" 10!7. The Paschen-Back Effect.—In deriving the interaction energy

Jbetween an atom containing one single valence electron and an external
_/ magnetic field, it was assumed that the field was weak as compared
with the internal fields due to the spin and orbital motion of the elec-
tron. When the external field becomes greater than these internal
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Fie. 10.11 —Space—quantization diagrams for p and d electrons in n strong magnetic field,
Paschen-Back efioot.

Quantized separately and precess more or less independently around H

(see Fig. 10.10). This is the Paschen-Back effect.! o
The quantum conditions in a strong Paschen-Back field are: (l

0 The Projection of I* on H takes integral values from mg.= -+ltom —-‘ -“:
§ The projection of s* on I takes one of the two values m, = 1}, ¢

‘ v
Pascren, F., and E: Back, Ann, d. Phys., 88, 897, 1912; 40, 960, 1913,
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{ these two energies accounts for the main energy shift

The sum o0
from the unperturbed energy level and is
h
AWy = (mi + 2m,)H;;m—c.- 3 (10.26)

Dividing by he, the term shift in wave numbers becomes
-~ {

—ATy = (m + 27”,)4}%&5 cm™}, /. (10.27)

-

or in Lorentz units of He/4wmc?,

—ATy = (m; + 2m,)L em™%, (10.28)

i

.To this magnetic energy the small correction term due to the inter
action between [* and s* must be added. Although these two vectors
precess independently around 11, each motion still produces a magneti¢
.ﬁeld at the electron which perturbs the motion of the other. This
interaction energy, though small as compared with that due t0 the
external field, is of the same order of magnitude as the fine-structu’®
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arations in field-free space, which by Eqs. (3.14), (8.18,, and
iven by the I' factor, . , ,

[ = —A;I',,, = gl*s* cogy (I*5%), (10.29)
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In field-free space,.thc angle between I* and 4* is constant and the
cosine term €03 (.l *s*) is casily evaluated. In the present case, however,
the angle 18 continually changing, so that an average value of the cozina
must be caleulated.  From a well-known theorem in trigonometry it
may be shown that with s* and [* precessing independently with fixed
angles arcund a third direction H, :

cos (I*s*) = cos (I*H) - cos (s*H). - (10.31)
Making this substitution in (10.29),
I' = —AT;, = al* cos (I*H)s* cos (s*H). (10.32)
fI'h%e are just the projections of I* and s* on H, so that
E | AT, = amm, = T. (10.33)
Adding this term to Eq. (10.28), the total energy shift becomes
—AT .+ = (my + 2m,)L + amm,. (10.34)

We may now write down a general relation for the term value of any
strong field level,

Temr = To — (m; + 2m,)L_ — amm,, \/(10.35)

where T, is the term value of the hypothetical center of gravity of the
fine-structure doublet.

.8. Paschen-Back Effect of a Principal-series Doublet.—A\s an
xample of the Paschen-Back effect, consider first the calculation of terms
and term separations involved in a principal-series doublet *S;—*P, ;.
The fine-structure separations due to the interaction of I* and s* in
field-free space are given in Col. 2, Table 10.2 (see Fig. 8.9). In the
fiext three columns the weak-field energies are caleulated (see Fig. 10.8).
In the 1agt five columns the strong-field energies are calculated, using
Fa. (10.34), | |
b The values tabulated are shoy
}lr: t:u: undisturbed ﬁne-ﬂt;rup' 1
-¥"‘0bges mwrrx. The weak-field
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