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Har noni ¢ Oscill ator

Def i ne operators

(% 1) assume(h[bar]>0, al pha>0, n»0, onega>0);
(%1) [ hpgar >0, a>0, m>0, w>0]

(% 2) /* Normof function */
N(f) (integrate(conjugate(f)*f, x, -inf, inf));

(%02) Nf)::JWJCOML@atdf)fdx

00

(% 3) /* Ham | ton operator of harnonic oscillator */
H(f) := (-h[bar]?2*diff(f,x,2)/(2*m + 1/2*nfomega™2*x"2*f);
(-hga ) diff(f, x,2) 1

0 - - 2,2
(%03) Hf): > m +2rnw x< f

Define energy levels of harnonic oscillator

(% 4) for i: O thru 3 do (
E[i]: (i+1/2)*h[bar]*onega,
print (i, ": ", Ei])
);

Npar @
2
3 hpar w
2
5 Npar w
2
7 Npar w
2
(%04) done

Def i ne Ei genfunctions of harnonic oscillator

(% 5) y: sqgrt(al pha)*x;

(%05) o x
(% 6) psi[0]: (alphal %i)"™(1/4)*exp(-y"2/2);
ax?
O[1/ 4 ‘Ve-T

(%06) 4
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(%07)

(% 8)

(%08)

(% 9)

(%09)

? (% 7) psi[1l]: (alphal/ %i)~(1/4)*sqrt(2)*y*exp(-y"2/2);

a x?

2 a3/4x % 2
_’_[1/4

psi[2]: (al phal/ %i)~(1/4)/sqrt(2)*(2*y"2-1)*exp(-y"2/2);
2
o X

o/ 42 gx?-1)% 2

\/?1'[1/4

psi[3]: (al phal/ %i)~(1/4)/sqrt(3)*(2*y"3-3*y)*exp(-y"2/2);

(XX2

0(1/4(20(3/2X3' 3WX)WQ- 2

\/?1'[1/4

Derivatives of Eigenfunctions

(% 10)

 (%10)

for i: O thru 3 do (
dpsi[i]: ratsinp(diff(psi[i], X)),
print (i, ": ", dpsi[i])
);
ax?
q5/4x%3- 2
4
ax?
¥ H (V2 ax2-\2)%e 2
4
(XX2
0(1/4(20(2X3-50(X)%3 2
NP
ax?
a3 (203 g2 x4-35/2 4 x2+33/2) 9 2
3 /4
done

{f Nor mal i zati on check
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7 (% 11) for i: O thru 3 do (
print (i, "N(psi): ", N(psi[i]),
I )
ON(psi): 1 N(dpsi ) : %
. . 3a
IN(psi): 1 N( dpsi ) : ES
. . 5a
2N(psi): 1 N( dpsi ) : e
. . 7a
3N(psi): 1 N( dpsi ) : BN
. (%11) done

N( dpsi ) :

{? Force eigenvalues F, first nmethod (Ham Itonian)

7 (%12) for i: O thru 3 do (

Fpsi: H(dpsi[i])-Ei]*dpsi[i],
Fpsi: ratsinp(Fpsi),

F1[i]: Fpsi/psi[i],

Fi[i]: ratsinmp(F1[i]),

print (i, " F1. ", F1[i])
I )
0 F1. - mgf)<
1 F1. - mgf)<
2 F1. - mgf)<
3 F1. - mgf)<

. (%12) done
Eﬁ Force ei genval ues F, second nethod (H* psi

7 (%13) for i: O thru 3 do (
Fpsi: E[i]*dpsi[i],
Fpsi: ratsinp(Fpsi),
F2[i]: Fpsi/psi[i],
F2[i]: ratsinmp(F2[i]),

print (i, " F2: ", F2[i])

I )
2

mey™ X
0 F2: -—

3m(,32x2-3hb w
1 F2: - il

2 X

10 n? 3 x3- 25 hyy Me? x

2 F2. -
4mpx2-2hy,,

14 n? % x*- 63 hyyr Mw? x2+21 hey @

3 F2. -

4mepx3- 6 hpy X

. (%13) done

psi[i]: ev(psi[i], [al pha=nfronegal/ h[bar]]),
dpsi[i]: ev(dpsi[i], [al pha=nfomegal/ h[bar]]),

E psi)

3/

N(dpsi[i]))
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7 (% 14)

(%014)
(%15)
| (%016)

7 (% 17)
. (w17)

" (% 18)
 (W18)

onega: 1;

h[ bar] : 1;

m 1,

1

1

1

al pha: ntonegal/ h[ bar];

1

Kill(y);
done

4/
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(% 19)

(% 19)

pl ot 2d:
pl ot 2d:

(% 20)

pl ot 2d:

(% 21)

nl At 2A -

5/ 5

for i
Fl[i],
M&L}otZd([Fl[i], F2[i]].,[%x,-5,5], [y,-50,50], [legend,"F1","F2"])

O thru 3 do (

FL ——
40 | F2 —
28
n 8 S S .
—23 -
—43 -
-4 -2 8 2 a

H
expression eval uates to non-nuneric val ue sonewhere in plotting rang

sonme val ues were cli pped.
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