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Atomic and Nuclear Disciplines Combine in Health Physics

“Health Physics is a profession devoted
to the protection of man and his en-
vironment from unwarranted radiation
exposure.” This definition given by
the Health Physics Society, which was
organized in 1956, indicates the broad
scope of interests and varying back-
ground of a health physicist, As a
physical scientist his primary interests
may be in radiation physics, chemistry,
particle penetration in matter, neutron
diffusion, photon and electron interac-
tions, or nuclear instrumentation, As a
life scientist he may study the somatic
and genetic effects of radiation on or-
ganisms, conduct ecological investiga-
tions or evaluate data on human ex-
posures. As an engineer he may be
concerned with practical methods of
radioactive-waste disposal or with the
desicn and location of nuclear facili-
ties. As an administrator a health
physicist often has to establish safe ra-
diation-protection standards, proce-
dures and practices.

Of special interest to physicists at
the 13th annual meeting of the Health
Physics Society. held in Denver last
Jupe, was a one-day symposium on
radiation interactions with polyatomic
molecules, Also included in the meet-
ing were sessions on charged-particle,
neutron and photon penetration in
matter, on human exposure to external
radiation, and on problems associated
with uranium mining.

Polyatomic molecules. The sym-
posium, with Robert D. Birkhoff (Oak
Ridge National Laboratory) as chair-
man, consisted of five invited papers
followed by a summary of the day’s
discussions.

Investigations of the interaction of
electromagnetic radiation with matter
are often directed toward single-
photon, single-molecule processes. In
the opening talk of this symposium,
Michae] Kasha (Florida State Univer-
sity) discussed a variety of multiple-
excitation events that can occur in con-
densed systems irradiated at high
intensity, These frequently involve a
number of molecules at once and in-
clude molecular exciton reactions,
charge-transfer excitations, molecular
excimer formation, triplet-triplet anni-
hilation, nonlinear (biphotonic) ab-

sorption and simultaneous excitations,
Some of these evenlts may perhaps ap-
pear a little strange, In simultaneous
excitations, for example, a single pho-
ton is shared by two molecules. Thus
in the absorption spectrum of an ir-
radiated mixture of hydrogen and car-
bon dioxide, lines appear not only at
wavelengths corresponding to the en-
ergies of the first excited states of these
molecules but also at a wavelength
corresponding to the sum of these en-
ergies (see fgure). Single-photon
sharing is greater at high gas pressures
and can be observed at low pressures
as an emission process,

Kasha also gave special altention to
the physics of excited singlet oxygen
in single- and simultaneous-transition
processes. He emphasized the meta-
stable character of this molecular
species and that its lifetime (seconds in
the gas phase, milliseconds in appro-
priate condensed phases), abundance
and reactivity may have implications
for other areas of interest, such as
biology and air pollution. The simul-
taneous transition in a pair of singlet
oxygen molecules gives a quantum
doubling, in one case producing ultra-
violet energies from an infrared elec-
tronic state. Kasha suggested that
singlet oxygen will soon be found in
irradiated systems.

John L. Magee (Notre Dame) de-
scribed patterns of energy deposition
by energetic charged particles in con-
densed molecular media. Of great in-
terest in radiation physics, chemistry
and biology is the chain of events that
accompanies the transfer of energy
from a swiflt charged particle to, ulti-
mately, either thermal or chemical
energy, Over cerlain energy ranges
we have a detailed understanding of
the initial events that transfer energy
from the particle to a medium, The
cornerstone of this knowledge rests on
Hans Bethe’s theory of stopping power,
(which is the mean linear rate at
which an energetic charged particle
loses energy by electronic interac-
tions.) At low energies the situation is
far from being well understood.
Magee emphasized the role of transient
negative-ion states as efficient inter-
mediates for transferring energy from
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slow electrons to a medinm,  Experi-
mental techniques are available for
identifying transient species that oceur
nanoseconds or longer after an initial
energy-depositing event, and it ap-
pears possible that picosecond imvesti-
gations may become feasible.  How-
ever, a4 great deal of work is required
before we have a complete micro-
scopic picture of energy transfer and
degradation in even the simplest con-
densed media,

