
Quantum Mech. Applications
 2.Hidrogen Atom in spherical 
coordinates 

  Introduction

ClearAllA"Global`*"E
Off@General::spell, General::spell1D

à Using package

 Needs["Graphics`ParametricPlot3D`"];

à Solution

Clear["Global`*"];



à Step1   The Radial equation is

eq1 =

0ä
2 m RHrL HEn-VHrLL r2

Ñ2
+R¢¢HrL r2 +2 R¢HrL r -

H +1L RHrL ê. V@rDÆ -
e2

4 p r e0
ê. EnÆ -Wn

0 ã - H1+ L R@rD+
2 m r2 J-Wn+ e2

4 p r e0
N R@rD

Ñ2
+2 r R£@rD+ r2 R££@rD

2 HydroAp[1].nb



à Step2 Searching for the solutions of the Radial 

equation

eq2=DSolve[eq1,{R[r]},r][[1]] 
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eq3 = eq2 êê. substitutions êê PowerExpand êê
Simplify
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eq4 = eq3 ê. 8C@1DÆ 0 <
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rwave@n_, _, r_D =
R@rD ê. eq4@@1DD ê. C@2DÆ rNorm êê PowerExpand êê

Simplify
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IntegrateA
r2

8 rwave@1, 0, r D, rwave@2, 0, r D,
rwave@2, 1, r D<2, 8r, 0, •<,

AssumptionsÆ 8Re@a0D > 0<E

81, 1, 1<

à Step 3 Representing the results (the form of the 

wave functions for n=1,2,3)

eq5 =
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plot@n_, _, rmax_D :=
PlotAr2 rwave@n, , rD2 ê. a0Æ 1 êê Evaluate,

8r, 0.01, rmax<,
TicksÆ 881, 4, 8, 14, 20<, 80.1, 0.3, 0.5<<,
DisplayFunctionÆ IdentityE;

Show@GraphicsGrid@
Table@plot@n, , n 7D, 8n, 1, 3<, 8 , 0, n-1<DDD
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à Step 4 Representing the spherical function in 3D

plot@ _, m_D :=
SphericalPlot3D@

SphericalHarmonicY@ , m, q, fD êê Abs êê
Evaluate,

8q, 0, p<, 8f, 0, 2 p<,
BoxedÆ False,
AxesÆ False,
DisplayFunctionÆ IdentityD;

pt1 = Table@plot@ , mD, 8 , 0, 2<, 8m, - , <D;
Show@GraphicsGrid@pt1DD
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