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~_Spherical Harnonic Functions, F(phi)

~ Define operators

7~ (% 1) assume(h[bar]>0, m0, r>0);
(%1) [ hpygr >0, m>0, r >0]

7~ (% 2) /* Normof function */
N(f) := integrate(integrate(conjugate(f)*f*sin(theta), theta, 0, %i)

2n (m
(%02) Nf)::J J conjugate(f)f sin@)dedeg

0 0

” (% 3) /* Hamilton operator */
Hf) := (-h[bar]”2/ (2*mr~2)*(
1/sin(theta)*diff(sin(theta)*diff(f, theta), theta)
+ 1/sin(theta)"2*diff(f, phi, 2)
));

(%03) I-(f)::2 2

2
hbar

sin(9)

1 . . . 1 .
(Side)dlff(5|de)d|ff(f , 0), 8)+— ,difi(f, g 2)]

E Define energy levels of harnonic oscillator

7 (% 4) for 1: O thru 2 do (

E[1]: h[bar]”2/(2*ntrr2)*|*(|+1),
print (n, ": ", EI])

);

=)
o

2
hbar
2

mr
3 hfar

mr 2
(%04) done

~ Define Eigenfunctions

” Y(0,0)

(% 5) psi[0]: 1/(2*sqgrt(%pi));

(%05) b

2-n
7 Y(1,0)

(% 6) psi[1l]: 1/2*sqrt(3/ %i)*cos(theta);
/3 cos( 0)

2+

(%06)
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7oY(1,1)

(% 7) psi[2]: -1/2*sqrt(3/(2*%i)) *si n(theta)*exp(% *phi);
J3'%e” 9sinp)

23/2@

(%07) -

Y( 2, 0)

(% 8) psi[3]: 1/4*sqrt(5/ %i)*(3*cos(theta)”2-1);
/5(3 cos(8)*- 1)
4

(%08)

Y(2, 1)

(% 9) psi[4]: -1/2*sqrt(15/(2*%i))*sin(theta)*cos(theta)*exp(% *phi);
J15' %" 9cos( g) si n( )

23/2\/}

(%09) -

N N TN NN

Y(2, 2)

(% 10) psi[5]: 1/4*sqrt (15/(2*%i)) *sin(theta)”2*exp(2*% *phi);
J15' 02 % 0 g)2

(%10) )52 [
K phi - Derivatives of Eigenfunctions
(% 11) for i: O thru 5 do (
dpsi[i]: ratsinp(1/(r*sin(theta))*diff(psi[i],phi)),
print (i, ": ", dpsi[i])
);
' 0: 0
1: 0
3% %e® e
2: -
23/2Gr
3: 0
J15'% %” 9cos( g)
4: -
23/2ﬁr
J15'% %2 % ¢sin g)
23/2Gr
| (%11) done

K Nor mal i zati on check
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7 (%12) for i: O thru 5 do (
print (i, "N(psi): N(psi[i]), N(dpsi):
I )
ON(psi): 1 N(dpsi): O
IN(psi): 1 N(dpsi): O
3
2N(psi): 1 N(dpsi): ——=
(psi) (dpsi) 5,2
3N(psi): 1 N(dpsi): O
5
4N(psi): 1 N(dpsi): ——
(psi) (dpsi):
5
5N(psi): 1 N(dpsi): —
r
. (%12) done
~ (% 13) E1];
h%ar
(%13)
| mr
E Force ei genval ues F, phi conponent
7 (% 14) for i: O thru 5 do (
if i=0 then (Ei: EO], |: 0)
else if i=1 then (B : E1], I|: 1)
else if 1=2 then (B : E1], |: 1)
else (Ei: E[2], |: 2),
Fpsi: H(dpsi[i])-E *dpsi[i],
Fpsi: ratsinp(Fpsi),
F1[i]: Fpsi/psi[i],
F1[i]: factor(trigsinp((F1[i]))),
[*print (i, " H(dpsi): ", H(dpsi[i])),
print (i, " E*dpsi: ", Ei*dpsi[i]),
print (i, F*psi: ", Fpsi),
print (i, " E ", B, ", FL. ", F1[i]),*/
print (i, " E ", E, ", FL. ", (F1[i]))
);
"0 E 0, F1: ©
h%ar
1 5 F1. O
mr
hZar % hy (2 cos()?- 1)
2 E 5 F1: 3
mr 2 mr 3 sing)
3hg
3 E — -, FL 0
mr
3 hgyr % hgar (4 cos( 9)2‘ 3)
4 E: RN F1: 3
mr 2 mr3sing)
3 haa % hda (4 sin(e)’-3)
5 E DN F1. - 3
mr mr 3 si n( g)
. (%14) done

3/

N(dpsi[i]))

6
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¥ Plot F

7 (% 15) r: 1;
m 1;
h[ bar]: 1;
(%15) 1
(%16) 1

 (w17) 1

4/
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7 (% 18) for i:

: 0 thru 2 do (
F1[i]:

5/ 6
abs(ev(F1[i])),
wxpl ot 2d([ 10*abs(psi[i]),F1[i]],[theta, 0,%i], [y,-2,20], [legend, "p
);
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. (%020) done
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(9% 21) for i:

: 3 thru 5 do (
F1[i]:

6/ 6
abs(ev(F1[i])),
wxpl ot 2d([ 10*abs(psi[i]),F1[i]],[theta, 0,%i], [y,-2,20], [legend, "p
20 — .
psi
F —
15 |
18 |
=
(% 21)
. _h_“‘-xx_ -
a T S
0 8.5 1 1.5 2 2.5 3
theta
pl ot 2d:
pl ot 2d:

expression eval uates to non-nuneric val ue sonewhere in plotting rang
sonme val ues were cli pped.
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pl ot 2d: expression eval uates to non-nuneric val ue somewhere in plotting rang
pl ot 2d: sone val ues were cli pped.
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