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phys. J. 138, 408 (1963); there is some indirect evi-
dence that about 80% of the interstellar hydrogen is
molecular.
%A. G. W. Cameron, Astrophys. J. 129, 676 (1959).
100, Schmidt, Bull. Astron. Inst. Neth. 13, 247 (1957).
HNote that, since nearly all the absorbing gas is con-
centrated within 100 parsecs (pc) of the galactic plane,

a location within a few hundred pc of Earth for Sco

X-1 would be quite compatible with the observed ab-

sorption. The distance 2000 pc suggested by the Liver-

more group is, therefore, not implied by their data.
2¢f. J. E. Felten and P. Morrison, to be published.

These authors summarize recent data on the diffuse

radiation and discuss its sources.
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The proton g factor is of fundamental impor-
tance in physics and chemistry because of the
proton’s role in nuclear and atomic interactions
as well as its use as an nmr reference standard.
However, in the past all precision determina-
tions of g, have been made by observing pro-
tons in molecules for which appreciable diamag-
netic shielding corrections, typically 26 ppm,
must be made.!™* Since the shielding correc-
tion had to be made with an experimentally un-
tested theory due to Ramsey,® lack of any meth-
od for directly measuring these corrections
has resulted in uncertainty as to the exact val-
ue of the proton g factor. Furthermore, the
g factor of the proton is required to evaluate
the fine-structure constant o from hyperfine
measurements of atomic hydrogen. Consequent-
ly, disagreement® in the values of « inferred
from fine- and hyperfine-structure measure-
ments has sometimes been attributed to an in-
correct g factor of the proton. This Letter
reports a determination of the proton moment
in atomic hydrogen for which the diamagnetic
correction is known to high precision, thus
allowing an absolute determination of g .

The quantity measured in this experiment
is gj(H)/gp(H), the ratio of the electron and
proton g factors in atomic hydrogen. It can
easily be corrected to yield the ratio of the
free-space g factors, gs/gp, and since gy is
known to high precision, the result in turn leads
to a value for &p- By comparing this result
with previous determinations of gj(H) /gp(Hgo),
where gp(H2O) is the uncorrected proton g fac-
tor as measured in water, the experimental
value of the magnetic shielding constant, or
chemical shift, for the proton in water is ob-
tained, thus providing for the first time an ab-
solute calibration for nmr spectroscopy. Since

the ratio of the magnetic shielding in H,O to
that in H, has been previously measured exper-
imentally, the magnetic shielding of H, can
be obtained from our result. This result is
particularly significant since H, is the only
molecule for which the entire shielding can
be calculated to high precision. The result
is thus a sensitive test of Ramsey’s theory of
magnetic shielding.®

The determination was made by operating
a hydrogen maser” in an applied magnetic field
of 3500 G. The energy levels are shown in
Fig. 1. The electron spin-flip transition, marked
a, was observed by amplification, and the tran-
sition b, corresponding to proton spin flip,
was simultaneously observed by double reso-
nance. A schematic diagram of the apparatus
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FIG. 1. Energy diagram of atomic hydrogen in the
ground state.
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is shown in Fig. 2. The source and state se-
lector are of conventional design. The Teflon-
lined storage bulb, 2 cm in diam, is centered

in an X-band cavity in the field of a permanent
magnet. The observed electron radiation life-
time is 2.5 msec, although the geometrical
lifetime is 10 msec. The additional damping

is due to magnetic-field inhomogeneities. These
are to a large extent averaged by the motion

of the atoms. Nevertheless, the requirements
on field homogeneity are stringent; the frac-
tional rms field deviation over the bulb is cal-
culated to be 2x1077 on the basis of the observed
decay rate. Since the fractional width of the
electron line is small, typically 1.4x1078,

the magnet must also satisfy stringent stabil-
ity requirements. The observed drift rate is
under 1078 /min.