Absorption and luminescence. From
the broad field of photon absorption
and emission, Sean P. MeGlynn (Lou-
isiana State University) selected a few
subjects to treat in detail. The ab-
sorption and luminescence character-
istics of a medium are affected and
controlled by such factors as state
multiplicities, degeneracies and com-
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SIMULTANEOUS EXCITATION in a
mixture of hydrogen and carbon dioxide.
The absorption spectrum of the irradiated
mixture contains lines corresponding not
only to energies of the Ffrst excited
states but also at a wavelength corre-
sponding to the sum of these two energies.
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IT’S NOT SIZE
ALONE THAT MAKES
AIRCO
"KRYOCONDUCTOR™

THE IDEAL ”
SUPERCONDUCTOR

“Kryoconductor, Airco's multi-
strand superconducting mate-
rial, started with our search
for the ideal superconductor.
We found an answer in
niobium-titanium rod, co-
reduced in copper and formed
in many sizes and shapes, both
single and multi-strand.
" Various copper-to-super-
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conductor ratios are avail-
able, and superconductor
strand sizes may be specified
to suit your particular needs.
Strands may be as fine as 0.6
mils.

Standard conductors with
from 1 to 550 individual
strands are currently under
development. Many of these

conductors may be twisted
(transposed) if required. Airco
*Kryoconductor is available to
your specific requirements.
For complete information,
contact: Carlton Walker,
Airco *Kryoconductor, Central
Research Laboratories, Mur-
ray Hill, New Jersey 07971,
telephone (201) 464-2400.

AIRGU

“Krvoconductor™
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peting nonradiative events involving
single and multiple excitations,

Me-
Glynn discussed, in particular, lTumi-
pescence from organic crystals, excimer
Juminescence, the elfects of ion-pair
formation (for example, NO, and
Pht +) on the light emitted from salts,
and the effects of charge transfer on
absorption and luminescence charae-
teristics.

McGlynn pointed out that fluores-
cence from states above the first ex-
cited singlet is very improbable. The
lifetime of these states is less than
10-12 sec and is of the order of the vi-
brational time period. Radiationless
decay occurs via coupling to the higher
vibrational states of the first excited
state, In contrast, internal conversion
to the ground state may be replaced
by fluorescence. Far fewer vibrational
and rotational states are available in
the ground state: thus decay by emis-
sion of a photon can occur with life-
times approaching 10 " see.  MeGlynn
also discussed the phenomenon of de-
layed fluorescence in mixed organic-
molecule svstems, which may resull
from two separated solute molecules
excited to triplet states. Energy may
be transferred from one of the excited
triplets to the host and then to the
second excited triplet. Sufficient en-
ergy is thereby provided to further
excite this molecule into a higher
singlet manifold from which fluores-
cence oceurs.

Edwin N. Lassettre (Cuarnegie-
Mellon University) reviewed the de-
velopment of electron-impact spec-
troscopy, partienlarly with helium, and
contrasted it with ultraviolet-absorp-
tion spectroscopy. The probability
that an incident particle will excite a
gas molecule to o given state n is
governed by the generalized oscillator
strength

AE p
o= ‘:— :}1 (AD)* o,

Here p, and p., are the mugnitudes ol
the particle momentum hefore and
after collision, Ap and AL are the mo-
mentum and energy lost by the parti-
¢dle in the collision and o, is the total
eross section for excitation to the state
n All these quantities are experi-
mentally measurable; therefore the
generalized oscillator strength can, in
‘principle, be determined by means of
"Rféh*resolution electron-impact experi-
‘ments, When the f, are plotted as a
finction of (Ap)2 one obtains the op-

tical oscillator strength as the intercept
of this curve on the f, axis. Lassettre
showed slides of his recent uipub-
lished work in which very low vibra-
tional energy losses are exhibited in the
data for dioxide
molecules.

carbon ather
Considerable decrease of
the background current in his experi-
has

il

menls enabled

him to observe
cnergy-loss transitions from the ground
electronic state of O, ("2, ) to ex-
tremely low-energy  electronic states
(such as 'A,).

