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whenever (*4)k. < (ti+1)k. for any i
(2b)

and all K, are the same (2c)

As an illustration, consider the fol-
lowing. The Bo means the appearance
of monoenergetic protons at the point
x at (tu)k, all of the protons travel in
vacuum until they hit a counter at
point y at (t1)k, at (t>)1; protons with
the same energy are emitted at point y
whenever protons hit the counter at
(£,),., but not otherwise, and, finally
the protons travel in vacuum until
at (f.Ou t n e y r e a c h point x. This is
a perfectly consistent way of specify-
ing boundary conditions in usual
physics, provided that all (/,)k <
(fi + 1 ) . If, however, this condition is
violated, for example, if (t>)1; > (t.A)k,
then the above set of boundary con-
ditions are no longer necessarily all
compatible with each other. In par-
ticular, if f:) = ta, then they are cer-
tainly incompatible, because B,, states
that at x all protons travel towards y,
at tH, while Bs states that they travel
in the opposite direction at ts = t0,

Equation 2 can immediately be gen-
eralized, remembering that whenever
all signals and coordinate frames travel
with velocities less than c with respect
to each other, the time order of any
causally connected two events is not
interchanged by Lorentz transforma-
tions: if (*<)„ < (ti + 1)k then (*j)k'
< î + i)u' where K and K' are any two
rest frames of observers or particles.
In other words, if none of the veloci-
ties is superluminal, then condition 2c
can be dropped, and the frames K,
may be all different; 2b alone will in-
sure that 2a holds.

It is important to keep in mind that
2a can not be dropped in general if
some particles have superluminal ve-
locities. This is so, because then it
may happen that (*,-)k < (*, + i)k but
(fi)k' > (*,-+i)k' if K and K' are
two suitably chosen frames, even if
the events at t{ and ti+1 are causally
connected. Therefore, the usual pro-
cedures of specifying boundary condi-
tions do not guarantee that these con-
ditions are all compatible with each
other, unless condition 2c is valid. An
analysis of the unusual paradoxes
quoted in connection with tachyons
shows that all of them arise because
the boundary conditions were given in
various frames in a manner that satis-
fies condition 2b, but in violation of
2c. That such a procedure does not

lead to a self-consistent solution, that
is, that condition 2a is not valid, is, in
view of what was said above, not
surprising. However, while these
paradoxes do not at all demonstrate
the logical inconsistency of a theory
that permits the existence of tachyons,
they do clearly illustrate that boundary
conditions have to be given with care.

Independently of whether tachyons
exist, the principle of retarded causal-
ity may prove to be too narrow to
describe nature on the deepest level,
The possibility in a more general
theory (based on full causality) of
defining and discussing the "velocity
of time," the possibility of closing
causal chains, and of changing the
singularity structure of scattering am-
plitudes, to mention just a few, appear
to indicate this. During the last cen-
tury many geometers believed that
Euclidean geometry was the only
logically possible one. Today more
general geometries are widely ac-
cepted. I believe that, quite simi-
larly, retarded causality, which is al-
most universally believed today, will
prove to have been merely a hangup
with which many of us were inflicted,
and that the time is not far away when
a more'general causality will be ac-
cepted as a matter of course. Then
many will no longer know that the
more general causality principles were
not always around, and few will re-
member where they came from.
People will probably say: "Full
causality? Why not? Violation re-
tarded causality? Who cares?"-And
they will be right.

PAUL L. CSONKA
University of Oregon

In their rebuttal (December, 1969) of
several letters concerning their article
on tachyons, Bilaniuk and Sudarshan
represent the point of my paper
(Phys. Rev. 163, 1274, 1967) as "So
what?" in reaction to the causality
objections. That entirely misses its
intention. Rather than trying to make
the argument here in a few lines, I
refer the interested reader to my
forthcoming article in Science.

R. G. NEWTON
Indiana University

The ideal job
What could be more meaningful em-
ployment for a new PhD physicist
than teaching in our overcrowded col-
leges? I heartily second this sugges-

implantation
in \ single1 1 1 M KJM.M.M.^M.''

package.
We'll install the complete system
for you: the source, focusing
magnet, high resolution analyzing
magnet, beam scanner, substrate
holder, and vacuum system. Your
choice of high or low energy, Boron
or Phosphorus, a variety of more
exotic ions, and hardware
accessories.
Or you may want to assemble your
own system from our catalog of
in-stock components. Either way.
our 20 years of accelerator experi-
ence is bound to prove helpful.
To get started, call Mr Julian
Cherubini: 617-272-1313. All
inquiries held in strict confidence.I

I HIGH VOLTAGE ENGINEERING
EQUIPMENT DIVISION, Burlington,
Massachusetts 01803
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PHOTOMULTIPLIERS
• Scintillation Counting
• Stellar Observations
• Vibration Analysis
• Laser Detection
• Star Tracking

A complete line of special purpose photomultiplier
tubes providing broad spectral response range
from the ultraviolet to the near infrared is available for
the detection of moderate to very low levels of radiated
energy. The line includes star tracker types
characterized by low dark currents, low noise, high
sensitivity, single electron counting capability, and
magnetic deflection capability. Other types are
available for applications involving high current
operation, high ambient temperature, general
scintillation counting, electron energy selection,
heterodyne detection, fast gating, and detection of
modulated high frequency light beams. Ruggedized
versions of many types are available.

