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INTRODUCTION

A book of this sort for the amateur scientist is a decidedly inter-
esting undertaking. It immediately raises the question of what
is an amateur, and for that matter what is a scientist.

One definition of an amateur is that he is an individual who
pursues a study for the fun of it. This is hardly the point. Most
professional scientists get fun out of their efforts; in fact many
of them get so much satisfaction and enjoyment out of their work
that they devote only secondary attention to the subject of what
they are paid for their efforts. Amateurs have no monopoly on
enjoyment.

Another definition is that an -amateur derives no income from
his efforts. We hear that the great strides in science in England
in the early days were made by amateurs. This is only partly
true. Such scientists as Priestley, Cavendish and Boyle were men
of means, who experimented and wrote on natural philosophy
as a proper undertaking for a gentleman. Sterling, a Scottish
clergyman, invented the first really successful engine using a
fixed gas cycle, which was not improved upon much for a cen-
tury, and he certainly derived no income from his efforts. Cer-
tainly one of the prime attributes of the amateur is that he does
his work without thought of personal gain. For the amateur sci-
entist, necessity is not the mother of invention.

Unfortunately, it is also customary to regard the amateur as
a chap who knows only a little about a subject and who dabbles,
in contrast with the professional, who knows a great deal and
who creates. Of course there are many amateurs who do simple
things crudely. After all, it is necessary to learn to walk before
one can leap and run. I think back with much amusement to
some of the things I did early in life. One evening a few years
ago I spent many interesting hours with Orville Wright. We
spent the whole time telling each other about things we had
worked on which did not pan out, and he took me up to his attic
and showed me models of all sorts of queer gadgets. I wonder
how many mature scientists shudder a bit when they find stu-
dents who have hunted up the old theses they presented for

XVIil



INTRODUCTION

degrees; I know I am one of them. In fact, my old thesis has
a prime fallacy in it, fortunately one that neither I nor the faculty
discovered at the time. Amateurs, generally, are content to be
modest, and to plug away without acclaim, recognizing that they
are a long way from the top in their subjects. But every ama-
teur has in the back of his mind, carefully concealed, the thought
that some day . . . Moreover there are amateurs — I have met num-
bers of them —who are truly masters of their subjects, who
need take a back seat at no professional gathering in their field.
It was an amateur who discovered the planet Pluto, and an ama-
teur who was primarily responsible for the development of
vitamin B;.

The motivation of the scientist, professional or amateur, is the
sheer joy of knowing. In fact, that is one of the principal satis-
factions of being alive. The man who learns one new thing, small
though it be, that has never before been known to anyone before
him in the whole history of the human race, is in the same posi-
tion as the man who first climbs a difficult mountain and looks
out upon a vista never before seen. Erwin Schridinger wrote:
“Art and science are the spheres of human activity where action
and aim are not as a rule determined by the necessities of life;
and even in the exceptional instances where this is the case,
the creative artist or the investigating scientist soon forgets this
fact — as indeed they must forget it if their work is to prosper.”
Many of the amateur scientists who contributed to this book
experienced this sort of lift of spirit.

There are lots of amateur scientists, probably a million of them
in this country. The Weather Bureau depends on some 3,000
well-organized amateur meteorologists. Other groups observe bird
and insect migrations and populations, the behavior of variable
stars, the onset of solar flares, the fiery end of satellites, earth
tremors, soil erosion, meteor counts, and so on. The American
Philosophical Society noted 8,000 laymen in Philadelphia alone,
interested in science; and of these, 700 had made contributions
to knowledge important enough to merit professional recognition.
There are 200 science clubs in the city with national affiliations.
Probably no other city can quite match this performance; after
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INTRODUCTION

all Benjamin Franklin gave Philadelphia a bit of a head start,
but the activity is nation-wide.

One reason, of course, is that we have more leisure today.
This is due to the strides of science and its applications, which
have rendered it possible to secure the necessities and some of
the luxuries of life with much less labor. The days are gone when
multitudes labored from dawn to dusk in order that a few might
have time to think and to acquire some sort of culture. Of the
dozens who have time on their hands, one or two turn to seri-
ous study, and especially to science. In the aggregate there is
an army of men and women with the leisure to delve into science,
and the opportunity lies before them.

This leads me to write a word about science itself. There is
a prevalent opinion today that all science is carried on by great
groups in expensive laboratories, using particle accelerators,
X-ray spectrometers, radio telescopes and other costly parapher-
nalia. There is also the feeling that all true research is conducted
by men who have prepared for the task by long years of patient
study. Also that one has to be a genius in order to create. Now
there is truth to all of this, and it is due to the national recogni-
tion and support of great scientific efforts that we are making
today’s rapid scientific strides forward. But this is not all the
truth by any means. It took genius to discover the phenomenon
of transduction of genetic characteristics, one of the greatest
scientific advances of the last decade, more important than tak-
ing a shot at the moon, too complex to be explained in this short
note. But it did not take great apparatus at the expense of tax-
payers. All it required was glassware, chemicals, colonies of bac-
teria — and genius. It did not take genius in the early days for
radio amateurs, supposedly crowded out of all useful radio chan-
nels, to open up a whole new part of the spectrum. Nor does
it take enormous organization and support to accomplish very
useful things. The great rush into atomistics and nucleonics, into
space exploration, into atomic energy, has left relatively neg-
lected great areas of what was once classical physics and chem-
istry. The whole vast field of biology has no such pressure of
public interest behind it, and in the maze of its byways are thou-
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INTRODUCTION

sands of unsolved problems. Many of them require no more than
careful, patient observation and the skill to fit results into the
jigsaw puzzle of advancing biological science. And who is it that
has the skill? It may indeed be you.

So I introduce this book with enthusiasm. May there be many
like it. And from its influence, and the influence of many good
books that are appearing today, may there be satisfaction for
many an amateur in science. The world is being remolded by
science. It is worth while to have a part, even a small part, in
its transformation.

VANNEVAR Busa
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PREFACE

Three assumptions about my readers have guided the selection
of the material in this book. First, I have supposed that you revel
in your simian heritage of curiosity. You take boundless delight
in finding out what makes things tick, whether the object of
your interest has been fashioned by nature or man. Second, you
are an inveterate tinkerer. You love to take organized structures
_apart and put them together again in new and interesting ways —
be they rocks, protozoa, alarm clocks or ideas. Third, you can
usually drive a nail home on the first try, put a fairly good edge
on a knife, and manipulate a Bunsen burner without broiling
your thumb.

In short, I assume you are an Amateur Scientist; the projects
and discussions that follow are presented accordingly.

Although every project has been tested and successfully per-
formed by a number of amateurs you may, nevertheless, encounter
difficulty in duplicating a few of the experimental results. This
must be expected. Not all of the experiments are easy to do.
Moreover, as mentioned here and there in the text, experimental
work is beset by Murphy’s Law, which holds that “if something
can go wrong, it willl” Don’t permit the intrusion of Murphy
to discourage you. The fact that an experiment delivers an un-
expected answer means simply that you have not asked the ques-
tion you assume you have asked. Take comfort in the knowledge
that difficulties of this kind invariably yield to the vigorous ap-
plication of Goldberg’s Rule: “If at first you don’t succeed, try
a new approach.”

A final suggestion: After considerable thought the decision was
made not to set up this volume like a cookbook (with lists of
ingredients preceding the “recipes,” etc.) or even like a lab manual.
The various pieces in it give you pertinent information, as you
read, in relation to the scientific points being made. Hence I
urge the amateur who is about to perform an experiment to be-
gin work only after he has (1) read through the subsection con-
taining the experiment and (2) glanced through the entire section.
That is: Don’t build your telescope until you have made your-
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PREFACE

self at least roughly familiar with all the contents of the section
on Astronomy. The admonition to read through before starting
work applies especially in experiments dealing with high-energy
radiation, where simple but important safety measures must be
taken.

I want to thank Gerard Piel, Dennis Flanagan, Donald Miller
and their associates on the staff of SciENTIFIC AMERICAN, where
much of this material originally appeared, for permission to re-
print it here and, most especially, for their numerous helpful
suggestions and editorial assistance.

I am equally grateful to Roger Hayward, architect, optical
designer and accomplished artist, whose illustrations adorn these
pages. Hayward's remarkable talent for simplification is reflected
both in the drawings and experimental procedures.

I wish it were possible to acknowledge properly all the con-
tributions made by the generous readers of SCIENTIFIC AMERICAN
magazine. Their keen eyes and nimble minds have spared read-
ers the annoyance of combing out errors that might otherwise
have been carried over into this volume. Without the contribu-
tions of the several. experimenters named in the text there would
have been no book, of course. To them goes fullest credit.

A special word of thanks is due to Dr. Vannevar Bush who,
despite heavy professional responsibilities of national concern,
took out time to address some words of encouragement to those
who turn to science for recreation.

Finally, I cannot believe that it falls to the lot of many writers
to enjoy the help of two women more wonderful than the pair
behind this enterprise. Miss Nina Bourne, my editor at Simon
and Schuster, has been untiring in her effort to make this the
kind of book you want it to be. Her contribution has been fully
matched, if not paralleled, by that of my gifted wife, who not
only typed the original manuscript and read proof with painstaking
care but throughout the long months of preparation displayed
an understanding of (and tolerance for) the human male. that
professional psychologists may well envy.

C. L. Stonc

XXI11



L.
ASTRONOMY

Astronomical Diversions

~

A Simple Telescope for Beginners
A Transistorized Drive for Telescopes

An Electronic Star-Twinkle Suppressor

S A

An Astrophysical Laboratory in Your
Back Yard

6. Using Shadowed Starlight as a
Yardstick

7. A Universal Sundial
8. A Sundial That Keeps Clock Time
9. The Moon in “3-D”






ASTRONOMICAL DIVERSIONS

A note about the delights of stargazing and some of
the fascinating instruments man has devised to over-
come the limitations of his eye

How pm THE MOON acquire its mottled face? Why
do some stars look red and others blue? When did the celestial
fires burst into flame and what will happen when their fuel is
spent? These and like questions have challenged the imagination
of every age. In searching for answers man has looked up into the
star-filled night and glimpsed, or thought he glimpsed, the dwell-
ing place of his gods, the forces that shape his destiny and, more
recently, the structure of his universe. No intellectual diversion
has engrossed him through a longer span of history or exerted a
deeper influence on his way of life.

Astronomy has always been a favored game for amateurs —
since it first brought creases to the brow of Homo neanderthal-
ensis. Merely learning to find one’s way among the stars can be-
come a rewarding experience. In the course of nightly tours the
novice will encounter fascinating objects which most laymen
rarely take out time to see. With the aid of a simple star chart —
like the one published every month in the magazine Sky and Tele-
scope — you can find the window in the Milky Way which looks
out on an island universe much like our own, one shimmering
with the light of 100,000 million blazing suns. Still other “suns”
turn out to be great sheets of dust shining with the reflected light
of stars just being born. The marching constellations soon become
familiar as celestial guides, and our sun a kind of clock which ap-
pears to govern the parade. Occasional comets liven the scene as
well as meteors, auroras and man-made satellites. All of these
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objects can be detected by the naked eye — that marvelous though
unfortunately narrow portal to the stars.

Of the 100 billion stars comprising our local galaxy the eye can
see a mere 2,000; and of the galaxies in uncounted billions that
wheel through space beyond the Milky Way — only one. The un-
aided eye can distinguish color differences between the stars but
it fails to analyze the spectral composition, to sense their signifi-
cance. Worse, of the 22 octaves of electromagnetic radiation which
stream in to us with information about events in outer space —
from the long waves of radio to the ultrashort gamma rays — the
eye is blind to all but the single octave called light.

To surmount the limitations of the eye astronomers have dipped
heavily into scientific disciplines not directly related to the stars.
The supreme advance came, of course, with the invention of the
telescope. By holding up an appropriate lens in each hand and
looking through the pair one can see distant objects as if they
were close, a principle of optics first demonstrated by the Dutch
spectacle maker, Hans Lippershey, in 1608. That the same effect
could be obtained by means of a concave mirror was suggested
55 years later by the Scottish mathematician, James Gregory. Galileo
Galilei based his refracting telescope, the world’s first, on the
lens principle in 1610. Isaac Newton made the first reflecting in-
strument in 1669. Between these pioneering feats and the con-
struction of the 200-inch reflector on Palomar Mountain came all
the monumental accomplishments of modern astronomy, many of
them inspired by man’s simple desire to extend the power of his
eye. To perfect ways of collecting, bending, recording and analyz-
ing faint rays of starlight has been the goal of some of the foremost
physicists, chemists and instrument makers of the past 400 years.

In consequence, astronomy has become an experimental science
as well as an observational one — a side of stargazing, incident-
ally, which currently attracts the majority of amateur enthusiasts.

Most amateurs agree that the questions which arise in the course
of building a telescope are as fascinating as those which the in-
strument helps to explore. Four of the nine projects and problems
which comprise this section discuss the construction and use of
such instruments. For amateurs who enjoy a dash of variety in
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A SIMPLE TELESCOPE FOR BEGINNERS

their experiments, these projects invite excursions across the bound-
aries of many ‘scientific disciplines including optics, mechanics,
electronics, chemistry and solid-state physics. The concluding dis-
cussions take up instruments demonstrating the value of astronomy
in everyday affairs. All the projects are well within the compass of
the average basement workshop and reach of the average pocket-
book. Those who would hitch their hobby to the stars can make no
better start than to construct the small telescope herewith described.

2
A SIMPLE TELESCOPE
FOR BEGINNERS

Although its design does not strive for optical per-
fection, this instrument — more powerful than Galileo’s
—will show you such phenomena as the rings of
Saturn, the mountains on the moon, and Jupiter's
satellites. Total cost: about $25

IN 1926 an article appeared in SCIENTIFIC AMERICAN
magazine which described how a group of amateurs in Spring-
field, Vt., had mastered the formidable art of constructing an as-
tronomical telescope. The details of construction had been worked
out by Russell W. Porter, engineer and explorer, and were de-
scribed in collaboration with the late Albert G. Ingalls, an editor
of ScienTIFIc AMERICAN. Within a year some 500 laymen had com-
pleted similar telescopes and were well on their way to becoming
amateur astronomers.