Threshold excitation. Robert N,
Compton (Oak Ridge National Lab-
oritory) reviewed recent experimental
work on the excitation of pelyatomic
molecules by electron impact and on
Elec-
tron-impact excitation at threshold is
a sensitive way to detect optically for-
bidden transitions, especially triplet
Threshold excitation
waler and benzene were
compared with energy-loss measure-
ments, such as those of Lassettre for
high-energy electrons. An energy-loss
process beginning at 4.5 eV in water
vapor (possibly the first triplet state)
appeared in the threshold spectra. Re-
cent hy
Lassettre, presented at this conference,
corroborated these results.  Discussion
of transient states in
polvatomic molecules included refer-
the lemporary
state of benzene and the effects of

the formation ol negative ions,

states, studies

for vapor

low-energy measurements

negalive-ion

ence to negative-ion
various atomic substitutions onto and
into the ring,
of negative-ion lifetitnes of some long-
lived temporary ions were related to
existing theory. An approximately
linear dependence of the logarithm of
the lifetime on the number of degrees
of freedom found for nine fuorocarbon
molecules was qualitatively accounted
for by a model describing nondissocia-
electron attachment.  Finally,
Compton surveyed the existing knowl-
edge of dissociative electron capture,
including both theoretical and experi-
sections, energy de-
pendence und isotope effects.

In his summary of the symposium
Kasha commented that no new quan-
tum-mechanical laws are invoked to
describe new properties that appear
when going from atoms to molecules
to higher degrees of polyatomicity.
(Certain processes that are absolutely
forbidden in diatomic molecules be-
come prevalent in more complicated
polyatomic systems.) Kasha related
characteristic properties to symmetry,
geometry and polyatomicity, More-

Recent measurements
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mental cross

NOW 500 L/M—WAS 425 L/M

Welch Duo-Seal No, 13978
1 x10-+ TORR.

Now all Welch Duo-Seal
vacuum pumps have
increased capacities.

33 years of vacuum pump design
and manufacturing technology
now enables Welch to sizably
increase the capacity of all two-
stage Duo-Seal pumps. Size and
appearance remains the same, but
pumping speeds are increased up
to 19% over previous models.

In 1933, Welch pioneered the
internal vane design of mechan-
ical vacuum pumps, long since
proved to be the most efficient,
vibration-free, quiet, long lasting,
trouble-free vacuum pumps ever
marketed. Although many other
manufacturers have switched to
the internal vane design, only
Welch produces Duo-Seal pumps,
the pumps with the patented Duo-
Seal gas discharge design, which
eliminates repumping gases.

Now, every two-stage Duo-Seal
pump gives the added bonus of
increased capacity, increases
of up to 19%, depending on the
model which fits your needs,

If you use vacuum, check on the
Duo-Seal line. Welch maintains
a staff of vacuum specialists who
are at your service to help vou
select the right pump for your
needs. Write or call 312 /677-0600
for complete information on the
Duo-Seal line of vacuum pumps.
Capacities—25 L/M to 2000 L/M.

'WELCH
DUO-SEAL

®

VACUUM PRODUCTS

71300 N, LINDER AVE., SKONIE, JLLINDIS 60076
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a complete, high-speed analytical instrument
for measuring:
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You ought to know the versatile LRS Model 243 Gated
Linear Analog-To-Digital Converter. It's optimized
to digitize the amplitude or area of nanosecond analog
signals. But it can also handle more slowly changing
waveforms . . . DC levels . . . or measure digitally
nanosecond time intervals. That’s big capability. And
in a small package. B Actually, the 243 is a complete
analytical instrument in itself. The unit contains its
own fast built-in linear gate to permit selection of the
input pulse or interval to be digitized . . . as well as a
built-in pulse stretcher, 40 MHz crystal clock, and
binary output register. The 243 accepts unstretched
pulses from 2 to 100 nanosecond duration directly . . .
and delivers an 8-bit coding of the input amplitude or
area. Maximum digitizing time: 6.4 ;s. Resolution: 1
part in 256. @ There are many plus features, too.
Positive or negative inputs permit analysis of pulses
from virtually any source. Front panel visual display
continuously monitors the state of the internal buffer
register. Buffered outputs are suitable for use with
on-line computer, magnetic tape transport, typewriter,
or other digital output device. For full details, write
for Bulletin 243. 4

LRS

LeCROY RESEARCH SYSTEMS
C O R P O,R_AST 1 &l
Rte. 803, W. Nyack, N.Y. 10994 +(914) 358-7900

INNOVATORS IN INSTRUMENTATION
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pver he emphasized that differences
between the properties of large and
small polyatomic molecules may pave
the way to an understanding of the
With
sufficient polyatomicily there are vir-

