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.......~ ~Precision... 

For Counting Tritium And Carbon-1 

Automatic 
Where considerable counting is done, 
the Model 314X Tri-Carb Spectrometer 
has proved invaluable in saving overall. 
time and in utilizing laboratory person- 

automatic, it handles up to 100 samples 
and permanently records all data on 
paper tape. It can be operated around 
the clock without attendance. 

t 

Model 314X t...... 

Semi-Automatic 

creased counting in the foreseeable fu- 

handling of present requirements, plus 

ation at moderate cost. This can be 
done at any time simply by adding the 
100-sample turntable, digital printer 
and the transistorized automatic 

nModel 314S Model 314 is for laboratories not antici- 
y pating increased counting in the near 
future. Even this model, however, can |||BBSS||i|| iS S88B^^^^ 
be converted to fully automatic opera- aroudS s Con 

.-aii tion, if and when required. This is done yu! 
by replacing the manual with the auto- B1S!B. 
matic sample chamber and shield and 
by adding the digital printer and tran- Bii 

All three models offer all the advan- 
tages of the Tri-Carb Liquid Scintilla- TriCa Spect 
tion Method for counting alpha- and Conro C..: 
beta-emitting isotopes: sensitivity, ver- 
satLlity, simplicity of operation and ease 
of sample preparation. ::i:i: : iiI !i 

For detailed information on the Tri-Carb Liquid Scin:tillation Method 
and specifications on Tri-Carb Spectrometers request latest bulletin. 
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with the highest purity il7 thle induIstry 

In hospital work, your clinical laboratory team 
needs dependable purity, accurately defined 
purity-more than just purity within a range 

The purity of 'Baker Analyzed' Reagents is not 
only the highest in the industry, but it is purity 
defined right on the label. Each label provides 
actual lot analysis with significant impurities 
defined to the decimal. On more than 300 'Baker 
Analyzed' Reagents, purity is also defined on the 
label by actual lot assay. 

Ask your supply representative 

Baker laboratory (hem icals are 
quickly available from leading 
sul)plly houses in each marketing 
area. Ask your Supply Represen- 
tative to explain all the reasons 
why 'Baker Analyzed' Reagents .4. 
l)erform more efficiently in hos- 
pital laboratories. He's an expert / 
in the field of laboratory sup)ply. 
hand-picked for his job, well - 
trained, experienced and able. 
('Call him when you have a pro)- f 
lem. H-e's a good man to know ^ 

be(tter! ' 

No wonder hospital chemists, technologists, and 
buyers prefer 'Baker Analyzed' Reagents. They 
know that Baker's published standards of purity 
are the most stringent in the industry. They know 
they can buy this well defined purity at no price 
premium. 

Hospital buyers also know that Baker has one 
of the most complete and progressive lines of 
reagent chemicals-almost one thousand items 
modernly packaged for convenient, safe handling 
as well as compact storage. 

FREE SPECIFICATION CATALOG 

...contains complete information about 'Baker Analyzed' 
Reagents and other chemicals, including pricing and 
packaging data, formulas, formula weights and specifi. 
cations. May we send you a cooy? 

J. T. Baker Chemical Co. 
Phlllipsburg, New Jersey 
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ENGINEERS*SCI E NTISTS 

MITHERE M ITRE 

InVites you to InVestigate the 

PROFESSIONAL OPPORTUNITIES 

AVAILABLE 

in Integrated System Engineering 

MITRE, a research and development organization, is responsible for providing engineering 
solutions to the problems involved in integrating the many varied Air Defense systems. 
Formed under the sponsorship of the Massachusetts Institute of Technology, this inde- 
pendent non-profit corporation has undertaken a long-range work program which requires 
a spectrum of skills in engineering and the physical sciences. 

These skills are utilized in the design, development and evaluation of the diverse 
components, equipments and subsystems from which evolve total systems. These sub- 
systems consist of radar systems, communications, data links, computers, data processing 
systems, and defensive weapons. This continuing system engineering function takes 
cognizance of the immediate and long-term threat, the total defense technology-both 
present and projected-and the complex logistics of air defense with a programmed 
methodology that insures the best possible defense system, at minimum cost, for any 
given time period. 

Technical Staff appointments are currently being made in the following areas: 

* SYSTEM DESIGN 
* COMPONENT RESEARCH and DEVELOPMENT 
* REAL-TIME COMPUTER CONTROL SYSTEMS 
* DETECTION TECHNIQUES 
* OPERATIONS ANALYSIS 

* WEAPONS SYSTEM INTEGRATION 
* HUMAN ENGINEERING 

* COMMUNICATIONS SYSTEMS 

* ELECTRONIC WARFARE 
* INTEGRATED SYSTEM EVALUATION 

The openings are available at the MITRE facilities 
in suburban Boston, Massachusetts - Fort Walton Beach, Florida 

- and Montgomery, Alabama. 

To arrange an immediate confidential interview, send resume to 
Dana N. Burdette, Personnel Director 

THE MITRE CORPORATION 
244 WOOD STREET - LEXINGTON 73, MASSACHUSETTS 

A brochure more fully describing fj 12vURE and its activities is available on request. 
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0.007% Ash- 

for Highest Accuracy 
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Ask for S&S "Ash-Free" 
Analytical Filter Papers 
Ask for S&S "Ash-Free" 
Analytical Filter Papers 
For many years S&S Ash-Free Analyt- 
ical Filter Papers have been known 
for their extremely low ash content. 
They have been the choice of chem- 
ists who must have the most precise 
working tools. 

To our knowledge, there is no filter 

paper with lower ash content on the 
market. In fact, ash content of S&S 
Quantitative Papers is considerably 
lower than all other papers we have 
tested-less than 0.007%. 

Ask your laboratory supply house for 
S&S Analytical Filter Papers-the 
finest, most precise filter paper you 
can specify. Yet S&S quality costs no 
more. If you would like to receive a 
free S&S Filter Paper Sampler, made 

up of many grades, just mail the 
coupon below. 

MAIL THIS COUPON FOR FREE SAMPLER 

| Carl Schleicher & Schuell Co. | 
Dept. S-99, Keene, New Hampshire 
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Letters 

Estimates of Radiation Dose from 
Strontium-90 Due to Fallout 

A recent article by Merril Eisenbud, 
"Deposition of strontium-90 through 
October 1958," concludes, from con- 
sideration of the radiation delivered to 
bone marrow by the Sr90 absorbed by 
the bone from fallout debris, that "the 
maximum foreseeable dose [of radia- 
tion] from strontium-90 in the New 
York area is thereby estimated to be 
about 5 percent of the dose due to nat- 
ural radioactivity" (1). 

This conclusion appears to be inac- 
curate. In what follows it is shown that, 
instead, on proper calculation, Eisen- 
bud's data lead to the conclusion that 
Sr90-induced radiation to the bone 
marrow is, on the average, 15 to 60 
percent of the natural background 
radiation. Some localized areas of bone 
marrow will receive considerably more 
intense radiation. Such calculations show 
also that the bone itself will receive, 
from Sr9?, radiation amounting to from 
10 to 400 percent of the background ra- 
diation. 

