
ing] into an ordinary particle . . . ," I focus 
on a proposed experiment using a "Stern- 
Gerlach (SG) apparatus" (1). 

"[Tlhe SG experiment epitomizes the 
quantum mechanical description of micro- 
scopic phenomena" (2). The famous SG ex- 
~eriment featured a beam of mametic atoms " 

(spin 112) running through a transverse, in- 
homogeneous magnetic field, resulting in the 
splitting of the beam into two components. 
When the field inhomogeneity is sufficiently 
strong that the two emerging components do 
not overlap, one has made a measurement of 
the transverse component of magnetic mo- 
ment. With weakening field gradient, from 
the onset of overlap to undetectable broaden- 
ing of the beam width, there is no act of 
measurement. 

Consider feeding a single beam from one 
SG apparatus into a second one that has the 
direction of the inhomogeneity rotated by 
the angle 0 relative to the first one. Geomet- 
rical intuition correctly suggests that the 
average spin emerging from the second ap- 
paratus is provided by projection of the 
initial output, as expressed by the factor 
cos0. Then the fractions that emerge in the 
two beams are 

and 

1 1 2  
- (1 - cos0) = (sin i 0) 
2 

These fractions are consistently inter- 
changed when the directions of the beams 
are interchanged through the substitution 
0 + + ~  -0. 

One sees the emergence of fractions- 
probabilities-as squares of more funda- 
mental quantities: probability amplitudes. I 
use this designation, rather than "wave" or 
wave function, because the latter invite 
misleading analogies with classical waves 
and classical determinism. In contrast. 
probability amplitude makes no reference to 
individual acts, which are generally unpre- 
dictable, but recognizes that microscopic 
phenomena are statistically predictable. 

According to Freedman's account, in the 
proposed SG experiment, the inhomogene- 
ity of the transverse "magnetic field is kept 
weak." I interpret this to mean that no SG 
measurement is performed, but a detectable 
broadening of the beam can occur. Then 
comes the new ingredient: a strong homoge- 
neous field along a different direction. That 
certainly acts to suppress the effect of the 
inhomogeneous field, conceivably to the 
point that no beam broadening remains. Yet 
the claim is made that a slight deflection of 
the whole beam should be observable. I 
prefer to leave that as a moot point, because 
it is irrelevant. 

Omitted from this description is a much 
more important phenomenon: the longitu- 
dinal SG effect (2). When a magnetic atom 
enters a region of homogeneous magnetic 
field, thereby acquiring an additional posi- 
tive, or negative, potential energy, its ki- 
netic energy correspondingly decreases, or 
increases, to maintain the total energy. 

This slowing down, or speeding up, of 
individual atoms produces a splitting of 
the beam in time, rather than space. A 
magnetic moment measurement is realized - 
when the ratio of magnetic energy to 
kinetic energy is sufficiently large that no 
overlap of the outgoing beams occurs. The 
extreme example appears when one type of 
atom is brought to rest and sent into 
retreat, while the second type emerges 
from the other side. Here. indeed. is the 
ultimate clash between the two concepts. 
Tenets anyone? 

Julian Schwinger 
University of California, 

405 Hilgard Avenue, 
Los Angeles, CA 90024 
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Response: Schwinger's disagreement with 
Freedman's article in the preceding letter 
is irrelevant to the proposed "protective" 
Stern-Gerlach (SG) experiment (1). The 
inhomogeneous magnetic field here is the 
Stern-Gerlach field with the usual 
strength, and not a weak field such that 
"no SG measurement is performed," as 
stated by Schwinger. This ordinarily splits 
the wave function of a neutral spin-112 
atom into two wave functions with oppo- 
site spins. But if the spin state is "pro- 
tected" by a homogeneous magnetic field 
(which is large compared with the inhomo- 
geneous magnetic field) in the unknown 
direction of the spin, then the wave func- 
tion would not split. Even though the 
inhomogeneous field is small com~ared " 

with the homogeneous field, it is large 
enough to cause a shift in the position of 
the center of mass of the particle, which is 
larger than its quantum spread. By observ- 
ing this shift for three such experiments, 
one can determine the spin state for a 
single particle, instead of having to use an 
ensemble. 

We also studied (1) the longitudinal SG 
experiment that Schwinger mentions. Here 
also when the spin state is protected the wave 
function does not split, as ordinarily happens. 
By observing the displacements of the wave 
packet for three such experiments, one can 
reconstruct the spin state. In both experi- 
ments the spin state would be determined in a 
nonstatistical way for a single particle. 

These proposed experiments are special 
cases of a general scheme to measure the wave 

u 

function of a single particle "protectively," as 
shown (1). And this is allowed by the laws of 
quantum theory. But it provides a new mean- 
ing to the wave function that seems to go 
beyond the usual meaning of the "probability 
amplitude" used by Schwinger. 

Y. Aharonov 
J. Anandan 
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Security of E-Mail 

Users of e-mail as well as publishers of 
articles or data in bulletin boards should 
be aware that the information they are 
transmitting is not secure. This can affect. - 
indeed destroy for most of the countries of 
the world. the rights of the transmitter " 

(and of the transmitter's employer) to 
obtain patent protection. Indeed, the 
transmitter, if transmitting without the 
knowing consent of the employer to the 
specific information being transmitted (as 
for any publication), may be breaching 
provisions that appear in a great number of 
employment contracts. This is true of 
university employment contracts to a 
somewhat lesser extent than industry em- 
ployment contracts. The e-mail user may 
not be risking as much as the bulletin 
board user because an e-mail message, 
while it is no doubt stored at least temDo- 
rarily at each station from which it is 
forwarded, mav not be accessible to the , , 

public. However, there have been no de- 
cisions of which I am aware in any country 
on this point. 

Hubert E. Dubb 
Chair, 

Committee on Patents and Related Matters, 
American Chemical Society, 

C/O Four Embarcadero Center, Suite 400, 
Sun Francisco, CA 941 1 1-41 56 

Corrections and Clarifications 

In Robert K. Englund's review of Before Writing 
by Denise Schmandt-Besserat (University 
of Texas Press, Austin, 1992) in the 11 
June issue (p. 1670), two cuneiform charac- 
ters in columns 1 and 2 on page 1671 were 
misrepresented. The correct characters are as 
follows. 
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