I was one of them. Like many laymen I had wanted to see as-
tronomical objects close up, but could not afford a ready-made
telescope of adequate power. Nor was I acquainted with the
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owner of one. The description of the Springfield telescope solved
the problem. I immediately set out to make a six-inch instrument,
and I had scarcely begun to use it when half a dozen of my
neighbors started telescopes of their own.

It was not a very good instrument by the standards of present-
day amateurs, but it showed the markings of Jupiter and the
polar caps of Mars. The fact that scattered light gave the field of
view a bluish cast which tended to wash out the contrast, and
that the stars wore curious little tails, detracted not a bit from
the satisfaction of observing. So far as I knew this was the nor-
mal appearance of the sky when it is viewed through a telescope!
Over the years I made and used better instruments, and on one
occasion I even enjoyed a turn at the eyepiece of the 60-inch
reflector on Mount Wilson. By then, however, I had found ob-
serving almost routine. Even the Mount Wilson experience did
not give me the same thrill as that first squint through my crude
six-incher.

In my opinion the beginner should not attempt to make a tele-
scope of high optical quality on the first try. Too many who do
grow discouraged and abandon the project in midstream. The
application of the tests and figuring techniques through which
the surface of the principal mirror is brought to optical perfec-
tion is a fine art that is mastered by few. I have made more than
50 mirrors and have yet to polish a glass with a perfect figure to
the very edge. For all but the most talented opticians neither the
tests nor the techniques are exact. After misinterpreting test pat-
terns and misapplying figuring techniques for some months the
beginner is tempted to give up the project as impossible and dis-
card a mirror that would operate beautifully if used. Conversely,
spurious test-effects have been known to trick veteran amateurs
into turning out crude mirrors by the score under the prideful
illusion that each was perfect. That such mirrors work satisfac-
torily is a tribute to the marvelous accommodation of the eye and
to lack of discrimination on the part of the observer.

Beginners may nonetheless undertake the construction of a re-
flecting telescope with every expectation of success. If the ama-
teur has enough strength and mechanical ability to grind two
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blocks of glass together, his efforts will be rewarded by an instru-
ment far superior to that used by Galileo. He need not concern
himself either with tests or elusive figuring techniques.

The simplest reflecting telescope consists of four major sub-
assemblies: an objective mirror which collects light and reflects
it to a focus, a flat diagonal mirror which bends the focused rays
at a right angle so that the image can be observed without ob-
structing the incoming light, a magnifying lens or eyepiece through
which the image is examined, and a movable framework or mount-
ing which supports the optical elements in alignment and trains
them on the sky. About half the cost of the finished telescope, both
in money and in labor, is represented by the objective mirror.

The mounting can be made from almost any combination of ma-
terials that chances to be handy: wood, pipe, sheet metal, discarded
machine parts and so on, depending upon the resourcefulness and
fancy of the builder. The mounting designed by Roger Hayward,
illustrated in Figure 6, is representative. The dimensions may be
varied according to the requirements of construction.

Materials for the objective and diagonal mirrors are available
in kit form, as advertised in most popular science magazines. Ama-
teurs with access to machine tools can also make the required
eyepieces. The construction is rather tedious, however, and ready-
made eyepieces are so inexpensive that few amateurs bother to
make their own.

The beginner is urged to start with a six-inch mirror. Those of
smaller size do not perform well unless they are skillfully made,
and the difficulty of handling larger ones increases disproportion-
ately. Kits for six-inch mirrors retail for about $10. They include
two thick glass “blanks,” one for the objective mirror and one
(called the tool) on which the mirror is ground. The kits also
supply a small rectangle of flat plate-glass that serves as the diag-
onal, a series of abrasive powders ranging from coarse to fine, a
supply of optical rouge for polishing and a quantity of pine pitch.

As Russell Porter explained back in 1926, “In the reflecting tele-
scope, the mirror’s the thing. No matter how elaborate and ac-
curate the rest of the instrument, if it has a poor mirror, it is
hopeless.” Fortunately it is all but impossible to make a really
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Details of the stroke for grinding the objective mirror of the telescope

poor mirror if one follows a few simple directions with reason-
able care. The idea is to grind one face of the six-inch mirror
blank to a shallow curve about a 16th of an inch deep, polish it
to a concave spherical surface and then, by additional polishing,
deepen it increasingly toward the center so that the spherical curve
becomes a paraboloid. The spherical curve is formed by placing
the mirror blank on the tool, with wet abrasive between the two,
and simply grinding the mirror over the tool in straight back-and-
forth strokes. Nature comes to the aid of the mirror-maker in
achieving the desired sphere, because glass grinds fastest at the
points of greatest pressure between the two disks. During a por-
tion of each stroke the mirror overhangs the tool; maximum pres-
sure develops in the central portion of the mirror, where it is sup-
ported by the edge of the tool. Hence the center of the mirror
and edge of the tool grind fastest, the mirror becoming concave
and the tool convex. As grinding proceeds, the worker periodi-
cally turns the tool slightly in one direction and the mirror in the
other. In consequence the concavity assumes the approximate
form of a sphere because mating spherical curves tend to remain
everywhere in contact when moved over each other in every pos-
sible direction. Any departure from the spherical form tends to
be quickly and automatically ground away because abnormal
pressure develops at the high point and accelerates local abrasion.
The grinding can be performed in any convenient location that
is free of dust and close to a supply of water. The operation tends
to become somewhat messy, so a reasonably clean basement or
garage is preferable to a kitchen or other household room.
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A support for the tool is made first. This may consist of a disk
of wood roughly half an inch thick fastened to the center of a
square of the same material about a foot on a side. The diameter
of the wooden disk should be about half an inch smaller than
that of the tool. All surfaces of this fixture, except the exposed face
of the wooden disk, should receive two coats of shellac. The glass
tool is then cemented symmetrically to the unfinished face of the
wooden disk by means of pitch, Melt a small quantity of pitch in
any handy vessel. Warm the tool for five minutes in reasonably
hot water, then dry it and rub one face lightly with a tuft of cot-
ton saturated with turpentine. Now pour a tablespoon of melted
pitch on the unfinished face of the wooden disk and press the
tool against it so that pitch squeezes out all around the joint.
After the tool and supporting fixture cool, they are a unit that
can be removed from the bench conveniently for cleaning, which
is frequently needed. Some workers prefer to attach the wooden
disk to a large circular base. The base is then secured to the bench
between three wooden cleats spaced 120 degrees apart. This ar-
rangement permits the base to be rotated conveniently.

The tool assembly is now fastened on the corner of a sturdy
bench or other working support, and a teaspoon of the coarsest
abrasive is sprinkled evenly over the surface of the glass. A small
salt-shaker makes a convenient dispenser for abrasives. The start-
ing abrasive is usually No. 80 Carborundum, the grains of which
are about the size of those of granulated sugar. A teaspoon of
water is added to the abrasive at the center of the tool and the
mirror lowered gently on the tool. The mirror is grasped at the
edges with both hands; pressure is applied by the palms. It is
pushed away from the worker by the base of the thumbs and
pulled forward by the fingertips. The length of the grinding strokes
should be half the diameter of the mirror. In the case of a six-inch
mirror the strokes are three inches long — a maximum excursion
of an inch and a half each side of the center. The motion should
be smooth and straight, center over center. Simultaneously a
slight turn is imparted to the mirror during each stroke to com-
plete a full revolution in about 30 strokes. The tool should also
be turned slightly in the opposite direction every 10 or 12 strokes,
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or, if he prefers, the worker may shift his position around the tool.
Learn to judge the length of the stroke. Do not limit it by means
of a mechanical stop. Beginners will tend to overshoot and under-
shoot the prescribed distance somewhat, but these errors aver-
age out.

Fresh Carborundum cuts effectively, and the grinding is ac-
companied by a characteristic gritty sound. Initially the work
has a smooth, well-lubricated feel. After a few minutes the gritty
sound tends to soften and the work has a gummy feel. Stop at
this point, add another teaspoon of water and resume grinding
until the work again feels gummy. Both the mirror and tool are
removed from the bench and washed free of “mud,” the mixture
of pulverized glass and powdered abrasive that results from grind-
ing. This marks the end of the first “wet.” Fresh Carborundum is
now applied, and the procedure is continued for three additional
wets. The stroke is then shortened to a third of the diameter of
the mirror (two inches in the case of a six-inch mirror) for two
more wets. The mirror should now show a uniformly ground
surface to the edge of the disk in every direction. If not, continue
grinding until this is achieved.

NOTE: Beginners occasionally report that the expected curve
refuses to appear, that both glasses remain essentially flat and
merely grind away. This may happen unless uniform pressure
is exerted over the whole area of the mirror. Some practice may
be necessary to develop the proper stroke. As a temporary ex-
pedient the mirror may be shifted gradually from side to side
during the rough grinding — made to follow a zigzag path. Con-
cavity will then develop promptly. Caution: Don’t overdo it!

The ground surface now has the form of a shallow curve and
must be tested for focal length. This is easily accomplished on a
sunny day. The test equipment consists of a square of light-colored
cardboard about a foot across which serves as a screen on which
the image of the sun is projected, and a supply of water to wet
the roughly ground surface of the mirror and thus improve its
effectiveness as a reflector. Stand the cardboard on edge at a
height of about six feet so that one side faces the sun squarely;
then take a position on the shady side about 10 feet from the

10
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screen. Dip the mirror in the water and, with the ground surface
facing the sun, reflect sunlight onto the screen. The image will
appear as a fuzzy disk of light, doubtless somewhat smaller than
the diameter of the mirror. The size of the image will change as
the mirror is moved toward or away from the screen. Find the dis-
tance at which it is minimum. This is the approximate focal
length of the mirror. At this stage of grinding, the focal length
will doubtless be of the order of 15 feet. The object is to shorten
it to six feet by additional grinding. Wash the tool, apply fresh
abrasive, grind for five minutes and repeat the test. It is advisable
to make a chart on which the focal length is recorded after each
spell of grinding. The chart aids in judging progress toward the
goal of six feet. When the desired focal length is attained, thor-
oughly scrub the mirror, tool, bench, utensils and all other objects
likely to be contaminated with No. 80 abrasive. Grinding is then
continued with successively finer grades of abrasive. The same
stroke is used: two inches in length and center-over-center. Usu-
ally the second grade is No. 180, which has the texture of finely
powdered sand. The grinding technique is precisely the same for
all subsequent grades of abrasive; each stage of grinding is con-
tinued until all pits made in the glass by the preceding grade have
been removed. Usually six wets with each grade is adequate. On
the average each wet will require about 15 minutes of grinding.
Examine the ground surface by means of a magnifying glass after
the sixth wet. If any pits larger than average are found, continue
grinding for another wet or two and examine again. Persist until
all pits larger than average disappear. There is one exception to
this procedure. Sometimes a stray grain of No. 80 or one of the
intermediate grades will find its way into work that has reached
the terminal stages of fine grinding. A scratch or groove will ap-
pear that is so deep that it cannot be removed by a reasonable
amount of fine grinding. The only solution is to return to the of-
fending grade and repeat all the intermediate work. Gloves are
notorious grit-catchers. Never wear them when grinding. Try to
prevent clothing from coming into contact with loose grit. Abra-
sives supplied with representative kits include Nos. 80, 180, 220,
280, 400, 600, FFF and rouge.

11
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The beginner is urged to purchase an extra mirror blank. The
object is to make two mirrors simultaneously, select one for im-
mediate use and reserve the second for subsequent refinement.
Those following this suggestion should grind the mirrors alter-
nately. Complete a wet of a given grade on the first mirror and
proceed with the same wet on the second. After all grinding is
completed, the mirrors are polished independently.

The operations of grinding and polishing glass are similar in
that both require the use of a material which is harder than glass.
In grinding, the abrasive material is used between a pair of hard
surfaces, either two pieces of glass or glass and cast iron. In roll-
ing between the surfaces under pressure the hard particles erode
the glass by causing tiny conchoidal fractures in its surface. Glass
can be polished with the same hard particles merely by replacing
the hard tool with an appropriately soft and yielding one. The
theory of the polishing action is not well understood. It is clear,
however, that the abrasive particles do not roll. Held firmly by
a yielding medium, their protruding edges may act like the blade
of a plane.

Most amateurs use a polishing tool, or “lap,” of pine pitch di-
vided into a pattern of facets and charged with rouge. To make
the facets, pitch is first cast into strips about an inch wide, a quarter
of an inch thick and eight or 10 inches long. An adequate mold of
wood (lined with moist paper to prevent the strips of pitch from
sticking) is shown in Figure 2. Melt the pitch over a hot plate,
not over a direct lame. Do not overheat the pitch; it burns easily.
The fumes (largely vaporized turpentine) are highly combustible,
so prevent direct flame from reaching the open part of the container.

The strips of cool pitch are cut into square facets by means of
a hot knife and stuck to the ground surface of the tool in a checker-
board pattern as shown. Begin by locating one facet somewhat
off-center in the middle of the tool, and work outward. Adhesion
is improved by first warming the tool, smearing it with a film of
turpentine and warming the face of each square of pitch before
placing it in contact with the glass. The pitch facets should be
beveled, which can be accomplished in part by cutting the edges
of the wooden divider-strips of the mold at an angle. This also

12
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facilitates the removal of the strips from the mold. Pitch yields
under pressure, so unless the facets are beveled the space between
adjacent facets soon closes during the polishing operation.
Trim all boundary facets flush with the edge of the tool by
means of the hot knife. Then invert the completed lap in a pan
of warm water for 10 minutes. While the pitch is warming, place
a heaping tablespoon of rouge in a clean wide-mouthed jar fitted
with a screw cap, and add enough water to form a creamy mix-
ture. Remove the lap from the pan, blot it dry and, with a quarter-
inch brush of the kind used with water colors, paint the pitch
facets with rouge. Now place the mirror gently and squarely on
the lap and apply about five pounds of evenly distributed weight
to the mirror for half an hour until the pitch facets yield enough

13
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to conform with the curve of the glass. This process is called cold--
pressing. At the end of the cold-pressing interval slide the mirror
from the lap and bevel the edge facets to remove any bulges that
have formed.