Eisenbud estimates that when Sr90 
deposition due to fallout from past tests 
is at a maximum (in 1965), milk in the 
New York area will reach the level of 
11 Jic of Sr90 per gram of calcium, and 
that a child using this milk as a source 
of dietary calcium will develop a skele- 
ton containing about 5.5 ,utc of Sr90 per 
gram of calcium (5.5 strontium units). 
For the purpose of this discussion this 
estimate is accepted as a first approxi- 
mation, although, as shown below, it is 
probably too low. Eisenbud calculates, 
from the skeletal Sr90 level given above, 
the resultant radiation dose to the bone 
marrow. This dose is then compared 
with a value representing the dose from 
natural radiation, and it is concluded 
that the fallout radiation amounts to 5 
percent of background radiation. Eisen- 
bud's considerations of this matter are 
contained in the following paragraph 
from his article: "The United Nations 
Scientific Committee on the Effects of 
Atomic Radiation calculated . . . [(2)]i 
that 1 micromicrocurie of strontium-90 
per gram of calcium is equivalent to a 
dose of 1 millirem per year to the bone 
marrow. An individual having 5.5 micro- 
microcuries of strontium-90 per gram of 
calcium in his skeleton will therefore re- 
ceive a dose of 5.5 millirems per year in 
addition to the dose from natural radi- 
ation of cosmic and terrestrial origin. 
According to the United Nations Sci- 
entific Committee, skeletal irradiation 
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ANALYTICAL 

BALANCES 
MONOPAN 
A single pan Analytical Balance making most efficient 
use of the reliable principle of substitution weigh- 
ing for the determination of mass. 
Very precise * Extremely stable * Remarkably simple. 
Several exclusive features: 
(a) Built in weights housed in bottom compartment. 

Dust-free ... away from fumes. Balance life is 
prolonged. Need for adjustment reduced. 

(b) Recessed reading scale in direct line of vision 
with load pan. Glare free. 

(c) Taring weights built in. Easy to add or subtract. 
Rugged Construction. Modern Styling. Air damping. 
Capacity 200g. sensitivity 0.1 mg. readability 0.05 

mg. 
Taring up to 26g. In addition to full capacity. 
Measurements 71/2"" x 18 x 18". Net weight 45 

pounds. 
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the bone marrow by about 5 percent." 
According to the United Nations re- 

port (2, p. 9, Table 1, and p. 58, Table 
25), the natural radiation to the bones 
is 125 to 130 mrem/yr, while the nat- 
ural radiation to the bone marrow is 
95 mrem/yr. Eisenbud's comparison ap- 
pears to be between an estimated Sr90 
radiation to the bone marrow and the 
natural radiation to the bone. 

More properly, Sr90 and natural radi- 
ation ought to be compared relative to 
the same tissue, either bone or bone 
marrow. Such comparisons lead to the 
following results. 

1) With regard to bone, according to 
the U.N. report (2, p. 107, par. 63), 1 
,uRc of Sr90 per gram of calcium delivers 
to bone tissue 2.5 mrem/yr. Thus, 5.5 
iuc of Sr90 per gram of calcium will 
result in a bone dose of 13.8 mrem/yr, 
or about 10 percent of the natural dose 
(125 to 130 mrem/yr). This esti- 
mate refers only to an average value 
and assumes that the Sr90 is evenly 
spread throughout the skeleton. How- 
ever, it has been shown by Engstrom 
et al. (3) that microscopic regions of 
the bone may receive a radiation dose 
about 40 times the average.' Hence, these 
parts of the skeleton will receive from 
Sr90 a radiation dose amounting to 
about 400 percent of the radiation from 
natural sources. 

2) With regard to bone marrow, a 
similar situation exists. This problem is 
considered in paragraphs 64 and 65 on 
pages 107 and 108 of the U.N. report 
(2). Paragraph 64 states: "In the fol- 
lowing it will be assumed that 1 stron- 
tium unit [1 ({c of Sr90 per gram of 
Ca] will cause a mean bone marrow 
dose rate of 1 mrem/yr. The true value 
of the mean marrow dose might how- 
ever, be as low as 0.5 or as high as 2 
mrem/year per strontium unit." The 
problem is further developed in para- 
graph 65, which states: "It should be 
emphasized that bone marrow cells 
which are almost surrounded by bone 
will receive doses which may be equal 
to those in compact bone. Taking into 
account all causes for non-uniformity, 
i.e. the non-uniform deposition in the 
mineralized zones, the variation in bone 
layer widths and geometrical factors 
[corners], the bone marrow level is prob- 
ably five times the figures quoted above." 

Eisenbud has chosen to employ, as the 
parameter relating Sr90 concentration to 
radiation dose, the ratio 1 mrem/yr per 
strontium unit. However this choice 
ignores the variability range (0.5 to 2 
mrem/yr per strontium unit) given in 
paragraph 64 of the U.N. report, and 
the fivefold inhomogeneity factor cited 
in paragraph 65. If all the relevant data 
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RADIOA (TIVITY AT WORK.. ?3 RADIOA (TIVITY AT WORK.. ?3 
Our business is radioactivity-applying 

Applied radioactivity is today's most versa- 
tile tool. In this third NSEC report, we 
focus on a few of the multiplying peacetime 
uses of radioisotopes and radioactivity. 

As you read the brief outlines of our proj- 
ects and services, you may discover the 
solution to a specific problem now con- 
fronting you-a problem solvable only with 
radioactivity. Or you may see a general 
application in some area of your work. 

We would welcome the opportunity of dis- 
cussing how radioactivity can assist you-in 
studying product or process improvements, 
reducing manufacturing costs, answering com- 
plex research questions. 

RADIOACTIVE WASTE TREATMENT 
AND DISPOSAL 
Disposal of the radioactive waste products 
of a nuclear reactor presents a serious 
problem. Radioactivity waste differs from 
ordinary chemical or sanitary refuse in that 
it cannot be destroyed chemically. There- 
fore, planning for treatment and storage of 
wastes must be undertaken in the early 
stages of reactor design. Under a prime 
contract with the Atomic Energy Com- 
mission, NSEC scientists recently completed 
a comprehensive survey of all current prac- 
tices as well as planned techniques for the 
disposal of highly radioactive waste mate- 
rials. NSEC is ready to put its findings to work 
for those who are planning reactors for power 
or testing purposes. Ask for our new bulletin 
which outlines the factors to be considered. 

WATER TRACING WITH HYDROGEN 
ISOTOPES 
Ever been confronted with leakage in a 
system of underground water pipes? This 
tracing problem has been solved by NSEC 
scientists using tritium, the radioactive 
hydrogen isotope. Both tritium and deu- 
terium, a non-radioactive hydrogen isotope, 
are used in tracking water flow. Often the 
path of rainwater, underground streams or 
reservoirs must be traced. NSEC experts 
conduct assays of the tritium and deuterium 
content of the water. They measure tritium 
with a sensitivity of 10-5 microcuries per 
milliliter. The detuerium content in water 
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with a sensitivity of 10-5 microcuries per 
milliliter. The detuerium content in water 

it, measuring it, protecting against it. 

is determined using the density-gradient 
method. Both these hydrogen isotopes are 
also used to discover the origin of ground 
water, thus aiding in water conservation. 
NSEC assay services assist in other ways, too, 
including the biological tracing of organic 
matter for medical and industrial studies. 

TESTING FOR SUSTAINED RELEASE 
OF DRUGS 
A number of pharmaceutical companies are 
now working to develop a single dosage form 
of a drug which will be effective over a long 
period of time: from 12 to 24 hours. The 
drug, whether capsule, compound or com- 
plex, must have a gradual, uniform absorp- 
tion rate. Its effect must be continuous. 

There are many advantages to a prolonged 
acting drug over a drug which must be 
taken every few hours. But one of the 
development problems is in vivo testing. 
How fast is the release rate? Are the peaks 
and valleys on the absorption curve too 
pronounced? What is the blood concentra- 
tion of the drug? 

NSEC personnel are now performing such 
studies for drug firms. Through radioactive 
tracers, we are able to measure much lower 
levels and with greater specificity than is 
possible under conventional colorimetric or 
fluorimetric methods. Our specialized pro- 
cedures are particularly applicable when a 
very small amount of a drug is to be given. 

