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### Prof.R. Gilmore OQuantum Mechanics 1:
### Constructs the normalized hydrogen radial wavefunctions
### Under (int(RX(n,1l,r)*R(n,l,r)*r"2,r=0..infinity)=1

### Computes energy shifts due to finite nuclear size.

restart;

with (orthopoly); ### calls in useful orthog polys, like the Laguerres
[G,H,L,P, T, U]

L(5,x); ### for example, it works
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g(5,0,x):=L(5,x); ### begins process for computing Associated Laguerrs

polys
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giOJ)F1-5x+5x-§x4uix-_LJ

24 120

for i from 1 to 7 do
g(5,i,x):=diff(g(5,i-1,x),x):print(5,i-1,g9(5,i-1,x)):od: # (it works)
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for j from 0 to 12 do g(j,0,x):=L(j,x);for i from 1 to j+2 do
g(j,i,x):=diff(g(j,i-1,x),x):0d:o0d:## Lots of assoc lag.

for n from 1 to 5 do for 1 from 0 to n-1 do R(n,1,x):=
g(n+l,2*1+1,x)*exp(-x/2)*(x)"1:RR(n,1l,r) :=subs(x=2*r/n,%):N(n,1):=int(r"
2*RR(n,1l,r)"2,r=0..infinity):RX(n,1,r):=RR(n,1,r)/sqrt(N(n,1l));print(n,1
,RX(n,1,r)):od:od: ### constructs normalized hydrogenic radial
wavefunctions
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> ### for n from 1 to 5 do for 1 from 0 to n-1 do
print(n,1,RX(n,1l,r)):od:od:

-——————e
4921875

> for n from 1 to 5 do for 1 from 1 to n-1 do
over(n,l):=int(RX(n,1l,r)*RX(n,1-1,r)*r*r"2,r=0..infinity) :print(n,1l,over

(n,1)):o0d:od:
2,1,-34f3
3,1,-94/2
3,2,-;«/5
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> for n from 1 to 5 do for 1 from 0O to n-1 do
over(n,l):=int(RX(n,1l,r)*RX(n,1l,r)*r"2*r"2,r=0..infinity) :print(n,1l,over
(n,1)):0d:od:
1,0,3

2,0,42
2,1,30
3,0,207
3,1, 180
3,2,126
4,0, 648
4,1, 600
4,2,504
4, 3,360
5,0, 1575
5,1, 1500




5,2, 1350
5,3,1125
5,4, 825

> for n from 1 to 5 do for 1 from 2 to n-1 do
over(n,l):=int(RX(n,l,r)*RX(n,1-2,r)*r"2*r"2,r=0..infinity) :print(n,1l,ov
er(n,l)):od:od:
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5,4,750

> pertl:=-3/(2*K)+(xr/K)"2/(2*K)+1/r;

3 r2
pertl = - _K
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> pert2:=-1/K+1/r;

1 1
ert2 = - —+ -
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> int(RX(1,0,r)"2*r"2*pertl,r=0..K);taylor(%,K=0,10);

3_3K2+2K3_3e(—21()_ (ZK)K2 (ZK)
2K

%K2-1K3+2K4-LKS+iK6+O(K7)
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> int(RX(1,0,r)"2*r"2*pert2,r=0..K);taylor(%,K=0,10);
(2K) (2K
-1+ K+e +e

K

2[(2 21(3 _K4-iK5+iK6-iK7+iK8+O(18)
45 63 105 405

> for n from 1 to 5 do for 1 from 0 to n-1 do z:= int(RX(n,l,r)"2*r"2*pertl
,¥r=0..K);corrl(n,l):=taylor(%,K=0,8+2*1):print(n,1l,corrl(n,1l)):od:od:
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> for n from 1 to 5 do for 1 from 0O to n-1 do
z:=int(RX(n,1l,r) " "2*r"2*pert2,r=0. .K);corrl(n,1l) :=taylor(%,K=0,6+2*1) :pri
nt(n,l,corrl(n,l)):od:od:
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