The mirror must now be fitted with a shield to insulate it from
the heat of the worker’s hands. In the case of a six-inch mirror
cut a disk of corrugated cardboard eight inches in diameter and
notch its edge every inch or so to a depth of one inch. Center the
cardboard on the urground side of the mirror, press the notched
edges down along the side of the glass and secure them with sev-
eral turns of adhesive tape. The cardboard form now resembles
the lid of a wide-mouthed jar.

Paint the facets with fresh rouge, add half a teaspoon of water
to the center of the lap and, with the heat-insulating shield in
place, lower the mirror gently onto the lap. Polishing proceeds
with strokes identical with those used in grinding; they are two
inches long and center-over-center. When the work develops a
heavy feel, stop, add half a teaspoon of water and resume. Con-
tinue polishing for 20 minutes. Then cold-press for 10 minutes.
Proceed with this alternating routine until no pits can be de-
tected when the surface is examined with a high-powered magni-
fying glass. If the fine grinding has been performed as directed,
the mirror can be brought to full polish in three hours or less.
When work must be suspended for some hours, coat the lap with
rouge and cold-press without added weight. It is well to brace
the mirror around the edges when it remains on the lap for some
hours, because pitch flows slowly and may deposit an unbraced
mirror on the floor.

The shape of the mirror is now close to a perfect sphere. The
center will doubtless have a somewhat longer radius than the
region near the edge. Precisely the reverse situation is desired:
a curve whose radius increases from the center outward. A mi-
nute thickness of glass must therefore be removed from the cen-
ter of the mirror and a somewhat lesser amount removed toward
the edge. The mirror is put back on the lap and, with a fresh
charge of rouge, polished by a modified stroke. The length of the
stroke is not altered, but the mirror is now made to follow a zig-
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zag course laterally across the lap at right angles to the worker.
The first stroke follows the conventional center-over-center course
away from the worker but on the return stroke and subsequent
strokes the mirror is zigzagged gradually toward the right until it
overhangs the tool by about an inch. It is then gradually worked
back across the center until it overhangs the lap on the left side by
an inch. This operation is repeated over and over for 15 minutes.
Simultaneously the mirror is rotated slightly in one direction during
each stroke and the tool is periodically rotated in the other direction
to distribute the abrasive action uniformly.

After a thorough cleaning the mirror is ready for silvering. Ama-
teurs formerly coated their mirrors at home. But silver is difficult
to apply and tarnishes quickly. Most reflecting telescopes are now
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aluminized, a process too tricky to be undertaken by beginners.
The mirror is placed in a highly evacuated chamber and bom-
barded with vaporized aluminum. On being exposed to air the
metal acquires a transparent film of oxide which protects it against
tarnish. Firms that specialize in this work charge about $5 to alu-
minize a six-inch mirror. The advertisements of many are found
in the magazines of popular science. The beginner is urged to
have both his objective mirror and the diagonal coated in this way.
The mounting may be constructed while the mirrors are being
coated. In designing the mounting never permit appearance to
compromise sturdiness. This telescope will have a maximum mag-
nifying power of about 250 diameters and any jiggle arising in
the mounting will be magnified proportionately. The objective
mirror is supported in a wooden cell fitted with screw adjust-
17
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ments. Fine-grinding and polishing will have reduced the focal
length to about five feet. The center of the diagonal mirror is
spaced approximately six inches from the focal point of the objec-
tive (about 4.5 feet from the objective), thus bending a six-inch
cone of rays into the eyepiece, as shown in detail in Figure 6.

After assembly the optical elements must be aligned. Remove
the eyepiece, look through the tube in which it slides and adjust
the diagonal mirror until the objective mirror is centered in the field
of view. Then adjust the tilt of the objective mirror until the re-
flected image of the diagonal mirror is centered. Replace the eye-
piece in its tube and you are in business.

Those who construct this telescope will ultimately discover that
it is not the best that can be built. To improve it consult the books
recommended in the bibliography and tackle the fine art of fig-
uring the second mirror by means of the fascinating tests and
techniques described therein.

3
A TRANSISTORIZED DRIVE
FOR TELESCOPES

Telescopes must be turned slowly to follow the stars
across the sky. A method of turning one automatically
by means of a motor deriving its power from tran-
sistors is described by George W. Ginn, an engineer
of Lihue, Hawaii

THE SLOW PARADE of stars across the night sky appears
to be greatly accelerated when it is observed through a stationary
telescope of high power, because the instrument magnifies ap-
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parent motion as well as size. In consequence objects drift across
the field of view and disappear in a matter of seconds unless some
‘arrangement is made to keep the instrument trained on them. If
the telescope is mounted so that it can turn, objects can be kept
in view most of the time by moving the tube manually. Hand
guiding is not precise enough, however, for many types of obser-
vation. The instruments used by astronomers and a large number
of the telescopes made by amateurs are therefore equipped with

a mechanism to keep celestial objects automatically in view.
Most of the apparent motion of a celestial object is caused by
the rotation of the earth, which amounts to one revolution in 24
hours with respect to the sun, and to one in about 23 hours, 56
minutes with respect to the stars. The fact that the hour hand of
a clock turns at approximately twice this rate suggests that a
clockwork could be modified to serve as an automatic drive by
coupling it to the shaft of the telescope through a set of simple
reduction-gears. This approach has been tried by many amateurs.
Ordinary clocks, however, fall considerably short of meeting the
requirements for an ideal drive. Few of them deliver enough
power to overcome frictional losses in bearings of the type used
by amateurs, and they do not provide enough range in speed.
To track the moon accurately as it crosses the meridian a clock
must run about 5 per cent slower than normal, a rate which in
the latitude of New York would cause the clock to lose about an
hour per day. This rate is beyond the range of the “fast-slow” ad-
justment of most clocks. Another serious limitation of clocks as
drives for telescopes arises from the property to which they owe
their usefulness as instruments for measuring time. Clocks run at
constant speed, but the apparent motion of a star varies. Light
from stars low in the sky passes through more of the earth’s at-
mosphere than does light from stars higher in the sky; the light
~of a star near the horizon is so strongly refracted by the atmos-
phere that the image of the star can be seen several seconds after
the star has passed below the horizon. Accordingly a drive that
freezes an object in the field of a telescope pointed at the zenith
permits the image to drift increasingly as the telescope is pointed
at lower angles. In the most satisfactory drives provision is there-
19
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fore made for continuously altering the tracking speed through
a narrow range above and below its average value. Moreover, the
best systems are equipped with a coarse control for changing the
tracking rate by at least an order of magnitude so the tube can
be quickly centered on a selected object.

Mechanical drives, such as those built around spring-driven
clocks, are not satisfactory for use with portable instruments. The
mainspring of most small clocks is not powerful enough to over-
come frictional losses in the mounting, so an arrangement of
weights must be added to supplement the energy stored in the
spring. A clutch must also be inserted between the clockwork and
mounting so that the tube can be disengaged for shifting the field
of view from one region of the sky to another. In addition, the
system must include a set of differential gears, a screw adjust-
ment or some comparable means for making small corrections in
the position of the tube without interrupting the basic motion of
the clock. All this adds up to a cumbersome mechanism which
is costly to make, inconvenient to use and difficult to maintain
in satisfactory working order.

Much of my observing, which has included a lot of photography,
has been done at elevations above 10,000 feet on Mauna Loa and
neighboring volcanic peaks, where seeing is exceptionally good
nearly every night of the year. Most of these locations are reached
by car and on foot by roads carved from lava, which is scarcely
an ideal pavement. This means that my equipment must be light
and rugged enough to retain its accuracy during rough trips.

The camera and guide telescope are supported on a tripod by
a mounting of German manufacture which I acquired from the
University of Hawaii in exchange for adapting one of their instru-
ments for portable use. The mounting is of the equatorial type —
one shaft turns in the plane of the earth’s equator and the other
in elevation — and is equipped with worm gears coupled to hand
wheels for following objects in right ascension and declination as
well as with clamps for locking the tube in any desired position.
The arrangement is adequate for casual observing and even for
making photographs of short exposure. But fine visual measure-
ments and extended exposures require more precise guiding.
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Exterior view of transistorized drive for small telescope

Most of these difficulties can be overcome by substituting elec-
trical parts for the springs and gear trains — with a distinct gain
in the precision of tracking. My present drive consists of a small
synchronous motor of the type used in electric clocks which is ener-
gized by an oscillator-amplifier using transistors. The oscillator
converts direct current into alternating current of a precisely
known frequency. In effect it measures time and corresponds to
the escapement of a clock. Power for the unit is taken from my
automobile storage battery, which is thus analogous to the main-
spring of a clock. The motor, somewhat smaller than a pack of
cigarettes, is mounted on and geared directly to the mounting.
A plug-in cord connects the motor to the oscillator-amplifier. The
unit is about the size of a miniature radio-receiver. Another plug-
in cord from the oscillator-amplifier is connected to the battery
by spring clips, and a third cord runs to a control box equipped
with push buttons for changing the speed of drive as desired. The
control box is held in and operated by one hand during observa-
tion. The complete system, less battery, weighs five pounds. It
requires no lubrication or other maintenance, is unaffected by
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dust and retains its calibration over wide changes of temperature.

The oscillator-amplifier circuit was designed for transistors in-
stead of vacuum tubes primarily because I wanted to learn some-
thing about transistors. Perhaps the use of vacuum tubes would
have been wiser at this stage of transistor development; the choice
of circuit components designed expressly for transistors is still
rather narrow, particularly in the case of transformers. On the
other hand, the impressive reduction in size, weight and power
consumption of apparatus which is made possible by the use of
transistors more than compensates the builder for time spent in
modifying parts.

With the exception of the motor and the controls the system
contains no moving parts. During operation the oscillator draws
direct current from the battery and converts it to alternating cur-
rent at any desired frequency from 55 to 65 cycles per second.
The frequency is controlled by a knob that corresponds to the
fast-slow adjustment of a clock. The control covers a range of
something more than 5 per cent, which is adequate for guiding
telescopes and cameras less than five feet in focal length. The fre-
quency can be doubled instantly by operating one of the two push
buttons in the control box. The other button stops the oscillator.
The action of the buttons corresponds to that of a set of differential
gears and is used as a slow-motion traverse. By pressing the appro-
priate button the telescope can be moved forward or backward
with respect to the stars at the rate of .25 degree per minute. The
amplifier portion of the circuit steps up the output power of the
oscillator to four watts at 115 volts for driving the motor, which is
rated at 3.8 watts.

The oscillator circuit is of the Wein bridge type and has excel-
lent stability. The frequency is adjusted through the 5-per-cent
range by dual potentiometers and is doubled by switching out
half of the .5-microfarad capacitors shown in the accompanying
circuit diagram, Figure 8. Stopping the oscillator is accomplished
by short-circuiting the 5,000-ohm (5K) variable resistor shown at
the top of the diagram. This resistor controls the amount of energy
fed back in reverse polarity from the output of the oscillator to its
input and is normally set to the lowest resistance at which the os-
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Circuit diagram for transistorized amplifier-oscillator

cillator will start and maintain stable operation. Switching is accom-
plished by relays, the coils of which are energized by the push
buttons. ‘

The circuit includes a ballast lamp for stabilizing the output
voltage. The filament is connected in series with the feedback re-
sistor so that the voltage of the circuit is divided between them.
When the voltage rises, the filament warms up and the resistance
increases. This has the effect of increasing the negative feedback,
which in turn reduces the voltage to its normal value.

Standard construction and wiring were used. The housing of
the oscillator-amplifier unit is five inches wide, six inches deep
and nine inches long and is available from most radio dealers. The
aluminum panel and chassis were cut to fit the case. The small
transistors were mounted along with the resistors on a strip of

23



ASTRONOMY

Formica by drilling small holes in the strip for the leads and mak-
ing connections on the back. The cases of the power transistors
function as “collectors,” counterparts of the “plate” electrode in
vacuum tubes. Voltage is applied to the cases, so they must be
insulated from the chassis. Kits are available for mounting power
transistors which include mica washers and silicone oil to aid in
the transfer of heat to the chassis. I did not use the oil because
in this circuit the units operate substantially below their rated
capacity for dissipating heat. Do not solder connections directly
to the power-transistor terminals; transistors are easily damaged
by high temperature. Clips for connecting transistors into the cir-
cuit can be made from contacts salvaged from miniature vacuum-
tube sockets. Connections to the emitter electrodes of the power
transistors must be tight because a peak current of two amperes
flows in this circuit. Two other precautions are worth mentioning.
First, transistors, unlike vacuum tubes, can be damaged by applying
voltage of incorrect polarity to the terminals. Second, the output
stage must not be operated without a load.