The quantity g5 (H) has not heretofore been
measured because the interaction of the pro-
ton with the electron is considerably larger
than its interaction with the externally applied
magnetic fields. Consequently, even at a field
of 3500 G the proton transition frequency must
be determined roughly 40 times more precise-
ly than the final value of gj/gp' This would
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FIG. 2. Schematic diagram of the hydrogen maser
used for determining gj(H)/gp(H).
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be prohibitive without the narrow resonance
lines produced by the hydrogen maser, typical-
ly 60 cps for the proton transition and 130 cps
for the electron transition, as contrasted to
20000 cps for the electron transition by epr
methods.

In this determination, the electron transition
was pulsed and the free precession observed
on an oscilloscope using a 3-kc/sec bandwidth.
An applied signal at the proton transition fre-
quency was then adjusted to quench the tail of
the decay curve. In spite of the relatively crude
detection method adopted for this initial deter-
mination, the experiment was sufficiently sen-
sitive to yield a value of gj(H) /gp(H)‘ with a frac-
tional uncertainty of 3x10~7, This uncertain-
ty represents the standard deviation of a sin-
gle determination. The result is

gj(H)/gp(H) =658.210 49(20),

where the number in parentheses is the uncer-
tainty in the last place.

Both gj(H) and gp(H) must be corrected to
obtain their free-space values. The bound-elec-
tron g factor differs from g¢ by the relativis-
tic correction, g;=gs(1-a®/3). The proton g
factor can be corrected for diamagnetic shield-
ing by the Lamb theory® giving gp(H) :gp(l—a2/3).
Thus we have

gs/gp =gj(H)/gp(H) =658.210 49(20).

Using Wilkinson and Crane’s® value, g /2
=1.001159 62(3), we obtain for the ratio of the
proton magnetic moment to twice the Bohr mag-
neton

gp =0.003 042 065 2(9).
By comparing the present result with Lambe’s
value*
gj(H)/gp(HZO) =658.21591(4),
the following difference between the shielding

constants for water and atomic hydrogen is
obtained:

o(H,0) —o(H) = 8.23(30) Xx10~°,

Since o(H) =4a%2=17.75%107°, this yields
o(H,0) =25.98(30) X105,

By utilizing the known difference of proton shield-
ing in water and H,,'®!! Ac=0.45(50) X108,
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we obtain

o(H,) =26.43(60) X105,

This is in good agreement with the theoretical
value of Ramsey®’*? for H,,

G(Hz)theor

=26.2(4) X108,

Our determination thus corroborates the pres-
ently accepted values of the shielding constant
for protons in H, gas and water. We anticipate
that the precision of the experiment will be
substantially improved and thus serve to check
details of shielding calculations to which no
experiment has so far been sensitive. Even
at the present level of accuracy, however, the
result eliminates the possibility of an error
in the proton moment as an explanation for the
discrepancy in the fine-structure constant as
obtained from fine- and hyperfine-structure
measurements.
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SCATTERING OF POSITRONS AND ELECTRONS FROM PROTONS*
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We wish to report some results from an ex-
periment which compares the scattering of
1200-Mev positrons and electrons from pro-
tons. The beams of positrons and electrons
were obtained from the electron pairs produced
by the photon beam from the Cornell synchro-
tron operating at 1400 MeV. A five-magnet
system served to analyze the electrons or pos-
itrons into a beam whose spread in momentum
was ten percent and to transport the particles
to a location suitable for performing the scat-
tering experiment. The electron intensity was
measured by a Quantameter! and was approxi-
mately 10% sec™!, about one-tenth the maximum
beam.

A schematic plan of the experiment is shown
in Fig. 1. The electrons passed through a cyl-
indrical liquid-hydrogen target, 45 cm long and
and 3.2 cm diam. The target had double walls
of 0.25-mm stainless steel and double entrance
and exit windows of 0.025-mm stainless steel.
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FIG. 1. Schematic plan of the detection equipment.
The spark chambers are triggered on any one of the
coincidences LSLUC LRSRD, LSLDCLRSRU,
RSRUCRLS1 D, and RSRPCRrLs;U.
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