










8 y.(B ----'>X) have opposite signs, as in eq 15, the 
strength from the upper state is ordinarily de­
creased, but this is not necessarily true. 

When there are tln'ee or more states of the same 
M value, e. g., M~I, the computation takes a 
more complex form, of which the above is a 
special case. As an illustration of the method, 
let us compute the perturbed intensities 8~ (1" ----'>2), 
8~ (1"----'>1), 8 ;: (1" ----'>0), which are interesting 
because their values in table 5 differ so strik­
ingly from the unpertmbed values of table 7. 

Using the elements of the determinant eq 5 as 
coefficients, with the value of }. corresponding to 
I" (}. = 0.172 from eq 7), we form the set of homo­
geneous linear equations 

(1.667 - 0.172 )a+ 0.596j3= 0, 

)i 0.596a+ (0.911 - 0.172) j3+ 0.67l-y = 0, (16) 

0.67113+ (1.072- 0.172h= 0. 

These equations are to be solved for a, 13, "I sub­
j ect to the normalization condition a2+ 132+ "12= 1. 
The first equation of eq 16 gives a = - 0.39913; 
the third gives "1=-0.74613. Whence a2+ j32+y2 
= (0.159+ 1+ 0.557)132= 1, so 13 = 0.763. It does 
not matter whether 113 is called + or -, but the 
relative signs of a, 13, "I are important. Then 

a=-0.304 

13=+ 0.763 

"1=-0.569 

(17) 

The second of the above homogeneous equations 
has not been used and will serve as a check 

From the way in which eq 16 were formed from 
eq 4, it is seen that a, 13, "I are associated respec­
tivelywith the unperturbed sp~, sp~, sP1, i. e., with 
the unperturbed states 1, 1' , I". Quantum­
mechanically, they are the coefficients in the wave 
function of the perturbed state I" when expre~sed 
in terms of the unperturbed states 1, ]', I". 
The perturbed value of 8~ (1" ----'>X) from the 
perturbed state I" to anyone of the states X of 5S2 

is then given in terms of the unperturbed values 

8~p( 1 ----'>X), 8~v (1' ----'>X), 8~p (1" ---7X ) 

by using these cocfficients in the simple relation 

8': (I" ----'>X) = a8~p (I ----'>X) + 
p8~v (1'----'>.A) + 'Y8~p (1"----'>X). (18) 
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Thus, using the values of a, 13, "I of eq 17 and the 
unperturbed values of 8~p r ead from table 6, we 
obtain 

8 ;: (1"----'>2)= 
- 0.304 (2.83) + 0.763 (6.32) - 0.569 (8 .49) = - 0.9 

8 ;: (1"----,> 1) = 
- 0.304 (11 .31) + 0.763(6.32)- 0.569 (-8.49)= 6.2 

8~(1"----'> 0)= 
-0.304(-6.93) + 0.763 (7.75) - 0.569(-3.46)= 10.0 

as entered in table 5. These values are strikingly 
different from the unperturbed values 8.5, 8.5, 3.5, 
but in striking agreement with the observational 
estimates 1, 7, 10. 

Two similar computations, on replacing the 
0.172 in eq 16 by 1.356 and 2.121 successively 
(eq 7) , will give the perturbed components 
1'----'>2, 1'----'> 1, 1'----'> 0, and 1----'>2, 1----'> 1, 1----'>0, respec­
tively. A check is furnished by the fact that the 
sum of the strengths of the components that get 
mixed up must be lillchanged by perturbation. 
Thus, e. g., 

81>(1 ----,>2) + 8 1>(1'----,>2)+8 1>( 1" ----'>2)= 
8 un1>(1----'>2) + 8 Ilnz,( I' ----,>2) + 8 Ilnp( I ----'>2) , 

or from tables 5 and 7: 

(8.8)2+ (6.5)2+ (0.9)2= 
(2.8)2+ (6.3)2+ (8.5)2, or 120= 120. 

Computations similar to the above give the 
strengths of components from 0, 0' , 0" and - 1, 
- 1' , -I". 