The power transistors of this amplifier deliver about 4.3 volts
on each side of the center tap. This must be stepped up by a
transformer to 115 volts for driving the motor. Unfortunately,
dealers do not stock a suitable transformer. I tried to modify a
conventional filament-transformer for the job by leaving the 117-
volt winding intact and rewinding the 6.3-volt secondary for the
lower input voltage. Sad to relate, only 50 volts came out of the
high side. After stewing over this development for a day or so,
and consulting Radio Engineers Handbook for data on trans-
former design, it became apparent that heat losses in the iron core
caused by the high density of the magnetic field were eating up
the profits. Apparently 6.3-volt filament-transformers are designed
with a minimum of iron and copper, adequate performance be-
ing achieved by operating the iron core at a high magnetic-flux
density. If 25 per cent of the energy is wasted in heating the core,
nobody cares because the energy is being taken from the 110-
volt power line and amounts to only a few watts. After calculat-
ing the losses for several values of flux density and wire size, I
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picked the best combination and rewound both coils of the trans-
former. The primary was replaced with 48 turns of No. 18 enam-
eled magnet-wire on each side of the center tap; the secondary,
with 1,560 turns of No. 32 wire. This reduced the flux density
from 98,000 lines per square inch to 41,000 lines and reduced the
and has a cross-sectional area of 7/8 square inch. Any core of about
this size and weight should work satisfactorily. Smaller cores would
require more turns. The losses are proportional to the weight of
the core and the square of the flux density. The core of an audio-
frequency transformer would doubtless perform better because
the laminations are thinner and are made of the highest quality
magnetic iron.

The power transistors operate alternately, so only half of the
primary coil carries current at one time. If the transformer were
operating from a conventional alternating-current source of four
volts, the primary coil could be a single winding of 48 turns. If
12-volt operation is desired, the number of primary turns must be
doubled. The output in this case would be about nine watts, so
the wire size of the secondary winding would have to be increased
to No. 30, and a larger core would be required to provide addi-
tional space for the larger wire size.

The new set of coils delivered an output of 90 volts, as measured
by a meter of the rectifier type. Further investigation disclosed
that the low indication was caused by the irregular shape of the
voltage wave, a response induced by the motor. A .5-microfarad
capacitor connected across the output coil of the transformer cor-
rected the wave form and raised the indication to 110 volts. The
voltage rises somewhat when the frequency is doubled, but this
is not a disadvantage because the torque of the motor would nor-
mally drop at the higher frequency. The higher voltage tends to
maintain constant torque.

A few bugs remain in this pilot model. The oscilloscope shows
some highly unconventional and mysterious wave forms here and
there. Other builders will doubtless find ways to improve the
circuit, and I will welcome a report of their results. But the bugs
have no discernable effect on the operation of the unit. When I
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compare its output with that of the 60-cycle power line, the power
frequency varies most. Operation in the field is simplicity itself.
Set up the telescope, plug in the cords, adjust the speed and you
are ready to observe.

It is assumed that amateurs who undertake the construction of
this device will have some experience with electronic circuits.
Others are urged to solicit the cooperation of a neighboring radio
“ham.” Some reading is indicated for those inexperienced with
transistors; I can recommend the booklet on 2N255 and 2N256
transistors published by CBS Hytron of Lowell, Mass. Similar
booklets covering equivalent transistors made by other manufac-
turers are available through most radio dealers.

4
AN ELECTRONIC STAR-TWINKLE
SUPPRESSOR

Twinkling starlight, a source of delight to the casual
stargazer, presents the astronomer with a major prob-
lem by blurring his photographs of celestial objects.
Robert Leighton, a nuclear physicist at the California
Institute of Technology and an ardent amateur as-
tronomer, explains how he minimized the blur by
means of an apparatus with which he made photo-
graphs of the planets considered to be the clearest
ever exhibited

It 1s A common BELIEF that very large telescopes,
such as the 100-inch and 200-inch reflectors of the Mount Wilson
and Palomar Observatories, should show fine detail of the moon
and planets because the resolving power of a perfectly figured
telescope lens, for objects situated at a great distance, is supposed
to improve as the diameter of the objective lens is increased.
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Leighton’s guiding device applied to optical system of the 60-inch tele-
scope at Mt. Wilson Observatory

According to the so-called Rayleigh criterion, the resolving
power of a telescope is- expressed numerically by dividing 4.5 by
the diameter of the objective in inches. The quotient gives the
smallest angular separation, in seconds of arc, at which two equal-
ly bright point sources of light can be distinguished. Any pair sep-
arated by a smaller angle will merge because of the wave nature
of light and be seen as a single point. Hence if the performance of
the huge telescopes were limited only by their optical quality,
they would indeed give breathtaking views of the planets.

Although the big instruments are virtually perfect in their op-
tical and mechanical construction, and have surpassed their ex-
pected performance in the applications for which they were de-
signed, there is very little likelihood that they will ever show
planetary detail to the limit of their theoretical capabilities. In
fact, there is good reason to believe that the best planetary and
lunar photographs will be made with telescopes of but 30 to 40
inches aperture. :
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An observer at the eyepiece of a relatively small telescope can
see millions of tiny craterlets and other structures less than a thou-
sand feet wide on the moon, but no lunar photograph has yet pic-
tured detail less than about a mile in extent. Again, the ring sys-
tem of Saturn has never been adequately photographed. Most
photographs show only the two main rings and the largest divi-
sion, whereas the faint crape ring is very clear visually in small
telescopes, and at least two other divisions are recognized. The
canals of Mars may be a third example. Their failure to appear on
any of the many thousands of photographs that have been made
of this planet is the cause of a long-standing controversy regard-
ing their existence. Many qualified observers have reported seeing
them. Others, apparently equally qualified, see not a trace of
them. Even a single convincing photograph could settle the ques-
tion of their existence.

These examples, particularly that of the lunar craters, clearly
establish that a wide gap exists between well-substantiated visual
observation and the corresponding photographic results. The fun-
damental cause of this discrepancy is to be found not in any lack
of optical perfection of the telescope itself, but rather in the op-
tical unsteadiness of the earth’s atmosphere, which is brought
about by thermal nonuniformities always present throughout it.
This, coupled with the need for several seconds” exposure, leads
to relatively poor photographic resolution, no matter how large
or how small a telescope is used.

The degree of optical steadiness of the atmosphere is called the
“seeing.” One effect of the turbulence is visible to the naked eye
as the scintillation or “twinkling” of the stars. As the thermally in-
homogeneous regions move past the observer’s line of sight, they
act upon the light rays passing through them, thereby producing
a constantly changing deviation and phase shift. Neighboring rays
interfere with one another and cause the observed color and
brightness changes. In times of good seeing the atmosphere is
relatively calm and thermally uniform and there is little or no
naked-eye stellar scintillation. During bad seeing, on the contrary,
the atmosphere is quite nonuniform thermally and a large degree
of scintillation is visible.
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The atmospheric turbulence that leads to poor seeing arises
from many causes. It may be created by local warm objects (such
as motors, vacuum tubes or observers near the telescope itself),
by a difference in temperature between the telescope tube and
the surrounding air, or by nearby chimneys or factories which
emit heat. More basically, the inhomogeneities are caused by
large-scale convection currents which accompany cloud forma-
tion and thunderstorms, or by turbulence between atmospheric
layers having different temperatures and wind velocities.

The character of the seeing can be viewed telescopically in con-
siderable detail by observing an out-of-focus image of a bright
star. The pattern you see resembles the bands and spots of sun-
light on the bottom of a slightly agitated pool of water. They are
in constant motion. Slow-moving patterns with sharp boundaries
generally signify nearby heat sources, and these can often be
tracked down by careful observation. Fast-moving patterns can
usually be seen sweeping across the objective in one or more direc-
tions; these are caused by winds somewhere in the atmosphere.

The effect of the seeing upon the quality of an image formed
by a telescope depends upon the “cell size” of the seeing. This re-
fers to the size of the region over which the air temperature is
sufficiently uniform so that a parallel light beam passing through
such a region to the telescope is negligibly distorted. The part of
the objective that receives such a beam forms a perfect image.
If the cell size is substantially smaller than the telescope aperture,
the objective will encompass several such cells, with the result that
a number of separate images are formed by the telescope. These
then combine to form a blurred image on which fine detail cannot
be resolved. If only a few such cells cover the aperture, the sep-
arate images may be individually visible. Each star or other object
is split into a small cluster. This is often the case with fine detail
such as the craters of the moon or the Jovian satellites.

At the other extreme the seeing cell size may be much larger
than the telescope aperture, so that the entire objective acts as a
unit and the resultant image is clear and sharp. But the image will
move irregularly about some average position. These irregular
excursions are often as large as one or two seconds of arc, which
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is several per cent of the angular diameter of Mars or Jupiter. Un-
der given conditions of seeing it is clearly disadvantageous to use
an aperture larger than the seeing cell-size. This aperture will yield
a brighter image, though it will show less detail.

What is the best size of telescope, then, for visual observation?
It ought to be large enough to take advantage of the best seeing
(i.e., largest cell size) that is reasonably likely to occur. The maxi-
mum size thus depends upon the geographical location, for at each
location there is a certain distribution of seeing conditions through-
out the year, and on each night there is a corresponding maximum
useful aperture for visual observation. On most nights, even at a
favorable location, this will be less than three or four inches. On
many it may be as large as 10 or 12 inches. But apertures as large
as 50 or 60 inches very seldom can be used with maximum effect.
The greatest telescopes, such as the 100-inch and 200-inch re-
flectors, will encounter seeing conditions fully matching their aper-
tures only once in many years. Indeed, no astronomer who has
used the 200-inch Hale telescope has yet reported star images less
than about three tenths of a second of arc in diameter. This size
corresponds to the theoretical resolving power of a 15-inch tele-
scope! Obviously a visual observer gains no advantage at the eye-
piece of the huge telescopes. .

If we now consider the photographic situation, a new element
enters the problem. This is the requirement that a sufficient ex-
posure time be provided to yield a satisfactory photographic
image. Because of this the advantage of a smaller aperture disap-
pears, since the fainter image corresponding to the smaller aper-
ture requires a longer exposure and will therefore move about
more on the film, yielding a blurred image. Thus for photographic
purposes it is almost immaterial whether a large or small aperture
is used, so long as it is at least as large as the seeing conditions will
permit for visual observation.

It should now be clear why direct vision has proved superior to
photography for the observation of lunar and planetary detail. For
visual observation of a sufficiently bright object, it is of no great
importance that the image be steady, so long as it is sharply de-
fined, because the eye is able to follow the irregular excursions of
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the image that are brought about by the atmospheric instability.
For photographic observation, on the contrary, it is quite neces-
sary that the image be both sharply defined and steady for the dura-
tion of an exposure. Furthermore, a visual observer has a great
advantage in being able to ignore the times when the image is
distorted and to remember the moments when it is excellent, while
the photographic plate indiscriminately records all the accumu-
lated fluctuations.

Yet in spite of the marvelous ability of the eye to catch, and the
brain to retain, fleeting glimpses of extraordinarily fine detail, we
cannot regard the situation as anything but unsatisfactory. The
eye is not a quantitative measuring instrument, and the brain is not
always objective in what it records. The accuracy, objectivity and
permanence of the photographic record are as much to be desired
here as in other fields of science.

A number of possibilities exist for removing or relaxing the
limitations that the turbulent atmosphere imposes on stellar pho-
tography. The most obvious of these is to try to exploit those very
rare nights when a large telescope actually will perform better
than a small one. Unfortunately this requires more than a steady
atmosphere; it also requires that a suitable object be available in
a favorable location to photograph. In the case of the moon, this
immediately reduces the likelihood of such a coincidence by at
least a factor of four, and in the case of Mars, by a factor of at
least 40, not allowing for the fact that the most favorable opposi-
tions of Mars occur when it is low in the sky for the majority of
the large telescopes in the world. It would be the sheerest accident
if any ordinary photograph of Mars taken with the 200-inch tele-
scope within the next century were to show detail worthy of its
tremendous resolving power!

In contrast with the performance of the 200-inch, the chances
of good seeing improve so rapidly with diminishing aperture that
a telescope of 40 or 50 inches might be used effectively for plan-
etary photography, provided photographs were taken almost con-
tinuously during every reasonably steady night. But this would
require reserving a large portion of the observing time for such
use. Such a program probably could not be justified except pos-
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sibly for a limited time, such as during a very favorable opposition
of Mars.

Clearly the economic justification of the big telescope does not
lie in its ability to resolve minute details of bright, relatively close
objects. Rather, its immense light-gathering power is largely ex-
ploited for photographing objects too faint or remote in space for
smaller instruments.

We cannot hope to take the much-desired photograph of Mars
by the mere expedient of building ever more powerful telescopes.
How, then, may we approach the job?

Although no ideal solution is known at present, several possibil-
ities have been suggested and some have been tried with promis-
ing results. One is to remove directly the main cause of the
problem: the atmosphere. This could be done by taking the tele-
scope away from its traditional bedrock foundation and lifting it
above most of the atmosphere in a rocket, a balloon or a high-
altitude jet aircraft.

A different line of attack, which shows considerable promise,
involves the use of electronic image intensification. The aim here
is to reduce the required exposure time so drastically that the
image from a relatively small telescope could be utilized. A sys-
tem based on this principle has been tested at the Lowell Observ-
atory at Flagstaff, Ariz. It yields enough intensification to permit
a 30-fold reduction in exposure time. The image thus has less time
for wandering about on the film, and smearing is reduced accord-
ingly. This is essentially a closed-circuit television system utilizing
an image-orthicon pickup tube connected through an amplifier to
a picture tube. The picture tube is then photographed with a cam-
era whose shutter is suitably synchronized with the picture. With
this method the possibility also exists of detecting electronically
the moments when the image is sharpest and building up a com-
plete exposure out of many selected shorter intervals. It is too
early to evaluate the capabilities of the new electronic methods,
but doubtless much will be heard of them in the future.

During the past few years I have experimented with a third
approach in which an electronic guiding system is used to cancel
out most of the motion of the image on the film. I observed that
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during good seeing the image of a planet tends to move as a whole,
rather than to change in size or shape. This motion is erratic, but
the image remains within one or two seconds of arc of some aver-
age position. Most important, the image moves slowly enough so
that the design of an electromechanical servo system capable of
following it appeared practicable.

