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Phase Shifts in the Molecular Beam Method of Separated Oscillating Fields'

NoRMAN F. RAMSEY AND HENRY B. SILsBEE
Harvard University, Cambridge, 3Eassachgsetts

(Received July 20, 1950)

The effects of phase differences between the two oscillating fields in the separated oscillating fields method
for molecular beam radiofrequency spectroscopy is discussed theoretically. It is shown that measurements
in which the relative phase is changed from 0 to 180 electively double the intensity of the signal and
hence increase the sensitivity of the apparatus. Phase shifts of ~/2 radians give resonances in the form of
dispersion curves. Consequently, measurements in which the phase is changed from +8 to —ltd, where b

is near 90', give particularly sensitive means of determining the resonance frequency.

' 'N Ramsey's' original paper on the molecular beam
~ ~ resonance method with separated oscillating fields,
the only case considered was that in which the two
oscillating 6elds were in the same phase. However, if
the second 6eld leads the 6rst by a phase angle 8 the
6rst part of the earlier paper' must be modi6ed by the
replacement of co(r+T) by a&(r+T)+b in Eqs. (8e)
and (8f). As a result, the XT in Eq (12). is replaced

by XT—b and the probability for transition from
state P to state q is

AP„, ,=4 sin'8 sin'2Aar[cos-', (XT—b) cos-,'ar
—cos8 sin-', (X2"—b) sin-,'arj', (1)

where 7 is the length of time the molecule is in each of
the oscillating 6eld regions, T is the length of time in
the intermediate regions, Abc'"' is the perturbation
inducing the transition, and the remaining quantities
are de6ned by

a= L(~,—~) y(2b)q&, ~,=(W,—W,)/I,
(2)

cose= (~,—~)/a, sine= 2b/a,

The interesting limit for (1) is that near resonance
where

~
coo —a&

~
is much less than 2b, in which case

AP„, ,= sin'2br cos'2 (X2'—b).

This expression may be averaged over the molecular
velocities with the usual molecular beam weighting
factor to yield

p2bl~
(AP, , ,) „=2, exp( —y') yA sin'~ —

I

&0 Eny)

t' XL bq
Xcos'~ ——

~dy, (5)
&2ny 2)

where y is the molecular velocity divided by the most
probable velocity n= (2kT/m) & while f is the length of
each oscillating 6eld region and I is the length of the
intermediate region.

The numerical work of evaluating (5) can be much
simpli6ed by the use of trigonometric expansions to
reduce it to a sum of terms involving only the two
integral functions,
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I(x) =

) exp( —y') y' cos(x/y)dy,

E(x) = t exp( —y') y' sin(x/y)dy.

(6)

g 04

03

0 02z

I
d 01

0

0 tz

z 02
n

I 1

4 -3 2 0 I j $4
tlAo lJ &L/aC

FIG. 1. Theoretical change in transition probability on removing
180' phase shift.

*This work was partially supported by the joint program of
the ONE and ABC.

1N. F. Ramsey, Phys. Rev. 78, 695 (1950).

With this notation, (5) becomes

(AP„, ,)A, = -', ——',I(4bl/n)+ cosbLAI(XL/n)

I(4bl/ +XL/ ) ,'—I(4bl/ yZ./ )j———
+sinbL-,'E(XL/n) —-',E(4bl/n+ XL/n)

+AE(4bl/n XL/n) $ (8)— .

The functions I(x) and E(x) have been tabulated by
Kruse and Ramsey' and may be used to evaluate the
transition probability.

The value of (8) depends not only on b and X but also
on 2M/n. As discussed in the previous paper, ' the most
suitable value of 2bf/n for many purposes is 0.600m;

' U. E. Kruse and N. F. Ramsey, J.Math. Phys. 30, 40 (1951).
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FIG. 2. Experimental change in beam intens'
h hift itho th D ior o- 2 in zeroth rotational state.
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Fio. 3. eoretical change in transition rin ransition probability on reversing
p ase shift.
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