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We are reprinting here the introduction and
just a few of the experiments from this new
book. Written in easy-to-understand terms,
the book will give the student a better appreciation of what a compo und microscope
is and do es. The author takes the student
through a number of "experim ents" that vividly illustrate the points made. The student
learns by doing.
Published by Bausch & Lomb, the book
is priced at 50¢ per copy. However, we will
be happy to send you a fr ee copy if you will
just check the appropriate box on the attached card.

GETTING ACQUAINTED WITH
THE MICROSCOPE
Preview of a New Book/By Julian Corrington
Introduction
The most basic and important instrument
used by students of the biological sciences
and many divisions of other sciences is the
compound microscope. From the moment
that the beginning high school or college
student enrolls in the introductory course
in biology, botany, or zoology, he accepts
this instrument as a partner in the learning
process and, should this alliance continue
through advanced courses, such as plant
morphology, animal histology and embryology, and many others, dependence upon
the microscope rises to the point where it
completely dominates the educational picture. Later, should the student go into
graduate and professional fields, he may
earn his living with this king of instruments. There would be no cytologists,
bacteriologists, or parasitologists if we had
no microscope.
It is the purpose of this booklet to acquaint the reader with basic facts about
2

the microscope, its proper operation and
care, and then to describe instances of its
use in performing experiments. For uniformity of presentation, we shall term each
of the following sections "experiments,"
though, as will be obvious, not all are experiments in the correct sense, but are
exercises, some of which are primarily
observational.

An Experiment in Accommodation
The most wonderful of all optical instruments, the eye, is able to alter its focal distance when viewing objects at varying
locations. This automatically regulated
power is accommodation, and is performed by the lens of the eye, a transparent and flexible body lying directly behind
the iris.
The microscopist should learn to relax
the accommodation of the eyes, to avoid
eye fatigue. He should acquire the vacant
stare or the unaccommodated eye of the

day dreamer when using the microscope.
A famous experiment will demonstrate accommodation- the floating finger illusion
(Figure 1). Sit at a table, facing a window,
and gaze off at the horizon or the sky, relaxing the accommodation completely, for
distant vision. Without changing this condition, bring the two index fingers up in
front of the eyes, about 8-10 inches before
the face, both eyes open, the two fingers
horizontal, facing each other, the two nails
touching. Slowly separate these fingers
about one-half to one inch, and you will
observe a central, detached piece of finger
floating in the air between the other two
fingers, with a nail on each end. This experiment proves that the images in the two
eyes are actually different, but can also be
used, as here, to demonstrate accommodation. The moment one shifts to a focus on
the fingers, the illusion vanishes.

An Experiment with the Virtual Image
Set up the microscope vertically, using a
slide showing considerable detail, as a
plant stem section of a section of stomach,
intestine, or kidney. The light should come
from a student gooseneck lamp or preferably from a desk fluorescent lamp. Obtain
a sharp, brightly illuminated image with
the l0X objective. Pile magazines upon
the table to the right of and against the
microscope stand until the top surface is
250mm (1 0 inches) below the eyepoint of
the instrument. Place a sheet of white
drawing paper on the magazines and hold
a sharpened drawing pencil in the right
hand. Look into the microscope with the
left eye and move the pencil point about
with the right hand. You should be able
to see both the detail of the object and
the pencil point, if both eyes are kept open
and accommodated for distant vision. The
object is scanned with the left eye, the
pencil point with the right eye, and the two
images are fused in the brain as in any

form of binocular vision. Thus you will be
able to sketch on the paper at least the
grosser outlines of the object and get their
proportions correct. Any conscious attempt to focus on either the object or the
pencil will immediately destroy this fusion
image. An observation of this sort is sometimes called double vision.

An Experiment in Magnification
What is magnification? When we look at
the full moon we see a bright disc in the
sky, and as a child we are told that it is the
size of a dinner plate. Later we learn many
facts about size versus distance and are
told that the moon is 2.162 miles in diameter and a mean distance of about 238,840
miles from the earth. We can close one eye
and hold a dime in front of the open eye at
such a distance from the face as to obscure
the full moon, yet we realize from experience that the dime and the moon are not
thereby of equal diameter.
Size is relative, and we must have a
standard for comparison. Through many
tests it has been concluded that the average
person holds an object, for inspection of
detail, or a book in reading, at about ten
inches from the eyes. When the metric
system was adopted in all scientific work,
this was changed to 250mm, which is just
a trifle less than 10 inches, and this distance from the eye was designated the
near point. Corresponding to this, the far
point is at infinity. And so microscopes
were designed to have the virtual image
distance at the near point. Any object
scanned at 250mm is natural size or 1 X.
Whenever the object is brought closer to
the eyes, it is seen larger and is hence magnified; if looked at farther away than
250mm, it is smaller or minified. You will
probably be able to bring an object, such
as this printed page, to within six inches of
the eyes, or even closer, and still see detail
clearly, but as the distance is slowly less3

ened, there comes a point at which the image blurs and detail becomes foggy or
fuzzy and is then lost.
Take a piece of black photomount paper, as is supplied in photo albums, about
postcard size and, in the center near one
end, perforate it with an ordinary pin, thus
making a pinhole card (Figure 2). Cut out
a newspaper photograph of a person's
face and mount this on another card. Now
look at the photo through the pinhole,
holding the pinhole card as close to one
eye as possible. Bring the photo card ever
closer to the face, starting at a distance of
about ten inches, and you will be surprised
to find that you can get it to about one
inch from the face and still see detail in
the picture clearly. You have in your hand
the world's simplest and cheapest microscope, the pinhole card, achieving a magnification of l0X, since you are viewing
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the card at one inch instead of ten.
Magnification, then, consists in getting
the eye closer to the work. You obtain a
bug's eye view, so to speak. One inch is
about the shortest distance possible in this
case; your head and eyelids and lashes get
in the way and insufficient light is admitted. If we enlarge the aperture in the
card to admit more light, the image is destroyed by having too many rays come
from the same point in the object; the image is fogged or, as the microscopist says,
is rendered useless by glare.
Experiments in Diffraction