After the usual number of false starts, I assembled a guiding
device and tested it on an artificial planet in the form of an illu-
minated hole two millimeters in diameter in a metal sheet. This
spot of light could be moved in a pattern that simulated the image
movement of a planet under average seeing conditions. The as-
sembly was then coupled to a modified 16-millimeter motion pic-
ture camera and mounted on the tube of the 60-inch reflector on
Mount Wilson [see Fig. 10]. The resulting pictures show at least
as much detail as was visible to the eye at about 750 power.
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Close-up view of the optical system and camera of Leighton’s drive
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The device operates in this way. A small enlarging lens of about
/4.5 focal ratio is mounted on a doubly pivoted carriage, as shown
in Figure 11. The carriage permits the lens about half a millimeter
of transverse motion in any direction. The two components of this
motion are governed by two small electromagnets whose pulls are
balanced against springs. The light from the telescope forms an
image in the normal focal plane of the telescope, proceeds past this
plane through the enlarging lens, reflects from a partly reflecting
diagonal mirror, and comes to a new focus at the film plane of the
motion picture camera. Part of the light proceeds through the
partly reflecting diagonal mirror and comes to a focus on a reticle,
where it can be viewed by an eyepiece. Two small reflecting
prisms with sharp edges project slightly into this latter beam
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from two directions at the focal plane and throw a small amount
of the light into each one of two photomultipliers [Fig. 12]. The
signals from these tubes are amplified in separate direct-current
channels and are fed into the electromagnet coils that determine
the position of the magnifying lens. The system seeks a stable
condition wherein a certain amount of light is entering each photo
tube. If the telescope image moves by a small amount, the amount
of light entering the photocells changes, and the system responds
in such a way as to cancel out this motion. This negative feedback
is, of course, not capable of completely canceling the erratic motion,
but it reduces it by a factor of about 10. In this way seeing fluc-
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tuations, mechanical vibration and driving errors are essentially
canceled out through a frequency range extending from zero vi-
brations per second up to approximately two vibrations per second.

An additional feature that is a great convenience, but not a
necessity, is that there are relay contacts on the lens carriage which
act as limit switches to prevent the electromagnets from having
to work outside their designed range. If this pre-set range is ex-
ceeded, the corresponding slow-motion drive of the telescope is
automatically applied so as to bring the electromagnet back into
the center of its operating range. Thus, once adjusted, the guider
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will track and center a planet image for the duration of an entire
observing night. Indeed, except for focusing the image on the
reticle and rotating the telescope dome now and then, the entire
operation is automatic, including the timing of each exposure and
the advancing of the film. The timing system is shown in Figure 15.

Through the use of this device one of the two serious disad-
vantages of a long exposure is essentially removed: the relative
motion of the image as a whole with respect to the film is neu-
tralized. But it is still necessary to match the diameter of the
telescope objective to the seeing cell size, so that the image will
be sharply defined over the greater part of the exposure time.

I used 16-mm. Kodachrome film with exposure times that varied
from two seconds for Jupiter to 16 seconds for Saturn. Exposures
were usually made at the rate of two frames per minute over a
period of a few hours, and the best of the resulting images were
later selected for enlargement.
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AN ASTROPHYSICAL
LABORATORY IN YOUR
BACK YARD

With adequate accessories the telescope becomes a
tool of immense power for probing the mysteries of
the universe. One of these, the spectrograph, literally
converts the instrument into a laboratory

STRiP THE TELESCOPE of its setting circles, clock drive,
plate holder and related accessories and you put it in a class with
a blind man’s cane. Like the cane, it informs you that something is
out in front. Shorn of appendages, the telescope tells you next to
nothing about the size, temperature, density, composition or other
physical facts of the stars. Not more than 20 celestial objects, count-
ing such classes of objects as comets, star clusters and nebule,
appear through the eyepiece as interesting patterns of light and
shade. Only one, the moon, displays any richness of surface detail.
All other bodies look much as they do to the naked eye. There is a
greater profusion of stars, of course. But the telescope adds little to
the splendor of the firmament.

That is why the experience of building a telescope leaves some
amateurs with the feeling of having been cheated. A few turns
at the eyepiece apparently exhaust the novelty of the show, and
they turn to other avocations. Other amateurs, like Walter J. Sem-
erau of Kenmore, New York, are not so easily discouraged. They
pursue their hobby until they arrive at the boundless realm of astro-
physics. Here they may observe the explosion of a star, the slow
rotation of a galaxy, the flaming prominences of the sun and many
other events in the drama of the heavens.

Semerau invested more than 700 hours of labor in the construc-
tion of his first telescope, and confesses that what he saw with it
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seemed like poor compensation for the time and effort. He hastens
to point out, however, that there were other satisfactions, the so-
lution of fascinating mechanical and optical problems. To anyone
with a fondness for craftsmanship these are no mean compensa-
tions and, considered in these terms, Semerau feels his first tele-
scope was the buy of a lifetime.

Accordingly he went to work on'a 12%-inch Newtonian reflec-
tor, complete with film magazine and four-inch astrographic
camera. Both were assembled on a heavy mounting with an elec-
tric drive, calibrated setting-circles and slow-motion adjustments.
He could now not only probe more deeply into space but also do
such things as determine the distance of a nearby star by meas-
uring its change in position as the earth moves around the sun.
To put it another way, he had made his “cane” longer and in-
creased his control of it. When the sensitivity of modern photo-
graphic emulsions is taken into account, Semerau’s new instruments
were almost on a par with those in the world’s best observatories
50 years ago.

During these 50 years, as Cecilia Payne-Gaposchkin of the
Harvard College. Observatory has pointed out, we have gained
most of our knowledge of the physics of the universe. Most of
this knowledge has come through the development of ingenious
accessories for the telescope which sort out the complex waves
radiated by celestial objects.

Semerau now decided that he had to tackle the construction
of some of these accessories and to try his hand at the more so-
phisticated techniques of observing that went with them. He went
to work on a monochromator, a device which artificially eclipses
the sun and enables the observer to study the solar atmosphere.

Having built the monochromator, Semerau felt he was ready
to attempt one of the most demanding jobs in optics: the making
of a spectrograph. Directly or indirectly the spectrograph can func-
tion as a yardstick, speedometer, tachometer, balance, thermom-
eter and chemical laboratory all in one. In addition, it enables
the observer to study some remarkable magnetic and electrical
effects.

In principle the instrument is relatively simple. Light falls on
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an optical element which separates its constituent wavelengths or
colors in a fan-shaped array, the longest waves occupying one
edge of the fan and the shortest the other. The element respon-
sible for the separation may be either a prism or a diffraction
grating: a surface ruled with many straight and evenly spaced
lines. The spectrograph is improved by equipping it with a system
of lenses (or a concave mirror) to concentrate the light, and with
an aperture in the form of a thin slit. When the dispersed rays of
white light are brought to focus on a screen, such as a piece of
white cardboard, the slit appears as a series of multiple images
so closely spaced that a continuous ribbon of color is formed
which runs the gamut of the rainbow.

The explanation of why this should be so stems from the fact
that when atoms and molecules are, in effect, struck a sharp blow
by a hammer of atomic dimensions they ring like bells. The ear
is not sensitive to the electromagnetic waves they emit, but the
eye is. All light originates this way. Just as every bell makes a
characteristic sound, depending upon its size and shape, so each
of the hundred-odd kinds of atoms and their myriad molecular
combinations radiate (or absorb) light of distinctive colors. The
instrument physicists use to sort out the colors, and thus identify
substances, is the spectroscope.

The colors appear as bright lines across the rainbowlike ribbon
seen (or photographed) in the instrument when the source is
viewed directly. If the light must traverse a gas at lower tempera-
ture than the source, however, some of the energy will be ab-
sorbed. Atoms of the low-temperature gas will be set in vibration
by the traversing waves, just as a tuning fork responds when the
appropriate piano key is struck. Evidence of such absorption ap-
pears in the form of dark lines which cross the spectrographic pat-
tern. Hence, if one knows the composition of the emitting source,
the spectrograph can identify the nature of the intervening gas.
Moreover, as the temperature of the source increases, waves of
shorter and shorter length join the emission, and the spectrum
becomes more intense toward the blue end. Thus the spectral pat-
tern can serve as an index of temperature.

The characteristic lines of a substance need not always appear
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at the same position in the spectrum. When a source of light is
moving toward the observer, for example, its waves are apparently
shortened — the phenomena known as the Doppler effect. In con-
sequence the spectral lines of atoms moving toward the observer
are shifted toward the blue end of the spectrum. The lines of
atoms moving away are shifted toward the red. Velocity can thus
be measured by observing the spectral shift.

When an atom is ionized, i.e., electrically charged, it can be
influenced by a magnetic field. Its spectral lines may then be split:
the phenomenon known as the Zeeman effect. Intense electrical
fields similarly leave their mark on the spectrum.

These and other variations in normal spectra provide the astro-
physicist with most of his clues to the nature of stars, nebule,
galaxies and the large-scale features of the universe. The amateur
can hardly hope to compete with these observations, particularly
those of faint objects. However, with well-built equipment he can
come to grips with a rich variety of effects in the nearer and
brighter ones.

As Semerau points out, the beginner in spectroscopy is perhaps
well advised to tackle the analysis of the nearest star, our sun, and
then consider moving into the deeper reaches of space.

Walter ]. Semerau explains how he built a spectrograph
for exploring the dramatic processes at work on the sur-
face of the sun

IF YOU ARE CONSIDERING the construction of a spec-
trograph and are willing to settle for the sun you can shuck off
a lot of labor. Because it is so bright, a three-inch objective lens,
or a mirror of similar size, will give you all the light you need.
The rest is easy. Many amateurs have stayed away from spectro-
scopes because most conventional designs call for lathes and other
facilities beyond reach of the basement workshop, and many are
too heavy or unwieldy for backyard use.

About four years ago I chanced on a design that seemed to fill
the bill. My employer, the Linde Air Products Company, a divi-
sion of the Union Carbide and Carbon Corporation, needed a
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special spectroscope for industrial research and could not find a
commercial instrument that met their specifications. The Bausch &
Lomb Optical Company finally located a design that looked prom-
ising. As things worked out, it was adopted and is now on the
market. My instrument, shown in Figure 16, is a copy of that
design.

The concept was proposed by H, Ebert just before the turn of
the century. The instrument is of the high-dispersion, stigmatic
type and employs a plane diffraction grating. As conceived by
Ebert, the design was at least 50 years ahead of its time. In his
day plane gratings were ruled on speculum metal, an alloy of
68 per cent copper and 32 per cent tin which is subject to tar-
nishing. This fact alone made the idea impractical. Ebert also
specified a spherical mirror for collimating and imaging the light.
Prior to 1900 mirrors were also made of speculum metal. It was
possible but not practical to repolish the mirror but neither pos-
sible nor practical to refinish the finely ruled grating. Consequently
a brilliant idea lay fallow, waiting for someone to develop a
method of depositing a thin film of metal onto glass that would
reflect light effectively and resist tarnishing. Then John Strong,
now director of the Laboratory of Astrophysics and Physical Me-
teorology at the Johns Hopkins University, perfected a method of
depositing a thin film of aluminum on glass..

The process opened the way for many new developments in
the field of optics. One of these is the production of high-precision
reflectance  gratings ruled on aluminized glass. Prior to being
coated the glass is ground and polished to a plane that does not
depart from flatness by more than a 100,000th of an inch. The
metallic film is then ruled with a series of straight, parallel saw-
tooth grooves — as many as 30,000 per inch. The spacing between
the rulings is uniform to within a few millionths of an inch; the
angle of the saw-tooth walls, the so-called “blaze angle,” is held
similarly constant. The ruling operation is without question one
of the most exacting mechanical processes known, and accounts
for the high cost and limited production of gratings.

In consequence few spectrographs were designed around grat-
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ings until recently. About five years ago, however, Bausch and
Lomb introduced the “certified precision grating.” These are casts
taken from an original grating. It is misleading to describe them
as replicas, because the term suggests the numerous unsatisfac-
tory reproductions which have appeared in the past. The Bausch
and Lomb casts perform astonishingly well at moderate temper-
atures and will not tarnish in a normal laboratory atmosphere. The
grooves are as straight and evenly spaced as those of the original.
The blaze angle can be readily controlled to concentrate the spec-
tral energy into any desired region of the spectrum, making the
gratings nearly as efficient for spectroscopic work as the glass
prisms more commonly used in commercial instruments. Certified
precision gratings sell at about a tenth the price of originals; they
cost from $100 to $1,800, depending upon the size of the ruled
area and the density of the rulings. Replicas of lesser quality, but
entirely adequate for amateur use, can be purchased from labo-
ratory supply houses for approximately $5 to $25.

The remaining parts of the Ebert spectrograph — mirror, cell,
tube, slit and plate holder — should cost no more than an eight-
inch Newtonian reflector. Depending on where you buy the ma-
terials, the entire rig should come to less than $100. By begging
materials from all my friends, and keeping an eye on the Linde
scrap pile, mine cost far less.

There is nothing sacred about the design of the main tube and
related mechanical parts. You can make the tube of plywood or
go in for fancy aluminum castings, depending upon your pleasure
and your fiscal policy. If the instrument is to be mounted along-
side the telescope, however, weight becomes an important factor.
The prime requirement is sufficient rigidity and strength to hold
the optical elements in precise alignment. If the spectrograph is
to be used for laboratory work such as the analysis of minerals,
sheet steel may be used to good advantage. For astronomical work
you are faced with the problem of balancing rigidity and light-
ness. Duralumin is a good compromise in many respects. Iron has
long been a favored material for the structural parts of laboratory
spectrographs because its coefficient of expansion closely ap-
proaches that of glass. When mirrors are made of Pyrex, an espe-
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cially tough cast iron known as meehanite has been used to
counteract the effects of temperature variation.

