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• For example, consider monatomic gas
– two kinds of energy/motion

• translation and electronic
• Already examined translation, what about Qel

• There is no general (simple) analytic model to describe the 
electronic energy levels and degeneracies of molecules/atoms

• Examine sum

– convenient to write in terms of characteristic temperatures 
for each level

Electronic Energy Mode
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Electronic Energies
• For convenience let lowest elec. energy level have “zero”

elec. energy (θel,0=0)

• For a great majority of atoms
(and molecules) θel,i >few×104K
for i > 1−3

• Example H atom
– state            ;
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Electronic Energies
• Example H atom (con’t)

– so Qel,H≈2 for most T of interest
–

• Example O atom
– 4 outer shell electrons, more complex structure
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Electronic Energies
• Example O atom (con’t)

– low T: 
ground level (i=0) contributes 
most to Qel

– med T (~100-5000K):
1st three levels (i=0−2) have 
most of population

– med. high T:
i=0−2 nearly “saturated” (T>>θi) 
and i=4 nearly unpopulated

8.865000
9.4110,000

8.111000
5.35100
Qel,OT(K)

T
K

T
K

T
K

T
K

Oel eeeeQ
594,48818,224.3266.227

, 535
−−−−

++++≈

0%

20%

40%

60%

80%

100%

100 1000 5000 10000

Temperature (K)

Fr
ac

tio
n 

of
 e

l. 
po

p. i=4
i=3
i=2
i=1
i=0

Q
egf

T
i

i

iθ−

=

T
K

Oel eQ
818,22

, 59
−

+≈
quasi-two level 

electronic model



3

AE/ME 6765Electronic Properties-5

School of Aerospace Engineering

Copyright  © 2009 by Jerry M. Seitzman. All rights reserved.

Electronic Energy: 2-Level Model
• With only two energy levels, we can write

• For total elec. energy we have

– but simpler, (no derivs.)

– for 2-levels
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2-Level Elec.
• Normalized values

• Specific heat initially 0, 
rises, drops back to 0
– why?

• 2-level eel “limited”
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Entropy of Elec. Mode
• From entropy for internal mode (lnN and 1 term 

associated with Str)

• For 2-level model

– for Q~g0 (T<θ1)
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