1. Again take up the pinhole card. In the
end opposite the pinhole, cut a two-inch
vertical slit, not quite to the border, with a
safety-razor blade. Hold this slit in front
of the eye and look through it at a lamp
(Figure 3). You will see not a single slit

but a series of them; a number of exceedingly fine vertical lines in the main slit.
2. Hold a fine-toothed comb in front of
the eye and look through the teeth toward
a lamp. You will see again some fine vertical lines, like extra teeth, between the
actual teeth.
These experiments demonstrate diffraction, a phenomenon in which light rays
bend very slightly in passing through slits
or past the edges of opaque objects. A pattern of light and dark fringes is produced.
Try to conceive of the detail in an object on a slide placed under the microscope at the size level approaching that of
molecules. Some of the particles of matter
will transmit light with little alteration,
being highly transparent. Opaque particles
will diffract light around their edge. Thicker particles that are translucent will pass
the light but refract the rays.

3
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TALL, DARK AND UPSIDE DOWN
By David Causey

University of Arkansas

O

THOSE DAYS when the skies are
leaden, the barometer is low, there
is too much dean, and ever so much too
many students, barnacles are such consoling animals. They have done what you
would like to do. A long time ago a crustacean got fed up the way the world was
going- the wrong party (not his ) was in
power, taxes were getting higher all the
time, and as far as "he" was concerned
Pippa could pass indefinitely - nothing
was right with the world and he quit playing. So "he" stood on his head, altering the
viewpoint but not improving much of anything, and gradually pulled his carapactic
(there could be such a word) cloak about
him. Only the hind end stuck out and the
subsequent activities were somewhat ribald. I'm merely paraphrasing the great
Huxley's statement to the effect that the
barnacle stands on its head and deliber-
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ately kicks the food into its mouth.1
There was a time when the barnacles
were Mollusca. Now one thing which separates the Arthropoda (and consequently
the Crustacea) from the Mollusca is the
presence of jointed legs. How any zoologist could have looked at a barnacle with
its legs sticking out like tufts of feathers
and thought it was a molluscan is actually
a tribute to the scientific mind. I think th at
Aristotle taught us the mental processes
for this:
The Mollusca do not have legs.
The barnacle is a mollusk.
Barnacles do not have legs.
you think I'm telling the barnacle story too
often, just remember that in time you, too, will
become old and garrulous. I'm already getting
letters saying, "I learned the alphabet fro m
your early barnacle papers! " There is always
a new generation .

1. If

J. Vaughan Thompson, over a hundred
years ago, approached the solution by
rather subversive means- he worked on
the life cycle - and found a typical crustacean development which ended in a
barnacle. Why his fellow scientists accepted his work I have no idea. My old
professor, Dr. C. A. Kofoid, loved to
quote Bacon: "Error travels on horseback,
Truth follows afoot." Too often Truth
seems not to start.
Darwin and barnacles are practically
synonymous. For seven weary years this
clumsy, lumbering man worked at them.
His letters are full of his problems and his
ineptness. His volumes are classics, from a
dogged plodder who kept pushing along. I
have the feeling that much of what has
been done since then might as well not
have been done. And once recognized as
an authority on the Cirripedia, he abandoned them to write on the origin of the
species, the fertilization of orchids, climbing plants, domestic animals, coral reefs,
pangenesis and the parallel roads of Glen
Roy! I like the young barnacle Darwin
better than the older obsessed squire of
the Downs who nursed his neuroses and
sometimes worked as much as two hours
a day. Don't misunderstand me- this unbrilliant country squire has changed biological thought for almost a century and
the tale is yet to run. His statue is placed,
so my wife tells me, on one side of the
Natural History Building of the British
Museum, with Huxley on the otherBritish versions of Don Quixote and Sancho Panza, if you please.
My tall, dark barnacle is Xenobalanus
globicipitis Steenstrupt, 1851. They came
from Dr. Jorge Carranza, a very fine
young Mexican ichthyologist, who gave
them to me largely to get rid of me. I was
trying, as usual, to convince him that the
only excuse for fish existing is as hosts for
parasitic copepods. The label reads:

Holbox, Quintana Roo
Umos 40 Kms mar aquera
frente a punta Mosquito
Mayo 30, 1955
J. Carranza
Xenobalanus sp.
Sobre Stenella plagiodon (Tonina).

which translates as "found on a porpoise
off Yucatan ." Spanish, as you can readily
see, is somewhat verbose!

