





(VII. NUCLEAR MAGNETIC RESONANCE)

B. THE RELATION BETWEEN THE g-FACTORS AND THE LIFETIMES OF
EXCITED STATES OF TWO-ELECTRON ATOMS

If atoms with two electrons outside a closed shell, such as Zn, Cd, or Hg, strictly
obeyed the Russell-Saunders coupling scheme T=L+ 5, the level nsnp3P1 would have
a g-factor of 3/2, and the electric dipole transition between this level and the ground
state would be strictly forbidden. As a matter of fact, because the coupling between the
two electrons is intermediate between L-S and j-j coupling, this transition exists and
the g-factor of the level is slightly less than 3/2.

We can expand the actual wave function for the nominal 3Pl state in terms of a sum
of orthogonal Russell-Saunders wave functions. If the state has a definite configuration,
the summation is restricted to just those states in that configuration which have the same
total angular momentum :f In particular, if our configuration is nsnp and we are inter-
ested in levels with J = 1, our sum will have just two terms: one for the 3F‘1 wave func-
tion, and one for the 1P1 wave function. By expanding the expressions for the
spontaneous radiation transition probability and the g-factor in this way (1), we find

that the g-factor for the nominal 3P1 level is g = 3/2 - 1/2 XZ, where

In this expression, T, is the actual lifetime of the 3P1 level; Ty is the lifetime of the 1P1

1

level; and A, and )\2 are the wavelengths of the corresponding radiation., The g-factor

1
of the lP1 levelisg=1+1/2 <2,

For mercury, the g-factor of the 3P1 level has been measured (2) as 1.4838 £ 6.
Mitchell and Zemansky (3) quote the following values: for the 2537 A line, T is given as
1.08 X 10_7 sec; for the 1849 A line, T, is given as 1.3 X 10'_9 sec or as 1.6 X 10_9 sec.
From the first value of T, We calculate 1.4851 for g; and from the second value,
1.4818. For cadmium, a similar calculation gives a value of 1.4986 of g for the

3
555p P, level,

1
R. F. Lacey
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C. A HIGH-RESOLUTION DISPERSION AND INTENSITY SPECTROGRAPH

The spectrographic study of the hyperfine structure of radioactive atoms makes it
desirable to have a spectrograph that is not only of high resolution and dispersion but
also able to make most efficient use of the available light flux. We have mounted a new
type of spectrograph in the Spectroscopy Laboratory which, with favorably blazed

gratings, and highly reflecting gratings, can gain as much as a factor of 3 in intensity

in comparison with the mounting used at the present time. We shall first describe the
properties of this mounting, which is a single-grating "Ebert" arrangement.
From the grating formula, we have
nl)\
sini; +sinif = a (1)

where \ is the wavelength, n, the order in which the spectrum is observed, a, the

1

Fig. VII-3. Single-grating "Ebert" Fig. VII-4. New high-intensity and disper-
mounting. sion two-grating mounting.

grating spacing; the angles are indicated in Fig. VII-3. By differentiating Eq. 1, and

noting that, for two wavelengths X and X + d\, the angle i1 is the same, we have

nldx

(2)

11! it =
cos 11 d1l = al

Furthermore, since the grating is used almost in autocollimation, sin i'l =~ sin il’ Ye)

that by combining Eqs. 1 and 2 we obtain

_1_ 1 (3)

In our new mounting we have the arrangement shown in Fig. VII-4. Now, at G, we have
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nz)\

ay

= sini, + sin i‘2 (4)

and since we also use G2 almost in autocollimation, we have

nz)\

~ 1 1!
2, ~ 2 sin i} (4a)

Differentiating Eq. 4 yields

nzdx
cos i, di, + cos i} dif = & (5)
Combining Eqgs. 4, 4a, and 5, and noting that cos i2 ~ COS i'z, we obtain
. . .
d1'2 . 2 tan i, _ dlz )
dxn -~ bN dn

Since we use the gratings as closely as possible to the blaze angle (which is approxi-
mately the same for both gratings), from the geometry of Fig. VII-5, we have B = v,

a+B+vy=m and a is constant, so that dp = —-dy, or alternatively

dit = -di (7)

Therefore from Eqgs. 6 and 7, we have

. > . .
d1’2 2 tan 1:2 . d;'l (8)
N X\ dx

and by using Eqs. 3 and 8, we obtain

. . e
d1'2 . 2 tan 1'2 . 2 tan iy 9
dx X\ N

or approximately

N (10)

If we compare Eqgs. 10 and 3, we see that our new two-grating arrangement gives twice
the dispersion of the single-grating mounting for the same focal length of the camera
mirror MZ' The limit of resolution in this two-grating arrangement, exactly as in the
single-grating arrangement, is determined solely by the ruling uniformity of the
gratings and is the same in both cases for gratings of equal quality.

The great advantage with the two gratings is that, for the same linear dispersion in
the focal plane of the spectrograph, we can use half the focal length that is necessary

with a single grating, with the result that air paths are reduced and compactness is
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D. HALL EFFECT IN THE PLASMA OF A LAMP CONTAINING MERCURY
VAPOR IN ARGON

A study has been made of the Hall effect in the plasma of a lamp containing mercury
vapor in argon. The tube was similar to a standard 40-watt fluorescent lamp, but it
had three small probes inserted into the middle section. The first and second probes
were placed diametrically opposite each other, and the third was in line with the sec-
ond, 15.4 cm away from it. When a magnetic field of approximately 10 gauss was
applied perpendicular to the plane of the probes, Hall voltages of several hundred milli-
volts appeared between probes 1 and 2. Considerable difficulty was encountered in
measuring the small voltages because of slow fluctuations in the contact potentials of
the electrodes. In order to avoid this difficulty, the Helmholtz coils that provided the
magnetic field were driven by alternating current. The Hall voltage was then measured
with an ac differential voltmeter. The voltage was not found to be the simple function
of coil frequency and tube current that would be expected. In general, it decreased
with increasing current and fell off rapidly with frequency, but it did not approach a
limiting value as the frequency was lowered, even at frequencies as low as 20 cps.

The usual equations of ambipolar diffusion theory were modified to include the
effect of a transverse magnetic field, and a solution was obtained for rectangular geom-
etry. After applying approximate relations appropriate to the mercury-vapor dis-
charge, we concluded that the voltage produced per unit magnetic field should be one-
half of the value of the electronic drift velocity. If we compare values for the drift
velocity taken from the theory of Waymouth and Bitter (1) with our data, fairly good
agreement is obtained.

H. P. Jolly, Jr.
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