The optical elements of my instrument are supported by a tube
with a length of 45 inches and an inside diameter of 8% inches
[see Fig. 17]. The walls of the tube are a sixteenth of an inch
thick. The eight-inch spherical mirror has a focal length of 45%
inches. The grating is two inches square; it is ruled with 15,000
lines per inch. The long face of the saw-tooth groove is slanted
about 20 degrees to the plane of the grating. The width of each
groove is 5,000 Angstrom units, or about 20 millionths of an inch.
Such a grating will strongly reflect waves with a length of 10,000 A.,
which are in the infrared region. The grating is said to be “blazed”
for 10,000 A. A grating of this blazing will also reflect waves of
5,000 A., though less strongly. These waves give rise to “second-
order” spectra which lie in the center of the visible region: the
green. In addition, some third-order- spectra occur; their wave-
length is about 3,300 A. Waves of this length lie in the ultra-
violet region.

The angle at which light is reflected from the grating depends
upon the length of its waves. The long waves are bent more than
the short ones; hence the long and short waves are dispersed. A
grating blazed for 10,000 A. will disperse a 14.5-A. segment of the
first-order spectrum over a millimeter. My instrument thus spreads
a 2,200-A. band of the spectrum on a six-inch strip of film.

The film holder of my spectroscope is designed for rolls of
35-millimeter film. Light is admitted to the holder through a rec-
tangular port six inches long and four tenths of an inch wide. By
moving the holder across the port, it is possible to make three
narrow exposures on one strip. This is a convenience in arriving
at the proper exposure. The exposure time is estimated on the
basis of past experience for one portion of the film; the interval
is then bracketed by doubling the exposure for the second por-
tion and halving it for the third.

The most difficult part of the spectrograph to make is the yoke
which supports the grating. Much depends on how well this part
functions. It must permit the grating to be rotated through 45
degrees to each side, and provide adjustments for aligning the
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grating with respect to the mirror. The ruled surface must be lo-
cated precisely on the center line of the yoke axis, preferably
with provision for tilting within the yoke so that the rulings can
be made to parallel the axis. In my arrangement this adjustment
is provided by two screws which act against opposing springs, as
shown in Figure 18. The pressure necessary to keep the grating
in the parallel position is provided by four springs located behind
it. Two leaf springs, one above the other, hold the grating in
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Spectrograph assembly showing details of diffraction grating mount
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place. The assembly is supported by an end plate from which a
shaft extends. The shaft turns in a pair of tapered roller-bearings
which, together with their housing, were formerly part of an auto-
mobile water-pump. A flange at the outer end of the housing
serves as the fixture for attaching the yoke assembly to the main
tube. It is fastened in place by two sets of three screws each, the
members of each set spaced over 120 degrees around the flange.
One set passes through oversized holes in the flange and engages
threads in the tube. These act as pull-downs. The other set en-
gages threads in the flange and presses against the tube, providing
push-up. Adjusting the two sets makes it possible to align the yoke
axis with respect to the tube.

The shaft of the yoke is driven by a single-thread, 36-tooth worm
gear that carries a dial graduated in one-degree steps. The worm
engaging the gear also bears a dial, graduated in 100 parts, each
representing a tenth of a degree. The arrangement is satisfactory
for positioning spectra on the ground glass or film but is inade-
quate for determining wavelengths.

All plane gratings should be illuminated with parallel rays.
Hence the entrance slit and photographic plate must both lie in
the focal plane of the mirror. Small departures from this ideal may
be compensated by moving the mirror slightly up or down the tube.

The spectral lines of the Ebert spectrograph are vertical only
near the zero order and tilt increasingly as the grating is rotated
to bring the higher orders under observation. The tilting may be
compensated by rotating the entrance slit in the opposite direc-
tion while viewing the lines on a ground glass or through the
eyepiece. The effect is aggravated in instruments of short focal
length.

The cell supporting the mirror, and its essential adjustments,
are identical with those of conventional reflecting telescopes. If
no cell is provided and the adjustment screws bear directly on
the mirror — which invites a chipped back —then no more than
three screws, spaced 120 degrees apart, should be used. This is
particularly important if the screws are opposed by compression
springs; more than three will almost certainly result in a twisted
mirror.

48



AN ASTROPHYSICAL LABORATORY IN YOUR BACK YARD

The plate holder is equipped with a 48-pitch rack and pinion,
purposely adjusted to a tight mesh so each tooth can be felt as
it comes into engagement. It is this arrangement that makes it
possible to move the film along the exposure port and make three
exposures on each strip of film. Lateral spacing during the rack-
ing operation is determined by counting the meshes. Although
the magazine accommodates standard casettes for 35-mm. film,
it is not equipped with a device for counting exposures. I merely
count the number of turns of the film spool and record them in
a notebook.

The back of the plate holder is provided with a removable cover
so that a ground glass may be inserted as desired. It also takes a
35-mm. camera, a convenience when interest is confined to a
narrow region of the spectrum such as the H and K lines of cal-
cium or the alpha line of hydrogen. The back may be changed
over to an eyepiece fixture which may be slid along the full six
inches of spectrum. This arrangement provides for a visual check
prior to making an exposure; it is especially helpful to the be-
ginner.

Care must be taken in illuminating the slit. If the spectrograph
has a focal ratio of f/20 (the focal length of mirror divided by the
_effective diameter of grating), the cone of incoming rays should
also approximate f/20 and the axis of the cone should parallel
the axis of the mirror. The slit acts much like the aperture of a
pinhole camera. Consequently, if the rays of the illuminating cone
converge at a greater angle than the focal ratio of the system, say
/10, they will fill an area in the plane of the grating consider-
ably larger than the area of the rulings. Light thus scattered will
result in fogged film and reduced contrast. Misalignment of the
incoming rays will have the same effect, though perhaps it is less
pronounced. Baffles or diaphragms spaced every three or four
inches through the full length of the tube will greatly reduce the
effects of stray light, such as that which enters the slit at a skew
angle and bounces off the back of the grating onto the film. The
diaphragms must be carefully designed, however, or they may
vignette the film.

The components are assembled as shown in Figure 18. The
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initial adjustments and alignment of the optical elements can be
made on a workbench. An electric arc using carbons enriched
with iron, or a strong spark discharge between iron electrodes,
makes a convenient source of light for testing. The emission spec-
tra of iron have been determined with great precision, and the
wavelengths of hundreds of lines extending far into the ultra-
violet and infrared (from 294 to 26,000 A.) are tabulated in stand-
ard reference texts. Beginners may prefer a mercury arc or glow
lamp because these sources demand less attention during opera-
tion and emit fewer spectral lines which are, in consequence,
easier to identify. The tabulations, whether of iron or mercury,
are useful for assessing the initial performance of the instrument
and invaluable for calibrating comparison spectra during its sub-
sequent use,

Recently I have been concentrating on the spectroscopic study
of sunspots. To make a spectrogram of a sunspot you align the
telescope so that the image of the sun falls on the entrance slit.
The objective lens of my telescope yields an image considerably
larger than the slit. The image is maneuvered, by means of the
telescope’s slow-motion controls, until a selected sunspot is cen-
tered on the slit, a trick easily mastered with a little practice.
The spectrum is then examined by means of either the eyepiece
or the ground glass. The spot is seen as a narrow streak which
extends from one end of the spectrum to the other. The adjust-
ments, including the width of the entrance slit, are then touched
up so the lines appear with maximum sharpness.

Successive spectral orders are brought into view by rotating
the grating through higher angles. The upper spectrum of Figure
19 shows the first order. The one beneath is made in the second
order. Note that although fewer lines per inch appear in the sec-
ond order, there is no gain in resolution. Shifting the grating for
the detection of a higher order is analogous to substituting eye-
pieces of higher power in a telescope. You get a bigger but pro-
portionately fuzzier picture. The film magazine is substituted for
the eyepiece and three exposures made in both the first and second
orders. In many cases the range of intensity between the faintest
and brightest lines exceeds the capacity of the film to register
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contrast. Three exposures, one estimated for the mid-range in-
tensity and the other two timed respectively at half and twice
this value, will usually span the full range.

Gases in the vicinity of a sunspot often appear to be in a state:
of violent turbulence. At any instant some atoms are rushing to-
ward the observer and others away. The spectral lines show pro-
portionate displacement from their normal positions in the
spectrum — the Doppler effect — and register as a bulge in the cen-
tral part of the line occupied by the sunspot. This explains the
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19
Sunspot spectrograms made by Walter J. Semerau. The first-order spec-
trum is at the top; the second-order, at the bottom

dark streak extending through the center of the spectra repro-
duced in Figure 19.

A portion of this same spectrum, photographed in the fourth
order and enlarged photographically, appears in Figure 20. It
includes the H and K lines of calcium, at wavelengths of 2,933
and 3,960 A. respectively. Observe that a segment in the center
of each of these two lines — the segment representing the sunspot
—is split. The light streak occupying the area within the split
section is referred to as “emission over absorption” and, in this
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Sunspot in the fourth spectral order with splits in K and H lines indicat-
ing presence of calcium gas 100,000 miles above sun’s surface

instance, indicates the presence of incandescent calcium at an
altitude of about 100,000 miles above a region of cooler matter ‘in
the spot. Had the glowing calcium been lower, its emission would
have been absorbed by the intervening solar atmosphere and it
would have photographed as a dark absorption line. My interpre-
tation of this spectrogram is that a solar prominence, carrying in-
candescent calcium from the sun’s interior, arched up and over
the sunspot. We are looking down on top of it. Reconstructing
such events from evidence buried in the myriad lines of spectra
is an endless challenge and one of the hobby’s many fascinations.

52



6 |
USING SHADOWED STARLIGHT
AS A YARDSTICK

As the moon crosses the night sky it eclipses all stars
in its path, just as it occasionally eclipses the sun.
When detected and timed electronically, the fleeting
star shadows thus cast by the moon can be used for
locating geographical points on earth with great pre-
cision. The construction of an instrument for obsero-
ing such lunar occultations is described

WHERE, PRECISELY, AM 1P This is one of those easy-
to-ask, impossible-to-answer questions. You must settle for an
approximation. If you ask it while touring U. S. 80 from Plaster
City, Calif., to Los Angeles, you may be content with the knowl-
edge that you are less than a mile from Coyote Wells. But if you
are an amateur astronomer setting up a telescope at the same site,
you would prefer map information to the effect that you are at
Latitude 32° 44’ 01”. 29 North; Longitude 116° 45’ 24" .00 West.

Not even this seemingly precise pinpointing, however, would
satisfy Colonel J. D. Abell and his associates in the Army Map
Service. New methods of navigation, such as Loran, have disclosed
gross errors in cartographic data. Particularly inaccurate are the
positions of the oceanic islands; some important atolls in the Pa-
cific appear to be as much as half a mile or more off their true
positions on the map.

The personnel of Colonel Abell’s bureau, in conjunction with
the 30th Engineer Group under Colonel William C. Holley, has
developed an ingenious method of surveying by astronomical oc-
cultations. By timing the shadow cast on earth when the moon
intercepts the light of a star they have learned to measure points
thousands of miles apart to an accuracy of 40 feet or better.

Our trouble, according to John A. O'Keefe, chief of the Research
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and Analysis Branch of the Army Map Service, stems from the
basic fact that we don’t know which way is straight up! If we
had some way of pinpointing our zenith we could draw maps to
any desired accuracy. In other words, if accurately known posi-
tions on the earth were correlated with one another by locating
them with reference to the known positions of stars when they
are at the zenith, the correlations would enable the cartographers
to draw a good map of the world.

In principle the job is simple. You wait until a selected star of
known position is directly overhead and clock it. Accurate timing
is necessary because the relationship of the earth’s surface to the
sky changes continually as the earth rotates. Time signals broad-
cast from the U. S. Bureau of Standards’ station WWYV make pre-
cise clocking easy.

The usual instrument used for locating the zenith is a transit,
which relies on a plumb bob or its counterpart, the bubble level.
The source of error resides right here in thiese two gadgets, ac-
cording to O’Keefe. Both the plumb bob and the bubble are
thrown out of true by local irregularities in the density of the
earth’s crust which distort the gravitational field. Attempts have
been made to correct for local deviations, but “this sort of guess-
work gets you nowhere,” says Floyd W. Hough, chief of the
Service’s Geodetic Division. “Even if you could estimate the effect
of surface features accurately, you still would need information
about conditions underground. Density varies there, too, and gen-
erally in the opposite direction.”

The Army men decided to fix positions on the earth by timing
occultations of stars by the moon as it moves across their posi-
tions in the heavens. One method of using the moon as a geodetic
instrument is to photograph its position in relation to stars in the
background at a given instant; it has been possible in this way to
get fixes accurate to a tenth of a second of arc, which means lo-
cating positions on the earth with an accuracy within 600 feet.
However, considering that this distance is more than twice the
width of an aircraft runway, the desirability of still greater accu-
racy is obvious. The Army Map Service set out to improve on the
accuracy of fixes by the moon’s occultations.
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The best telescopes, such as the 200-inch reflector on Palomar
Mountain and the largest refractors, have a theoretical resolving
power considerably better than .1 second of arc. But you cannot
carry them from place to place on the earth, and furthermore their
resolving power has practical limits, imposed by poor seeing con-
ditions, distortion of the optical train by variations of temperature
and so on. Above all there is diffraction, the master image-fuzzer,
which arises from the wave character of light itself. Because ad-
jacent waves interfere with one another, the light from a distant
star does not cast a knife-sharp shadow when it passes the edge
of the moon. Waves of starlight grazing the moon’s edge interact,
diverge and arrive at the earth’s surface as a series of dark and
light bands bordering the moon’s shadow. The first band, the
most pronounced, is about 40 feet wide.

The solution hit upon by O’Keefe and his associates was a new
way to use a telescope which makes it capable of incredible reso-
lution. They developed a portable rig (which amateurs can build)
that plots lunar positions to within .005 second of arc as a matter
of everyday field routine — resolution equivalent to that of an
800-inch telescope working under ideal conditions! It can also do
a lot of other interesting things, such as measuring directly the
diameters of many stars. It can split into double stars images which
the big refractors show as single points of light. Some observers
believe that it could even explore the atmosphere of a star layer
by layer, as though it were dissecting a gaseous onion. Of great-
est interest to the Army, the method measures earth distances of
thousands of miles with a margin of uncertainty of no more than
150 feet!

