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Consider a gas of hydrogen in equilibrium at room temperature, 7 =~ 293 K.
What is the ratio of the number of atoms in the first excited state to the num-

ber of atoms in the ground state?
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Example 15.4

In hydrogen gas, at what temperature is the ratio of the number of atoms in
the first excited state to the number of atoms in the ground state equal to
1/100; that is, how hot does hydrogen gas have to be for a significant fraction

of the atoms to be in excited states?
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FIGURE 15.3

(a) The energy spectrum of an
electron in a magnetic field, an
example of a two-level system.

(b) Probabilities that the electron is
found in the ground state and in the
excited state, as functions of k7",



Consider a particle with spin half and a magnetic moment g in an external
magnetic field B. Two orientations of the moment with respect to the field are
allowed, corresponding to spin up and spin down. Find the probability that the
moment is aligned with the field, in terms of the temperature 7 and field B.
What is this probability at room temperature (293 K) in a field of B = 1.0'T?
As described in Section 9.6, an electron in an external magnetic field
has two energy states: a ground state with the moment aligned with the field
and a first excited state with the moment anti-aligned with the field. The sep-
aration of the energy levels is € = 2ugB where g is the Bohr magneton.
This is an example of a two-level system, a system with exactly two states, a
ground state and an excited state. A two-level system is one of the few sys-
tems for which it is easy to write down the partition function (15.4) exactly. If
we set the zero of energy at the ground-state energy, then the two levels have
energies 0 and ¢ [see Fig. 15.3(a)], and the partition function becomes

Eje—Ej/kT =1 i e—cﬁcT

The probabilities of the two states are then, according to (15.3)

1 —e/kT 1
Ty A P(E =e) =
e

2 = = =
! (E 0) = e—efkT e+efk?' S |

These two probabilities are plotted in Fig. 15.3(b). The upper curve is the
probability P(E = 0) that the system is in the ground state, with the mag-
netic moment aligned with the field; the lower curve is the probability that
the system is in the excited state. In the high-temperature limit (k7" => g),
both probabilities approach 0.5 and the system is equally likely to be in
either state.

At B = 10T, the energy-level separation is 2uB = (2)(5.79 X
1073 eV/T)(1T) = 1.16 X 107 eV, and the ground-state probability at
T =293K (kT = 0.0252eV) is

1 1 1 _
P(0) = 1 4 /T 1 4 o~2uB/kT — ‘1 + e—(i.mxm—;’f};(omszj = 0.5012

At room temperature, we are in the high-temperature regime (k7' => 2uB)
and the populations of the two levels are almost equal. There is a preference
for the moments to be aligned with the B field, but the degree of alignment
(or polarization) is only about 1 part in 500.
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4.1 * The intensity distribution function /(A,T) for a '
radiating body at absolute temperature T is defined
s0 that the intensity of radiation between wave- Power Fodinle J
lengths A and A + dA is
pe~  area
(intensity between A and A + dA) = I(A,T) dA
This is the power radiated per unit area of the body ¢ S () a0
with wavelengths between A and A + dA. The Planck
distribution function for blackbody radiation is _
= T0)dx
2whe® 1
I(AT) = 5 kgt _ ] (4.28) L= 0 das e AN
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where h is Planck’s constant, ¢ 15 the speed of hght, | Juo
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