| > restart; interface( displayprecision=3) :
[> with( plots) :

Using Maple's Associated Laguerre Polynomidtunction

> MALa :=proc(n, a, X) ssimplify((n +a)!Laguerrel(n, a, x) ); endproc:

Hydrogen Atom Radial Function

T e R (e E )

Hydrogen Atom Radial Probability
> Pi=(n1) = p(abgR(n, 1)))?2:

Graph of the Radial FunctionR(n, I)

> graph := proc(n, )
localg, N, v, h;
N :=n-15;v:=1;h = 1;
if n=3thenN := 35endif ;
ifn=2then v:= 172; h= % endif;
if n> 3thenv := 2endif;
g = plot(R(n, 1), p=0.N,
color =red, axis[1] = [gridlines=[14-v, linestyle=solid]],
thickness=2, axis[2] = [gridlines=[12-h, linestyle=solid]],
tickmarks=[10, 3]) :
display([g]);
endproc:

Graph of the Radial Probability R2(n, 1) p°

> graphP := proc(n, 1)
localg, N, h, v;
N :=n-15;v:=1;h:= 1;
if n=3thenN := 35endif ;
ifn=2then v:= 172; h= % endif;
if n> 3thenv := 2endif;
g == plot(P(n,1),p=0.N,
color =red, axis[1] = [gridlines=[14-v, linestyle=solid]],
thickness=2, axis[2] = [gridlines=[12-h, linestyle=solid]],
tickmarks=[10, 3]) :
display([g]);
endproc:
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> graph(
' )'=R(1, 0);
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> graphP(1, 0);
2 2
'p - (abgR[1,0](p))) ™

*® 2 )
j o°IR(1, 0)|2dp':j o° IR(L, 0% dp;
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[ p*RL 0 dp=1 )
0
> p[max] := ma><(solve( dl (p2 (R(1, 0))2) :O) );
P
rfmax] :evalf( 0.529p[max]); rfmax] :='rfmax]": p[max] :='p[max]"
Prax = 1

Iax=0-529 ®3)




> graph(2 0);
'R[2, 0]( p)'=combine(R(2, 0));
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> graphP(2, 0);
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P (abgRI2,01(p))) ™

[ oIR2. 0P dp =] p*IR(2, 0

/

0.1

0 5 10 15 20 25 30
P
2 2
p |R2 0(P)|
[ p*IR2 07 dp=1 (5)
0
> plmax][1] := fsolve(dl (p2 (R(2,0))%) =0,p, o..1.5]; rimax][1] := 0.529p[max][1];p :="p":
P
p[max][2] := fsolve(di (p2 (R(2, 0))2) =0,p, 1.5..20]; rimax][2] := 0.529p[max][2]; p :="p":
P
Prmay = 0.764
rmaxl:: 0.404
pmax2 :=5.236
r . =2770 (6)
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> graph(2

R[2,

1]

b);
p)’

=combine(R(2, 1));
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> graphP(2, 1);
2 2
'p - (abgR[(2,11(p))) ™

) *® 2
J 2 IR(2, 1P dp ':j o2 IR(2, 1) dp;
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[ o*R2 1P d=1 (®)
0
> p[max] := ma><(solve( dl (p2 (R(2, 1))2) :O) ];
P
rimax] = evalf( 0.529p[max]); rimax] :="rfmax]": p[max] :='p[max]"
Prax = 4

Max = 2-116 (9)




> graph(3 0);
'R[3, 0](p) '=combine(R(3, 0));
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> graphP(3, 0);
2 2
'p - (abgR[3,01(p))) ™
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0

> v[1] := fsolve dl (p° (R(3,0))%) =0,p, o..2] Su[1] = 0.529v[1]: p :="p"
P

v[2] = fsolve di (p° (R(3,0))%) =0,p, 2..7) Su[2] = 0.529V[2]: p :=p"
P

v[3] = fsolve di (p° (R(3,0))%) =0,p, 7..35) -u[3] = 0.529Vv[3]: p ="
p

p[max] := [v[1], v[2], v[3]]; p[max] :="p[max]"
rfmax] := [u[ 1], u[ 2], u[ 3]]; rimax] :="rfmax]":
Pax.= [0-740, 4.186, 13.074

roo = 10391, 2.214, 6.91B (12)