NEUTRON DOSIMETRY MEASUREMENT 
In the development and operation of nuclear 
reactors, it is necessary to know the neutron 
flux at various points in the reactor. NSEC 
offers a dosimetry service to determine 
neutron fluxes-to measure thermal, epi- 
thermal, and fast neutrons. NSEC provides 
the dosimeters, the required analytical serv- 
ices, and a report on flux data. Special 
fission dosimeters are also supplied, for 
direct measurement of burn-up occurring in 
fissionable material during irradiation. 
NSEC designs and develops techniques for 
difficult or unusual dosimetery problems. 
It's possible to measure neutron flux from the 
highest now available down to 1 neutron per 
square centimeter per second. 
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gram of calcium will deliver to local- 
ized regions of the bone marrow be- 
tween 14 (5.5 strontium units x 0.5 
mrem/yr per strontium unit x 5) and 
55 (5.5 strontium units x 2 mrem/yr 
per strontium unit x 5) mrem/yr. When 
these dose rates are compared with the 
natural rate of 95 mrem/yr, we find 
that Sr90 will contribute to the bone 
marrow additional radiation amounting 
to about 15 to 60 percent of the radia- 
tion from natural sources. 

The foregoing considerations are based 
only on the sources of data employed by 
Eisenbud. If other pertinent informa- 
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tion is taken into account the above con- 
clusion becomes modified further. As 
pointed out with reference to a recent 
estimate of the expected dietary Sr90 
levels in St. Louis (4), data reported 
by H. P. Straub of the U.S. Public 
Health Service to the recent hearings 
on fallout before the Joint Committee 
on Atomic Energy show that about one- 
third of dietary Sr90 comes from non- 
milk sources. Since these sources, prin- 
cipally cereals and vegetables, have Sr90 
concentrations considerably higher than 
those of milk, the total dietary Sr90 level 
with which bone is in equilibrium is 
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higher than is indicated by estimates 
based on milk alone. Consideration of 
this factor would increase the foregoing 
estimates of Sr90 radiation to bone and 
bone marrow by a factor of about 50 
percent. In addition, as Caster (5) has 
pointed out, calculations by Engstrom 
et al. (3) indicate that a heterogeneity 
factor of 40 to 60 (as against the value 
of 5 suggested in the U.N. report) may 
be operative in some conditions. In this 
case the effect of Sr90 relative to nat- 
ural radiation would be increased pro- 
portionately. 

In sum, Eisenbud's conclusion appears 
significantly to underestimate the rela- 
tive effect of radiation from Sr90 result- 
ing from fallout due to nuclear explo- 
sions. Since Eisenbud's article is part of 
the testimony before the recent hearings 
on fallout before the Joint Committee 
on Atomic Energy, consideration should 
be given to appropriate means of cor- 
recting the record of these hearings. 

BARRY COMMONER 

Washington University, 
St. Louis, Missouri 
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Commoner's principal criticisms of 
my article are (i) that my dose esti- 
mates did not allow for inhomogeneities 
in Sr90 deposition or for the ranges in 
the published estimates of dose per 
strontium unit, and (ii) that I under- 
estimated the dose from Sr90 by assum- 
ing that the isotope is derived by hu- 
man beings from dairy sources only. 

In addition to these two points, 
which I will discuss further, Commoner 
calls attention to my reference to 125 
mrem/yr as the natural "skeletal" radi- 
ation dose. The dose to the bone mar- 
row from natural sources was actually 
assumed to be 95 mrem, the value I 
used in concluding that 5.5 mrem/yr is 
"about 5 percent" of the dose from nat- 
ural sources. The value of 125 mrem/yr 
to the bone was given redundantly in the 
text. I am indebted to Commoner for 
calling this to my attention. 

The method I used in estimating the 
dose to bone marrow was adopted di- 
rectly from the procedures developed by 
the United Nations Scientific Commit- 
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containing elevated 
concentrations of 
Amylase 
Alkaline Phosphatase 
Bilirubin 

Non-Protein Nitrogen 
Protein-bound Iodine 
Phosphorus, inorganic 

*Transaminase (SGO-T) 
Urea Nitrogen 

NORMAL 
clinical chemistry control serum 
containing normal levels of 
Albumin Phosphorus, inorganic 
Calcium Potassium 
Chloride Protein-bound Iodine 
Cholesterol Sodium 
Creatinine Total Protein 
Globulin *Transaminase (SGO-T) 
Glucose Urea Nitrogen 
Non-Protein Nitrogen Uric Acid 
*The transaminase values in Hyland Clinical Chemistry 
Control Serums represent actual enzyme activity, completely 
controlling all procedures, including spectrophotometric. 
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1. 32 CUBIC FOOT 

INCUBATOR 
An economical investment for large 
volume incubation of tube and plate 
cultures. Excellent for classroom, in- 
cubators can be placed side by side. 
Will accommodate large containers 
such as 5-gal, carboys. 30 square feet 
of adjustable nickel-plated shelves. 

- Additional shelves can be installed 
m||1 any time. 

Sx\ Blower convecrts air through side wall 
ducts from bottom heating chamber 
to top and downward over work 
area. Fully instrumented. Tempera- 
ture controlled by hydraulic thermo- 
stat and limited by safety thermostat. 
Temperature-room to 65 ? C. Max. 
temp. differential 1? C. 
Interior white baked enamel-exte- 
rior durable light beige enamel over 
steel. Outside: 36" w., 30" d., 90" h. 
Inside: 31" w., 241/2" d., 74" h. 2" 
fiberglas insulation. 1500 watts, 115, 
208, or 230 volts AC. 

Write for bulletin or catalog of conm- 
plete N. A. line. 
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Publishing results of experimental and theoretical investigations by leading 
Soviet Scientists. Articles in all branches of optics and spectroscopy, including 
X-ray, ultraviolet, visible, infrared and microwave, thin layer optics, filters, de- 
tectors, diffraction gratings, electro-luminescence, thermal radiation backgrounds, 
infrared polarizers and many applications to other branches of science and to 
industry. 

Translated and published by the OPTICAL SOCIETY OF AMERICA, this 
branch of Soviet Science is now made available to all interested individuals and 
organizations along with the Journal of the Optical Society of America at the rate 
of a single journal alone. This was made possible by a grant-in-aid from the 
NATIONAL SCIENCE FOUNDATION to the OPTICAL SOCIETY OF 
AMERICA. Comments on the Soviet articles will appear in the Letters to the 
Editor column of the Journal of the Optical Society of America. 

U.S. & Canada Elsewhere 
(both journals) (both journals) 

Associate membership dues Optical Society of America $13.00 $13.00 
Non-member subscription $25.00 $28.00 
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to Dr. K. S. Gibson, Secretary, Optical Society of America, National Bureau of 
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interest in optics." 

For non-member subscriptions write to the AMERICAN INSTITUTE OF PHYSICS, 
335 E. 45th Street, New York 17, New York. 
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use of 1 mrem/yr per strontium unit 
"ignores" the range of estimates given 
in the United Nations report (0.5 to 2 
mrem/yr per strontium unit), but I con- 
sidered the assumed value to be a satis- 
factory basis for tissue dose approxima- 
tion, as indeed did the U.N. Radiation 
Committee in the calculations for their 
report. Commoner notes also the five- 
fold inhomogeneity to which the U.N. 
report refers, and he states that I should 
have used this in my computation. 
Again, the U.N. Committee simply 
pointed out that this inhomogeneity 
probably exists, but they did not find 
it necessary to include this factor in the 
computations either of dose or of the 
biological consequences of Sr"t) deposi- 
tion. 

The doses we are discussing are very 
much less than the smallest dose re- 
quired to produce observable effects in 
the laboratory. Commoner's concern 
with the significance of these doses de- 
rives from the concept that prudence in 
estimating the possible consequences of 
the exposure of large populations to 
small doses of radiation requires one to 
assume that there is no threshold, and 
that the biological consequences of 
radiation doses, however small, can be 
estimated by a linear extrapolation of 
existing experimental data. This con- 
cept is not applied to all of the biolog- 
ical effects of radiation and is not ac- 
cepted by many investigations of Sr90 
toxicity as being applicable to the car- 
cinogenic effects of this isotope. 