It should be pointed out that the method of 
computation sketched in this section needs no 
alteration whatsoever, except for reversing the 
arrows, if the combining term (5S in this case) 
happens to lie above the perturbed term rather 
than below, as here. The strengths in the case 
in which both terms have Paschen-Back pertur­
bations would be solved in two stages as follows : 
Start with the table similar to table 7 enlarged, 
which gives unperturbed values of 8 Y.. Then 
apply exactly the above procedure to introduce 
the perturbation into the term on the left of the 
table, leaving the term on the top in its unper­
turbed condition, to get a new table. (R emember 
to keep signs.) As a second stage, introduce the 
perturbation into the term at the top, working 
with the new table in which the term at the left 
is already perturbed, to get a final table in which 
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both terms are perturbed. This two-stage pro­
cedure is equivalent to multiplication of the 
original table, considered as a matrix, in front by 
one matrix and behind by another. This matrix 
scheme makes it easier to keep track of the 
arithmetic, but does not involve less or different 
arithmetic from that in the above procedure. 

VIII . Weak Paschen-Back Interaction in 
N r 

The g-values given for the quartet terms of 
N I in table 4 were obtained by a procedure similar 
to that sketched above for 0 1. Although the 
Paschen-Back perturbations in N I are much less 
than those in 0 I (see fig. 1), yet they must be 
taken into account in determining g-values from 
the experimental data if full accuracy in deter­
mining them is to be realized. In the case of 
N I, the whole group of Zeeman components 
arising from transitions between the upper levels 
2p2 3p 4S~ ).> , 4P~).> , 4p~% , 4P~).> and the lower levels 
2p2 38 4P 2 ).> , 4P 1 ).> , 4Po).> were fitted into a rectangular 
array from which values of the energies in the 
magnetic field were derived for all the upper and 
lower states. The array was similar to table 5 or 
6 considerably enlarged. From the energy values, 
the g-values were computed by exactly the pro­
cedure sketched above for the oxygen quintets. 

We can verify that a weak Paschen-Back inter­
action in LS-coupling will account for the small 
positional asymmetries and intensity distortions 
by using the so-called second-order perturbation 
theory [12, p. 34]. 
, According to this approximate theory, every 

pair of states of the same M but differing by one 
unit in J push each other apart by an amount 
equal to 

E 
square of interaction element (eq 1) J2 

distance between states = ~' (18) 

all quantities being expressed in the same units. 
The energy perturbation (eq 18) is to be applied 
to each of the two states, in the repulsive direc­
tion. Where there are more than two interacting 
states, the perturbations of each pair may be 
assumed to act independently. Within the ac­
curacy of eq 18, it does not matter whether the 
perturbed or unperturbed distance is entered in 
the denominator. 
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With regard to S).> , if A is the upper and B the 
lower of two interacting states that combine with 
a state X either above or below, one can show 
from eq 13 that to the same approximation 

S;: (A,X)= S~p (A,X)+ (l/~) S).> (B,X) (19a) 

S;: (B, X)=St~p (B, X)-(I/~) S% (A, X) (19b) 

where I is the interaction element ( eq 1), and ~ 
is the distance between states. In the last term, 
either the perturbed or the unperturbed S).> may 
be used. Where a state is perturbed by two 
others, the changes of S% are additive to this 
approximation. 

Conspicuous among the perturbations of the 
N I 4S-J>4P of figure 1 are the four intervals of the 
six strong a--components of the center line, which 
should be equal in the unperturbed case. The 
observed 4 wavelengths, intensities, and intervals 
for the a--components of this line, 4S1ro---?4P1ro, are 
given in the following array together with (at the 
left) the M-values of the transition to which they 
correspond: 

(1 !-J> !) 7437.728 A (5) 
0.578 A 1 

(!-J>- !) 38.306 (6) 

0502 f ( -!-J>- I!) 38.808 (4) 
(20) 

( !-J> I!) 45.907 (5) 
0.725 

J 
( -!-J> !) 46.632 (6) 

