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~_Hydrogen Radial Wave Functi ons

~ Define operators

7 (% 1)
(%01)

7 (% 2)
(%02)
7 (% 3)
(%03)

7 (% 4)
(%04)

7 (%5)

(%05)

7 (% 6)

(%06)

assune(h[ bar]>0, n»0, a>0, b>0);
[ hpar >0, m>0, a>0, b>0]

/* Norm of function */
N(f) := (integrate(conjugate(f)*f*r~2, r, 0, inf));

Nf)::~[ conj ugat  f )f r2dr

0

/* Expectation value of function */
Ex(f,op) := (integrate(conjugate(f)*op*f*r”"2, r, 0, inf));

Ex( f ,op):=°[ conjugate f)opf r2dr

0

/* Nabl a operator */
Nabla(f) := diff(f,r);
Nabl a( f ): =di ff(f, r)

/* Ham | ton operator

Hf) :=-h[bar]*2/(2*m*(1/rr2)*diff(rr2*diff(f,r),r)

+ I *(I+1)*h[bar] "2/ (2*mrr"2)*f - (e”2/ (4*%pi *epsilon[ O] *r)*f)*/nil;
ni |

/[* Ham | ton operator */

H(f) := -h[bar]?2/(2*m*(1/r"2)*diff(rr2*diff(f,r),r)

+ I *(I+1)*h[bar] "2/ (2*nmrr"2)*f - (h[bar]”2/(a*mr)*f);
| (1 +1) h hg

Hf):= ( )barf_ barf

2 mr 2 amr

'h%aridiff(eriff(f (), r)+
2mr2 ) )

E? Define energy levels of harnonic oscillator

(%)

(%07)

for n. 1 thru 3 do (

[*E[n]: -mb"2/(2*h[bar]*2*n"2),*/
E[n]: -h[bar]"2/(2*mrar2*n"2),
print (n, ": ", E[n])

);
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" Define Eigenfunctions

7~ (% 8) rhon: 2*r/(n*a);
| (%08) 2r
an

7 (%9) rho: ev(rhon, [n=1]);
(%9) Zar

" (9% 10) psi[0]: 2*(1/a)™(3/2)*exp(-rhol/2);

2%3'§

(%10) ———
a_3/ 2

7 (%11) rho: ev(rhon, [n=2]);
(%11) -
a

7 (% 12) psi[1]: 1/ (2*sqrt(2))*(1/a)~(3/2)*(2-rho)*exp(-rhol/2);

r

(2- rj % 22
a

0
(Y012) 23/253/2

7 (% 13) psi[2]: 1/ (2*sqrt(6))*(1/a)~(3/2)*(rho)*exp(-rhol/2);

r
r 0/«:3_Z

(%13) — =
2-/6'a% 2

?(%14) rho: ev(rhon, [n=3]);
2r

%014) —
( ) 3a

? (% 15) psi[3]: 1/(sqrt(243))*(1/a)™(3/2)*(6-6*rho+rho”2)*exp(-rho/2);
r

2 L
(4r 4r+6j%3 aa

9a2 a

0
(%015) 3512 43/2

? (% 16) psi[4]: 1/(sqrt(486))*(1/a)”(3/2)*(4-rho)*rho*exp(-rho/2);
r
2r(4-2r)%3-3‘"‘
3a

(%016)
27 /6 a® 2
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(% 17) psi[5]: 1/(sqrt(2430))*(1/a)~(3/2)*(rho”2)*exp(-rhol/2);

r
4129 32

(%17) —————
81-/30'a”/2

E Derivatives of Eigenfunctions

7 (%18) for i: O thru 5 do (
dpsi[i]: ratsinp(diff(psi[i],r)),
print (i, ": ", dpsi[i])
I )
T
2% @
0: © .5/2
a
.
o (N2r-252a)0% 22
1: 8a7/2
.
_ (J6'r-2-6'a)%e 22
2: ) 24a7/2
r
(4-/312-2033/23r+23%252) 0 3a
3: -
729 2%/ 2
r
. (4r2-48ar+72a2) % 32
' 243/6'a% 2
]
(2-/30'r2-12/30'ar) % 3a
3645 a9/ 2
| (%018) done