Figure 1. Photo macrograph of the
nacle, Xenobalanus globicipitis.

whole

bar·
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The specimens (fig. 1) are a very dark
purplish black in alcohol, with a reddish
cast under photoflood lights. The length is
approximately 180° F. or #3 cork- sorry,
wrong side of the rule - about 3cm. The
surface is iridescent, satiny and beautiful.
The animal is somewhat trumpet shaped
and bears a marked superficial resemblance to the pedunculated barnacles to
which it does not belong. Darwin refers to
the peduncle-formed body in one paragraph and forgets himself and calls it the
peduncle in the next. Even the gods nod
at times. At the free end is the pseudocapitulum (fig. 2).
Imagine a tin can which has been
opened with a knife so that five pie-shaped
portions of the top are sticking up more or
less instead of the usual four you see in
roadside parks below the sign urging you
to not be a litterbug. Also imagine the
body of the can as made up of five pieces
which more or less overlap like shingles
on a roof. If you have this in mind, you
have a rough idea of the shell of a "sessile"
barnacle (they all are, but I can't help
that). The bottom of the can is the head
end, the gashed top is the tail end. Obviously a can doesn't have to be of the same
dimensions always. Instead of a grocery
store can, imagine it elongated quite a bit.
The worms we buy come in such cans.
You have imagined the situation in Tubicinella, a barnacle which is well named
(and which I'd like to see!).
Can you imagine old sober-sided Darwin going in for strip-teasing? "If in imagination we chip away (an action always in
progress) the whole upper part of the shell
of Tubicinella, leaving only two or three
zones of growth at the base, we shall convert it into a Xenobalanus, with every internal part and organ occupying the same
relative position ... " Thusly we get our
porpoise barnacle, and in the process we
get one which looks so superficially like
8

the pedunculate (not "sessile") barnacles
that I'm sort of glad I don't have to explain it to that football player in the back
row. You will note that we didn't, in imagination, chip away all of the shell. There
was a little bit left at the bottom (and don't
forget that the bottom is actually the head
end!). That little bit is all that is left of the
shell, which Darwin describes as "like a
small white irregular star, imbedded up to
the top in the skin of the porpoise." You
can see this in my figure 3, a somewhat
oblique view because the specimen just
wouldn't remain in position for a full-on
photograph. Figure 2 shows the feathery
legs sticking out, and the little horns which
made Darwin think of the ear-like appendages in Conchoderma, another barnacle I'd like to see. Years ago a fisherman
at Grande Isle, La., asked me how the
shrimping was in Arkansas, and I truthfully told him it was very poor. Barnacle
collecting in Arkansas is even worse. We
have so little seashore!
The barnacle has insides (fig. 4) in
which you'd probably not be interested.
You can see the little horn cut through,
the legs, the body, and a mass of eggs in
the marsupium. One organ tempts me
quite a bit, but if I yielded, Editor Bruno
would be getting letters. I'll just say that
the French didn't invent everything they
get credit for (I forgot to mention that the
dissection was done by my wife, Dr. Nell
B. Causey, who would appreciate receiving millipeds from your locality!). There
are other aspects, too, such as the life
cycle and the effect this barnacle has upon
the host which I'm glad I don't have space
to discuss. Strictly off the record - I
wouldn't have my dean find it out for the
world- I have no idea about these matters. I could, however, come and give you
an hour's lecture about them. Socrates was
the wisest of the Greeks, but he never became a professor!

Figure 2 . Photomacrograph of the pseudo-capitulum, showing the horns and feathery legs_

Figure 4. Photomacrograph of a dissection of the
barnacle.

Answers to photo quiz, "What's
Your Eye-Cue?" on page 14.
1. Aerial photo of the Sahara Des-

2.

3.

4.
5.
6.

7.
8.
Figure 3. Photomacrograph of the rudimentary
shell at the base of the barnacle.

ert taken at about 30,000-foot
altitude.
Aerial photo of the sand shoals
off the coast of Mozambique.
Altitude about 20,000 feet.
Depth of ocean about 30 feet.
Aerial photo of open pit copper
mine near Bingham Canyon,
Utah. Altitude about 6000 feet.
Book edge.
Iron filings.
Book matches.
Paper clips.
Pencil erasers.

Aerial photos supplied through the
courtesy of Aero Service Corporation,
Philadelphia, Pennsylvania.
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SEE FOR YOURSELF
By Fred W. Jobe
Director of Ophthalmic Research and Development

Bausch & Lomb Incorporated

Danger Signals for 51,000,000
Vision Delinquents

C

that there are in your
classroom, right now, several students who are "handicapped by some
type of vision deficiency." It is unlikely
that either you or these students are aware
of their deficiency.
What is a "visual deficient"? He or she
is simply someone whose vision is under
the norm in one or more respects. There
are 51,000,000 such persons over six
years of age in the United States today!
Or at least there were two years ago, when
the Better Vision Institute made a thorough, searching study of the visual habits
and characteristics of the American public. That means that one out of every four
in the over-six age groups has some visual
deficiency. The laws of probability necessarily place some of these in your classes.
The amazing fact is that vision deficiency is seldom intentional. This is particularly true of the person who has never
worn glasses, has never experienced sharp
vision, and as a result has no reason to suspect that his vision is not what it could be.
Obviously, in the case of an adult, such a
10

HANCES ARE

person may have only a slight visual deficiency and has never considered it necessary to have an eye examination. A serious
deficiency would make itself apparent to
him simply by his observation that other
people give every evidence of seeing things
better than he.
On the other hand, some children, lacking powers of deductive reasoning, grow
up in a misty, distorted or myopic world,
assuming that everyone sees as they do.
They see a few bright stars and never
realize that there are thousands more they
should be able to see. Leaves on trees are
green blobs of color and the bark is an
area of brownish gray with no texture.
The State of Indiana has been conducting eye tests for people applying for renewal of their drivers' licenses, and has
made a rather surprising discovery. The
State found that there were 3 times as
many drivers over 35 passing the tests as
there were young people. These youths
had gone through school, reaching an age
of maturity without realizing their vision
was below the norm. How much the education of these young people suffered because of their visual deficiency is a matter
of conjecture. But there is a wealth of