It is not my purpose to argue for or 
against this concept but merely to note 
that it exists and serves as the basis of 
the concern which Commoner and 
others have experienced over the pos- 
sible consequences of small doses of 
Sr90. This being so, I am puzzled that 
Commoner continues to emphasize the 
importance of inhomogeneities in depo- 
sition of Sr9? at dose levels of the order 
of a few millirems per year. It is true 
that the portion of the bone marrow in 
which more than the average amount 
of the isotope is deposited receives more 
than average irradiation. The non- 
threshold, proportional theory would sug- 
gest that the probability of carcinogene- 
sis would thus be increased correspond- 
ingly within that portion of the marrow. 
However, it is likewise true that the re- 
maining portion of the tissue will have 
less than the average dose and, for this 
remaining portion, the probability of 
carcinogenesis will be lessened. Accord- 
ing to the proportional theory, the prob- 
ability of a carcinogenic response in a 
given volume of tissue should be a func- 
tion of the total energy absorbed within 
the tissue. 
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contributing increasingly large propor- 
tions of Sr90 to the diet, and this factor 
should be considered in future compu- 
tations. Whether or not omission of this 
factor does in fact imply that I under- 
estimated the dose by a factor of 0.5, as 
suggested by Commoner, I cannot say 
at this time. 

It is my opinion that "about 5 per- 
cent" is a reasonable estimate of the 
maximum increase in bone marrow dose 
to be expected. "About 5 percent" could 
mean that the actual levels would be as 
much as 10 percent, but in my opinion, it 
is more likely that the true values will 
prove to be somewhat lower than 5 per- 
cent. This is because the method I used 
to compute future doses does not allow 
for the effect of foliar deposition or the 
possibility that Sr90 in soil will become 
less available to plants over a period of 
many years. 

MERRIL EISENBUD 

U.S. Atomic Energy Commission, 
New York Operations Office, New York 

Teaching and Research 

The point that Jesse D. Rising raises 
[Science 130, 66 (10 July 1959)]--that 
"many potentially excellent teachers 
may be doing less than their best teach- 
ing in an effort to satisfy the university 
administration by doing research"-was 
answered forcefully by an experienced 
teacher in these words: 

"In the life of a university depart- 
ment the interests of research and of 
teaching are competitors. .... The ac- 
tivities themselves are in necessary con- 
flict in any department which thus seeks 
to serve two masters. The activities 
compete for room space, for the work- 
ing time of staff members, including 
mechanicians and secretaries, for funds, 
and for the control of faculty appoint- 
ments ... 

"In my experience the demands of 
teaching and of research have been in 
continual conflict for nearly forty years, 
and I cannot remember that either func- 
tion ever helped the other. Many a 
demonstration would have been better 
prepared and many a student better 
served if the urgency of some situation 
in the research laboratory (and the fas- 
cination of it) had not pulled in that 
direction. On the other hand, the con- 
tinuous concentration that a research 
dilemma can demand was often broken 
up by the class bell. I would have done 
better at either one of these activities 
if I had kept out of the other, and I sus- 
pect that there are hundreds of scientific 
men who could give the same testimony. 
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any satisfaction in but is just one of the 
facts of academic life .... 

"It does seem that it is high time to 
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SHADOGRAPH? 
gives fast, positive stop reading 

...eliminates parallax 
Model 4142 Shadograph is recommended for weighing cancer 
tissue and tumors. Fully-enclosed weigh pan, easily removable 
for sterilization, is readily accessible through a clear plastic 
door. Unaffected by air currents. Weight indication by a light 
projection system gives fast, precise reading. Operates on 110 
volts, 60 cycles. Rated capacity 15 grams; visible sensitivity 
to 5 milligrams. Movable dial viewer for 5 rows of graduations, 
each row 3 grams by 5 milligram graduations. Weight range 
selector has 5-notch beam corresponding to dial chart. Write 
for complete data and specifications. 
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SMALL ANIMAL BALANCE 
Model 4203B-TC-SA recommended for fast, 
precise weighing of mice, chicks, frogs and 
small rats. Dial graduated in two columns: 
0-30 grams and 15-45 grams in increments 
of 0.5 gram. Dial shutter with outside con- 
trol to close off dial column not in use. Beam 
100 grams by 1 gram. Other models up to 3 
kilos, 350 milligram sensitivity for rats, ham- 
sters and guinea pigs. 

CENTRIFUGE BALANCE 
Model 4206B-TC also for general laboratory 
use and small-animal weighing. Has tare 
control knob to zero the dial, or position for 
over-and-under reading. Capacity 3 kilos; 
sensitivity to 350 milligrams. Dial is grad- 
uated 0-100 grams in increments of 1 gram. 
Beam 500 grams by 5 grams. 
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swing the protective tariff back from the 
researchers to the teacher as teacher...." 

These quotations come from a speech 
by Paul Kirkpatrick of Stanford Uni- 
versity, delivered at a meeting of the 
American Physical Society in New York 
last January. They state in better words 
than many of us can muster the opinion 
prevailing among many teachers of un- 
dergraduate college physics and are 
worthy of more publicity than they have 
been given. 

URBAN E. SCHNAUS 

Department of Physics, 
Catholic University, Washington, D.C. 
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Liesegang Phenomenon 

In a recent report [Science 129, 1365 
(1959)1, Van Oss and Hirsch-Ayalon 
claim that the Hirsch effect constitutes 
the proper explanation of the Liesegang 
phenomenon. This claim is based on the 
assumption that the Liesegang rings act 
as membranes which prevent further dif- 
fusion of the reacting substances. These 
authors also cite experimental evidence 
(see their references 9 and 21) in sup- 
port of their conclusion that the rings 
remain impermeable to the diffusing 
outer (presumably more concentrated) 
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FAST! 

VERSATILE! 
REVOLUTIONARY! 
THE O MODEL 202 
LINEAR PROGRAMMED 
TEMPERATURE 

CH ROMATOGRAPH 
OUTSTANDING FEATURES INCLUDE 
1. The column temperature con be increased linearly 

during a run at heating rates of 3.3, 4.6, 6.4, 
9.0, 13, 18, 25, 35, and 48?C. per minute. 

2. High sensitivity 100,000 ohm thermistor detector. 
3. Thermostated temperature control to 300?C. for 

the detector. 
4. Independent preheater control to 500?C. 
5. Programmed or isothermal column temperature 

control to 400?C. 
6. Automatic cooling of about 50?C. per minute. 
7. Six minutes to change column and regain bose- 

line. 
8. Prep-scale attachment for 5 ml. samples. 
9. Design readily adaptable to other detector sys- 

tems. 

UNIQUE SEPARATIONS POSSIBLE 
H2, 02, N2, CO, methane, ethane, CO2, and ethyl- 
ene are readily separated (see chromatogram) using 
a single Molecular Sieve 5A column and the pro- 
gramming technique. Wide boiling mixtures such as 
methyl esters of dibasic fatty acids from C2 to C11, 
hydrocarbons from C4 to C26, all the hydrocarbons 
from C2 to Cs, etc. are also readily separated on 
a single column. Using constant temperature opera- 
tion, these analyses are impossible or impractical 
except by use of multi-column techniques. 

i WRITE FOR 
i A 15 page report describing the principles and 

(? i:i** ll applications of "Linear Programmed Temperature 
X i'ij|?|l Gas Chromatography". Chromotograms showing 

prep-scale separations, analysis of wide boiling --- dX 
::ili 

mixtures, and analysis of permanent and light 

:_!:::i:.:. hydrocarbon gases are presented. 
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reactant until the other (inner) reactant 
is exhausted in the vicinity of the ring. 

Although it is generally agreed that 
the medium is exhausted of this reactant 
in the vicinity of the ring, the evidence 
for the impermeability of the ring is by 
no means conclusive. The Liesegang phe- 
nomenon is equally well explained [see, 
for example, Wagner, J. Colloid Sci. 5, 
85 (1950)] if a critical ion-product con- 
centration, such as a supersaturation 
product, is required as a necessary condi- 
tion for ring formation. In that case the 
clear spaces between the rings merely 
result from the lowering of the inner 
electrolyte concentration by adsorption 
on the last ring or by counterdiffusion. 
As a result, the outer electrolyte must 
then diffuse for some distance until the 
critical concentration is again reached. 