0.585 
(- 1 !-J>- !) 47.217 ( 4) 

We shall use the above formulas to account for 
the interval-perturbations and the small, but 
definite, intensity-distortion exhibited here. As 
the Lorentz unit, when expressed in angstroms, 
differs by only 1 percent over the spread of the 
whole quartet pattern, we shall not change to 
wave numbers but shall use a mean Lorentz unit 
of 2.223 A. We shall express the interaction ele­
ments (eq 1) in angstrom units and work entirely 
in angstroms. These interaction elements con­
necting the states of 4p are 

, The data used in this section for illustrating the approximate theory of 
weak Paschen~ Back interaction are obtained from the one plate reproduced 
in figure 1. These data do not agree exactly with those given in tahle 2, which 
represent the means of measurement of three plates. 
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M= ±l~; 1= 0.490 L.U. = 1.09A 

4P2}>, 4Pl }> 

M = ± ~:I= 0.600L.U.= 1.33A (21) 

4Pl }> ,4P}> M=± ~: 1= 0.745 L.U. = 1.66A 

The distances between states of 4p needed in 
the denominator of eq 18 can be obtained with 
sufficient accuracy by taking the wavelength dif­
ferences between components coming from the 
same state of 4S. These distances are 

M= I! 
2 

1 
M= "2 

1 M = - -
2 

A= 25.7 A 

25.9 

26.2 

M=-l~: 26.5 

A= 17.8 A (22) 

19.9 

The quartet is erect. The state 4Pl~ has been 
pushed down by (1.09)2/25.7= 0.046 A by 4P~~ 
lying ahove. Similarly 4Pl~}> has been pushed 
down by (1.09) 2/26.5 = 0.045 A. The states 4p "J.~ 
have suffered a net upward push, because the 4p}> 
states below are closer and have larger interaction 
elements than the 4P2}> states above. The net 
shift upward of 4Pi'H is (1.66)2/17.8- (1.33)2/25.9 
=0.087 A. The net shift upward of 4P~H is 
(1.66)2/19.9- (1.33) 2/26.2 = 0.072 A. 

M = l rf M =rf 

M = 2rf - 10 

1rf + 11 - 6 

rf + 2 + 12 
'P2}> 

- rf + 4 

- l rf 

- 2rf 

M = l rf + 11 + 5 

rf + 5 +0 
4P1}> 

->f + 6 

- l rf 

'P}> M =rf + 6 -6}'2 

_ 1, + 2 
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When these Paschen-Back perturbations are 
removed from the wavelengths (eq 20) , we find 
the unperturbed wavelengths and intervals 

(n~---7 %) 7437.728 - 0.087 = 7437.641 
0.593 

O~---7- ~~ ) 38 .306-0.072= 38.234 
0.619 

(- ~~---7-nD 38.808+ 0.045 = 38.853 

O~---7 1%) 45.907 + 0.046 = 45.953 
0.592 

(- %---7 ~~ ) 46.632 - 0.087 = 46.545 
0.600 

( - n 6---7- ~D 47.217-0.072= 47.145 
(23) 

The unequal intervals of eq 20 are seen to become 
quite equal within observational error when the 
Paschen-Back perturbation is removed. The 
asymmetries of po ition of the rest of the patterns 
are similarly accounted for by this theory. 

In an unperturbed pattern, the six components 
of eq 20 should have values of 8 H approximately in 
the ratio 5:6:5:5:6:5 (from 10), with four com­
ponents of equal intensity. We attempt to 
account for the inequality of these four com­
ponents, as well as for the intensity-asymmetries 
in the balance of the pattern. The observed 
estimated intensities, to which have been attached 
the proper signs for the unperturbed 8 H taken 
from eq 8 and eq 10, are 

'SH~ 
M =-rf M =- l rf, 

- 3 

+ 12 - 1 

+ 7 +10 
+ 10 (24) 