statistical evidence pointing to the fact
that there is a close correlation between
visual performance and school success.
In his paper "Vision and Its Relationship to School Achievement," 1 Dr. George
D. Spache states:
"Dr. Newell C. Kephart of Purdue University reports several studies of the importance of vision in schools. In a group
of 250 high school students, he found that
46 percent who were reading at or above
grade, had adequate visual performances.
Among those who did not meet visual
standards, only 28 percent were above
average in reading.
"In a second study of 468 seventh grade
children, Kephart found that where vision
was adequate 56 percent of the children
were in the upper half of the class. Where
vision was inadequate, only 4 7 percent
were in the upper half of the class.
"A third group in a boys' school was
also studied. Two groups of children with
inadequate visual skills were matched in
intelligence and educational achievement.
One group of 25 was given complete refraction and correction, plus visual training where needed. The other matched
group was not corrected. In a subsequent
four-month period, the corrected group
made 12 months' progress in educat:onal
achievement, the uncorrected group only
six months' growth."
A number of other similar studies have
turned up the same correlation between
good vision and school achievement. This,
of course, should not be surprising since
so much of what a student learns comes
to him through his eyes. When he has difficulty with vision, the learning process
suffers in efficiency.
How can we single out these studentsthe one out of every four who needs eye
1. The Journal of the American Optometric Association. Vol. XXIX No. 5,. December 1957.

care? This question is important to every
educator because, as we have seen, it is
closely linked with the individual's capacity to learn. It is vital to proper social
adjustment and to a full life in school and
at play. It is a question that concerns both
the teacher and the student.
The best answer, of course, is a complete professional eye examination at least
every two years, even for the person who
thinks he has perfect vision. However,
until such an ideal is universally achieved
in the schools we must use other methods
to find the students who are working with
visual handicaps, notifying the parents of
the condition and suggesting a professional eye examination.
The conventional tests commonly administered in most schools serve to uncover the serious cases of visual deficiency.
By themselves, however, many of these
tests are not adequate for the job of revealing the far greater number of cases of
minor visual impairment of all types.
Today, thousands of schools are using
instruments such as the School Vision
Tester for visual examinations. These instruments are not intended as substitutes
for professional examinations. Their sole
purpose is that of visual screening - to
reveal deficiencies which can only be
remedied by a competent professional
examination.
Where such instruments are not available as a screening technique, there are
other danger signals which can be spotted
by the alert teacher. Lack of interest and
attentiveness, consistently poor marks,
continued squinting, symptoms of nausea
or dizziness following close work and, of
course, redness of the eyes. These are
some of the obvious indicators which
should be considered - danger signals
which may indicate visual deficiencies.
We are printing here a few simple "experiments" which will also serve as warn11

ing signals. We suggest that you try them
yourself first and then ask your students
to try them.
All these tests, except those that obviously require the use of both eyes, should
be taken first with both eyes, then each eye
separately. Cover one eye with the hand or
a piece of cardboard - not by squinting.
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PRESBYOPIA
Most people in their mid-forties experience a normal condition called presbyopia. This simply means
that the crystalline lens of the eye has lost the
elasticity it enjoyed when they were young, and
cannot easily "accommodate" for both near and
for vision. Bifocals provide on easy and comfortable remedy. If your most comfortable reading

range is more than 15" or 16" you may be pres-

byopic.

3
ASTIGMATISM
Uneven curvature of the cornea of the eye will produce astigmatism, one of the commonest visual
deficiencies. To a person with astigmatism the lines
in the small circles shown above, at a normal reading distance of 14", will appear unequally block;
in the larger circle of concentric rings, there will be
pie shaped segments that ore blacker and sharper
than the remainder of the circle.

TUNNEL VISION
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license. You need an examination to determine the

In driving, one of the gravest visual deficiencies is

inability to see objects approaching from the side
when looking straight ahead. Hold your arms
straight out (180 ° angle) and wiggle your fingers.
If you con discern motion, you hove excellent
peripheral vision . Now bring them in to a 140°
angle and repeat the experiment. If you cannot
see motion at this ongle 1 you have a serious prob-

lem for which many states would deny a driving

condition and possible remedies .

This is 6 point Century Schoolbook type reduced photographically to half size, or 3 po int. Anyone wit h
20/20 acuity--the a cce pted norm for good vision--should be able to recogniize each word at a norma l
reading distance of 6 inches,

This is 6 point Century Schoolbook type. Anyone
with 20/40 vision should be able to read it easily at a
normal reading distance of 14 inches.

4
NEAR POINT TEST
Do you have 20/20 vision? If so, you should be
able to read the small type reproduced above. Incidentally, 20/20 vision is simply normal vision
and not the best possible a cuity. If you have 20/40
vision (the criterion for many driving licenses) you
should be able to read the paragraph of six point
type.

T
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FAR POINT TEST
Here is a reasonably acceptable measure of visual
acuity for a distance of 10 feet. Inability to distinguish the letters at this distance could be evidence of myopia.

