New Products:

Instruments at the FASEB Show

The experimental biologist is becom-
ing increasingly aware of the important
part instrumentation plays in virtually
cvery facet of biological research. This
fact was evident at the exhibition of
scientific instruments that accompanied
the meetings of the Federation of
American Societies for Experimental
Biology (FASEB) in Atlantic City
10—14 April. The vast Convention Hall
floor was covered by exhibits featuring
equipment and materials from such
basic necessities as laboratory clamps,
glassware, and animal cages to preci-
sion analytical instruments, automatic
systems for complete chemical analyses,
and desk-top computers for handling
and storing data. Wherever possible, I
present opinions and comments con-
cerning specific instruments obtained
from scientists directly involved in
their application.

Chromatography Levels Off

Having gone through a period of
exponential growth during which new
techniques and instruments appeared
frequently, gas chromatography is now
the accepted method for many separa-
tions and analyses in biomedical re-
search. Innovations at the FASEB ex-
hibition were very few. The trend in
gas chromatography is toward the pre-
parative chromatograph for the prep-
aration of micro and macro amounts
of high-purity compounds. Two ap-
proaches have been made. F&M Sci-
entific provides the preparative capa-
bilities of 4-inch (10-cm) outside-
diameter columns in its Prep Master
and Prep Master Jr.; the former is
completely automatic and can handle
liquid injections of from 12 to 125
ml; the latter, a low-cost, manual
counterpart, handles up to 100 ml per
injection. The other approach to col-
umn design is taken by Wilkins and
Barber-Colman: the Wilkins Autoprep
Mark II uses %-inch outside-diameter
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columns from 50 to 200 feet (15 to
60 m) long for its large-scale separa-
tions; for small-scale preparative chro-
matography from samples up to sev-
eral hundred microliters, Barber-Col-
man has a series of similar-diameter
columns 8, 12, or 16 feet long.

Several new instruments have joined
the growing list of those designed for
a single analytical task. F&M’s new
model 100 Permanent Gas Analyzer,
a dual-column (silica gel-molecular
sieve), dual-thermistor detector, dual-
recorder instrument, sensitive to parts-
per-million (ppm) concentrations, de-
tects neon in room air (18 ppm) in a
sample sized 250 pul; it gives qualita-
tive and quantitative analyses of trace
gases as well as of major constituents
in a mixture of permanent gases, re-
sponds quantitatively to concentrations
up to 100 percent, and is not damaged
by any amount of oxygen. The rede-
signed model 185 Carbon-Nitrogen-Hy-
drogen Analyzer from FM features
single-pass analyses, automatic sample
injection, and 10-minute, simultaneous
microdetermination of all three gases.
An anesthetic-gas analyzer module
from Barber-Colman features a tem-
perature range to 100°C and combi-
nation of single, dual, or triple col-
umns in series or parallel. Another spe-
cial-purpose chromatograph, the
FM model 450 Blood-Gas Analyzer,
provides semiautomatic, simultaneous
determinations of individual blood
gases; about 0.3 ml of blood is re-
quired for duplicate analyses, from 12
to 15 analyses per hour are possible,
and results are within the 2-percent
relative range.

A most interesting innovation for
general-purpose and research chroma-
tography is the flow-programmer in-
troduced by Perkin-Elmer as an alter-
native to temperature programming.
This system increases carrier-gas flow
during operation, hastening analyses of
wide-boiling-range mixtures. It elimi-
nates the problem of increasing decom-

position of the liquid phase (bleeding)
and the accompanying baseline shift
as the temperature is raised..

A sophisticated system for yielding
complete quantitative-qualitative data
on multicomponent mixtures combines
the quantitative advantages of gas chro-
matography with the qualitative capa-
bilities of mass spectrometry for anal-
yses of effluent fractions as small as
as 0.1 pg. Perkin-Elmer is offering a
system that combines its model 801
chromatograph with the Hitachi Perkin-
Elmer RMU-6D Mass Spectrometer. A
helium-diffusion separator is introduced
between the column and the spectrom-
eter to remove a large portion of the
helium and thus increase sample con-
centration: because all compounds sep-
arated by the column are volatile
enough for mass spectroscopy, the sys-
tem can be used to identify compounds
and fragments within the mass range of
the spectrometer (mass:charge, = 1800
for the RMU-6D).

Other forms of chromatography are
still in the growth stage. Hydrogen-
flame ionization detectors for liquid-
liquid chromatography have been
brought out by Barber-Colman and
Glowall; both utilize a continuously
moving chain to deliver the effluent
from the column to a heated zone,
where the solvent is driven off, and
then to the flame. Thin-layer chroma-
tography is being improved by intro-
duction of various new supports such
as Gelman’s glass fiber—potassium sili-
cate, glass fiber-alumina, and unim-
pregnated glass fiber.

Liquid Scintillation Spectrometers

Impressive

An area growing rapidly and spec-
tacularly is that of nuclear-radiation in-
strumentation; equipment for detecting,
counting, and processing nuclear radia-
tion occupied a significant portion of
the exhibit area. The most impressive
instruments were the liquid-scintillation
spectrometers for counting low-energy
beta particles. In addition to high sen-
sitivity to the radiation of low-energy
beta-emitting isotopes, the liquid-scintil-
lation detector provides information
about the energy of radioactive-decay
events, making it possible to do count-
ing with multiple isotopes having signi-
ficant energy differences, and to im-
prove the sample-to-background ratio
by counting only certain portions of
the energy spectrum.
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18:44 hrs. 19.23 hrs, 19.34 hrs.
Anaphase: bivalents of homologous chromosome pairs moving to opposite poles during spermatogenesis in Pales ferruginea (Tipulidae).

A faultless sequence

automatically

With the Carl Zeiss Photomicroscope, you can concentrate on the specimen—instead of camera work.
That’s done automatically by the built-in photographic system. The touch of a button selects the right
exposure time, opens and closes the shutter, advances the film, actuates a film counter and re-cocks the
shutter. Result: faultless sequences in color or black-and-white. O This truly universal microscope gives
you all the practical versatility you have come to expect of a Zeiss microscope. It can be equipped for
transmitted or reflected illumination. There are also various exchangeable stages and optics for bright-
field, dark-field, phase-contrast,polarization and transmitted-light interference work.dThe instrument has

’ a built-in, pre-centered 6-volt lamp. But you can also use a 12-volt lamp
or high-pressure mercury burner for ultra-violet or fluorescence micros-
copy. O The built-in Zeiss OPTOVAR provides three different magnifica-

tions for each eyepiece/objective combination—without changing focus. O For complete information,
write Dept.. SC, Carl Zeiss, Inc., 444 Fifth Avenue, New York, N. Y. 10018. In

Canada: 140 Overlea Blvd., Toronto. COMPLETE SERVICE FACILITIES AVAILABLE.

