Consider now the excited states, starting with n=2:

- Because n = j, . + | +1, then n=2
—136 V max '
Ey = — 2 - allows for /=0, j.=1 orI=1(m=-
| 1,0,#1), jmas= 0. This will be the 2s
=—-34¢eV and three 2p's orbitals. Degeneracy

4 (in general, degeneracy is n2).

(1) If /=0, jux= 1, use ¢c; = [2(j + | +1 -n) /(j+1)(j+2/+2)] ¢
with n=2, j=0 and /=0, and you get ¢; = - ¢; so the
polynomial becomes W(p)=cy(1-p) with c,again used to
normalize.
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The factors 2 arise from p = (1/an) r.



(2) If I=1, jux= O, you get ¢; = O so the polynomial is only
coas it happens in the ground state.

Use the general formula Ry(r) = 1 ”1 e Pu(p)
with /=1 and n=2. r’

= €0 _»/2a
Ro(r) = —5re™"

The front factor comes from p2/r = (r/2a)? /r.

: : yO=(2)" cos 6
The spherical harmonics are: | Y1 =\4y ) ¢0%
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In general, the polynomials v(p) are called
associated Laguerre polynomials

v(p) = L2 (2p)

and there are tables with these polynomials.

Putting all together, for arbitrary (n,/,m) the
hormalized wave functions are:
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Ryig= 20732 exp(—rfa)

Rap = a2 (1 - 7 = )exp (-ri2a)
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Ry = E;f% g3 (] _ %é + §16 (—2)2) 4éxp (—rl4at)
Ryz= '7753%!3'? a3z (g exp (—r/4a)

Only I1=0 are
nonzero at the
center r=0,
like in the
spherical well.
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Ground state n=1/=0;
exponentially suppressed
at r=a; 0 node

Ryg=2a"3 exp(-rla)

| Excited state n=2

1 ;30 (1 - % - ) exp (-12a) | 1=0; exponentially

" ' ' suppressed at r=2a;
1 node.

Excited state n=3 I=1;
exponentially suppressed
at r=3a; 1 node.
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And as usual, the wave functions
are orthonormal:
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4.2.2: The Spectrum of Hydrogen

Excited State

Emission of photons:
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R= Rydberg constant; formula found
before Sch Eq just empirically.
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Bohr Model for Hydrogen Atom

(measurement in nanometers)
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