L'Ulil})]i‘x 1'!:1]\.lll!llll| molecule
tually no restrictions on the kinds ol
events that can occur—radiationless
transitions, o |~\.|:||i111‘_ bhecome very

With even greaten
should expect to en-

probable events.
cnn'lplv\il_\ we

counter 1}})11'.!”_\ psl]_\lnr'l'lL' |H'nln-|!ir~‘_
as opposed to typically polyatomic, and
Kasha called attention to the
fact that radiation 1\1|\ 5108 lH[].I_\ con

50 O11.

traditional
One of the most

}!Il.']lll"1|1‘\ spectroscopy,

striking

]:1'1|1I¢_:]1l into tocus at the SVIposIm

things

was the richness of new data that is
1O [u't"unlm\_: av lll,.mn' from elec trom-
impact studies,

Penetration in matter. In addition
lo the symposium there were many
sessions of contributed papers. A
group of talks on radiation physies
dealt with some aspects of charged
particle, neutron and |1]wln|| penetra-
tion in matter. Papers were presented
on atomic mean excitation energies,
production of delta rays in tissue by 2-
GeV protons, bremsstrahlung from
high-atomic-number thick-target x-ray
devices up to 20 AMeV, neatron energy
loss distributions in spherical cavities,
and backscatter and neulron—gamima
correction factors in the monitoring of
personnel for neutrons, High-energy
radiation dosimetry has emerged as a
relatively new activity among health
physicists, The subject has hecome
important with the operation ol high-
energy particle accelerators, both in
the US and abroad, and with the real-
ity of manned space flight Special
sessions of contributed papers included
many other topics, such as thermo-
luminescence dosimetry, instrumenta-
tion, radiation biology, ecology, tri-
tum-exposure control, dose from ra-
dionuclides in the body, and reactor
siting,

Medical irradiation. Other sessions
were devoted to subjects ol more gen-
eral interest. A series of invited pa-
pers on human exposure lo external
radiation discussed dose-effect infor-
mation as obtained from the atom-
bomb casualties. from infrequent ac-
cidental exposures and from medical
irradiations. These data are often
plagued by uncertain dose estimates
and confounding illnesses. Neverthe-
less, a growing body of information is

A family of rugged

multiplier-phototubes that
spans the optical spectrum
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The unusually wide selection of photo-
cathodes and window materials offered
in EMR multiplier phototubes permits
tailoring a special response character-
istic to virtually any spectral region of
interest, These characteristics, coupled
with extreme resistance to hostile en-
vironmental conditions, have created a
unique place for them in fields as
diverse as deep space spectrometry and
geophysical research.

A proprietary “vertebrate" tube structure
allows ratings of up to 100 G shock, and
individual specimens have withstood
500 G in actual tests. Certain types are
rated for operation at temperatures up

to 150°C. EMR developed manufacturing
techniques yield quantum efficiencies
up to 30%, depending upon photocath-
ode, and typical anode dark currents as
low as 1012 A,

Specialization in photoelectronics, and
experience with successful NASA and
industry programs requiring ultimate sys-
tem performance, demonstrate the EMR
capability for solving unusual and chal-
lenging photoelectric problems, too dif-
ficult for conventional equipment.

For an engineering approach to your
photoelectric project, a discussion of
means with EMR may prove productive,
Why not talk it over now?

PHOTOELECTRIC

EMR DIVISION OF WESTON INSTRUMENTS. INC + A SCHLUMBERGER COMPANY
BOX 44 « PRINCETON. NEW JERSEY 08540

Regional Sales Offices Tefephone: DENYVER 303 783-1834 » LOF
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Picker sells particle accelerators
to some pretty tough customers.

(Bell Laboratories, NASA, Gulf, Catholic University, U.S.
Navy, Eastman Kodak, Colorado State, Comsat, Univer-
sity of Missouri, U.S. Air Force, Los Alamos Scientific
Laboratories, Rose Polytechnic Institute, Mississippi
State University, Ball State University, South Africa’s
National Institute of Metallurgy.)

