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2. d.

Below I' ve plotted the first few wave functions.

In[1583]:= Clear[k, m];
psi[r_] =If[r >=0, Besseld[m, k*Abs[r]], Cos[mn] *Besseld[m, k*Abs[r]]];

Plot[{psi[r] /. {m> 0, k -> BesselJZero[O0, 1]}, psi[r] /. {m> 0, k -> BesselJZero[O0, 2]},
psi[r] /. {m> 0, k -> BesselJZero[O, 3]}, psi[r] /. {m> 1, k -> BesselJZero[1, 1]},
psi[r] /. {m> 1, k -> BesselJdZero[1l, 2]}, psi[r] /. {(m> 1, k -> BesselJdZero[1l, 3]}},

{r, -1, 1}, PlotStyle -» {{Red, Thick}, {Red, Thick, Dashed}, {Red, Thick, Dotted},
{Blue, Thick}, {Blue, Thick, Dashed}, {Blue, Thick, Dotted}}]

Printed by Mathematica for Students
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Plot of !ﬁo,l

Clear[m, k];
psi2d[r_, p_] =Exp[imp] *Besseld[m, kxr];
RevolutionPlot3D[{Re[psi2d[r, p]] /. {m-> 0, k > N[BesselJdZero[O, 1]]}}, {xr, O, 5}, {p, 0, 27}]

Printed by Mathematica for Students
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Plot of !ﬁ 1,1

RevolutionPlot3D[{Re[psi2d[r, p]] /. {(m> 1, k » N[BesselJdZero[1l, 1]]}}, {r, O, 5}, {p, O, 27}]

Plot of lﬁ 2,1

RevolutionPlot3D[{Re[psi2d[r, p]] /. {m> 2, k > N[BesselJZero[2, 1]]}}, {r, O, 5}, {p, O, 27}]

Printed by Mathematica for Students
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Zeros, ki,

Clear[j, m, M];
M= {{0, 0o, 0}, {0, 0, 0}, {0, O, O}, {0, O, O}};
k = {{0, 0, 0}, {0, O, 0}, {0, O, O}, {0, O, O}};

For[m=0, m< 4, m++,
For[j=1, j<4, j++, {k[[m+1, j]] = BesseldZero[m, j], M[[m+1, j]] = N[BesselJZero[m, j]]}1]

Print[TraditionalForm[k], " = ", TraditionalForm[M] ]
Jo,1 Jo,2 Jo,3 2.40483 5.52008 8.65373
Ji,1 Ji,2 Ji,3 3.83171 7.01559 10.1735
J2,1 J2,2 J2,3 5.13562 8.41724 11.6198
6.38016 9.76102 13.0152

Js,1 Js3,2 Js3,3
The energies are kﬁm inunitsof hbar®2/ (2ma”2)

Clear[j, m, e];
e = {{EO1, EO2, EO3}, {Ell, E12, E13}, {E21, E22, E23}, {E31, E32, E33}};
For[m=0, m< 4, m++, For[j=1, j<4, j++,
{Print["E", m, j, " = ", N[BesselJdZero[m, j]“2]], M[[m+1, j]] = N[BesselJdZero[m, j]"~2]}]]
Print[TraditionalForm[e], " = ", TraditionalForm[M]]

EO1 5.78319
EO2 = 30.4713
E03 = 74.887

E1l1 = 14.682

E12 = 49.2185
E13 = 103.499
E21 = 26.3746
E22 = 70.85

E23 = 135.021
E31 = 40.7065
E32 = 95.2776
E33 = 169.395

EO1 EO2 EO03 5.78319 30.4713 74.887
El1l E12 EI13 14.682 49.2185 103.499
E21 E22 E23 ) 26.3746 70.85 135.021
E31 E32 E33 40.7065 95.2776 169.395

2.e.
So the lowest 6 eigenstates are 01, 11, 21,02, 31, 12.

Printed by Mathematica for Students



PA”ji 30 PS2 Colwtien

/\/&‘»’i’ i that @) the wewe fau;q‘?mg Pt vanich QS st

e A, Y, is odd.

S
<
N

~h e kYoo EYOD (700)

X=c(Z2- O\) C= j/E (- - :;Z:_:
’ SO “o

im

= '
X %;!Z) = Z IE{{(/ ?)

7 -
(© . Ai)zo « 2,5 o1, Zy= =328, 2, 4§

Aild)=0 + 2= =234 Z,=-409 3= ~bri

. \ |
("’M e @L(%) b(w)g Up  os o —> o M connet bo - })lfmim-i
solution. to the § J”*wf“b‘”k-"*"*?«?f»v“ Q?W‘fﬂ“\. . On 4 by other haes',

A”‘“ (%) aﬂ? radies  vero as A - o, P e Fuft Ue awij/«- /ﬁf’i,f; )

S
\
( !

SN




2

e el fy,a«z ctione /Y {r=0)
which meass ,  Y(2=a) =0
Thus

it

ﬁz 2:, 22/ 25
E,= (ke)-2, = /,02

L. (ke)2,- 32c{w.~.

C)s, - fi (xS 48)

e Che) 1, 0 (2

() odd fw&(;ﬁm( v /@/(Q(:;;D)::Ol

which weans, ‘1?(2:&):0

N
77"‘”\5 O = ;" ? .2
at z%u(} L}f' ﬂ?l/(y): A((X/””k) 4> /,z)
Eus b 4o (3 (% ) Y, )= Ac( 225 ) 744,09 )

U Sy 2N ey
E} :5:51—( 5::12)‘32} 47&5(7(): A X/\"""ﬁ"f) + 5.5 ,/)

£

!

<

o~ Pl A

B < B.<E, 8 4h

‘f h- Al (% W»)
3 hoo- Al o)

\) Uf? to o nerdl el on

fu&"f‘(“w i

This is only for x>0. The
wavefunction for x<0 can be obtained
from \psi(x) = \psi(-x).
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