6

7

BINOCULAR VISION

DEPTH PERCEPTION
This experiment will simply serve to illustrate ster-

Here is how to tell whether your two eyes are
working together as a team . Hold your two index
fingers about 2" apart and 8" or 10" in front of
the eyes, focusing not on the fingers but on some
distant object. The fingers will be out of focus with
a sausage shape object appearing between them.

eoscopic vision; only a professional examination

will reveal whether you have it. Stand a cigarette
on end and t ry touching it with your index finger,
first with one eye covered, then the other. Now do
it with both eyes open.
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WHAT'S YOUR EVE-CUE?
they seem!
T When familiar objects What
are distorted by
HINGS AREN'T ALWAYS

magnification, miniaturization, or by being viewed at peculiar angles, we "see" the
objects as something entirely different
from what they really are. But, assuming
normal vision, the eye is an innocent dupe
in the deception. It has simply picked up
the light rays emanating from the object
and conveyed an image, an impression
really, to the brain.
Having received the information, the
brain, not unlike an electronic sorter, tries
to relate this information to information
already "on file." As a child, for example,
we saw a ball, learned that it was called
"ball," and this knowledge was then stored
in the brain's memory center. From-there
on, every time we saw a ball in its normal
size and shape, the brain unerringly informed us as to what it was. Now, let us
take a ball and enlarge it, photographically, to many, many times its normal size.
The eye still continues to convey correctly
what it "sees" to the brain. But the electric
impulses scurrying back and forth in the
brain, now bring forth a card labeled
"moon," or "gasoline storage tank," or
"mine," depending on the texture, color,
and environment of the ball in the photo14

graphic enlargement.
Our eyes have not "played us tricks"
but our brain has, and understandably so.
After all, it had been conditioned to "see"
a ball as within certain small limits in size.
Most of us have, at one time or another,
looked right at an object without "seeing"
it. And, conversely, there have been many
instances of persons "seeing" objects that
were not there, simply because they expected them to be there, or urgently
wanted them to be there.
The mechanics of vision are extremely
complex, but the function of visual perception is even more so. Each individual,
looking at the same "distorted" photograph, "sees" an image that is the culmination of his own previous learning and current emotional state. Even the feel and
smell of entirely unrelated objects may
condition the formation of the final "image" in his brain.
Some of the photographs printed here
have been greatly enlarged; others have
been taken at great distances and are,
therefore, considerably reduced. How
many can you name correctly?
What's Your "Eye-Cue"?
(See page 9 for the answers.)

2
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PHYSICAL PROPERTIES OF CELLS
DETERMINED BY MICROSCOPIC METHODS
By Herbert W. Kruger, Rosemary Flenniken
and Ralph Thomas Hood
Research and Development Laborator y, Lamb-Weston, Inc., Weston , Oregon

one of the primary inF terests of the biologist
h as been the
OR MANY YE ARS

study of individual cells. These are the
building blocks of all living substances.
Their origin and growth, structure and
functions as well as their pathological condition are under constant study in hundreds of laboratories throughout the
world. More recently, added interest has
been shown in such characteristics as
fragility, or the ability of the individual
cell to withstand pressure or abrasive action. Much of this increased interest is
being directed towards the determin ation
of the extent to which the cells of food
vegetables are weakened, or ruptured, by
modern food processing methods.
A direct cause of this new interest is
largely due to the m arked increase in the
amount of food vegetables which are being subjected to new processes before they
reach the retail trade. A large portion of
this increase h as been in the field of dehydrated vegetables . The production of
dehydrated potatoes has increased almost
ten fold between the years 1949 to 1956.
Most of these dehydrated potatoes have
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Figure 1. Micro-pressurometer

ottoched to the
stage of a Model STA Bausch & lomb Microscope.
The tube has been removed to give an unobstructed view of the pressurometer. The pressure

head shown in position over the center of the condenser consists of an optically transparent glass
disc, .063 inches in diameter and .043 inches thick.
This pressure head is attached to the end of the
pressure arm which in turn is secured to the steel

torque wire which is .013 inch in diameter. One
end is attached to the pressure adjusting dial seen
on the right and the other end is attached to the
tension spring and zero adjustment on the left of
the pressurometer. By rotating the graduated pressure adjusting dial, the pressure head can be
raised or lowered to any desired position, or any
desired amount of pressure may be placed on any
specimen which has been positioned below it .

appeared on the market in the form of
flakes or granules: instant mashed potatoes. In general the process of preparing
dehydrated potato granules requires that
the potato be cooked, mashed and then
dehydrated and granulated. This granulated product consists mostly of individual
potato cells. On reconstitution, by the addition of hot liquids such as a combination
of milk, water and butter the ideal dehydrated potato granules should produce
a food which is comparable in every respect with the best mashed potato prepared from freshly cooked potatoes.
However, we find that, due to the tortures of processing, cell damage can at
times be so severe that a definite pastiness

Figure 2. Note method of attachment to micro·

scope substage. The block to which the torque wire
tension spring is attached, can be rotated to obtain a zero position of the pressure head with the
pressure adjusting dial set at zero. The zero adjustment is then locked in position with the locking screw seen at the upper left.

is observed in the reconstituted product.
Considerable literature has been published
on the cause and prevention of pastiness.
Some have attributed this pastiness to an
excessive percentage of cells being ruptured in the processing. R. M. Reeve,
et. al. 1 have described microscopic means
literature cited:

1. Reeve, R. M . and Notter, G. K. An improved
microscopic method for counting ruptured
cells in dehydrated potato products. Food
Technology, 10, 574-577 (1959).
2. Severson, D. E., Cooley, A. M . and Simon,
Morris. Factors affecting the texture of dehydrated potato granules. Food Technology,
5, (1955) .
Application for patent has been filed with
the U . S. Patent Office.