Naturally we're pleased that organizations of this cali-
ber choose Picker particle accelerators, If one is known
by the company he keeps, our accelerator line would
seem to be in pretty good shape. What is it about these
products?

First, we offer a line of 150, 200, and 300 KeV accelera-
tors applicable to a wide range of uses including neutron
activation analysis, ion implantation, neutron radiography,
teaching, research, or whatever. (In addition, we have
PIG-type neutron generators and compact, low-cost,

sealed-tube neutron generators.)

Second, if you start with our 150 KeV model it's easy
to convert it to a 200 or 300 KeV machine when your pro-
gram (or your budget) warrants it.

Third, we lease machines too—not only sell them—and
we take complete responsibility for installation, user
training, and maintenance.

Fourth, we have a unique design with several distinctive
elements that are of significant value to that group of cus-
tomers above for their wide range of intended applications.

Example: our ion source. This r-f source produces
better than 3.5mA of beam current from a bottle which is
about 1/10th the price of the usual ion source (and hence
is inexpensive enough to be disposable), and which can
be easily removed and replaced in minutes, is self-align-
ing, and which has been used for accelerating ions of
phosphorus, boron, silicon, tin, and nitrogen, among
others.

Another example: our beam focusing system. We have

an unusual lens system which provides any spot size
from ¥& " to 1" diameter independent of beam current.
That's a small sample. Now we'd like to tell
you the whole story. But first you have to
tell us that you're interested.
Start by writing to Picker Nuclear,
1275 Mamaroneck Avenue, White
Plains, New York 10605 and ask-
ing for brochure 216T.
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establishing within well defined limits
of uncertainty the relationship between
radiation dose and several physiologi-
cal and hematological changes. Chro-
mosome aberrations, for example,
known for many years to be produced
by exposure to radiation, may now be
utilized to estimate dose. The relative
percentage of difterent forms of aber-
rations can even provide information
on the type of radiation, for example,
gamma rays and neutrons.

Some sessions dealt with subjects
that have had recent national attention,
Approximately 45% of the average
population dose in the US is received
from medical sources, chiefly diagnos-
tic x rays. A panel of invited speakers
discussed this subject, and was fol-
lowed by open discussion from the
floor. Although the benefits from
medical exposure are not questioned,
doses from such exposures can be re-
duced by continuing the incorporation
of improved radiological techniques.
Another panel considered health-phys-
ics problems associated with uranium
mining. They included a general his-
tory of the subject, a consideration of
the exceedingly complex problem of
lung dosimetry and a discussion of the
epidemiology of lung cancer among
uranium miners. This session, the
final one of the formal Health Physics
annual meeting, also served as the
opening session of a special workshop
on uranium mining cosponsored by the
Health Physics Society and its Rocky
Mountain chapter; this workshop dis-
cussed the latest developments 1n
mine-atmosphere control and radiation
instrumentation.

As can be seen from this report,
the field of health physics encom-
passes many specialities and employs
the talents of many disciplines. Per-
haps because of the different back-
grounds of its members, the annual
meeting provides not only an oppor-
tunity for presentation of basic and
applied research but also a forum
for discussion of society’s concern for
problems related to radiation ex-
posure,

* * *

We are grateful to the invited speakers,
particularly Michael Kasha, for their as-
sistance in the preparation of this report.

James E. TURNER

Oak Ridge National Laboratory
Rosert W. Woob

US Atomic Energy Commission O

When it has been
califragilated by radiation.

S0. .. you just switch to our
new metal vacuum seal, which is
interchangeable with our O-ring
The new metal seal is tough, springy
Inconel coated with ductile Indium
Seals to aluminum as well as stainless
steel. Holds up for the life of the system, .
come gamma rays or high fluxes.
Already using copper seals? Then you're
paying through the nose for heavy joint
fittings. Our stainless steel plumbing has
patented flanges and seals that are marvel- - .
ously flexible, easy to change, sexless, and less N
expensive by far. Send us $24,95 and we'll send
you a B-piece evaluation kit, including the new metal seal.

Don't get us wrong — we still like our O-rings when
organics in the vacuum aren't super critical.

But now you have a choice, without
changing anything else. -

a vacuum seal?

-H"l/' HIGH VOLTAGE ENGINEERING
EQUIPMENT DIVISION Burlington, Massachusetis
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