—);
2 n2 2n4 \l +0.5 4
Pl ot [{Enl [1, O, z], Enl [2, 1, z]},
{z, 0, 2}, Frame » True, FraneLabel -» {"Za", "En /nt?"},

Rot at eLabel -» Fal se, PlotStyl e » {G ayLevel [0], Dashing[{.03}]},
Pl ot Legend » {"n=1, |=0", "n=2, |=1"}, LegendPosition-> {-0.5, -0.3},
LegendSi ze -> {0.5, 0.2}, LegendShadow- {0, 0}1;
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m Problem 1 (h):
(» For n=1, |1=0, we have n'=0. For n=2, | =1, we still have n’ =0 x)
= 1 .
T 137"
2
Alz_, |1 :=_%+Sqrt[(l +%) —(Za)z];
RD 1 I , - )\[Z,|]+1Ex __‘_)_ :
racfz_, | _, p_1:=p p[ 2]

RSdg[l _, p_]1:=p""" Exp[——g—];

(* The radial part of wave functions are actually pxRDirac[z,|, p] and p*RSdgIl, o].
To avoi d divergence at p=0, we plot RDirac and RSdg here. =x)

{N[A[1, 071, N[A[50, 071}

{-0. 0000532822, -0.158237}

{N[A[1, 171, N[A[50, 177}

{0. 999982, 0.954923}
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(» As Z=1, Za<<l, and x=l,
we then expect little vavriation of R Wen Za get |arger,
the relativistic and non-
relativistic functions ook nore different. From problem1 (g),
we know that X becones a conpl ex nunber when Za>0.5 for n=1,
| =0 and Za>1.5 for n=2,
| =1. At Z=50, Za=0.364, the difference is nore pronounced for n=1 and |=0 case.

Pl ot [{RDirac[1l, O, x], RSdg[0, x1},
{x, 0, 5}, PlotStyle - {GayLevel [0], Dashing[{.03}1},
Pl ot Range -» Al |, Pl ot Label -»"Z=1, n=1, | =0",

Frame -» True, FraneLabel - {"p0", "Ry o (0)"},
Rot at eLabel - Fal se, PlotStyl e » {GrayLevel [0], Dashing[{.03}1},
Pl ot Legend -» {"rel ", "non-rel "}, LegendPosition-> {-0.3, -0. 3},

LegendSi ze -> {0. 6, 0.2}, LegendShadow- {0, 0}1;
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Pl ot [{RDi rac[50, 0, x], RSdg[0O, x1},
{x, 0, 5}, PlotStyle - {GayLevel [0], Dashing[{.03}1},
Pl ot Range -» Al |, Pl ot Label - "Z=50, n=1, | =0",

Frame - True, FraneLabel -» {"p", "Rso,0(0)"},
Rot at eLabel - Fal se, PlotStyl e - {G ayLevel [0], Dashing[{.03}]},
Pl ot Legend -» {"rel ", "non-rel "}, LegendPosition-> {-0.3, -0. 3},

LegendSi ze -> {0. 6, 0.2}, LegendShadow- {0, 0}7;
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Plot [{RDirac[1l, 1, x], RSdg[1l, X1},
{x, 0, 5}, PlotStyle - {GayLevel [0], Dashing[{.03}1},
Pl ot Range -» Al |, Pl ot Label »"Z=1, n=2, | =1",
Frame - True, FraneLabel -» {"p", "Ri1(p0)"},
Rot at eLabel -» Fal se, PlotStyl e » {G ayLevel [0], Dashing[{.03}]},
Pl ot Legend » {"rel ", "non-rel "}, LegendPosition-> {-0.45, 0.2},
LegendSi ze -> {0.55, 0.2}, LegendShadow- {0, 0}1;
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Pl ot [{RDi rac[50, 1, x], RSdg[1, x]1},
{x, 0, 5}, PlotStyle - {GayLevel [0], Dashing[{.03}1},
Pl ot Range -» Al |, Pl ot Label -»"Z=50, n=2, | =1",
Franme » True, FramelLabel - {"p", "R 1 (0)"},
Rot at eLabel -» Fal se, PlotStyl e - {GayLevel [0], Dashing[{.03}]},
Pl ot Legend -» {"rel ", "non-rel "}, LegendPosition -> {-0.45, 0.2},

LegendSi ze -> {0. 55, 0.2}, LegendShadow- {0, 0}];
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