Figure 3. Microscope with micro·pressurometer at-

tachment in position under photographic enlarger
which has been converted for microphotographic
use. Since this photograph was taken, a compur
type shutter has been placed between the micro-

scope tube and the enlarger bellows.
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Figure 4. Pressure head with a number of individual potato cells which were reconstituted from
a sample of dehydrated potato granules, 30X . By
manipulation of the mechanical stage, while the
pressure head remains stationary, the cells may be
moved about until only a single cell remains under
the pressure head for test.

for determining the percentage of ruptured cells in dehydrated potato granules.
D. E. Severson, et. al.2 found that cell
breakage is not the only factor affecting
the texture of the reconstituted product
and suspected that, more significant than
broken cell content of the dry m aterial, is
the susceptibility of this material to cell
damage on reconstitution. They also found
that processing markedly affects the susceptibility to cell damage during reconstitution.
The extent of cell damage caused by a
particular processing stage cannot be determined by any method now available.
Methods are available for determining the
percentage of cells which have been ruptured in processing but there are no means
for determining the effect of any one
stage on the fragility of the individual
cells. Thus we find, at the beginning of
our research in the processing of dehydrated potato granules, that there exists a

Figure 5. Potato cell taken from a sample of cooked potatoes which had been retrograded by freezing,
lOOX. This cell showed a definite hexagonal cross-section before pressure was applied . (A) Pressure has
been increased to 2.6 grams. Note that rupture has occurred at one corner and the other corners of the
hexagon have become rounded. Viscosity of the fluid content is apparently quite high. (B) Pressure has been
increased to 4.9 grams. During this increase in pressure the fluid flowed from the cell very slowly. This
behavior is very characteristic of cells from samples of potatoes which have been cooked and then retrograded by freezing.
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gap in testing methods. To fill this gap the
micro-pressurometer shown in the photographs, Figures 1, 2 and 3, was designed
and constructed in the Lamb-Weston Research and Development Laboratory. At
this writing, it has been in use in this laboratory for nine months and has tested
many hundreds of individual cells.
Preparation of Specimens for
Examination Under the
Micro-Pressurometer

Every test must have a definite objective
and this must be borne in mind in the
preparation of specimens for examination
under the micro-pressurometer. For example; if we desire to test the ability of the
cells in potato granules to withstand reconstitution in boiling liquid, then the
specimen should also be prepared by reconstitution in boiling water. Cells should
be kept in suspension by stirring while
withdrawing a few drops of liquid in a

pipette for placement on the pressure plate
of the microscope. If the cell density is
large, there will be so many cells in the
few drops placed in the slide that difficulty
will be experienced in maneuvering a single cell under the pressure head for test.
More liquid should be added to the test
solution. If we desire to determine the
change which has resulted from a certain
pre-processing treatment such as retrograding the starch content of the potato
cells by freezing, then the specimen should
be kept suspended in cold water. If the
temperature of the suspending liquid is
above the gel! point of the starch, the history of its previous retrogradation will be
destroyed and the test will be of no value
in determining the extent to which retrogradation has taken place in the pre-processing treatment. If we were to determine
the fragility of red blood cells it would
seem that every effort should be made to
perform the test in such a manner as will
most closely approach the conditions under which these cells exist in the living
blood stream.
Specimens may be subjected to various
treatment before examination under the
pressurometer. Such treatment may include elevated or reduced temperatures,
increased pneumatic pressure, increased
pressure under liquid, vacuum treatment,
partial drying, or exposure to solutions of
various composition, temperature or concentration.
Manipulation of Specimen Under
The Micro-Pressurometer

Figure 6. Cell from cooked pototoes which has
not been retrograded; l00X. This cell ruptured ot
the low value of 0.9 grom. This cell assumed a

smoothly curved outline as soon as a slight pres-

sure was applied. Upon rupture the fluid content
was instantly disgorged to the form shown in the
microphotograph. Viscosity of the fluid content is
apparently quite low. This response, of cooked
potato cells is characteristic of those which hove
not been retrograded.

To examine a specimen under the micropressurometer, the operator may observe
the response of the specimen to increasing
and decreasing pressures. He may roll or
slide the specimen between the pressure
head and the pressure plate by manipulating the mechanical stage. He may increase
pressure to the point of rupture and he
21

may then decrease pressure and observe
the response of the disgorged fluid. A little
practice in these manipulations and observation of the resultant response will convey much information pertaining to the
physical nature of the cell wall and cell
contents.
When certain cells are examined microscopically, under the pressure head of the
micro-pressurometer, much additional information can be obtained about the material enclosed within the cell wall. If the
viscosity of the contents is low, and the
cell, as pressure is increased, presents an
outline of increasing diameter we may
conclude that the cell wall has a certain
amount of elasticity. A numerical value
for this elasticity can be determined by
the amount of increase in cross-section
and amount of pressure which exists at
the instant of rupture. Also, the toughness
of the cell wall can be determined by the
amount of rolling which the cell will withstand under a measured amount of pressure before rupture takes place. Relatively
hard and brittle specimens, such as a raw
starch granule, show practically no yield
when subjected to rolling under pressure.
It will orient itself much as a football
would if one attempted to roll it. Eventually, it will start to break up in a manner
which is strongly indicative of a thick
outer shell with a smalllongitlldinal internal section of lower strength. Elasticity of
the cell wall can be determined, if the
content is of low viscosity, by observing
the stability of the cell to recover from an
observed increase in cross-section under a
measured amount of pressure, to its original cross-section, as seen under the microscope when pressure is released.
Viscosity of the material which is enclosed within the cell wall can be determined by observing its rate of flow on
rupture. In many cases, as pressure is released after rupture, there is a marked
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tendency for the disgorged fluid to flow
back into the cell wall through the point
of rupture. This would indicate the existence of a certain amount of rigidity in
the cell wall, or a tendency for it to return
to its original shape even without the
support of the enclosed material.
Statistical Consideration

