Appendix

#Joe Angelo

#Quantum Paper Work

#Finite Nuclear Sze Perturbation Theory

# Computes energy shifts due to finite nuclear size.

restart;
with(orthopoly);
[GHLPTU] 1
L(5, x); #H# These arethe Laguerres polynomials
5 5 1
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g(5,0, x) :== L(5,X); ###begins processfor computing Associated Laguerres polynomials
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for ifrom1to7do
g(5,1, x) == diff (g(5,i — 1, x), x) : print(5,i —1,g(5,1 —1,x)) :od:
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for jfrom0tol12dog(j, 0, x) == L(}],x); forifrom1ltoj+2do
g(j, i, x) ==diff (g(],1 —1, x), x) :od:od:## Lots of assoc lag.

for nfrom1to5dofor | fromOton—1do

R(N, 1, %) == g(n+1,2-I +1,x)-exp(-i

2
x)-exp(-%)'(x)lj;
N(n, 1) :=int(r>RR(N, I, 1% r=0..%);
_ RR(n,Lr)y |
RX(n, I, 1) = sort(N(n, 1))’

print(n, I, RX(n, I, 1))
:0d;od;

gn+1,2-1+1,

j-(X)'; RR(N, 1, 1) =—Subs( ZT

#### constructs normalized hydrogenic radial wavefunctions
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int(RX(1, 0,12 r% r=0..00); ## Normalized??
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for nfrom1to5dofor | fromlton—1do

over (n, 1) :== int(RX(n, I, r)-RX(n, | — 1, r)-r-rz,r:O..oo) :print(n, I, over(n,1));
: od:od:
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for nfrom 1to5dofor [ fromOton — 1do
over (n, 1) == int( RX(n, I, r)-RX(n, I, r)-r?-r> r=0.. ) : print(n, |, over(n, 1));
-od:od:
1,03
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
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5, 2, 1350
5,3, 1125
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for nfrom1to5dofor | from2ton—1do
over (n, 1) = int(RX(n, I, r)-RX(n, | —2, 1) -r%r% r=0..%); print(n, I, over (n, 1) );

:od:od:
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int(RX(1, 0, r)%r?-pertl, r =0..K); taylor (%, K =0, 10);
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1
1 (13
int(RX(1, 0, r)%r?-pert2, r =0..K) ; taylor (%, K =0, 10);
K—1+e?KK+e2K
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for nfromlto5dofor | fromOton—1do
z:= int(RX(n, I, r)2-r%-pertl, r=0.K); corrl(n, 1) := taylor(z K=0,8+2') : print(n, I, corrl(n,
1))
:od:od:
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for nfrom1to5dofor [ fromOton—1do
z:= int(RX(n, I, r)2-r2-pert2, r=0.K); corrl(n,|) = taylor(z K=0, (6 +2-1)) : print(n, I,
corrl(n,l)) :od:od:

2.2 2.,3,2 .4 5
1,0,3K 3K+5K+O(K)

L o2 13, 7 4 5
2,0,12K 12K+160K+O(K)

1 4 1 5 1 6 7
21 480K 720K+2016K+O(K)
2 2 2 .3, 46 4 5
3,0, 81K 81K+3645K+O(K)




51 10335 K~ 3218%5 K+ 412243 K®+0(K")
3,2, e Ko— oo KT =2 KP4 O(K)
0, 9—16 K? — 9—16 K3+ % K* + O(K®)

4,1, Wln K*— Klos K® + % K®+0(K)

4,2, g K= Wlszo K’ + m K& +0(K?)

43 Wlwso N 37158191200 K+ 18166;79200 K+ o(K™)
5,0, % K? — % K3+ 1546225 K*+ O(K®)
> 1 46275 K= 143225 Ko+ % K®+0(K")
52, ggm0a75 <~ sapears X * sossoreizs <+ O
>3 W&a&m N 138423534375 S 604242?)46875 K®+0(K™)
>4 380676;6953125 o= 1142028:310859375 K+ 674835235078125 K +0(K™)

#graph for analytic potential

with( plots) :
R:=14:

Vanalytic :=proc(r)

1

r
end proc:
Vr = proc(r)

ifr > Rthen

(16)



liney := PLOT(CURVES([[0,-1.8], [0, .11],)) :
linex := PLOT(CURVES([[-.2,0], [45,0]],)) :
Text := textplot( [ 1.5,-.3, "Rn", font = [ TIMES ROMAN, 13]], align=right) :

t2 .= textplot([3,-.42,"V(r)/e", font=[ TIMES ROMAN, 13]], align=right) :
t3 := textplot( [ -.03,-.8, "E/e", font = [TIMES ROMAN, 131], align= Ieft) :
t4:= textplot([2, .03, "r", font= [ TIMES ROMAN, 13]], align = above) :

line:= PLOT(CURVES([[R,-1.5], [R 0]], linestyle=dots) ) :
Vees = p|ot[ [Vanalytic, Vr], .6.5, labels= [r, % } linestyle= [solid, dash], title="Potential

Curvesfor a point particle and afinite size nucleus
", font = [ TIMES ROMAN, 13], legend= [V (analytic), V(real)]) :
display(Vees ling Text, t2, t3, t4, liney, linex)

Potential Curves for apoint particle and afinite size
nucleus

E/e

— V(analytic) V(real)