Another argument against accepting 
the Hirsch effect as the only explanation 
of Liesegang rings under all conditions 
is found in the experiments by Morse 
[]. Phys. Chem. 34, 1554 (1930)] in 
which rings of rather widely spaced crys- 
tals were formed in water without any 
colloidal material present. It seems a lit- 
tle farfetched to suppose that these rings 
act as membranes. 

Van Oss and Hirsch also state that 
Ostwald's supersaturation theory is re- 
futed by Hatchek's experiments. The 
arguments against this view have already 
been presented in some detail [K. H. 
Stern, Chem. Revs. 54, 79 (1953)]. Basi- 
cally they amount to this: that super- 
saturation can exist in the presence of 
crystals, particularly if these are well dis- 
persed; and that under these conditions 
rings still form because the rate of crys- 
tal growth is less than the diffusion ve- 
locity of the reactants. When the rings 
consist of very small crystals, closely 
spaced, the Hirsch effect may very well 
operate. 

KURT H. STERN 
Department of Chemistry, 
University of Arkansas, Fayetteville 

As the title of our report, "An ex- 
planation of the Liesegang phenomenon," 
implies, we did not claim to advance an 
explanation that excludes all other ex- 
planations. It is indeed quite probable 
that in certain cases diffusion, supersatu- 
ration, or even gel-protection effects play 
their role. Still, as we pointed out, Liese- 
gang bands have been known to occur 
under circumstances where these effects 
were lacking. Now, although it remains 
difficult to ascertain which effect pre- 
dominates in the formation of any par- 
ticular set of Liesegang bands, the I Iirsch 
effect can in a general way satisfactorily 
account for all the circumstances under 
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locity of the reactants. When the rings 
consist of very small crystals, closely 
spaced, the Hirsch effect may very well 
operate. 
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As the title of our report, "An ex- 
planation of the Liesegang phenomenon," 
implies, we did not claim to advance an 
explanation that excludes all other ex- 
planations. It is indeed quite probable 
that in certain cases diffusion, supersatu- 
ration, or even gel-protection effects play 
their role. Still, as we pointed out, Liese- 
gang bands have been known to occur 
under circumstances where these effects 
were lacking. Now, although it remains 
difficult to ascertain which effect pre- 
dominates in the formation of any par- 
ticular set of Liesegang bands, the I Iirsch 
effect can in a general way satisfactorily 
account for all the circumstances under 
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general phenomenon, must give rise to 
Liesegang bands exactly under those cir- 
cumstances where these bands actually 
occur. 

The role of the gel or membrane in 
the Hirsch effect must not be overesti- 
mated, the effect itself being indepen- 
'lent of the presence of colloid material. 
Only for the quantitative measurement 
of the Hirsch effect are carrier mem- 
branes, or other porous walls, used to ad- 
vantage, principally to avoid convection. 

The Hirsch precipitates are best con- 
sidered as barriers to the forming ions 
rather than as membranes. Actually, by 
the time Liesegang layers appear and can 
be inspected, they have already lost their 
property as barriers (except for the last 
ayer, if one is quick enough). Thus, the 

occurrence of bands of widely spaced 
crystals in water does not exclude a 
Hirsch effect. 

C. J. VAN OSS 
Laboratory of Physical Biochemistry, 
National Veterinary College, 
Alfort, France 

Radioactive Fallout 

Your issue of 22 May [Science 129, 
1412 (22 May 1959)] contained an as- 
;essment, issued by the General Advisory 
Oommittee of the Atomic Energy Com- 
nission, of the dangers to the human 
'ace of radioactive fallout. Without dis- 
-ussing the obvious impertinence of a 
collection of physicists, chemists, engi- 
oeers, and what-have-you who presume 
to issue a pronouncement on a crucial 
biological question, I should like to offer 
?omment on certain of the points which 
they raised. 

1) The fact that "the amount of total 
body external radiation resulting from 
"allout to date, together with future fall- 
out . . . from previous weapons tests, is: 
(i) less than 5 percent as much as the 
average exposure to cosmic rays and 
9ther background radiation" is repeated 
ad nauseam to reassure the public. How- 
ever, this argument is a red herring de- 
signed to deceive. The principal dangers 
(both physiological and genetic) to the 
human race from fallout stem from the 
decay of the radioactive fallout material 
after it has been taken into the body 
and incorporated within certain cells and 
tissues. That the total quantity of radia- 
tion reaching the whole body from out- 
side is far greater is largely irrelevant to 
the question of the potential dangers of 
fallout from nuclear tests. Throwing 
rubber balls at a person is not an intel- 
'igent way of finding out what would 
'lappen were he to swallow one. 
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amount of radium normally present in 
public drinking water supply in certain 
places in the United States." Since it is 
impossible to assess as yet the effects in 
man of ingestion of Sr90, which has been 
a factor in human ecology only since 
1954, one wonders how they can be so 
sure that it is "less of a hazard" than 
radium or anything else. Doctors who 
were prescribing radium for a variety of 
conditions as recently as the 1920's were 
also sure that there was no hazard in- 
volved, but many people died of it none- 
theless. We shall all await publication of 
the studies on the high-radium drinking 
water to which the committee refers, but 
until we have had the opportunity to 
study them we had better treat this state- 
ment with the same suspicion which we 
have learned to extend to all other reas- 
suring pronouncements emanating from 
the Atomic Energy Commission and its 
creatures. 

Meanwhile, I should like to offer the 
following comment on the hazard of 
Sr90, in order to solicit a refutation by 
the committee; I suggest only that thev 
consult a biologist first, and if they are 
not acquainted with any I should be de- 
lighted to suggest one or two. 

Since 1955, the maximum permissible 
body burden for Sr90 has been set at 1 
[[c (I cannot find publishable words with 
which to comment on the fantastic ac- 
tion of the U.S. National Committee on 
Radiological Protection, which recently 
doubled this, to 2 ,Lc). In their book 
Bone and Radiostrontium (Wiley, New 
York, 1957), Engstrom et al. state that 
a total body concentration of 1 [[c of 
Sr90 would be expected to deliver, in 
approximately 10 years, roughly 1000 r 
to certain microscopic hot spots located 
in the spongious bone, close to the mar- 
row, where the blood-forming tissues are 
located. (One thousand roentgens was 
about the whole-body dose absorbed by 
the Austrian miners of Joachimsthal 
over a 17-year period, the mean time 
required for the development of the fatal 
lung cancers which used to kill three- 
quarters of them). In view of this cal- 
culation, Engstrom et al. recommended 
that the maximum permissible body bur- 
den be reduced to 0.1 .ec, a recommen- 
dation which, I understand from Science 
[129. 1473 (29 May 1959)1, has been 
adopted by the International Commis- 
sion on Radiological Protection. 

If the maximum permissible body 
burden for workers known to be sub- 
jected to radiation hazards is 0.1 jIc, 
that for the population at large should 
be reduced, according to the Interna- 
tional Commission, by one order of 
magnitude-that is, to 0.01 tic. 

In the recent article by Kulp et al. 
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learn that children seem to have on the 
average about three times the concen- 
tration of Sr90 in their bones that adults 
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Vith the Rotary Evapo-Mix it is possible to 
ichieve in a single test tube evaporation rates 
of water of 1.0 ml/min; ethonal, 4.2 ml/min; 
nethonal, 4.5 ml/min; ethyl acetate, 7.2 
nl/min; and for acetone 10.0 ml/min; with all 
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have; 1-year-old infants have some eight 
to ten times the adult concentration. In 
view of this, and since the biological 
effects of radiation are more serious on 
rapidly growing and metabolizing cells, 
it seems to me that a separate maximum 
permissible body burden should be set 
for children, at approximately 0.003 ,uc. 

