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T6B.5: According to Eq. T6.32 the energy levels of the orbitting electron in the H-atom are given by:
—13.6 eV

n2

where n = 1 is the ground state and n = 2 is the first excited state. So AE = —13.6/4+13.6 = 10.2 eV.
Pr(E: —10.2-1.6022 x 10719
r(E2) — o~ AB/KT _ exp( X

E, =

=3.88x107°
Pr(E)) 1.3807 x 10-23 - 9500 ) x

where I've used the conversion factor: 1.6022 x 1071 J/eV. As discussed on p. 107 there are actually
four n = 2 states (2s, 2ps, 2py, 2p-), each one of which would have the above probability, so the total
probability of all n = 2 states is 4 x 3.88 x 107% = 1.55 x 10~® FYI: this fraction is small but quite
measureable—about 3000x the similar fraction in the Sun.

T6S.4: Note: S =kIn(Q) =k(NInV + 2N InU + constant)

SNk
l _ @Zkaan:§Nkaan:2
T oUu oUu 2 oUu U
3
U = §NkT

T6S.7: E, = lhw (n+ 3), forn=0,1,2....

Z = exp(—En/kT) = exp(—hw/2kT) > exp(—hwn/kT)
n=0

n=0

This series can actually be exactly summed as it is geometric: define r = exp(—hw/kT), then:

B — . T 1 1 2 1 1
Z= ﬁ;’“ T1-r I\i— 2 exp(+hw/2kT) — exp(—hw/2KT) 2 sinh(hw/2kT)

T’ll take “room temperature” to be 20°C = 293 K, in which case:

1.0546 x 1034 . 3 % 104
hew /KT = — 7.8207
w/ 1.3807 x 10-23 - 293

e—En/kT

Pr(E,) = T:e—En/’fT-(zsinh(hw/sz))
Pr(Ey) = e 578297 (25inh(7.8207/2)) = 0.9995986
Pr(E)) = e 178207 (94inh(7.8207/2)) = 0.0004012
Pr(Ey) e 2578207 (94inh(7.8207/2)) = 1.61 x 1077

Note: approximation of Z by adding three terms:

1 1
Z = = =2.00415 x 1072
2 sinh(fw/2kT)  2sinh(7.8207/2) .

Vi) e where: 7 = exp(—hw/kT) = exp(—7.8207) = 00040134
n=0

%

2.00335 x 1072 (1 4 .00040134 + 1.61 x 10~7) = 2.00335 x 10~2 (1.00040150) = 2.00415 x 102



Boltzmann_Factor.problems.txt

A. The Boltzmann factor is:
& — o—ABE/KT

No
For HCI:
ﬁ _ 37-1.6022 x 1071° 144
kT 1.3807 x 1023 . 298
% =e M1 =553%x1077
For I:

AE  .027-1.6022 x 107"
kKT~ 1.3807 x 10—23 - 298
Ny
No

Only I, is vibrationally excited so (at this temperature) only it would have additions to f for vibrations.

=1.05

=e 195 =0.349