Cells are small and numerous. Even a
small sample, selected at random, may
contain millions of cells. In this large population we should not expect that all celts
are alike ; nor that they will all respond
alike to any one of the tests enumerated
above. The standard deviation of a population may vary considerably depending
upon the nature of the source and its prior
history. The standard deviation of the
tested sample may be used as a guide in
the number of cells which should be measured in the pressurometer in order that
the sample mean may be truly representative of the population mean . In the specific case of the cells of cooked potatoes
which have been subjected to preprocessing treatment, we have found that a sample of 40 cells tested for fragility gives a
mean value which is reasonably indicative
of the mean fragility of the sampled lot.
An experienced operator will average
about thirty minutes for the forty cell
fragility test.
We feel that the micro-pressurometer
will open a new area of study and investigation in the field of cellular structure.
With pressure heads of less diameter and
thickness, its use can be extended to magnifications as high as about 400X or 500 X.
Pressure heads could also be constructed
to function with objectives designed and
constructed specially for this purpose .
Thus it is quite possible that its use can
be extended to cover the entire range of
the optical microscope with a resultant
increase in its useful application .
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for determining
the number of bacteria in milk is to
place 1 cc. of milk diluted with a known
amount of water into the bottom of a Petri
dish. Melted beef extract agar is poured
into the dish and by means of a rotary
motion the diluted milk and agar are thoroughly mixed. After the agar has solidified, the preparation is incubated for 48
hours at approximately 35 degrees centigrade. A similar procedure is used for determining the amount of bacteria in drinking water supplies, private and public
swimming pools and other bathing areas.
In this case, incubation of the plate is usually done at a temperature of 35 degrees
centigrade for 24 hours or at 20 degrees
centigrade for 48 hours.
Counting of the colonies grown on the
plate is usually done at 1.5 X magnification using a 5 inch diameter lens. An
auxiliary 1.5 X lens can be used in conjunction with the regular lens when extra
magnification is desired or the Petri dish
can be transferred to a stereomicroscope
such as the new B&L StereoZoom. The
24

NE OF THE METHODS

advantage of the StereoZoom microscope
is the fact that the colony under observation can be ex_a mined without "blackout" during change in magnification.
We have investigated the possibility of
using the Pioneer Scientific Company'''
Vertical Polariscope (Fig. 1) for the examination and counting of bacteria colonies. This instrument consists of a polarizer and analyzer with built-in illuminator.
The field of view is such that Petri dishes
up to 100 mm. in diameter can be examined over their entire surface. A number
of milk and water plates were examined
using this equipment. Magnification of
1.5 X was obtained by use of a 5-inch
reading glass placed on the upper surface
of the analyzer.
I was rather amazed at the success of
this experiment. The colonies of bacteria,
as shown in Fig. 2, appeared bright (birefringent) contrasting sharply with the
*Pioneer Scientific Company, located at Rochester, New York, is a division of Bausch & Lomb
Incorporated.

dark single refracting agar. To the best of
my knowledge bacteria are not considered
to be birefringent. Is it possible that some
bacteria, commonly found in milk and
water, are intrinsically birefringent when
cultured on beef extract agar or is the
brightness due to form or strain birefringence? In answer to this question, preparations of each colony on the plate were
mounted in water under a cover glass and
examined with our LR Research Polarizing Microscope. Results obtained indicated that all types of bacteria present on
the plate were definitely single refracting
and thus the brightness of the colonies was
not due to intrinsic birefringence of the
bacteria. One preparation examined

Figure 1. Vertical Polariscope.

showed the presence of small birefringent
crystals, which may have contributed
somewhat to the brightness of this colony.
Following this observation, the preparation was allowed to dry, flame fixed and
then stained with methylene blue. It was
noted that after this treatment of the
preparation, the crystals had disappeared.
We might conclude from this observation,
that in order to examine colonies for the
possible presence of crystalline material,
preparations should be examined first in
distilled water prerequisite to fixation and
staining.
Examination of the colonies on the agar
was now made at higher magnifications
with the StereoZoom Microscope. The

analyzer of the polariscope was removed
and placed on the stage of the microscope.
The Petri dish with cover removed was
centered over the analyzer (now used as a
polarizer) and a second polariscope analyzer used as a cover for the dish, rotating
to a crossed position with reference to the
polarizer located below the Petri dish.
Using this equipment, it was noted that
some of the spindle shaped colonies were
surrounded by a bright fringe most pronounced at the bulge of the spindle. This
birefringence was more evident by use of
a full wave retardation plate (sensitive
tint). It can be located either directly below the analyzer, thus serving as the cover
for the Petri dish, or placed between the
polarizer and the bottom of the dish. Using this retardation plate with analyzer
and polarizer in a crossed position, the
background appears a purplish red color
due to the interference effect of the retardation plate. The bright areas surrounding the spindle shaped colonies now
appear blue or yellow changing from blue
to yellow or the reverse as the Petri dish
is rotated. Blue coloration indicates that
at this orientation, the retardation in the

area surrounding the colony is added to
the retardation of the full wave plate,
while yellow signifies an orientation as to
result in subtraction.
This brightness with polarizer and analyzer in a crossed position and color
change using the tint plate is possibly
strain birefringence. One may press the
surface of the agar at any point with a
teasing needle and observe a similar effect
(Fig. 3). As a result of this pressure, the
area appears bright or colored blue or
yellow returning to dark or purplish red
as the pressure is released. Is it possible
that in the division of some types of bacteria to form a colony there is enough
pressure against the surrounding agar as
to introduce strain birefringence? Another
possibility is a change in the physical and
chemical properties of the agar in and
surrounding the colony due to metabolic
products of the bacteria. In the case of
colonies not showing the surrounding
birefringent area, their brightness may be
due to a large difference in refractive index between the bacteria and the beef
extract agar which is characteristic of
form birefringence. According to Chamot

Figure 2. Colonies of Bacteria os observed with

Figure 3. The area adjacent to the point of the

Polariscope.
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needle appears bright due to introduction of strain
birefringence in the agar as a result of the pressure of the needle.