+ 6 

- 2 + 4 

+4 - 12 

- 3 

-6 -7 
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We shall compute the last (perturbation) terms 
of eq 19 for each of these components and subtract 
them from the observed values to see if we regain 
a symmetrical pattern. In doing so we shall use 
for the 8 'A of the perturbing component in the 
last term of eq 19 just the observed intensity 
estimate of this component. Thus for 4Slt.--3>4P~~ 
the perturbation is by a state lying higher, so we 
use eq 19b, substituting from eq 21, 22, and 24 
to get 

+ 5=8~ = 8;';',,- (1.09 /25.7)( - 6), 

from which 8;';',,=4.7. When we consider 4S1J 'A--3> 

M= l~ M=~ 

M = 2% - 10 

17'2 10.5 -6. 2 

% 1.7 12.0 
4P 2'A 

-7'2 3. 7 

- 1% 

- 2% 

M= l~ 11.5 4. 7 

~ 4. 5 1. 3 
4P1'A 

-% 5.9 

- 1% 

4P'A M =% 6. 5 - 6.5 

-% 2.5 

Comparison of eq 25 with eq 24 shows that in all 
cases the intensity-perturbation is in the right 
direction and of the right order of magnitude to 
account for the observed asymmetries. This is a 
definite check on the adequacy of this theory in 
connection with these intensity estimates, because 
particular care was taken in the estimates to note 
which of the pair of almost symmetrical com­
ponents was the stronger. In the three cases 
where there was no detectable difference in the 
strength of such a pair, the computed Paschen­
Back perturbation is seen to be 0.1 or less on this 
scale. 
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4Pl~ ' which should have equal unperturbed in­
tensity, there is perturbation both from above and 
below. We use the correction term given by eq 
19b for perturbation by the state above and that 
given by eq 19a for perturbation by the state below. 
Thus for this component, 

+ 4= 8;' = 8;;",,-(1.33/26/2) (-1) + (1.66/19.9) (-7) 

from which 8 ;';',,= 4.5. In a similar way all the 
unperturbed values of 8 'A are computed, and are 
collected in the following table: 

M=- 7~ M=- l~ 

-3. 3 

12. 1 - 1.2 

6.8 10.5 

10 (25) 

6. 1 

- 0.9 4. 5 

4. 3 - 11.6 

- 2.4 

- 6. 2 - 6.7 

IX. Summary 

Spectrograms of the Zeeman patterns of the red 
and infrared lines of various metals show the 
patterns of atmospheric nitrogen and oxygen 
lines as well. The nitrogen multiplets result 
from the term combinations 38 4P-3p 4Do, 
38 4P-3p 4P O, 38 4P- 3p 4S0, and 38 2P- 3p 2P O, 
while those of oxygen result from the combina­
tions 38 5s o-3p 5p and 38 3s o-3p 3P . On spec­
trograms made at the National Bureau of Stand­
ards, with magnetic field strengths of 35,000 
gausses, and on Massachusetts Institute of 
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Technology spectrograms, with fields in excess of 
85,000 gausses, the nitrogen and oxygen patterns 
exhibit various degrees of distortion, both i.n the 
positions and in the intensities of the magnetic 
components. The nitrogen patterns exhibit only 
~light distortion or none at all. With the OA'-ygen 
patterns the case is different: the quintet group, 
at 7771 to 7775 A, shows marked distortion at 
two different fields and bears no resemblance to 
either a weak-field pattern or to a Lorentz triplet; 
the triplet group, at 8446 A, however, shows a 
nearly perfect Lorentz triplet pattern with very 
weak 7r-satellites at the normal triplet separation. 
The interpretation of these patterns has afforded 
an interesting application of quantum theory to 
the elucidation of the-Paschen-Back effect. The 
g-values that we have derived for the energy 
levels of N I and 0 I are the first to be announced 
for neutral atoms of atomic number less than 10, 
neon, and are found to conform, within observa­
ti.onal error, with those required for LS-coupling, 
despite the fact that the term intervals, except 
those of 3p 4Do of N I, do not conform with the 
Lande ratios. 
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