The telescope that yields these impressive results has a physi-
cal aperture of only 12 inches. The design —a Cassegrain sup-
ported in a Springfield mounting — follows plans laid down by
the late Russell W. Porter, for many years one of the world’s lead-
ing amateur telescope makers.

The secret of the instrument’s high resolving power is in the
way it is used rather than in uniqueness of optical design. The
telescope is trained on a selected star lying in the moon’s orbit
and is guided carefully until the advancing edge of the moon
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overtakes and begins to cover the star. Depending on the diame-
ter and distance of the star, it may take up to .125 of a second
for the moon to cover (occult) it completely. During this interval
the edge of the moon becomes, in effect, part of the telescope —
like a pinhole objective with an equivalent focal length of 240,000
miles. As the edge of the moon passes across the star, the inten-
sity of the starlight diminishes, and the differences in intensity
at successive instants are measured. It is as if a 240,000-mile-long
tube were equipped at the distant end with a series of slit ob-
jectives — with the moon covering one slit at a time. The resolving
power depends upon the great focal length.

The tiny successive steps in the starlight’s decay are detected
by a photomultiplier tube and a high-speed recorder. In principle
the measurement of terrestrial distances by lunar occultation re-
sembles measuring by the solar eclipse technique. The moon’s
shadow races over the earth’s surface at about 1,800 feet per sec-
ond. Exeept for differences in instrumentation and the mathe-
matical reduction of results, the eclipse of the star is essentially
the same kind of event as the eclipse of the sun. The insensitivity
of the eye prevents star eclipses from making newspaper head-
lines, but photomultiplier tubes respond to such an eclipse strong-
ly. They also detect the fuzziness caused by diffraction at the
edge of the moon’s shadow. The most prominent diffraction band,
as previously mentioned, is some 40 feet across — the limit to
which measurements by occultation are carried. The sharpest
drop in starlight registered on typical recordings spans .015 second
of time. Since the moon near the meridian has an average appar-
ent speed of about .33 of a second of angular arc per second of
time, the recorded interval of .015 of a second corresponds to .005
of a second of arc. This is the instrument’s effective resolving
power.

Any amateur who owns a Springfield mounting equipped with a
high-quality mirror of eight inches aperture or larger can convert
for high resolution work at a cost which is modest in proportion
to the gain in performance. What he needs is a photomultiplier
tube, a power supply, an amplifier and a high-speed recorder.

The photocell costs about $150. The amplifier must be of the
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21
Springfield mounting equipped for photoelectric occultation work

direct-current type with a linear response good to at least 200
pulses per second. The recorder should be a double-channel job —
one pen for registering time signals and the other for starlight. The
Brush Development Company of Cleveland markets a recorder
of the recommended type along with a companion amplifier for
about $1,000. With a little ingenuity the amateur can contrive
adequate counterparts for substantially less. He also needs a filter
to cut out the 400- and 600-cycle tone of WWYV, so beloved of
musicians. These units are available through dealers in radio
equipment for about $15.

The eyepiece must be equipped with a cell for the photomulti-
plier tube and with a pinhole aperture for screening out unwanted
moonlight. The pinhole (about .010 of an inch in diameter) is
made in a metal mirror assembled in the eyepiece tube at an angle
of 45 degrees, as shown in the drawing [see Fig. 22]. A Ramsden
eyepiece focuses on the pinhole. In operation the mirror is seen as
a bright field with a small black speck, the pinhole, in the center.
The star’s image appears against the mirror as a brighter speck on
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22
Schematic diagram of optical train (left) and details of ocular equipped
with silvered stop and photomultiplier (right)

the bright field. Thus it is easy to guide the image into position over
the pinhole. When properly centered, some starlight strikes the
edge of the pinhole, forming a small brilliant ring surrounding a jet-
black speck. The ring aids in subsequent guiding.

Occultation observing has attracted a substantial following
among amateurs in recent years. In the U. S. their interest in the
work has been stimulated by the Occultation Section of the
American Association of Variable Star Observers, whose offices
are at 4 Brattle Street, Cambridge 38, Mass. Their world-wide
observations, made by eye and timed by chronograph, are for-
warded to Flora M. McBain at Greenwich, England. She super-
vises the mathematical reductions. The results of occultation
observations have been used to establish irregularities in the ro-
tation of the earth and to improve the tabulations of the moon’s
orbit.
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Dirk Brouwer of the Yale University Observatory, who has
made an exhaustive interpretation of the observations collected
during the past century, sees an opportunity in the new photo-
electric technique for the group to make an impressive addition
to its already substantial scientific contribution. The photoelectric
cell betters the response time of the eye (estimated at about .1
second of arc) by 100-fold or more and eliminates human varia-
bles. Thus it makes possible far higher accuracy in timing occul-
tations. Moreover, the high-resolution aspect of the technique
opens a whole new and relatively unexplored field for original
work by amateurs. As Professor Brouwer points out, star occul-
tations, like solar eclipses, can be observed only in certain regions
at particular times. A world-wide network of amateur observa-
tories equipped for high resolution work could cover many more
star occultations in any year than are accessible to the great tele-
scopes of Southern California. )

One serious drawback that prevents utilizing the full potential
of the increased accuracy at present is the irregularity of the
moon’s surface. If these irregularities are not allowed for in the
calculations, the resulting position of the moon will frequently be
off by several tenths of a second of arc. And if the star happens
to be occulted at a point on the moon’s limb where a high peak
or low valley is located, the result may be off in extreme cases by
two seconds of arc. A new study of the irregularities of the moon’s
surface by C. B. Watts at the United States Naval Observatory
in Washington, expected to be completed soon, should make it
possible to correct for the deviations with an accuracy matching
the sensitivity of the photoelectric technique.

Figure 23 shows a pair of typical curves, recording the occul-
tations of a sixth magnitude star and an eighth magnitude one.
Note the jaggedness of the fainter star’s curve. This is due to
“noise,” a term borrowed from radio and telephone engineering
to describe random fluctuations in the output current of an ampli-
fying device. The output of noise increases when the volume or
“gain” control of the amplifier is turned up to compensate for a
weak input signal. Noise originating in the photomultiplier (the
principal source) can be reduced by chilling the tube with dry
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ice. The sharp drop in each curve marks the interval of occulta-
tion. Its steepness is determined principally by the diffraction
pattern. In the case of some big stars, such as Antares, the effect
of size can be seen in a flattening of the curve.

When a double-star system is occulted, the curve drops steeply
for a time, indicating occultation of the first star, then levels off,
and falls steeply again when the companion is occulted. The dura-
tion of the flat portion of the curve is the measure of the pair’s
separation. Some curves of Antares and other large stars show
bends and twists which seem to come from bright and dark parts
of the star’s disk as well as from the stellar atmosphere. The proper
interpretation of these records, however, is still considered an
open question by some astronomers — another indication of the
opportunity the technique presents to an amateur who enjoys
original work.

“There is far better than an even chance that we shall stumble
onto much that we didn’t expect,” OKeefe says. “We are exam-
ining stellar disks with greater resolving power than ever before.
We shall certainly find a lot of close, fast binary stars. Perhaps we
shall also find stars with extended atmospheres and all that. In
occultations of very bright stars we are in a position to detect
very faint, close companions. I really do not see how anyone get-
ting into this sport can miss hooking some information of value,
and he might catch a really big fish.”
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24 :
Relative position of moon with respect to stars and zenith

Incidentally, if a college man with a background in astronomy
faces induction into the armed forces and the idea of occultation
work appeals to him, he would be well advised to communicate
with the Army Map Service in advance. The bureau is on the
lookout for likely candidates.

In many respects photoelectric occultation seems almost too
good to be true. Neither poor seeing nor diffraction within the
instrument has the slightest effect on the high resolving power
of the method, and it is as precise when the moon occults a star
low in the sky as overhead.

“The whole thing no doubt, gives the impression that a rabbit
is being produced from a hat,” says O’Keefe. “It appears most
surprising that such a powerful method for detailed examination
of the sky should have gone unexplored for so long. This, of
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course, we enjoy. Our group did not invent the technique: it was
suggested by K. Schwarzschild in Germany and A. E. Whitford
in the U. S. It has not been exploited before because people simply
could not believe that it works. But if I can get people to disbe-
lieve thoroughly in something which is done before their eyes,
then I have at least entertained them - and myself.”

7
A UNIVERSAL SUNDIAL

Turn a globe of the earth so that your location is
on top, then align its axis with the North Star, and
you have a sundial that shows the season of the year,
the regions of dawn and dusk, and the hour of the
day wherever the sun is shining. Richard M. Sutton,
professor of physics at the California Institute of
Technology, gives detailed instructions for mounting
the globe and using it to clarify the apparent motions
of the sun

IF YOU LEAVE A TENNIS BALL undisturbed in the closet
for a week it turns completely around in space seven times! This
simple fact, which ordinarily escapes notice, can be put to good
use. Most people would say that the ball has not moved at all, yet
they would admit the intellectual fact that the earth turns on its
axis. The ball is turned by the earth around an axis parallel to that
of the earth, and at just the rate at which the earth turns: 15 de-
grees per hour.

If we combine the fact that the ball turns completely around
once a day with an equally simple fact, we can convert any globe
of the earth into a remarkable universal sundial that tells more
about sunlight, the earth’s motions in space and the conditions of
sunlight in distant lands than might be supposed. The second fact
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is that the light falling on the earth from the sun comes in a flood
of substantially parallel rays. Because of the great distance of the
sun (some 93 million miles), even the extremes of a diameter
of the earth are struck by rays that diverge by only .005 degree.
This means that the angle subtended by a line 8,000 miles long
seen at a distance of 93 million miles is about 1/200 of a degree.
The significance of this fact will be apparent below.

The rules for setting up the globe are simple and easily followed.
It is rigidly oriented as an exact copy of the earth in space, with
its polar axis parallel to the earth’s axis, and with your own home
town (or state) right “on top of the world” (where most of us
like to think we belong anyway!). First turn the globe until its
axis lies in your local meridian, in the true north and south plane
that may be found by observing the shadow of a vertical object
at local noon, by observing the pole star on a clear night, or by
consulting a magnetic compass (if you know the local variation
of the compass). Next turn the globe on its axis until the circle
of longitude through your home locality lies in the meridian just
found. Finally tilt the axis around an east-west horizontal line
until your home town stands at the very top of the world. If you
have followed these three steps, then your meridian circle (con-
necting the poles of your globe) will lie vertically in the north-
south plane, and a line drawn from the center of the globe to your
local zenith will pass directly through your home spot on the map.

hovizontal north-south gnomon
] (as restored by

mavrks indicate
hours from noon

N
‘ } { ’
This dial is placed to extend
west in the morning and
east in the afternoon.
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Egyptian sundial from the period of Thothmes III, 1500 B.C.
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The global sundial, showing the North Pole on June 21

Now lock the globe in this position and let the rotation of the
earth do the rest. This takes patience, for in your eagernes to see
all that the globe can tell you, you may be tempted to turn it at
a rate greater than that of the turning of the earth. But it will take
a year for the sun to tell you all it can before it begins to repeat
its story.

When you look at the globe sitting in this proper orientation —
“rectified” and immobile — you will of course see half of it lighted
by the sun and half of it in shadow. These are the very halves of
the earth in light or darkness at that moment. An hour later the
circle separating light from shadow has turned westward, its in-
tersections with the Equator having moved 15 degrees to the west.
On the side of the circle west of you, the sun is rising; on the side
east of you, the sun is setting. You can “count up the hours” along
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the Equator between your home meridian and the sunset line and
estimate closely how many hours of sunlight still remain for you
that day; or you can look to the west of you and see how soon
the sun will rise, say, in Japan. As you watch the globe day after
day, you will become aware of the slow turning of the circle
northward or southward, depending upon the time of year.

Let us take an imaginative look at the globe as it sits in the
sun. Suppose it is during those days in June when the sun stands
near the zenith in our new state of Hawaii. The globe dial shows
that it is still sunlight at 9:30 p.m. in Iceland, that the midnight
sun is shining on the North Cape of Norway. It is between late
and early afternoon on the U. S. mainland, being about 6 p.m.
in New York and 3 p.m. in San Francisco. The eastern half of
South America is already in the darkness of its longer winter
nights. The sun has recently risen next day in New Zealand and
the eastern half of Australia, and most of China and Siberia are
in early-morning light, whereas in Japan the sun is already four
hours high in the sky. Alaska is enjoying the middle of a long
summer day with the sun as high in the sky as it ever gets. Seattle
is in early afternoon about two sun-hours ahead of Honolulu in
the midst of a 16-hour day, while Sydney, Australia, is just start-
ing a day with only 10 hours of sunlight.

Now you don’t have to be in Honolulu to see all this happen-
ing. Your own globe tells it to you. The same is true for persons
who set up their globes in Fairbanks, Honolulu, Tokyo, Caracas,
Havana or anywhere else. They will all see exactly the same story
at the same time if in each place they have taken the small trouble
to set up their globes for their own home towns as directed. If
we choose, we can follow the progress of the circle of light and
dark through the year. Three months later, for example, when
the sun has returned close to the celestial equator, and when it
passes day by day close to the zenith along our own Equator, we
will see the circle between light and dark apparently hinged on
the polar axis of our globe. This is the time of the equinoxes,
when every spot on earth has 12 hours of light and 12 hours of
darkness. On December 21 the sun will have gone to its position
farthest south, now failing to light any spot within the Arctic
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Circle but lighting the region within the Antarctic Circle com-
pletely (as you may see by stooping and looking at the lower
part of your globe).