K Nor mal i zati on check

3/
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7 (%19) for i: O thru 5 do (
print (i, "N(psi): ", N(psi[i]), " N(dpsi):
);
| . . 1
ON(psi): 1 N(dpsi): —
a
1
IN(psi): 1 N(dpsi): ——
(psi) (dpsi): ~
1
2N(psi): 1 N( dpsi ) :
(psi) (dpsi) 12 a2
1
3N(psi): 1 N(dpsi): ——
9 a2
5
A4N(psi): 1 N( dpsi ) :
(psi) (dpsi) 81 22
1
5N(psi): 1 N( dpsi ) :
(psi) (dpsi): =
. (%19) done
E Force eigenvalues F, first nmethod (with Ham | tonian)
7 (%20) for i: O thru 5 do (
if i=0 then (Ei: E1], |: 0)
else if i=1 then (B : E2], |: 1)
else if 1=2 then (B : E2], |: 1)
else (Ei: E[3], |: 2),
Fpsi: H(dpsi[i])-E *dpsi[i],
Fpsi: ratsinp(Fpsi),
Fi[i]: Fpsi/psi[i],
F1[i]: (ratsinp(F1[i])),
[*print (i, " H(dpsi): ", Hdpsi[i])),
print (i, " E*dpsi: ", Ei*dpsi[i]),
print (i, " F*rpsi: ", Fpsi),
print (i, " E ", B, ", FL. ", F1[i]),*/
print (i, " E ", B, ", FL. ", (F1[1]))
);
. o2
0E -2 F1: 0
2a2m
1 E ) h%ar ’ E1: ) h%ar
8aZm a mr 2
2 E: ) h%ar ’ F1: _h%arr'zah%ar
8a2m 2amr3
—_— hear L 10 h@y r 2- 114 a hi,, r +243 a2 hg,,
18 a2 m 6amr?-54a2mr3+81ad3mr?
hZ.ar 4 hgy r2-36ah@, r+54a2hiy,
4 E - : Do
18 a2 m 3amr4-18a2mr3
5 E ) h%ar , F1- _Zh%arr‘lzah%ar
18 a?m 3amr?3
. (%020) done

4/

N(dpsi[i]))
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~ Plot F

7 (% 21)

(%021)
(%022)
(%023)
(Y%024)

a: 1;
b: 1;
m 1;
h[ bar] : 1;

1
1
1
1

5/
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(% 25) for i

6 /
: 0 thru 2 do (
F1[i]: ev(F1[i]),
psi[i]: ev(psi[i])
wxpl ot 2d([ 10* psi [ i

1,1/5%F1[i]],[r,0,25], [y,-2 2], [Iegend,
~plot2d: sone values were clipped.

n psi n
2 . . : —
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r
pl ot 2d: sone val ues were cli pped.
pl ot 2d: expression eval uates to non-nuneric value sonmewhere in plotting rang
pl ot 2d: sone val ues were cli pped.
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pl ot 2d: expressi on eval uates to non-nuneric val ue somewhere in plotting rang
pl ot 2d: sone val ues were cli pped.
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expression eval uates to non-nuneric val ue sonmewhere in plotting rang
pl ot 2d: sone val ues were cli pped.
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pl ot 2d: expression eval uates to non-nuneric val ue sonmewhere in plotting rang
pl ot 2d: sone 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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(% 28) for i

: 3 thru 5 do (
F1[i]: ev(F1[i]),
psi[i]: ev(psi[i])
wxpl ot 2d([ 10*psi [

1,1/5%F1[i]],[r,0,25], [y,-2 2], [Iegend,
~plot2d: sone values were clipped.
pl ot 2d:

7/

n psi n
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~ Expectation values of F

7~ (%31) for i: O thru 5 do (
ExF: Ex(psi[i],F1[i]),
print(i, ExF)
)i

| (%31) done

8 /