& Mason, 1 "If the objects have a refrac-

tive index widely different from their surroundings, there may be sufficient depolarization effect upon the light to render
them self-luminous against the dark background of the field ."
This observation of birefringence, in
and surrounding bacteria colonies, suggests that some further investigation could
be made. Do all bacteria produce birefringent colonies and show the same degree of birefringence? What results are
obtained on other types of culture media?
Is there a change in birefringence with
aging of the colony? We have noted that
one of the colonies observed contained
birefringence crystals. What are these
crystals and do other bacteria colonies
contain crystals which may be significant
for certain genus and species?
Another possible use of a Strain Polariscope is in the determination of antibiotics such as penicillin in milk. Veterinarians occasionally use antibiotics in the
treatment of milk cows for such diseases
as mastitis. Most health departments state
that milk from these cows should not be
sold for processing for a period of 72

Figure 4. l.W.D. Phase Condenser equipped with
iris diaphragm and polarizer.

hours following the injection of the antibiotic. The danger involved is that one
may be allergic to the antibiotic to the
point of producing anaphylactic shock.
The routine test for antibiotic as done
in dairy laboratories is to mix spores of
the hay bacillus (bacillus subtilis) with
melted beef extract agar. After solidification of the agar, sterile circular discs are
dipped in the samples of milk and then
applied to the surface of the beef extract
agar. The Petri dish is then incubated at
35 degrees centigrade for approximately
5 hours and examined with a colony counter at the usual 1.5x magnification or if
necessary at higher magnification using a
stereomicroscope. Presence of antibiotic
in the milk sample is indicated by a clear
circular zone surrounding the test disc.
This clear zone is due to the fact that antibiotic in the milk absorbed by the disc
penetrates into the surrounding agar thus
inhibiting the growth of the spores of
bacillus subtilis. As examined with the
Strain Polariscope, the whole plate exhibits some degree of birefringence with the
exception of areas surrounding the disc
containing antibiotic. These areas, having
no birefringence, appear dark as compared to the rest of the plate.
In previous issues of the Educational
Focus and in demonstration at the Bausch
& Lomb Instrumentation Exhibit held
yearly at Marine Biological Laboratory,
Wood's Hole, Mass., we have shown the
value of combining polarizing accessories
including the sensitive tint plate with long
working distance phase accessories. It was
suggested that these accessories be employed on our laboratory type microscope
such as used by the biologist. Using this
combination, it was possible to observe
both isotropic and anisotropic structures
in good contrast at the same time. Isotropic structures appeared in shades of
gray or white dependent on their optical
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path (refractive index X thickness) with
reference to the mounting media and anisotropic constituents blue or orange.
This combination of polarizing and
phase accessories is now possible with the
new LR Research Polarizing Microscope
due to the change to a standard diameter
ring for holding the L.W.D. Phase Condenser. With this polarizing microscope
as compared to the laboratory type, we
have the advantage of an analyzer and
accessory slot incorporated in the body
tube, Bertrand lens and centered circular
stage. For use with phase accessories, the
condenser including polarizer should be
removed from the microscope and replaced with the L.W.D. phase condenser
equipped with iris diaphragm and polarizer (Fig. 4). Phase objectives should be
substituted for the bright-field. Especially
good results are obtained with the 21 X
(8 mm.) phase objective. The annular stop
designed for the phase objective used, is
inserted in the slot of the condenser. Centering of the image of this annulus with
the phase annulus located at the back focal
plane of the objective is easily done by
observation with the Bertrand lens. Centering can be accomplished with polarizer
and analyzer in a crossed or uncrossed
position. If centered with polarizer and
analyzer in a crossed position, it is best to
insert the full wave plate in the accessory
slot. With this combination, the image of
the annular stop appears a pink color in
sharp contrast to the dark phase objective
annulus.
In the case of a preparation containing
a large number of particles differing greatly in refractive index from that of the
mounting liquid or solid cement, it may be
somewhat difficult to observe distinctly
the two annuli. This is especially true in
the case of ground mineral sections and
unstained or stained microtome sections
of biological material. It can be demon-
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strated in the case of mineral or chemical
particles by examination of a thick preparation of small particle size sodium chloride (index 1.544) mounted in alphabromonaphthalene (index 1.655). It will
be noted that the annuli are difficult to
observe. In order to center, it may be necessary to move the slide to an area containing less particles or outside the coverglass area. If now a second preparation of
sodium chloride is prepared of equal or
even greater concentration and mounted
in a liquid such as styrene, quite identical
in refractive index to the sodium chloride
for yellow light, it will be noted that the
two annuli are clearly delineated and thus
can be easily centered. This experiment
can be carried further by examination of
sodium chloride or other material homogenous in refractive index in thicker
concentrations as is possible in a cell a few
millimeters in depth such as the cell furnished with the B&L Serum Protein Meter.
As in the case of the microscope slide
preparation, it will be noted that if the
preparation can be rendered transparent,
the two annuli can be observed in sharp
contrast.
If now the microscope slide preparation
of sodium chloride mounted in styrene is
examined with the Bertrand lens removed
from the light path, it will be observed
that the sodium chloride particles are bordered with a red fringe. As indicated in a
previous publication 2 using the laboratory
type microscope, the appearance of a red
fringe indicates that the sample is approximately equal in refractive index to
the liquid for yellow light. More detailed
information concerning the use of the
combined polarizing phase and polarizing-dark-field microscopes for the identification of materials by dispersion coloration will appear in a later issue of the
Educational Focus.
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