That this figure is not unreasonably 
low is apparent in studying data from 
some Russian studies (cited by Eng- 
strom et al.) on the effects of injecting 
small amounts of Sr90 into dogs; these 
animals developed bone cancers approxi- 
mately 3 years after injection of 0.0001 
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gLc of Sr90 per gram. Engstrom et al. 
calculate that the retained dose in a 
10-kg dog would be of the order of 0.01 
to 0.1 ('c. Now, a 1-year-old child weighs 
approximately 10 kg, and it seems evi- 
dent, to me at least, that its maximal 
skeletal concentration must not be per- 
mitted to reach the order of concentra- 
tion of Sr90 known to cause fatal bone 
cancers in dogs. 

We learn from the article by Kulp 
et al. that in 1966, when the highest 
skeletal concentration of Sr90 in young 
children will occur, some 1 percent of the 
world's children are expected to have a 
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skeletal concentration of 20 puc per 
gram of calcium. Since the average 
1-year-old infant, weighing 10.6 kg, has 
roughly 100 g of calcium in his body, 
it follows that in 1966 1 percent of these 
children will have a total Sr90 skeletal 
level of 0.002 jxc, and beyond doubt a 
significant fraction of 1 percent (hun- 
dreds of thousands, millions ?) will have 
exceeded our suggested limit of 0.003 
~c, and some may have skeletal concen- 
trations of the order of those known to 
cause cancer in dogs. 

This happy picture is based on the 
optimistic assumption that no further 
testing of nuclear weapons will occur 
(and neglects to consider the effect of 
other radioactive fallout elements). But 
what if nuclear tests continue? 

J. GORDIN KAPLAN 

Department of Physiology, Dalhousie 
University, Halifax, Nova Scotia 

Imprinting 

Eckhard Hess, in his stimulating sur- 
vey of recent progress in studies of im- 
printing [Science 130, 133 (1959)] re- 
ferred briefly to his inability to attain 
auditory imprinting with mallard ducks, 
Anas platyrhyncus. He did not mention, 
however, that it has been possible to at- 
tain auditory imprinting with other spe- 
cies-for example, Aix sponsa, the wood 
duck [P. H. Klopfer, Ecology, 40, 90 
(1959)]. 

This point would not ordinarily be of 
great significance except that it illus- 
trates the importance of attending to 
interspecific differences in the survival 
value of particular kinds of behavior. 
Hess' paper shows the wild mallard to 
be an excellent imprinter, while the 
wood duck is considered to be poor. 
But, if auditory rather than visual stimuli 
are used, quite the reverse situation ob- 
tains. To a zoologist this seems reason- 
able: mallards nest in comparatively 
open situations, wood ducks in holes re- 
cessed in trees. Mallard young can see 
their mother when she first leaves the 
nest, the wood duck young cannot. Thus, 
the seeming importance of visual pat- 
terns for imprinting may be a reflection 
of the dominant sensory modality of the 
subjects rather than a characteristic of 
a particular type of behavior. In fact, 
one of the earliest reports on this subject 
dealt with olfactory imprinting [W. H. 
Thorpe and F. G. W. Jones, Proc. Roy. 
Soc. (London) B124, 56 (1937)]. The 
importance of olfaction to most mam- 
mals should suggest that it would be a 
mistake to confine further work in this 
area to the otherwise ingenious appa- 
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of the General Program of the 

AAAS Chicago Meeting 

by first class mail - early in December 
The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, will be 

available to you within the first week in December-whether you can attend the Meeting or not. 
Effective this year, the former General Program-Directory, which had become an unwieldy 

book of more than 400 pages, has been separated into two publications, namely: 
a)The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b)The General Program of the Annual Meeting, c. 200 pp., which will appear early in 

December. 
Both of these, sold at cost, may be purchased separately-in advance (see coupon below), or at the 
meeting. Some of their respective contents are: 

The General Program The Directory 
1. The two-session general symposium, "Moving Frontiers of 1. AAAS officers, staff, committees for 1959. 

Science IV," arranged by the Committee on AAAS Meetings. 
2. Programs of the 18 AAAS sections (symposia and con- 2. Section committees and other AAAS Council members. 

tributed papers). 3. The 285 affiliated organizations. 
3. Programs of the more than 70 participating societies. 
4. Sessions of the Conference on Scientific Communication, 4. Historical sketch and organization of the Association. 

Conference on Scientific Manpower, and the Academy 5. Complete roll of AAAS presidents and their fields. 
Conference. 

5. The Special Sessions: AAAS Address and Reception, Na- 6. Publications of the Association, including all symposium 
tional Geographic Society, Phi Beta Kappa, Sigma Xi, volumes. 
RESA, Tau Beta Pi Association. 

6. Details of the Morrison Hotel-center of the Meeting-and 7. AAAS Awards-including all past winners. 
of the other session sites. 8. Future Meetings of the AAAS through 1963. 

7. Titles of the latest foreign and domestic scientific films to be 9. New and current activities of the AAAS. 
shown in the AAAS Science Theatre. 

8. Exhibitors in the 1959 Annual Exposition of Science and 10. Constitution and Bylaws. 
Industry and descriptions of their exhibits. 

Advance Registration 
Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 

ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 

3) Your name is posted in the Visible Directory as the Meeting opens. 

The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 

-THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM- 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 

la. Dl Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 

privileges of the Meeting. 
lb. E Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge- 

necessary for the privileges of the Meeting-will be secured for $1.00 more.) 
(Check la or Ib) 
Ic. a Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 

Total amount enclosed $................................. 

2. FULL NAME (Dr., Miss, etc.) ................................................................................ 
(Please print or typewrite) (Last) (First) (Initial) 

3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION ................................................................................... 

4. OFFICE OR HOME ADDRESS ............................................................................... 
(For receipt of General Program and/or Directory) 
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6. CONVENTION ADDRESS ...................................... ........................... ....... 
(May be added later, after arrival) 
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AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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Peter Klopfer's comments concerning 
my article are worth noting but do not 
precisely relate to my findings. Certainly 
we obtained auditory imprinting in the 
mallards, as well as in other species, 
since sound is used in our presentation 
along with the visual object. What we 
were not able to demonstrate for the 
mallard was auditory imprinting in the 
egg. 
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Strontium-90 Levels and Wheat 

In "Strontium-90 in man III" by 
Kulp, Schulert, and Hodges [Science 
129, 1249 (1959)1], "the widespread 
flow of wheat and powdered milk from 
the Northern to the Southern Hemi- 
sphere" is suggested as a possible ex- 
planation for the smaller difference in 
the strontium-90 levels in bone than in 
recorded fallout between the two hemi- 
spheres. 

As related to wheat, at least, this is 
highly questionable. Argentina and Aus- 
tralia are two of the world's principal 
wheat exporters. A cursory review of the 
FAO World Grain Trade Statistics in- 
dicates that in 1956-57, the latest crop 
year for which full data are available, 
movement of wheat (including the 
wheat equivalent of flour) from the 
Northern to the Southern Hemisphere 
was on the order of 1220 thousand 
metric tons, as compared with a move- 
ment of 4300 thousand metric tons of 
Southern Hemisphere wheat into the 
Northern Hemisphere. Another 2500 
thousand metric tons moved between 
Southern Hemisphere countries, the 
largest share of this local trade being 
represented by Argentine exports to 
Brazil (1040 thousand metric tons) and 
Australian exports to New Zealand (340 
thousand metric tons). Indonesia, Singa- 
pore-Malaya, Ecuador, and the Belgian 
Congo as well as Brazil are here consid- 
ered Southern Hemisphere countries, 
although part of each is in the Northern 
Hemisphere. 

If strontium-90 is moving across the 
equator in wheat, it would appear prob- 
able that the net movement is north- 
ward rather than southward. 