THE GREAT NAME IN OPTICS IS LY

ATLANTA, CHICAGO, DENVER, LOS ANGELES, SAN FRANCISCO, SEATTLE, WASHINGTON, D.C, BOSTON  IN CANADA: TORONTO, MONTREAL, WINNIPEG, VANCOUYER




In 1954, Packard Instrument Com-
pany introduced its Tri-Carb Spectrom-
eter, the first and for a long time
the only liquid-scintillation spectrome-
ter available. This success and the in-
creasing use of radioisotopes in all
phases of biomedical research has re-
cently prompted many companies to
introduce liquid-scintillation counters.
The resultant competition is great, and
there is a choice of several high-quality,
sophisticated instruments for fully auto-
matic or manual counting of up to
200 samples (expandable to 400 on
some counters) at prices up to about
$15,000. Few instruments available to
the biologist offer as much up-to-date
technology and engineering sophistica-
tion as do these counters, while re-
maining within the financial reach of
most.

The latest in solid-state circuitry
is used to increase reliability and
reduce bulk and heat dissipation; Nu-
clear-Chicago, in its model 6860, re-
cently became the first to incorporate
integrated digital microcircuits. Taking
advantage of the speed, accuracy, and
reliability of electronic computation,
several companies offer special-purpose
digital computers to provide continuous
digital representation of count rate dur-
ing the counting cycle. In the Beckman
model 7066 counter, for example, the
count-per-minute rate is computed
every 1.2 seconds; total data-processing
time including complete sample-chang-
ing and printout is 7 seconds. An ad-
vantage of electronic digital computa-
tion is its compatibility with various
readout devices. Standard equipment
on the Beckman counter (and avail-
able on most others) is typewriter print-
out which provides complete data for
each sample on one line of 8.5-inch-
wide copy suitable for notebook filing;
sample number, counting time, chan-
nel identification, automatic external-
standardization ratio, counts or count
rate, and the 24 statistical counting er-
ror are recorded. Other instruments of-
fer punch-tape output, with typewriter
and punch-card accessories. All the
new automatic counters present perti-
nent data on easily read digital-display
tubes on the front panel.

The serious problem of determining
the effect of colored or chemical
quenching substances in the sample has
been approached by automatic external
standardization. A sealed gamma-ray
source automatically moves to a pre-
cisely reproducible position in the
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counting chamber after each sample
count is recorded; with the source in
position, a count is made on the stan-
dard, through the sample, to determine
its internal quenching. If, because of
geometrical configuration, this second
count is volume-sensitive, the channels-
ratio method is used to provide the
required correction.

The new counters provide up to
three channels of pulse-height analysis.
Packard Instruments has patented its
linear-amplifier technique which in-
volves feeding the detector output si-
multaneously to three separate chan-
nels of pulse-height analysis; each chan-
nel, consisting of a precision attenua-
tor, linear amplifier, two discriminator
analyzers, and scaler, can be adjusted
to cover the desired portion of the
energy spectrum. Packard claims that
linear amplification is inherently more
precise and stable, permitting optimum,
reproducible balance-point settings for
three isotopes. Other manufacturers use
logarithmic amplification, which com-
presses the entire energy spectrum into
one range of pulse-height analysis, per-
mitting counting of tritium, carbon-14,
and phosphorous-32 at one high-voltage
setting. Ansitron states that the ability
to plot spectra of all isotopes on the
same energy scale facilitates instrument
set-up for single isotopes and for mul-
tiple-isotope counting. For convenience
and reproducibility, Ansitron and Beck-
man offer preset, plug-in modules pro-
viding fixed discrimination channels for
separating known isotopes; this assures
precise duplication of settings for re-
petitive experiments, by eliminating the
adjustment of upper and lower dis-
crimination limits and gain control for
each set of isotopes.

A unique feature of the Picker Liqui-
mat Systems is the possibility of both
beta- and gamma-emission counting
with the same instrument; the count-
ers provide one, two, or three energy
channels for beta detection or one or
two energy channels for gamma detec-
tion (or both) comparable with a 3-
inch diameter by 3-inch well crystal.
This permits a choice of channel utili-
zation: (i) scaler A counts beta or
gamma activity; (ii) scaler B counts
beta and gamma activity, with different
analyzer settings; and (iii) scaler C
counts beta activity or handles external
standardization.

The scientist buying instrumentation
for liquid-scintillation counting is for-
tunate to be able to choose an instru-

ment that meets his particular specifica-
tions and fits his budget. A complete
spectrum of counters is available, from
manual, low-capacity units with me-
chanical calculators to completely au-
tomatic, high-capacity instruments with
the latest in electronic sophistication.

Spectrophotometry

Instruments for absorption spectro-
photometry are being refined and im-
proved; they generally cover a wider
wavelength range than their predeces-
sors and extend farther into the in-
frared and ultraviolet. Good examples
are Perkin-Elmer models 450 and 621.
The 450 covers the range from 165
my in the ultraviolet to 2700 mu in
the near infrared; it can resolve bands
separated by 0.03 my at 175 mu and
has low stray light. Model 621 is an
infrared instrument with a continuous
scanning range of 2.5 to 50 p; it fea-
tures high resolution and variable re-
cording speeds. Bausch and Lomb’s
new Spectronic 600 ultraviolet-visible
instrument is a double-beam, double-
grating, ratio-indicating unit with a
range of 200 to 650 my (extendable
to 800 my); scanning speeds are 10,
50, and 250 my per minute; band-
widths are 0.5 to 5 mpu. An infrared
instrument for running spectra on gas-
chromatography effluents, the new
Beckman IR-102 Fast-Scan scans from
2.5 to 14.5 p in 4 seconds.

A micro-sample spectrophotometer,
Gilford model 300, performs precision
absorbance spectrophotometry on sam-
ples of less than 0.5 ml over the wave-
length range of 340 to 700 mu. Ab-
sorbance range is 0.0 to 2.0 absorbance
units (A); resolution is 0.001 A, and
precision is =0.002 A. A rapid-sam-
pling system using a self-contained
vacuum pump allows measurement of
as many as 50 or 60 samples per
hour; price, $1695.

