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X~% =0,

XL4' = 0.

(8)

(9)

The commutators of Xz, XL, are readily evalua-
ted from the expressions (3), (4) as -i times the
corresponding Poisson brackets: they are

[Ru (x), X„(y ) ]=i[(e/Bx")[Xu(x)d'&(x -y)}

('/sy")(&„(y)&"'( -y))], (10)

[&u(x), &f,(y)] = -i&L„u &"'(x -y). (11)

Given arbitrary patch functions f"(x), we may re-
write (3) as

x .f % = ~d x (f g'xs, u +f,rgus

+f",sg~ )«~g„.
We compare this expression with the variation in-
duced in g~s (x), g~s'(x) gys (x) = ( gxs, u
+a" ~gus+au sou ), by an arbitrary infinitesi-
mal variation of the coordinates, x'u=xu+au (x). It
is clear that ~ (x) is just the set of infinitesimal
generators of the group of general coordinate
transformations on the potentials g~~. Equation
(10) exhibits the structure constants of this
group; Eq. (11) merely expresses the fact
that KL is a scalar density. The conditions (8)
now tell us that 4 is a functional of those com-
binations of the g~~ which are invariant under
general coordinate. transformations, that is, of
the three eigenvalues of the Riemann tensor
R"'~~ at all points of the manifold.

The remaining problem, which will not be
discussed here, is to use the last condition (9) to
eliminate a further degree of freedom. The two
remaining invariants of R"'&z, on which 4 will
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When these conditions are required not merely
to be valid on one hypersurface x'= constant but
to remain valid as 4 develops with time (we are
using a Schrtkiinger picture), they give rise to
two sets of conditions on 4, which turn out to
be formally identical with the Q- and y -equa-
tions, respectively, of Dirac's formalism.
Moreover, the Hamiltonian derived from the
modified Lagrangian is just the expression (2).

Thus, after applying to 0 the unitary trans-
formation which is the quantum-mechanical
equivalent to Dirac's canonical transformation
and making the substitution m""(x )=i&/&gpq(xa),
we get as the primary conditions [see Eq. (1)]

(e/Sg„0)e= 0, (7)

of which the solution is 4 = 4(g~s).
We now consider the secondary conditions

then depend, will correspond to the two inde-
pendent states of polarization of a graviton.
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In a cyclotron, protons are produced by ion-
izing hydrogen atoms in the center of the magnet
that is in a strong field where the electron spin
S and the proton spin I are uncoupled. The com-
ponent Iz of the proton spin along the field i.s
then a good quantum number and it is generally
assumed that it is left unchanged in the process
of ionization of the hydrogen atoms. If these
atoms arrive in the ionizing region in states
where Iz has one value only, say + —,', completely
polarized protons could be available for accele-
ration.

The variation of the four energy levels of a
hydrogen atom as a function of the applied field
is represented in Fig. 1.

It is relatively easy to separate in an incoming
beam of unpolarized hydrogen atoms by a Stern-
Gerlach experiment those in states a and 5 from
those in states c and d, because of the large
difference in magnetic moment between the two
groups of states. The further separation by the
same method of the states a and b, necessary if
atoms with Iz =

& only, are tobe selected, al-
though feasible, is far more difficult.

In the present proposal, once a beam of atoms
distributed with equal populations between the
states a and b has been prepared by a Stern-
Gerlach device, a11. the atoms in the state 5 are
transferred into the state d by means of a radio-
frequency field Hy cosset parallel to the field IIp,
by the adiabatic passage method. ' All proton
spins are then in the state Iz = —,'.

The matrix element for the transition is

A cosset =2PH, ( 5 i Sold) cosset

=MPH, EW[hW'+(2PHO)'] ~ coscot, (1)
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of length M, with the condition y'H, '(in) &a&&y'H, '
(out). Transposed to the real system, these
conditions become

d (E~ Eg g(Ef, E )

dt 5 Ex'' dt

FIG. 1. Energy levels of a hydrogen atom in an
applied magnetic field.

where dx/dt is the mean velocity of hydrogen
atoms of the order of 2 X10'cm/sec;

(2) h&u = h(Ey - Ed)/l »PH, /8. '

The choice of the frequency m and thus of the
field Ho, such that Ey(HO) - Ed(HO) = R&u is a com-
promise between the necessity to minimize the
influence of stray fields from the cyclotron and
to keep an appreciable value for the matrix ele-
ment (5 AS& ld); &u = 2400 Mc/sec seems to be
reasonable. The length ~ being of the same
order as the radio-frequency wave length A. =12
cm, if one chooses bv - ~/100 the two inequality
conditions (1) and (2) will be satisfied with H,
= 1 gauss.

If the populations of the states b and d were
equalized rather than interchanged by the rf
field, the resulting proton polarization (Iz)/I
would only be &.

~F. Bloch, Phys. Rev. 70, 460 (1946).

where P is a Bohr magneton and b.Wthe zero-
fieM splitting. A will have an appreciable value
except if 2/HO» b, W.

The behavior of a system with two energy
levels Eb and Eg perturbed by a Hamiltonianre,
such that (& ~&&ld) =A cos&uf with e in the vicinity
of (Ey- Ed)/I can be described as that of a
fictitious spin E= & with a gyromagnetic ratio
y', placed in a dc field H~' perpendicular to a
rotating field of amplitude H, ', those quantities
being defined through

y Ho ——(do) y H~ ——A/2. (2)

The interchange of the populations between the
states b and d corresponds to the reversal of
the polarization E of the fictitious spin E. The
conditions for that reversal are'

dHO'/dt «y'H, ",
(2) ~, ' = H, '(in) - H, '(out)»H„

where H, '(in) and H, '(out) are the values of the
fictitious dc field Ho' crossed by the spin E upon
entering and leaving the radio-frequency region
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The use of a volume of emulsion in the dual
role of scatterer and detector (with the attendant
large available solid angle and high angular re-
solution) appears to contain some unique features
as a method for measuring the polarization of
high-energy protons. We have in mind especial-
ly situations in which the proton beams are of
low intensity, and/or in which the beam shape is
unfavorable or poorly known; for example, the
measurement of proton polarization in n-p scat-
tering, photoproduction and photodisintegration
reactions, etc.

Grigor'ev' has observed polarization in the