> graph(3 1);
'R[3, 1](p) '=combine(R(3, 1) );
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> graphP(3, 1);
2 2
'p - (abgR[3,11(p))) ™
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0
> p[max][1] == fsolve(di (p° (R(3,1))%) =0,p, o..6); fmax][1] = 0.529p[max[1]; p :="p"
P
p[max][2] = fsolve(di (p° (R(3,1))%) =0,p, 6..35); rImax|[2] == 0.529 p[max][2]; p :='p"
P
P = 3.000
rmaxl:: 1.587
Py, = 12000
[ :=6.348 (15)
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> graph(3 2);
'R[3, 2]( p)'=combine(R(3, 2));

/T

/
0.04 ,

/ \
0.02

i \
\
\\
\
\‘\
\\\\
O ——
0 5 10 15 20 25 30 35
p
1
R, Ap) = V30 e 37 (16)

1215



> graphP(3, 2);
2 2
'Po;(abi{R[& 2](9)))00';
j o’ IR(3, 2)|2dp':j o2 IR(3, 2)2 dp;
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> p[max] = ma><(solve( d (p2 (R(3, 2))2) :O) ];

dp
rimax] = evalf( 0.529p[max]);
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> graph(4, 0);
'R[4, 0]( p)'=combine(R(4, 0));
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2 2
f o*IR(4, 0>|2dp':j o’ IR(4, 0% p;
0 0
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> graphP(4,0); p - (abgRr4,01(p)))>;
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o >

> v[1] = fsolve dip (p° (R(4,0))%) =0,p, o..zj tu[1] == 0.529Vv[1]: p :='p"
v[2] = fsolve dlp (p° (R(4,0))?) =0,p, 2 6) LU[2] == 0.529V[2]: p =="p"
v[3] := fsolve dlp (p° (R(4,0))2) =0,p, 6 16] u[ 3] = 0.529v[3] : p ="p"
v[4] = fsolve dlp (p° (R(4,0))2) =0, p, 16..35] L U[4] == 0.529V[4]: p =="p"
p[max] := [v[1], v[2], v[3], v[4]]; p[max] :="p[max]"
rfmax] := [u[ 1], u[ 2], u[ 3], u[4]]; rfmax] :="r[ max]"

p_:=[0.732, 4.000, 10.650, 24.618
.= [0.387,2.116, 5.634, 13.023 (21)




> graph(4, 1);
'R[4, 1]( p)'=combine(R(4, 1));
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> graphP(4, 1);
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0
i d 2 2\ _ ) . .
> V[1] = folve[ (p° (R(4, 1)) )—O,p,O..S] Lu[1] = 0.529V[1]: p =="p"
P
v[2] := fsolve di (p° (R(4,1))%) =0,p, 5..14) Su[2] = 0.529V[2]: p :=p"
P
v[3] := fsolve di (p° (R(4,1))%) =0,p, 14..50] -u[3] = 0.529Vv[3]: p ="
P

p[max] := [v[1], v[2], v[3]]; p[max] :="p[max]"
rfmax] := [u[ 1], u[ 2], u[ 3]]; rimax] :="rfmax]":

p...:= [2.830, 9.589, 23.580
oo = [1.497,5.073, 12.474 (24)



graph(4, 2);
'R[4, 2]( p)'=combine(R(4, 2));
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> graphP(4, 2);

- (abg R4, 2)(p)))>;

)
'J 0 IR(4,2))%dp"
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> p[max][1] := fsolve

p[max][2] := fsolve

2]

60

[ R4 27 dp=1 6
0
d 2 5
p
(di (p2 (R(4, 2))2) =0,p, 12..50); rimax][2] :== 0.529p[max][2]; p :='p":
p
pmax1 '=6.789
Mmax, = 3.591
Prna, = 21-211
e = 11.221 27)



> graph(4, 3);
'R[4, 3]( p)'=combine(R(4, 3));
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>

>

graphP(4, 3);
2 2
'p - (abgR[4,3](p)))";
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p[max] := ma><(solve( dl (p2 (R(4, 3) )2) :O) );
p
rimax] = evalf( 0.529p[max]);
Prax = 16

M= 8:464
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