Of particular interest to biologists
investigating the kinetics of rapid re-
actions, particularly in enzymes, is the
new Durrum-Gibson Stopped-Flow
Spectrophotometer. It is a complete
system for rapidly mixing two liquid
components and measuring the change
in optical density as a function of time
over the wavelength range of 235 to
800 my. With appropriate solutions and
operating conditions, the instrument
provides 99.5-percent mixing of two
components in 2 msec, permitting ob-
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servation of reaction half-times as short
as 5 msec; price, $7900, without oscil-
loscope and constant-temperature cir-
culator.

A most promising analytical method
for determining trace amounts of met-
als in clinical and research applications
is  atomic-absorption  spectroscopy,
which can determine about 40 metallic
and semimetallic elements in solution,
with detection limits below 1 ppm and
routine precisions better than 1 per-
cent of amounts present. Depending on
the instrument and solution, elements
such as nickel, copper, and zinc can
be read to 10—3 ppm. The method
is dependable, fast, easy to use, and
highly sensitive to an unusual range
of elements. Several companies, notably
Perkin-Elmer, Jarrell-Ash, and Aztec,
offer large, elaborate instruments ca-
pable of high sensitivity, precision, and
speed.

A new instrument, the Perkin-Elmer
model 290, is a small, self-contained,
low-cost instrument for analyzing a
large number of samples for one or
two elements each; measuring 25 by
15 by 12 inches high (64 by 59 by 31
cm), it can provide detection limits
of less than 1 ppm for 30 elements
in water solution, and makes succes-
sive determinations of an element in
less than 15 seconds per sample on
samples as small as 0.1 ml. Inter-
changeable S5-inch meter scales give
linear readings directly in concentra-
tion, and multielement, hollow, cathode
lamps simplify change of elements. The
complete instrument (without recorder)
costs $2900. Beckman has introduced
an atomic-absorption accessory to be
used with its DU, DU-2, and DB ul-
traviolet spectrophotometers.

Automated Chemical Analyses

Instrumentation for clinical applica-
tion is designed to meet requirements
that are often contrary to those for re-
search. Research instruments are char-
acterized by versatility and precision;
they are used to analyze a relatively
small number of samples of from 0.1
nlit. to several milliliters. On the other
hand, clinical medicine requires its in-
struments to perform rapidly on a large
number of samples a specific analysis
with precision of a few percent; sam-
ples sized between 0.1 and 0.5 ml are
ordinarily available.

The current trend in clinical instru-
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mentation is to automation of the tedi-
ous wet-chemical procedures for ana-
lyzing blood serum. Technicon, for
years the leader in automated clinical
chemistry, had an impressive exhibit;
it presented several new instruments
and accessories, along with extensive
improvements of older models.

The new Technicon Multi-Channel
Analyzer can perform 12 simultaneous
analyses on a single 2-ml blood-serum
specimen in less than 10 minutes. Auto-
matically, the sample is divided into
portions which are separately processed,
provided with the exact amount of
diluent and reagent, and fed to the
photometric output. Colorimetric de-
terminations are made for chloride,
CO,, total protein, albumin, calcium,
alkaline phosphatase, total bilirubin,
blood-urea-nitrogen, glucose, and se-
rum glutamic oxaloacetic transaminase
(SGOT); flame-photometric readings
are taken for sodium and potassium.
Each component read colorimetrically
has a separate cuvette; the cuvettes are
scanned sequentially and the readings
are recorded on a single recorder. An
inconvenience of this analyzer—ab-
sence of sample identification from the
recording—is eliminated by a new ac-
cessory: with coded plastic tags, de-
coded by microswitches, the accessory
identifies the sample and types on an
8.5- by 1l-inch sheet the batch num-
ber, sample number, and results of the
analyses.

Another Technicon achievement is
automation of blood typing. Installa-
tions for characterizing large numbers
of specimens can now type automatical-
ly 60 samples per hour using blood
samples as small as 1 ml. The eight-
channel system performs simultaneous,
parallel agglutination tests on plasma
and red cells collected from anticoagu-
lated blood. The tops (plasma) and
bottoms (cells) of the specimens are
automatically sampled and each phase
is fed to four separate channels: three
channels for typing and one for con-
trol. In each channel, the plasma (or
cells) is mixed with reagent cells or
antiserum and the mixture is passed
through a decant-T. If agglutination oc-
curs, the clumped cells are decanted
to the waste bottle and the serum con-
tinues through the system. If there is
no agglutination, the cells pass through
the decant-T. Distilled water is then
added to hemolyze any cells present,
and the sample proceeds to the multi-
channel colorimeter. If the test in a

particular channel is negative (no ag-
glutination), hemoglobin from the lysed
cells gives a colorimetric reading of full
scale; a specimen reacting positively,
having had its cells agglutinated and
decanted, gives a colorimetric reading
of zero. By using all eight channels
to characterize one specimen, up to
eight subgroups can be tested simul-
taneously. The Technicon system is also
suitable for such research studies as
differential agglutination.

Several companies have introduced
methods for automatic time-rate anal-
yses of enzymes. The kinetics of en-
zyme activity, important in biological
systems, are measured by determining
the rate of a reaction catalyzed by
the enzyme. Bausch and Lomb exhibit-
ed its Spectrozyme II for determining
the two transaminases (SGOT and se-
rum glutamic pyruvic transaminase)
and lactic dehydrogenase in as little
as 0.25 ml of blood plasma or serum.
A turntable with spaces for 40 sample
tubes is suspended above a well-regu-
lated constant-temperature bath; below,
in the bath, are 40 corresponding re-
action tubes. The sample is automatical-
ly sucked from the upper tube and de-
livered to the reaction tube along with
the proper amount of diluent. A sys-
tem of three syringes then automatical-
ly adds the required reagents and the
reaction begins. The rate of the re-
action is monitored photometrically by
following the change in optical den-
sity at 340 my as diphosphopyridine
nucleotide is reduced. The dual-beam
optical system that observes the sample
through the bath water is a null sys-
tem utilizing a servo-controlled optical
wedge; optical-density readings taken at
0, 50, and 100 seconds are printed
digitally.