IMAGE DISSECTORS
• Electronic Star Trackers
• Slide Projector Readers
• Slow-Scan TV Systems
• Electronic Scanning

Spectrometers

Image dissectors surpass all other camera tubes in
resolution capability. The VIDISSECTOR* and
UVISSECTOR* have been introduced as new concepts
in image dissector design. These two families of
magnetically focused and deflected camera tubes
provide a wide spectral response range from the
ultraviolet to the near infrared. In addition to the
inherent high resolution capabilities, image dissectors
offer other features such as non-storage, reliability,
variable raster size, fast turn on, no thermionic
cathode, wide dynamic range, and simple operation.

CORRELATION DEVICES T h i s n e w product line establishes a departure in the

• Voiceprint Matching
• Optical Pattern

Recognition
• Map Reading
• Fingerprint

Identification

technology of optical pattern recognition. The See-Saw*
tube compares what it sees with what it saw and
delivers an electrical signal (optical output in another
version) with an amplitude equivalent to the degree of
optical correlation. These tubes enable the design of
an entirely new generation of equipments and systems
for optical pattern recognition and character reading.

IMAGE INTENSIFIERS
• Low Light Photography

• Pulsed Light Systems

• Infrared Viewing

• Night Vision

Single and three-stage image intensifiers with
fiberoptics windows and extended red (S20) or S25
spectral response and P-20 phosphor. Gain (single
stage): 50-150. Gain (3-stage): 35,000min. Useful
cathode diameters: 18, 25 and 40mm. Types
4710/4711, 3-stage intensifiers supplied with
self-contained, insulated power supply in
ruggedized housing.
+ ITT Trademarks

Our eyes are on the future
These are but a few of the forward- They are performing vital functions Want more information? Write:

:

looking electro-optical devices
generated by the research, develop-
ment, and manufacturing facilities
of ITT Electron Tube Division.

now for futuristic systems in the
fields of air traffic control and
navigation, medical electronics,
stellar tracking, radio-active and
ultraviolet detection, and
night vision.

ITT Electron Tube Division,
International Telephone and
Telegraph Corporation,
P.O. Box 100, Easton, Pa. 18042
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tion by Owen Fleischman, and others
(January, page 9) because it is the
first good answer I have seen to the
employment problem for highly
trained young men. Our society suf-
fers from a lack of research work on
the basic problems in difficult scien-
tific and social disciplines, and the
consequent reinforcement of funda-
mental ideas plus leisure for research
makes teaching the ideal first job in
any field of philosophy, especially
physics.

CARROLL B. MILLS

Los Alamos, Nciv Mexico

Lunar contamination
I was interested in the letter by John
0. Stoner, Jr regarding the danger of
contaminating whatever lunar atmo-
sphere there might be with exhaust
gases from the landing vehicle (De-
cember, page 13). Just such ques-
tions, namely the probable nature of
the lunar atmosphere and the conse-
quences of such contamination, were
discussed some years ago (see, for ex-
ample, "Interaction between the solar
wind and the lunar atmosphere," F. C.
Michel, Planetary and Space Science
12, 1075, 1964). There it was con-
cluded that these exhaust gases are
likely to be a sizable contaminant to
any ambient atmosphere (predicted to
have a mass of only about 102 metric
tons). On the other hand, the major
processes that determine the lifetime
of neutral gas particles appear to be
photoionization, with the resultant ion
being swept away by the solar wind,
and direct collisions with solar-wind
particles, with the recoiling neutral
having greater than escape velocities.
The lifetime of contaminants can then
be shown to be reduced, by either
process, to the order of a year or less,
rather than the thousands of years re-
quired for thermal escape.

One may hardly conclude that it is
therefore satisfactory to so contami-
nate the moon, but at least there is the
expectation that such contamination is
short lived.

F. CURTIS MICHEL
Rice University

CORRECTION: December 1969, page
97-Joining the faculty of Southern
Illinois University at Edwardsville as
associate professor: Ika-Ju Kang
should read Ik-Ju Kang. •

Quantum's New
Q-8 Video Sealer

Does It the Space Age Way!
NOW

A computer-designed, precision-crafted instrument especially
built for research laboratories, industrial and scientific applications,
and educational institutions. The Quantum Q-8 Video Sealer is
particularly adaptable to uses requiring high resolution, fast rate
counting of nuclear radiation or any type pulse greater than 250
millivolts.

The Quantum Q-8 Video Sealer has Count, Test, Stop, and Reset
Controls, plus two tip jacks for high-voltage readings. By special
order at small additional cost, a meter for high-voltage readings, a
charge-sensitive preamplifier for operating alpha and neutron
sources, and a timer are available.

By far, the Q-8 is the fastest counting Sealer in its price range . . . .
with the added attraction of a brilliantly illuminated, in-line
display readout with .6" high numbers. No more jagged, almost
indecipherable numbers on vertical banks. The high visibility read-
out makes for more accurate readings, which in turn, make for
more accurate data. 100% solid-state circuitry means no over-
heating, no warm-up, no blown tubes, practically no maintenance!

FIRST LOW-COST SCALER with INTEGRATED
CIRCUITS and NIXIE TUBE DISPLAY

$415

Quantum

QUANTUM ELECTRONICS CORP.
1106 Wisterwood, Unit H
Houston, Texas 77403

CD Please send more information.

• Please send complete catalog.
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1106 WISTERWOOD, UNIT H
HOUSTON, TEXAS 77043
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