JAMES J. PARSONS 

Department of Geography, 
University of California, Berkeley 

We appreciate the correction of Par- 
sons showing that the net flow of wheat, 
if not of powdered milk, is from the 
Southern to the Northern Hemisphere. 
Flow in either direction is, of course, 
equally effective in bringing the stron- 
tium-90 content of human bone toward 
a mean, so that the North-South ratio 
of strontium-90 concentration in human 
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bone is less than the North-South ratio 
of cumulative fallout. 

The case of Australia is puzzling since 
the Australians subsist almost entirely on 
their own foodstuffs yet the average bone 
level in 1957-58 (0.20 Alxc of Sr90 per 
gram of calcium) was equal to that in 
the United States. Other climatic and 
agricultural factors must play a more 
dominant role here if the bone sampling 
is representative (1). 

J. LAURENCE KULP 
ARTHUR R. SCHULERT 
ELIZABETH J. HODGES 

Lamont Geological Observatory, 
Torrey Cliff, Palisades, New York 

Note 
1. This is Lamont contribution No. 372. 

Church-Affiliated Colleges 

Donald L. Thistlethwaite [Science 
130, 71 (1959)] has reported that re- 
ligious affiliation on the part of a college 
is negatively related to encouraging 
Ph.D. scholars in the natural sciences. 

It has occurred to me that this factor 
may have an important bearing on his 
ranking of institutions by geographical 
region, especially since his sampling is so 
extensive and since some of these regions 
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have a much higher proportion of 
church-supported institutions than do 
others. 

An illuminating extension of this study 
would be a subclassification of geograph- 
ical ranking according to whether or not 
the institutions included in the sample 
have religious affiliation. 

JAMES R. KUPPERS 
Grifton, North Carolina 

To test the hypothesis suggested by 
Kuppers I have done a two-way analysis 
of variance. In order to avoid cells with 
missing entries, it was necessary to com- 
bine the New England and Middle At- 
lantic regions. Thus we have a 2 by 4 
classification: presence versus absence 
of religious affiliation and separation by 
four regions. The results indicate signifi- 
cant differences in the production of 
graduates who attain the Ph.D. in the 
natural sciences (p < .01) between geo- 
graphical religious-affiliation groups, but 
no significant interaction. The nonsig- 
nificant interaction indicates that the 
geographical differences have not been 
found to vary according to whether or 
not the colleges have religious affilia- 
tions. 
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18-23. American School Health Assoc., 
Atlantic City, N.J. (A. O. DeWeese, 515 
E. Main St., Kent, Ohio.) 

18-23. American Soc. of Plastic and 
Reconstructive Surgery, Miami Beach, 
Fla. (T. R. Broadbent, 508 E. South 
Temple, Salt Lake City, Utah.) 

19-21. High Polymer, 9th Canadian, 
Toronto, Ontario, Canada. (K. E. Rus- 
sell, Dept. of Chemistry, Queen's Univ., 
Kingston, Ontario. ) 

19-22. Semiconductor Symp. (Electro- 
chemical Soc.), Columbus, Ohio. (A. C. 
Beer, Battelle Memorial Inst., 505 King 
Ave., Columbus 1, Ohio.) 

19-23. American Public Health Assoc., 
87th annual, Atlantic City, N.J. (B. F. 
Mattison, 1790 Broadway, New York 19.) 

19-23. American Soc. of Civil Engi- 
neers, annual conv., Washington, D.C. 
(W. H. Wisley, ASCE, 33 W. 39 St., New 
York 18.) 

19-23. Radioisotopes in the Biosphere, 
symp., Minneapolis, Minn. (R. B. Calde- 
cott, Center for Continuation Study, 
Univ. of Minnesota, Minneapolis 14.) 

19-31. International Cong. of Thera- 
peutics, Strasbourg, France. (Prof. Fon- 
taine, Doyen de la Faculte de Starsbourg, 
France.) 

19-31. Pan American Medical Assoc., 
10th conf., Mexico, D.F., Mexico. (J. 
Eller, PAMCA, 745 Fifth Ave., New 
York 22.) 

20-21. Reprocessing of Nuclear Fuels, 
AEC symp., Richland, Wash. (J. T. 
Christy, Hanford Operations Office, U.S. 
Atomic Energy Commission, Richland, 
Wash.) 

20-22. Standards, 10th natl. conf., De- 
troit, Mich. (K. G. Ellsworth, American 
Standards Assoc., 70 E. 45 St., New 
York 17.) 

20-23. Clean Air, intern. conf., Lon- 
don, England. (National Soc. for Clean 
Air, Palace Chambers, Bridge St. London, 
S.W. 1, England. ) 

22-24. Acoustical Soc. of America, fall 
meeting, Cleveland, Ohio. (W. Waterfall, 
ASA, 335 E. 45 St., New York 17.) 

22-24. American Documentation Inst., 
annual, Bethlehem, Pa. (C. G. LaHood, 
Jr., Library of Congress, Washington 25.) 

22-25. British Medical Assoc., annual 
clinical, Norwich, England. (W. Hedg- 
cock, BMA House, Tavistock Sq., Lon- 
don, W.C.I, England.) 

23-24. Canadian Soc. for the Study of 
Fertility, Montreal, Canada. (J. F. Camp- 
bell, 238 Queen's Ave., London, Ont., 
Canada.) 

23-25. American College of Cardiol- 
ogy, 8th annual, Philadelphia, Pa. (P. 
Reichert, ACC, Empire State Bldg., New 
York 1.) 

23-27. American Heart Assoc., annual, 
Philadelphia, Pa. (W. F. McGlone, AHA, 
44 E. 23 St., New York 10.) 

24-29. Darwin Centennial, intern. cele- 
bration, Chicago, Ill. (Office of Public 
Relations, Univ. of Chicago, Ill. ) 

18-22. Electrochemical Soc., Colum- 
bus, Ohio. (R. K. Shannon, ES Inc., 216 
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York, N.Y. (ACS, 521 W. 57 St., New 
York 19.) 

26-27. Griseofulvin and Dermatomy- 
coses, intern. symp., Miami, Fla. (H. 
Blank, Dept. of Dermatology, Univ. of 
Miami School of Medicine, Miami 36.) 

26-28. Aeronautical and Navigation 
Electronics, IRE conf., Baltimore, Md. 
(L. G. Cumming, IRE, 1 E. 79 St., New 
York 21.) 

26-28. Analytical Chemistry in Nuclear 
Reactor Technology, 3rd conf., Gatlin- 
burg, Tenn. (C. D. Susano, Oak Ridge 
Natl. Lab., P.O. Box Y, Oak Ridge, 
Tenn.) 

26-28. Gas Lubricated Bearings, 1st 
intern. symp., Washington, D.C. (S. W. 
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26-28. Gas Lubricated Bearings, 1st 
intern. symp., Washington, D.C. (S. W. 

Doroff, Power Branch, Office of Naval 
Research, Washington 25.) 

26-28. National Rehabilitation Assoc., 
Boston, Mass. (E. D. Callahan, 14 Court 
Square, Boston 8. ) 

26-28. Society of Automotive Engi- 
neers, natl. transportation meeting, Chi- 
cago, Ill. (R. W. Crory, SAE, 485 Lex- 
ington Ave., New York 17.) 

26-30. Society of Photographic Scien- 
tists and Engineers, natl. conf., Chicago, 
Ill. (SPSE, Box 1609, Main Post Office, 
Washington, D.C.) 

26-30. Standardization (ISO), com- 
mittee on rubber, New York, N.Y. (ISO, 
General Secretariat, 1, rue de Varembe, 
Geneva, Switzerland.) 
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You can get smooth control of the meniscus 
with Hamilton Pipet Controls, assuring 
rapid and precise pipetting. The liquid 
meniscus is raised with the free sliding 
plunger almost to the calibration line, then 
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rately to the scribe line. 
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* Glass and stainless steel construction 

* Tygon tubing connection provides 
clean, flexible coupling 
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Also available through your supply house. 
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27. Association of Consulting Chemists 
and Chemical Engineers, annual symp., 
New York, N.Y. (A. B. Bowers, ACCCE, 
50 E. 41 St., New York 17.) 