Another approach to the same prob-
lem has been taken by Perkin-Elmer
which offers three accessories to the
model 202 Ultraviolet-Visible Spectro-
photometer. Measurement of absorb-
ance as a function of time may be
made at a fixed wavelength and con-
trolled temperature, with automatic po-
sitioning of five samples in the time
usually required for one sample; up
to 15 samples in three batches can be
run on one chart in 15 minutes. The
American Instrument Co. is offering
a similar system of accessories for its
Fluoro-Microphotometer; they permit
recording of fluorescence or absorp-
tion values as a function of time dur-
ing enzyme-reaction-rate studies.
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Data Processing Equipment

Biologists investigating complex phys-
iological, biochemical, or biophysical
phenomenon often accumulate raw data
faster than they can process it; they
are finding it practical to purchase au-
tomatic data-processing equipment to
collect, process, display, and store their
data as the cost of equipment con-
tinues to fall.

Several years ago, NIH financed de-
velopment by the Massachusetts Insti-
tute of Technology of a small, gen-
eral-purpose digital computer equipped
with devices and logic particularly suit-
ed to biomedical research. The result,
the LINC (laboratory instrument com-
puter), was exhibited at FASEB by
Digital Equipment Corp. This system,
with built-in capabilities of data re-

cording, analog-to-digital conversion,
and experiment monitoring, control,
and analysis, provides on-line, real-

time, data processing; results of ex-
periments are known immediately, so
that modifications can be made and
the study continued with a minimum
of delay. The highly versatile input-
output capabilities of the LINC allow
it to be connected directly into a wide
variety of research situations. Sixteen
channels of analog data can be han-
dled: eight of these are controlled by
potentiometers on the control panel;
eight are high-speed lines carrying ana-
log data from eight different sources.
The speed of the computer is due to
the 8-psec access time to the 2000-
word magnetic-core memory; magnet-
ic-tape units (standard equipment) ex-
pand the memory size and allow the
contents of the core to be stored in-
definitely. The price of about $40,000
includes the analog-to-digital conversion
and multiplexing and the oscilloscope
display.

An outstanding example of the gen-
eral-purpose high-speed computers sug-
gested for application in biomedical
research is the Digital Equipment Corp.
PDP-8, a desk-top system designed for
scientific computation, system and con-
trol application, and in-line data col-
lection and reduction. This system of-
fers a 4096-word memory (expandable
to 32,768 words) and a memory cycle
time of 1.6 psec. With paper-tape in-
put and output, the unit sells for $18,-
000; analog-to-digital conversion and
multiplexing, paper-tape capabilities,
and oscilloscope display are extra. This
machine is notable for its convenient
size, solid-state design, high speed, and
versatility; accessories are available.

Other Instrumentation

Perkin-Elmer exhibited the prototype
of an electron-spin resonance (ESR)
spectrometer designed to quantitatively
measure free radicals in functional bio-
chemical and biological systems. In-
corporating the Townsend cavity de-
sign, the instrument is especially suit-
able for samples containing liquid wa-
ter to 0.1 ml; tissue samples may be
examined in their natural state rather
than frozen or dried. Sensitivity is
1011 spins (1-second time constant);
resolution, 100 mgauss over the sam-
ple volume. Information about the mo-
lecular structure and Kkinetic behavior
of these systems is obtained from quan-
titative determinations of the spectro-
scopic splitting factor (g-value), line
width, spacing, and intensity of hyper-
fine peaks in the ESR signal. The con-
sole measures 40 by 24 by 49 inches
high; the magnet enclosure measures
23 by 24 by 24 inches high; price,
under $30,000.

A biological oxygen monitor, Yellow
Springs Instruments model 53, obtains
complete Warburg-type oxygen-uptake
or evolution curves in 5 to 15 minutes.
A distinct advantage is ability to yield
information only 60 seconds after in-
sertion of the sample. The bath as-
sembly contains four sample chambers
stirred magnetically and regulated as to
temperature by a Haake constant-tem-
perature circulator. Two Clark polaro-
graphic-type electrodes inserted in lucite
plungers are provided so that two
chambers can be used while the others
are being prepared. A 5-inch meter
reads percentage-saturation in two
ranges: full scale for air at 760 mm-Hg
and full scale for O, at 760 mm-Hg.
Output is provided for any 100-mv
recorder: typical drift is 0.5 percent
hr—?1; price $1225, without recorder.

Another product of Yellow Springs
Instruments is its direct-reading radiom-
eter, wavelength-independent from the
ultraviolet to the near-infrared (YSI-
Kettering Radiometer model 65). The
sensing probe contains two thermistors
which form two legs of a Wheatstone
bridge. The sensing thermistor is at-
tached to a coated silver target; the
reference thermistor is shielded from
radiation but is exposed to ambient
temperature. Reading directly in ergs
per square-centimeter—second and mil-
liwatts per square-centimeter in seven
ranges, 2.5 X 103 to 2.5 X 106
erg/cm? (0.25 to 250 mw/cm?2) full
scale, the instrument is accurate within
S percent of full scale and readable
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to 0.5 percent of range. The combina-
tion of metallic-layer target coating and
quartz window provides wavelength-in-
dependent measurement from 200 to
3300 my. This bolometer is designed
as a convenient tool for qualitative and
quantitative measurement of radiation
in photobiology and photochemistry.

A new linear quartz thermometer
utilizes the temperature dependence of
quartz-crystal resonators as the basis
for accurate measurement of tempera-
ture. The Hewlett-Packard instrument
measures temperatures ranging from
—40° to +230°C, within 0.001°C, in
10 seconds. The unit consists of a
quartz resonator located in the sensor
probe, an oscillator, and a frequency
counter which displays the measured
temperature directly in numerical form
on a digital readout. Of interest to
biologists is the two-channel thermom-
eter for measuring small temperature
differences. Six-digit display permits dif-
ference measurements within 0.0001°C;
each probe can also be read independ-
ently. Model DY-2801A (two-channel)
provides selection of 0.01°, 0.001°, or
0.0001°C resolution with an absolute
linearity of =*=0.15°C over the entire
range of —40° to +230°C (*0.02°C
from 0° to +100°C).

