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Finding the bound states in a finite spherical well.

In[546;= mc2 = 938.; "mass of a nucleon";
he = 197.;
v = 25; "depth of the potential well";
a=4.0; "radius of the nucleus" ;

Focussing on the 7 = 0 spherical Bessel function, find the minimum
potential energy vO to create the first 3 bound states (i.e., n =1, 2 and 3).

Inj5501= VO = "Let the depth of the potential well vary from 0 -> 100.";
Eb=.

Manipulate[?lot[{'ran[\/ ::c)zz (v0 - Eb) a? ], - :’3 -1 }:
c

Eb

(Eb, 0, 100}, PlotRange - {-20, 20}], (vo0, 0, 100}]

vo g ; =
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2| Bound State nuclear well.nb

= Provide the depth of the potential energy well "v0”’ and the starting value for Eb in order to find
the intersection point and the value for Eb.

injg28;= vO = 25;

Eb=.

EbStart = 2;
2 mc2 2 vO

Plot[{'.l'an[ (VO -Eb) a ], -] — -1 }, (Eb, 0, 60}, PlotRange » {-20, 20}]
(he)? Eb

2mc2 vO0
FindRoot ['ran[\f - (v -Eb) a* ] == -1’—; -1, {Eb, Ebstart}]
(he) E

Eb=%[[1, 2]];
20

outi93l= _\

=20t
oute3z= {Eb » 16.7314}

Find the normalization constant ¢; and plot the probabilty density
|(n)|?

ng2g]:= vO
Eb
u=.

out[s2g]= 25

outg2g)= 16.7314



Bound State nuclear well.nb |3

2mc2 (v0 - Eb)
In[934]:= k = —_—;

ne?
2mc2 Eb
x=.|—;
nc?
clsq
constl = 801ve[ - (fsin[k r]?dr + Sin[ka]? re‘z‘ (z-a) dlr) =1, c1Sq];
k ] a
c1=+fconst1[[1, 1, 2]] ;
°—klsin[kr] Osrsa
ufr] =y _, 7

= Sin[ka] e™ (r-a) agr<ow

Plot[u[r]?, {r, O, 8}]

Out[939]=

2
In[940]:= noOrm = ru[r]z dr
0

Outig40= 1.