28-29. Computer Conf., Chicago, Ill. 
(F. A. Judd, Armour Research Founda- 
tion, Technology Center, 10 W. 35 St., 
Chicago 16, Ill.) 

28-30. Aircraft Electrical Soc., Los 
Angeles, Calif. (E. I. Niles, AES, 920 
South Robertson Blvd., Los Angeles 35.) 

28-31. American Soc. of Tropical Med- 
icine and Hygiene, Indianapolis, Ind. (R. 
B. Hill, 3575 St. Gaudens Rd., Miami 33, 
Fla.) 

29-31. Animal Care Panel, 10th an- 
nual, Washington, D.C. (Animal Care 
Panel (ILAR), NAS-NRC, 2101 Con- 
stitution Ave., NW, Washington 25.) 

30-31. Society for the Scientific Study 
of Religion, New Haven, Conn. (J. E. 
Dittes, 409 Prospect St., New Haven 11, 
Conn.) 

30-31. West Central States Biochemical 
Soc., Columbia, Mo. (D. F. Millikan, 
WCSBS, Dept. of Horticulture, College 
of Agriculture, Univ. of Missouri, Co- 
lumbia. ) 

November 

1-4. Society of Economic Geologists, 
Pittsburgh, Pa. (H. M. Bannerman, U.S. 
Geological Survey, Washington 25.) 

2-4. Atomic Industrial Forum, annual 
conf., Washington, D.C. (Atomic Indus- 
trial Forum, Inc., 260 Madison Ave., 
New York 16.) 

2-4. Geochemical Soc., Pittsburgh, Pa. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford Univ., Stanford, Calif.) 

2-4. Geological Soc. of America, Pitts- 
burgh, Pa. (H. R. Aldrich, 419 W. 117 
St., New York 27.) 

2-4. Mineralogical Soc. of America, 
Pittsburgh, Pa. (C. S. Hurlbut, Jr., 12 
Geological Museum, Harvard Univ., Ox- 
ford St., Cambridge 38, Mass.) 

2-4. National Assoc. of Geology Teach- 
ers, Pittsburgh, Pa. (F. Foote, Dept. of 
Geology, Williams College, Williamstown, 
Mass. ) 

2-4. Paleontological Soc., Pittsburgh, 
Pa. (H. B. Whittington, Museum of 
Comparative Zoology, Harvard Univ., 
Cambridge 38, Mass.) 

2-5. Physical and Extractive Metal- 
lurgy, symp., Chicago, Ill. (Metallur- 
gical Soc. of AIME, 29 W. 39 St., New 
York 18.) 

2-6. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers and 
Inst. of Metals, fall, Chicago, Ill. (E. O. 
Kirkendall, AIME, 29 W. 39 St., New 
York 18.) 

2-6. Collegium Internationale Allegal- 
ogicum, 4th symp., Rome, Italy. (A. Cer- 
letti, Pharmacological Laboratories, San- 
doz, Ltd., Basel, Switzerland.) 

4-5. Diffraction, 17th annual conf., 
Pittsburgh, Pa. (P. K. Koh, Allegheny 
Ludlum Steel Corp., Research and De- 
velopment Laboratories, Brackenridge, 
Pa.) 
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Geological Museum, Harvard Univ., Ox- 
ford St., Cambridge 38, Mass.) 

2-4. National Assoc. of Geology Teach- 
ers, Pittsburgh, Pa. (F. Foote, Dept. of 
Geology, Williams College, Williamstown, 
Mass. ) 

2-4. Paleontological Soc., Pittsburgh, 
Pa. (H. B. Whittington, Museum of 
Comparative Zoology, Harvard Univ., 
Cambridge 38, Mass.) 

2-5. Physical and Extractive Metal- 
lurgy, symp., Chicago, Ill. (Metallur- 
gical Soc. of AIME, 29 W. 39 St., New 
York 18.) 

2-6. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers and 
Inst. of Metals, fall, Chicago, Ill. (E. O. 
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York 18.) 

2-6. Collegium Internationale Allegal- 
ogicum, 4th symp., Rome, Italy. (A. Cer- 
letti, Pharmacological Laboratories, San- 
doz, Ltd., Basel, Switzerland.) 

4-5. Diffraction, 17th annual conf., 
Pittsburgh, Pa. (P. K. Koh, Allegheny 
Ludlum Steel Corp., Research and De- 
velopment Laboratories, Brackenridge, 
Pa.) 

4-6. American Nuclear Soc., conf., 
Washington, D.C. (American Nuclear 
Soc., John Crerar Library, 86 E. Ran- 
dolph St., Chicago 1, 111.) 

4-6. Antibiotics, 7th annual symp., 
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the 

Ultra-Compact 
20-inch 

GME- 
LARDY 

WARBURG 
continuously variable 

Model WB-4 
Ultra-compact-smallest avail- 
able. Only 20" base diameter. 
Integral construction-14 ma- 
nometers. Amplitude and rate 
continuously variable. Write 
for complete information. 

U ..-l MIDDLETON. WIS. 

T?i ?i B ?On Madison's West Beltline Highway 

GROW AEROBIC AND ANAEROBIC CULTURES IN THE 

GYROTORY@ 
INCUBATOR SHAKER 

A controlled temperature incubator with continuous 
shaking action. Agitation speed variable from 140 to 
400 rpm. Triple-eccentric-shaft stabilizing system dis- 
tributes positive rotary motion to every flask on the 
18" x 30" platform. Cool, quiet, smooth-running. 

Circulating MODEL G25 
heated air, the 
fully insulated 
unit provides for Catalog G25-9 
constant tem- ii60. NSI, N 
perature, ambi- 
ent to 600 C., 

P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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the HITACHI HS-6 ELECTRON MICROSCOPE 

The Hitachi HS-6 permanent magnet Electron Microscope has been 

designed to fulfill a long-felt need in electron microscopy. The magni- 
fication range of 2000x to 28,000x is continuously variable. Focusing is 
achieved by altering the magnetic flux of the objective lens - leaving 
the accelerating voltage unchanged. 

One of the most outstanding features of the Hitachi HS-6 is 

the guaranteed resolution of 25 Angstron Units or better. The 

simplicity of operation, mechanics and circuitry make the HS-6 

an ideal Electron Microscope for the researcher in medical 

and biological fields. 

Your inquiries are invited at either our West Coast or East 

Coast offices, where competent sales personnel will answer 

your questions, and arrange a demonstration. 

ON THE EAST COAST, CONTACT ERB & GRAY SCIENTIFIC, INC. 
ERB & GRAY SCIENTIFIC, INC. Sole Hitachi Distributor for the United States 

Sole Hitachi Distributor for the United States 
501 Fifth Avenue New York 17, New York 854 S. FIGUEROA ST. LOS ANGELES 17, CALIF. 
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Automatically record and warn of a, fi and y 
radiation in airborne particles for periods up 
to one week, unattended. Fixed or moving 
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Ca45, P32 and H3. New low power design re- 
duces heat, assures longer life. 
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recorders and alarms. Logarithmic or linear 
models for monitoring or laboratory use. 

PORTABLE SURVEY METERS 

Operate GM, scintillation and proportional 
counting detectors. Equipped to drive 
recorders and alarms. Logarithmic or linear 
models for monitoring or laboratory use. 

PORTABLE SURVEY METERS 

High precision, compact, portable Geiger 
and scintillation counters. Critical compo- 
nents shock mounted and watertight. For 
precise laboratory measurement or rugged 
field use. 

SEND TODAY FOR FREE LITERATURE 
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Washington, D.C. (H. Welch, Div. of 
Antibiotics, Food and Drug Administra- 
tion, Dept. of Health, Education, and 
Welfare, Washington 25.) 
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