A unique FASEB exhibit was the
Tomos-Synthalyzer (RLM Research
Corp.), a photo-optical instrument
which permits three-dimensional synthe-
sis and analysis of solids, concrete or
abstract, from any coordinated set of
two-dimensional data. The instrument
is designed as a research and teaching
tool for such diverse fields as pathology,
histology, geology, and mathematics;
the technique assists one to understand
and visualize inner structures by pro-
viding observation and dissection of
optically synthesized solids. The system
consists in displaying sequentially, in
their natural spatial relations, photo-
graphic records of a series of sections
of an object in a cycle having a fre-
quency such that a three-dimensional
image is formed. With a biologic sub-
ject, for example, serial sections ob-
tained by use of a microtome are pho-
tographed in natural sequence and
orientation on successive frames of 16-
mm film strip. The strip, rotated at
high speed as a continuous loop, is
projected with a high-frequency mul-
tiple-microflash tube (1 pusec flash)
synchronized with the film travel. It is
projected on the translucent edge of a
drum composed of several spiral seg-
ments whose surfaces rise as the drum
rotates. A complete film-sequence coin-
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Why a Coulachron Analyzer?

SPEED: 30 seconds or less for each analysis
SAMPLES: in microliters

ANALYSES: more than 120 different ions and compounds
STANDARDS: seldom required

READOUT: digital, in microequivalents

ACCURACY: for most analyses, better than 0.5%

a new instrument that provides fast, easy,
economical analysis...automatically
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RESEARCH PANEL

With a remarkable new instrument, the Coulachron, you can now. titrate for
more than 120 different ions and compounds—in seconds—without standard
solutions—using micro samples—automatically! The Coulachron generates its
own titrants, titrates to any selected potentiometric or amperometric end point;
and reads out directly-in microequivalents on a digital counter,

The basic Coulachron features the simplicity of plug-in programming for
specific analyses. In addition, the separate Research Panel substitutes for the
program plugs to let you adjust each variable independently. With the Panel,
you can develop your own analyses, modify standard procedures, follow titrations
on indicating meters and measure electrode voltages.

You can do all kinds of oxidation-reduction, precipitation and complex-for-
mation titrations with the Coulachron and Research Panel. Generate titrants or
add them from external burettes, as you choose. Most analyses take less than
30 seconds, require only microliters of sample, need no calibration standards,
and are accuracy-limited only by your sample pipetting technique.

Get the full facts on automating your analytical procedures with the Coul-
achron. Write:

JALCQO CANAL INDUSTRIAL CORPORATION
4 Dept. E-61 4835 Cordell Avenue
? Bethesda, Maryland 20014 / (301) 656-2333

Sales and Service Offices ih o Boston ¢ Houston ¢ New York e Seattle
e Chicago e Los Angeles o Pittsburgh e Washington, D. C. e Cincinnati
o Memphis ¢ St. Louis ¢ Toronto e Cleveland ¢ Minneapolis « San Francisco
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kilowatts with
microwatts. ..

caer sl

0 TO LINE
VOLTAGE

ouT

LOAD "

0-1 MA TO 6.9 KW.
REMOTE

CONTROL
SIGNAL

LABAC—A handy solid-state power supply
for laboratory or shop use. Just plug it
into a 60-cycle or 400-cycle outlet, and
dial any power you want from zero to full
line voltage . . . control it remotely with a
0-1 ma signal . .. or use it as a power re-
lay for arcless ON-OFF switching. Output
{either AC or DC) is proportional to input
signal. Response time: 20 milliseconds.

‘NO VACUUM TUBES — NO MOVING PARTS

MANY USES — Test set-ups, equipment
mock-ups, demonstrators, light dimming,
electric furnace control, almost anywhere
a variable transformer is used. Standard
bench-type units can be easily panel
mounted if desired.

MODEL CHOICES:
115-volt or convertible 115/230v. input.

10- or 20-a. capacity (convection cooled).
30-amp current capacity (blower cooled).
*Custom models available with capacities
to 150 KVA.

Specialists in:
HIGH - PERFORMANCE PROGRAMMING AND CONTROL *
INFRARED HEATING ® AC AND DC POWER CONTROLLERS

R-I CONTROLS

A DIVISION OF RESEARCH. INCORPORATED
BOX 6164VF, MINNEAPOLIS, MINN. 55424
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cides with the travel of one spiral seg-
ment, and the flash-projected frames
dre frozen on successively higher levels
of the. segment. Because of the high
frequency -of the cycle and the view-
er’s retinal retention of image, he per-
ceives a three-dimensional object com-
posed of layers. Optical dissection may
be achieved by removing vertical seg-
ments of the synthesis. The reconstruc-
tions may be permanently recorded on
film for educational or illustrational
purposes.

DENIs J. PRAGER
Laboratory of Technical Development,
National Heart Institute,
Bethesda, Maryland 20014

Note

I thank R. L. Bowman, Donald Young, Paul
Holland, Malcolm Bruce (all of NIH), and
Arthur Karmen (Johns Hopkins University) for
their assistance. :

TEC 5 Mini-Freezer uses thermo-
electric cooling. The unit employs a
thermocouple module said to be capa-
ble of removing approximately 5 w
of heat from the 85-ml container to
which it is bonded. The container, cy-
lindrical, 1.5 inches (3.8 cm) in diam-
‘eter and 3 inches deep, is mounted in
an insulated housing. Cooler operates
on 115-v, 60-cy/sec power and con-
sumes 18 w. Heat pumped away from
the freezing compartment is trans-
ferred to a finned copper heat sink and
dissipated by a small fan located in the
base of the housing. Another model,
TEC 5V, permits regulation of the
degree of cooling by means of a con-
trol knob located on the front panel of
the power supply, but is otherwise
identical. Overall dimensions: cooler,

4.5 inches in diameter and 7.5 inches

high; power supply, 6 by 8.5 by 8
inches. A cradle available as an acces-
sory permits the device to be used in
the horizontal position. The manufac-
turer’s data indicate that 30 ml of 91-
percent isopropyl alcohol is cooled from
65°F (18°C) to approximately 7°F
(—14°C) in 30 minutes.—J.S. (Schoeffel
Instrument Co., Dept. S438, 15 Douglas
St., Westwood, N.J.)

Goniophotometer (GP 2) is a vari-
able-angle unit that measures the gloss
of diffusely as well as specularly re-
flective surfaces. Consists basically of
an illuminating and a measuring col-
limator enclosed in a semicylindrical
housing. The angle between the two
collimators can be extended to 150
deg; .the angle between the collimators
and the specimen can be varied con-

tinuously over a range of 75 deg.
Instrument may be operated either by
placing it directly on the specimen, or
by mounting it on its stand with mea-
suring hole facing up or down. Colli-
mators are independently adjustable
through the 75-deg range. Angles of
illumination and observation are read
from vernier scales located on one dial
in the face of the housing; readings
can be estimated within 0.05 deg, ac-
cording to the manufacturer. In opera-
tion, the specimen is lighted by a 6-v,
30-w, incandescent lamp focused
through the illuminating collimator.
Light reflected by the specimen is trans-
mitted to a selenium barrier-type photo-
electric cell by way of the measuring
collimator. A built-in turret on each
collimator adjusts the aperture angles
of the two bundles of rays to a small,
defined value. The aperture angle of the
measuring collimator is adjustable to 2
or 7.5 deg. In the lighting collimator,
stop adjustments correspond to aperture
angles of 0.25, 0.5, and 1.0 deg. Three
gray filters of approximately 0.1-, 1.0-,
and 10-percent transmittance are sup-
plied with the instrument. Also supplied
are two calibrating standards: a white
barium sulfate plate that approximates
a perfectly diffuse reflector, and a pol-
ished black-glass plate representing
maximum gloss with minimum diffuse
reflectance.—J.S. ~ (Carl Zeiss, Ine.,
Dept. $S437, 444 Fifth Ave., New York,
10018)

Very-low-frequency function gener-
ator model SG-88 puts out wave forms
that are limited in variety only by the
requitement that the function from
which each is derived is single-valued
and repetitive. The functions are gener-
ated by means of interchangeable ro-
tating discs that are scanned by a nar-
row light beam. Printed on each” disc
is an opaque pattern representing in
polar coordinates the wave shape or
function to be produced. The disc is
drivén by a servo-controlled motor
through a four-spéed gear box. Output
frequency is continuously adjustable to
from 0.005 to 50 cy/sec (nominal max-
imum). Acceleration of the disc on the
two lower frequency ranges is said to
be sufficient to permit effectively in-
stantaneous start from any predeter-
mined point on the wave form for
single-stroke operation. Sweep capa-
bility is provided on the two upper
frequency ranges, commencing at any
preset frequency and proceeding loga-
rithmically to the upper frequency limit
of the range. Output voltage can be
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set to any value from 425 to —25 v.
Built-in oscilloscope permits the wave
form and the output level to be moni-
tored. Five discs are supplied with the
instrument. Three of them generate
standard sine, square, and saw-tooth
wave forms; the fourth generates white
noise with a bandwidth ratio of 250:1,
accommodated anywhere in the fre-
quency range 0.005 cy/sec to 3 kcy/
sec; the fifth (blank) enables the user
to construct any other wave shape
required.—J.S. (Houston Instrument
Corp., Dept. S436, 4950 Terminal
Ave., Bellaire, Texas 77401)

Critical-flow  instrumentation, for
analyzing gases, is available in a num-
ber of models designed for various
ranges of concentration of water vapor
and CO,, and various accuracies, re-
sponse times, and pressure and tem-
perature conditions of the incoming
gas. Model 103A analyzes air at en-
trance pressure between 9 and 20 1b/
in. (abs.) (0.6 to 1.4 atm) and tem-
perature from 35°F (2°C) to ambient.
Accuracy claimed. is a mixing ratio of
+1/10,000 for water or CO, in air;
time to reach equilibrium is 15 sec-
onds. Vacuum pump is supplied with
models operated near atmospheric pres-
sure to develop the overall pressure
drop necessary to produce critical flow
in. the nozzles of the instrument. In
operation, the gas to be analyzed is
divided into two branches and is me-
tered into the instrument through two
critical-flow nozzles; as long as critical
flow obtains in the-nozzles, the flow
in each branch is independent of any
flow restrictions introduced into the
stream. The component to be estimated
is physically or chemically removed
from one of the branches, thus reduc-
ing flow in that branch. After tempera-
ture equalization, the reduced flow is
compared with the undisturbed flow in
the other branch by means of a differ-
ential pressure measurement at the en-
trance of a second pair of critical-flow
nozzles. A computer-derived tabulation
relating the mixing ratio of the gases
to the observed absolute pressure in
the reference branch and the differen-
tial pressure between the two branches
is supplied. A critical-flow instrument
for determining the average molecular
weight of a gas stream within 0.2 per-
cent, with equilibrium time less than
2 seconds, will soon be available, ac-
cording to the manufacturer.—1J.S.
(Lockheed Missiles and Space Co.,
Dept. 8435, 16811 El Camino Real,
Houston, Texas 77058)
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| _EFFEGTIVE MAY 31, 1965
New Organics
available in J. T. Baker’s growing line

: Heterocyclic Compounds :
B251 2-Aminopyrimidine, ‘Baker’ l
: N:C(NH2)N:CHCH:CH FW 95.10 258, 2.50 |
' M.P. 125.127°C. 100g. 6.00 '
D087 5-Bromoindole-2,3-dione, ‘Baker’
: BrCsHsNHCOCO FW 226.04 25g 3.00 :
l M.P. 252-254°C. 100g. 10.00 l
E863 2-Chloro-6-ethoxypyridine, ‘Baker’
| N:CCICH:CHCH:COC2Hs  FW 157.60 25g. 550 |
= B.P. 199-201°C. 100g. 16.00 :
1867 Ethyl Indole-3-acetate, ‘Baker’ !
CAH):NHCH:CCHzCOOCQHs FW 203.24 lg. 785 1
| |
M.P. 42.45°C, 5g. 31.00
' M888 Guanine Sulfate, ‘Baker’ '
I (N:C(NH2)NHCOC:CN:CHNH)2*H2504 H20 i
! FW 418.35 . 5g 340 |
I Assay ((CsHsN50)2°H2804H20). . .99.5% Min. 25g. 13.60 I
I N639 5-Hydroxyindole-3-acetic Acid, ‘Baker’ |
. HOCybHaNyHCH:CCHQCOOH FW 191.19 1/10g. 5.50 I
l M.P. 164-166°C. lg. 29.00 I
N906 bt-Indole-3-lactic Acid, ‘Baker’
: Ce¢H4NHCH:CCH2CHOHCOOH FW 205.22 1/10g. 8.00 =
M.P. 143-145°C, 1g. 44.00 .
i |
160 3-Methylbenzothiazolium lodide, ‘Baker’
| Q I
CsH4SCH:N(CH3)l FW 277.13 100g. 19.00
I —— I
l Assay (CsH4SCH:N(CH3)D)...98% Min. 500g. 75.00 l
| Q631 1-Methylimidazole-2-thiol, ‘Baker’ l
' CH3NC(SH):NCH:CH Fw 114.17 25¢g. 8.25 I
' M.P. 143-146°C. 100g. 28.75 I
R048 1-Methylquinaldinium lodide, ‘Baker’
| CsH4CH:CHC(CH3):N(CH3)l  FW 285.13 25g. 950 i
I Assay (Ci1Hi2IN). . .99% Min. 100g. 25.00 |
l U245 1-(-)-Proline, ‘Baker’, (L-2-pyrrolidinecarboxylic acid) l
I NHCH2CH2CH2CHCOOH ~ FW 115.13 1g. 215 1
Ty
| [¢1%0 —86 to —84° (¢=5 in Hz0) 10g. 10.00 !
' V003 Serotonin Creatinine Sulfate, ‘Baker’ l
I 5-HOCsH3sNHCH:CCH2CH2NH2* l
| NHCOCH:2N(CH3)¢:NH*H2804:H20 1/10g. 4.00 1
FW 405.43 lg. 16.00
= M.P. 217-219°C. De¢, :
|
| The group of heterocyclic compounds listed above have just
i been added to J. T. Baker’s line of organic laboratory chem- I
icals and are available for immediate delivery. They represent
l newest additions not yet listed in our catalogs. Check the I
l chemicals you require and pass this list to your purchasing |
department. Orders can be sent to your nearest distributor of :
| Baker organics or directly to J. T. Baker. And you’ll get fast i
| service. I
Many other heterocyclic compounds are described in our p
| Catalog 641 and in the recently issued Supplement No. 1. Both |
| are available on request. Write J. T. Baker Chemical Co., Phil- |
l lipsburg, New Jersey. |
1 ] I
i J.T. Baker Chemical Co. I
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Personnel
Placement

M posrrrons wanten [

Ethno-Biologist, project director; broad rcsem:ch
experience Alaska and Asia; 3 years of teaching

anthropology; publications. Seeks teaching/re-
scarch position West or Midwest. Box 183, SCI-
N X

Histologist-Neuroanatomist. Desires gcgg;a;;hlndl
relocation.  Will consider teaching/research or
straight research. Box 182, SCIENCE: X

Microbiologist, Ph.D. Strong background in virol-
ogy and biochemistry. Academic and industrial
experience, Publications. Box 18 CIENCE. X

(a) Microbiology Ph.D., zoology minor; veteri-
nary product development, seafood processing re-
search; seeks teaching-research position. (b)
Chemist Ph.D., scientific director drug manufac-
turer, international liaison experience; prefers
pharmaceutical administrative appointment. For
details write Woodward Medical Personnel Bu-
reau, 185 North Wabash Avenue, Chicago, [I-
linois 60601.

Physician, Scientist, Executive planning early re-
tirement from government; broad and high level
experience; prefer part-time, consulting, or short-
term work; novel and challenging projects wel-
comed. Box 184, SCIENCE. 6/11, 18, 25

N posrrions opeN i

BIONICS

Positions available in interdisciplinary research
cifort to use knowledge of nature’s processes for
solution of engineering problems. Need one Ph.D).
biologist (engineering oriented), and one Ph.D.
clectrical engineer of physicist. For further in-
formation, contact Personnel Office, Southern
Research lustitute, Birmingham, Alabama 35205,

An Equal Opportunity Employer

FOOD MICROBIOLOGIST
FOR
ATOMIC ENERGY OF
CANADA LIMITED

Commercial Products in Ottawa is in «
period of ruapid growth, ond we have an
urgent requirement for a Microbiologist to take
on responsibility for the microbiological as-
pects of our expanding food irradiation pro-
gram in o world wide market.

The successful applicant will be required
to arrange applied resedarch and development
projects either at A.E.C.L. or with outside fabo-
ratories, and ensure the appropriate follow-up;
initiate a long term research program; main-
tain liaison with public health authorities and
with radiation Microbiologists in other labora-
tories in Canada ond elsewhere. Some travel-
ling can be expected.

We would prefer applicants at the post-
graduate level with up to 10 years’ food
microbiology experience in Government and/or
industry. Some experience in food technology
would also be an asset.

Enquiries will receive prompt attention and
should be forwarded together with the usual
details of education and experience to:

PERSONNEL OFFICER

ATOMIC ENERGY OF CANADA
LIMITED

COMMERCIAL PRODUCTS
P.O. BOX 93
OTTAWA, CANADA
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IR postrions opx {IHIAY

(a) Microbiologist, Project leader R&D private
contracts, research group; W; $14,000 to $17,000.
(b) Analytical Chemist, pesticide studies for
health dept.; E; $10,000 to $14,000. (c) Assoc.
Prof. Parasitology, develop tissue culture course
for grad. students; own research half time;
MidW univ; $11,000 to $13,000. (d) Chemist,
head R&D synthetic veterinary products; crea-
tive abil; MidE; $16,000. (¢) Assoc. Prof. Bac-

teriology, conduct serology research program;
agricultural univ; MidWw; $10,000 to $11,000.
(f) Biology Prof. lib. arts college; S; $10,000.

Woodward Med. Pers. Bureau, 185 WNorth Wa-
bash, Chicago, Illinois 60601.

Professional Placement Service for 68 Years

RESEARCH BIOCHEMIST

Ph.D. with strong background in protein chemistry to
pursue hasie research, with great potential, in area of
snake venoms and other poisonous substances. Knowledge
of immunology desirable, but not essential.  Well-
equipped  Government laborvatory, Louisville, Ky., area.
T’osition in Career Federal Serviee. Academie affiliation
with neighboring university possible. (i8-level and sal-
ary depending upon experience. Applicant must qualify
under the appropriate civil service examination, Civilian
Personne! Officer, U. S. Army Medical Research Lahora-
tory, Ft. Knox, Ky.

UNIVERSITY OF ALBERTA
Edmonton, Alberta, Canada
Applications are invited for the position of
ASSISTANT CURATOR—UNIVERSITY HER-
BARIUM appointment effective September 1,
1965. Applicants should possess a degree in
Botany and preferably have some experience in
herbarivm work. Attractive opportunity in all
respects. Apply in writing to Dr. Harold J.
Brodie, Head, Department of Botany. University
of Alberta, Edmonton, Alberta, CANADA.

o I};lVERSlTY OF OTTAWA
CANADA
CHAIR OF PHARMACOLOGY

Applications are invited for the Chair of
Pharmacology, Faculty of Medicine., Candidates
should hold an M.D. or a Ph.D. degree. The
department is responsible for undergraduate

course in pharmacology for miedical students.
Facilities are available for accepting graduate

students for M.Sc. and Ph.I}. degrees. Inquiries
together with a curriculum vitae should be
addressed to ¥. ¥, Lussier, M.D,, Ph.J)., Dean,
Faculty of Medicine, University of Ottawa, Otta-
wa, Ontario. 6/4, 11,18

research
microbiologist

A position is available immediately in
{ITRI's rapidly growing Life Sciences
Research Division which currently haos
a professional staff of over fifty re-
searchers. The new man we need
should have a Ph.D. in medical micro-
biology and experience in research
studies concerning animal host-parasite
relationships.

Typical studies of the Division include
the effects of gauseous pollutants on
resistance to respiratary infection and
the effects of environmental stresses on
resistance to infection.

Association with 11T Research Institute
can be a professionally broadening ex-
perience since [ITRI conducts major R&D
programs for industry and government
in virtually every majer scientific and
technical field. Idea men will feel at
home. Of the 1250 separate projects in
1964, 65% stemmed from staff gen-
erated ideas; one in every six was
company sponsored.

For further informaition, send details of
your education and experience to Mr.

George Zima.
i R Research
Institute
10 West 35th Street
Chicago, lllinois 60616

T

An Equal Opportunity Employer

(TGN Postrions opEN |l

BIOLOGY EDITOR

Growth-oriented, diversified Chicago publish-
ing firm offers outstanding opportunity for
experienced biology editor with writing and
teaching experience to be responsible for the
development and production of new second-
ary biology curriculum materials.

A bachelor’s degree with major in biology
and some course work in science education
is req_uqud, 3 to 5 years’ experience in some
cogn.bmatlon of science teaching, science
writing and science editing required.

Please send résumé detailing experience and
training including field of concentration and
salary reqguirements.

Box 188, SCIENCE
An Equal Opportunity Employer

MICROBIOLOGIST — SEROLOGIST
Ph.D.. research on antigenic characteris-
tics of flax rust and host, twelve month
professional appointment with month paid
vacation, sick leave, and retirement bene-
fits, salary and rank open. Apply to J. L.
Parsons, Chairman, Bacteriology Depart-
ment, North Dakota State University,
Fargo, North Dakota

PHYSIOLOGIST, PH.D. or M.D.

Assistant or associate professorship for Sep-
tember 1965. Teaching and research, competitive
salary. Send curriculum vitae to:

BPr. 4 V. Wolf

Department of Physiology

University of Ilinois College of Medicine
Chicago, Hlinois 60680

PHYSIOLOGIST-BIOCHEMIST
M.S. or B.S. to study vascular permeabil-
ity changes due to radiation injury.
Knowledge of tracer techniques desirable.
Congenial, active group-hospital research
institute, Philadelphia. Box 187, SCIENCE.

Merck Sharp & Dohme
Research Laboratory Division

. . . seeks a Ph.D. in Biochemistry, Pharma-
cology or related field with strong interest in
research -in drug metabolism. Some experience
desirable but not essential. Current research
program includes analytical methodology, drug
absorption, distribution and excretion as well
as metabolite identification.
This position is located in
West Point, Pennsylvania
(A Suburb of Philadelphia)
Please send resume and salary
expectation in confidence to:
EMPLOYMENT SUPERVISOR

MERCK & CO., INC.

RAHWAY, NEW JERSEY
AN EQUAL OPPORTUNITY EMPLOYER

The Market Place

WRITERS

N. Y. publisher wants hooks on ail subjects
fiction, nonfiction. No fee for professional
opinion. FREE: Brochures that show how your
book can be published, publicized, sold; tips
and article reprints on writing, publiishing,
contracts. Write Dept. 75F

Exngilﬂon 3asr ?irk Ave. Sof. NY. 16
Wil surpLIES AND EQUIPMENT |}
*» HYPOPHYSECTOMIZED RATS

Shipped to all points via Air Express
For further information write

HORMONE ASSAY LABORATORIES, Inec.
8159 South Spaulding Ave., Chicago 29, Il
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Now,
respiratory
analysis

with the patient
in mind.

Maximum patient comfort is assured with the
new Beckman Metabolic Respiratory Analysis
System. Normal patient care continues, even
during prolonged analyses of several hours.
This new Beckman system allows contin-
uous, simultaneous breath analysis of oxygen,
carbon dioxide and carbon 14, as well as
computation of Specific Activity and Respir-
atory Quotient. Integrated with the newly
acquired Phrenicon* instrumentation the
system provides a selection of interchange-
able modules for various collection analyses,
and readout requirements. It is ideal for
research and diagnostic work for medical,
physiological and biochemical studies.

Beckman®

Some particular advantages include rapid,
self contained calibration; elimination of
artifacts by simultaneous phasing of detector
outputs; great accuracy assured through
control of temperature, pressure, flow, and
humidity; and a wide variety of readout modes
including punched tape, printed, and visual
presentations. On-line computer data are
presented in real time, allowing immediate
evaluation,

For additional information on the various
modular components, performance specifica-
tions and typical applications for the new
Beckman Metabolic Respiratory Analysis
System contact Beckman directly.

INSTRUMENTS, INC. #TM
PHYSIOLOGICAL MEASUREMENTS SECTION

FULLERTON, CALIFORNIA - 92634

INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND; MUNICH, GERMANY;
GLENROTHES, SCOTLAND; PARIS, FRANCE; TOKYOQ, JAPAN; CAPETOWN, SOUTH AFRICA



WO heads
really are better

when two persons can see the minute detail for both observers.
same magnified image simultane- . Applications are limitless. It's

ously through a Dual Viewing

Microstar.® Each viewer enjoys the same superb
flat field, high-quality image that is available only
with the AO Series 10 Microstar. An illuminated,
transparent arrow is superimposed on the field of
view. It can be freely positioned to pinpoint any

P —

specially suited for consultations,
training and advanced teaching because it offers
simultaneous viewing and critical resolution that
is impossible to achieve by projection methods.
The Dual Viewing Microstar gives you a new
method of effective communication.

®REGISTERED TRADE MARK AMERICAN OPTICAL COMPANY

— ——— — — . e g

/

I AMERICAN OPTICAL COMPANY

} INSTRUMENT DIVISION @ BUFFALO, NEW YORK 14215

] Dept. R1

| Gentlemen: Please send complete information on the AO Dual Viewing Microstar.
: Name

| Address

l\ City State Zip Code

B ——