From its position farthest south, the sun starts its way north
again at a rate that may seem painfully slow for those in northern
latitudes who wait for spring. By March 21 it has again reached
the Equator, and we find it at the vernal equinox, the astronomers’
principal landmark. Through the centuries this was the time for
the beginning of the year. Only as recently as 1752 did December
cease to be the 10th month of the year, as its name implies. Jan-
uary 1, 1752, was the first time that the calendar year began in
January in England and the American colonies! At the vernal
equinox in March there is a sunrise lasting 24 hours at the North
Pole, and a sunset lasting 24 hours at the South Pole. Now, as
the months advance, we will find that on June 21 this circle of
light has advanced to its position farthest north. Sunlight does not
enter the Antarctic Circle on the bottom side of your globe at all,
but it extends clear over the North Polar region to the Arctic
Circle beyond. At noon in your garden on this day you will see
how people living on the meridian 180 degrees from your home
are enjoying the midnight sun, provided they live within the Arctic
Circle. Thus in imagination we have made a complete trip around
the earth’s orbit and have watched the progress of sunlight during
the 365 or 366 intervening days — all right in the garden.

It is not easy to appreciate the fact that the sun’s rays are paral-
lel as they fall on the earth. Let me suggest a simple experiment.
On a bright morning take a piece of pipe or a cardboard tube and
point it at the sun so that it casts a small, ring-shaped shadow.
Now if at the very same moment someone 120 degrees east of
you — one third the way around the world — were to perform the
same experiment, he would point his tube westward at the after-
noon sun. Yet his tube and yours would necessarily be parallel to
within a very small fraction of a degree. If you point the tube at
the sun in the afternoon, and someone far to the west simultane-
ously does the same in his morning, his tube will again be auto-
matically parallel to yours. This experiment will help explain how
it is that, when our globes are properly set up, people all over
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The illumination of a global sundial during winter and summer

the world who are in sunlight will see them illuminated in just
the same way.

How easy it is, with this global dial, to imagine oneself in a
distant land, seeing the sun in that sky at that time of day. A pin
held at any point on the globe immediately shows the direction
of the shadow of a man standing at that spot. Your globe has be-
come a “terrella,” a little earth that shows what the big earth is
doing in space.

It was from long experimenting with a precision sundial drawn
on the floor of my office at Haverford College that I slowly came
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to the idea of this dial. I had developed that dial to the point
where I could tell the time within five seconds. But the global
dial is more exciting. When it came to me, I was enthralled by its
simplicity and profundity: to be able to see at a glance every-
thing about sunlight all over the world without budging from my
own garden or office. However, I had a strong feeling that an
idea so simple and universal could not have escaped intelligent
people at other times and other places. I have now learned that
it was recognized some 300 years ago, when globes were play-
things of the wealthy. People were then regarding their world
with new understanding, made much richer by the great sailing
explorations and the increasing recognition of the earth’s sphe-
ricity. To be sure, the early Greeks had seen that the earth must
be a sphere. For example, Archimedes based his great works on
floating bodies on a proposition that reads: “The free surface of
any body of liquid at rest is part of a sphere whose center is the
center of the earth.” Imagine that for 200 B.C.! There is much
evidence in the writings of the Greek mathematicians that they
appreciated this fact. Their estimates of the earth’s size were cor-
rect in principle and not bad in actual result, but men seem to
have ignored their observations and the reasoning behind them
until the great age of exploration which we date from Columbus
and the discovery of the New World.

In a book on sundials by Joseph Moxon, first published in 1668,
there is a description of “the English globe, being a stabil and
immobil one, performing what ordinary globes do, and much
more.” Moxon, who was hydrographer to Charles II (and whose
book was dedicated to Samuel Pepys, Principal Officer of the Navy),
ascribes this globe to the Earl of Castlemaine. It seems certain
that the globe existed in London by 1665. In 1756 another global
sundial was described by Charles Leadbetter. Consider the de-
lightful title of Leadbetter’s book: “MECHANICK DIALLING, or
the New Art of Shadows, freed from the Obscurities, Superflu-
ities, and Errors of former writers upon the Subject — the whole laid
down after so plain a method that any person (tho” a Stranger to
the Art) with a Pair of Compasses and Common Ruller only,
may make a Dial upon any Plane for any place in the World, as
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well as those who have attained to the greatest Knowledge and
Perfection in the Mathematics. A work not only usefull for Artifi-
cers but very entertaining for Gentlemen, and those Student at
the Universities that would understand Dialling without the Fa-
tigue of going through a Course of Mathematics.” They knew how
to make full use of a title page in those days!

Leadbetter tells how to erect an immobile stone sphere and
inscribe a map on it. He says: “According to their true latitudes
and longitudes (for various spots on earth) you may discover any
moment when the Sun shines upon the same, by the illuminated
parts thereof, what Places on Earth are enlightened, and what
Places are in darkness. . . . The Extremity of the Shadow shows
likewise what Places the Sun is Rising or Setting at; and what
Places have long Days; these with many more curious Problems
are seen at one View, too many to be enumerated in this place.
The dial is the most natural of all others because it resembles the
Earth itself, and the exact manner of the Sun’s shining thereon.”
Leadbetter suggests that a pin be placed at each pole in order to use
the global sundial to tell time. Around each pin are 24 marks —
one every 15 degrees — corresponding to the hours; the time is
read by noting the position of the pin’s shadow with respect to
the marks. I, too, have used this system. Leadbetter adds: “As
you see, that [pin] at the North Pole will give the hour in summer,
that at the South Pole the hour in Winter.”

There is no spot on earth with which we do not at some time
during the year share the light from the sun. One might object
that surely the nadir, that spot directly beneath our feet on the
other side of the earth, has no sunlight while we ourselves have
it; but atmospheric refraction keeps the sun in the sky longer than
geometry alone predicts, making every sunrise about two minutes
early and every sunset about two minutes late.

It is easy to tell from the global sundial just how many hours
of sunlight any latitude (including your own) will enjoy on any
particular day. All you need to do is to count the number of 15-
degree longitudinal divisions that lie within the lighted circle at
the desired latitude. Thus at 40 degrees north latitude in sum-
mer the circle may cover 225 degrees of longitude along the 40th
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Rectified globes anywhere on earth show the same lighting

parallel, representing 15 divisions or 15 hours of sunlight. But in
winter the circle may cover only 135 degrees, representing nine
divisions or nine hours. As soon as the lighted circle passes beyond
either pole, that pole has 24 hours of sunlight a day, and the
opposite pole is in darkness.

One or two other concepts may make the dial even more use-
ful. First, we can answer the question: Where is the sun in the
zenith right now? Can we find the spot on earth where men find
their shadows right at their feet? Easily. Hold the end of a pen-
cil at the surface of the globe and move it until its shadow is
reduced to its own cross section. When the pencil points from
the center of the sun to the center of the globe, the spot on the
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map where its end rests corresponds to the point immediately
beneath the sun. Better still, if you use a small tube instead of a
pencil, you can let the sunlight pass down the tube to cast a ring-
shaped shadow at the point beneath the sun. This point is im-
portant, because it gives the latitude and longitude of the sun at
that moment and locates the center of the great circle of daylight.
Ninety degrees around the globe in any direction from that point
is a point where the sun appears on the horizon, either rising or
setting. At the north and south extremes of the circle between
light and darkness are “the points where sunrise and sunset meet.”
In June, for example, the southern point shows where the sun
barely rises and then promptly sets in Antarctica, and the north-
ern point (beyond the North Pole) shows where the midnight
sun dips to the horizon and immediately rises again.

To find the point directly beneath the sun still more accurately,
you can construct a simple cardboard tripod. Just cut three iden-
tical pieces of cardboard and fasten them together with gummed
paper as shown in the accompanying illustration [see Fig. 29].
When the tripod stands on a level table, the line joining the three
vanes is vertical. When the tripod rests on the surface of your
globe, the line extends outward along a radius of the globe. If
you move the tripod about until the shadow of its three vanes
disappears into three lines, you find the subsolar point at the
junction of these lines. Once you have found the subsolar point, and
hence the exact location of the sun in our system of coordinates, it
is a simple matter to count off the hours since or until your local
noon, to tell your local sun-time, to forecast the time until sunset
and to tell how long it is since sunrise. You can also determine these
things for locations other than your own.

Perhaps this little sundial, so simply set up, will clarify the ap-
parent motions of the sun, caused of course by the earth’s daily
rotation on its axis and its annual revolution around the sun. Surely
it is fun to bring so much of the system of the world into your
garden. The global dial can give one a fuller appreciation of the
sunlight on which all men depend. If it thereby strengthens your
feeling of kinship for people far away, the instrument will have
served you well.
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Triangular fixture for locating the subsolar point
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A SUNDIAL THAT KEEPS
CLOCK TIME

Richard M. Schmoyer, an engineer of Landisville,
Pa., discusses aspects of the sundial frequently over-
looked by laymen. The accuracy and utility of dials
are considered, and instructions given for construct-
ing an instrument which can be adjusted to keep
clock time, including daylight-saving, anywhere in
the Northern Hemisphere

Way 1s 1T that a man who owns a perfectly good
watch and several clocks will buy or build a sundial? It is not
enough to say that a sundial makes a pleasant ornament in the
garden. A deeper answer is that there is considerable intellectual
charm in a device which, though it is motionless, converts the
constantly changing motion of the sun into accurate time.

A sundial that tells the time with any real accuracy is exceed-
ingly rare, of course, and those that tell clock time are all but
unknown. The problem is that the earth moves faster along its
orbit in January than it does in July, and the height of the sun’s
path across the sky changes every day. But sundial-making holds
other attractions for its enthusiasts than the utility of the finished
instrument.

In the course of developing a sundial, one is exposed to a
fascinating and well-defined mixture of mathematics, geometry,
geography and astronomy. The design of a sundial challenges our
creative talents, and its construction puts our craftsmanship to an
exacting test. Finally, the designer who permits the primary time-
telling function of the sundial to control its form adds spice to
the project. Hardware in pleasing though strange and unexpected
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shapes often emerges from the equations which describe the ever-
changing slant of the sun’s rays.

These inducements led me to design a sundial last year which
has become a continuing source of pleasure both to me and to
my neighbors. With only a few simple settings during two sea-
sons of the year the sundial can be made to indicate accurate
clock time. It can be adjusted to the latitude and longitude of
any point in the Northern Hemisphere, including those areas
where clocks are changed for daylight-saving time. Clock time
can be read from it to an accuracy of about one minute, even
when the sky is covered by a light. overcast.

Most people find sundials attractive, so one must not altogether
dismiss their ornamental properties. The structure of my dial was
derived from the armillary, a traditional form which continues
to enjoy wide popularity. Those primarily concerned with the
appearance of a sundial admire the geometric perfection of the
~armillary’s nested rings, representing latitude, longitude, tropics,
celestial equator and the ecliptic. Much the same pleasing quality
is found, however, in the unsymmetrical crescent of the early
and late moon. The armillary can be converted to this form by
eliminating all except the rings representing latitude and longi-
tude and opening these at one of the sides where they join at right
angles. When tapered and strengthened, these rings become nested
crescents, as shown [see Fig. 30].

The transformation from armillary to nested crescents demon-
strates how a pleasing shape can emerge from a functional neces-
sity. A good time-telling device should always fulfill its mission.
The armillary falls short of this ideal. During part of each day
its pattern of ornamental rings casts shadows on the time-scale,
which is carried on the inner face of the equatorial ring. Worse,
in the seasons of the equinoxes (March 21 and September 23) the
scale lies in continuous shadow because the plane of the ring then
parallels the sun’s rays. By eliminating the useless rings and opening
the functional pair into crescents the time-scale is exposed to the
sun without obstruction.

The structure of a sundial which indicates clock time is simple
in concept if not in the making. The crescents are supported at
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their edges by an arrangement of bolts, slots and clamps so they
can be rotated in their respective planes. The latitude crescent is
made in two parts with a flange at the inner end of each. Bolts
pass through the flanges and through a slot in the longitude
crescent. When the nuts are tightened, the assembly becomes a
rigid unit. Similarly, the edge of one member of the latitude cres-
cent is clamped between the jaws of a split pedestal which ex-
tends up from the base. By loosening a single wing-nut the whole
assembly can be rotated in the plane of the latitude crescent and
in azimuth.

A pair of holes are drilled in the latitude crescent on the diame-
ter which coincides with the axis of the equatorial crescent. These
holes serve as bearings to support the gnomon. It is to the unique
shape of the gnomon, which compensates for the effect of the
eccentricity of the earth’s elliptical orbit and the tilt of its axis,
that this sundial owes its property of keeping clock time. If the
earth followed a circular orbit around the sun, and if its axis were
perpendicular to the plane of the ecliptic, the straight gnomon
of the conventional sundial would indicate clock time. The time
shown by clocks is that of a fictional sun which leads the real sun
by as much as 16 minutes or lags behind it up to 14 minutes, de-
pending upon the observer’s location and the season. This differ-
ence is known as the equation of time and is shown graphically
as the analemma on globes, a closed curve in the form of a fig-
ure eight.

The gnomon of my dial is related to the analemma but differs
from it in that the halves of the figure are seperated and the ends
are stretched somewhat. Structurally the gnomon consists of a
strip of cast metal bent at a right angle along its length. The apex
of the angle is opened to form a thin slot. It is supported at the
ends by shafts which turn in the bearings of the latitude crescent.
The halves of the gnomon are bent into almost symmetrical com-
pound curves with respect to the long axis and are therefore
complementary. When either half is turned to face the sun, the
curved ribbon of light which passes through the slot corresponds
with the equation of time for half of the year, the remaining six
months being represented by the other half. Time is indicated by
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the thin line of light from the slot which falls on the time-scale
between shadows cast by the halves of the gnomon.

The portion of the curved slot through which the rays pass
to the time-scale depends on the declination of the sun. In sum-
mer, sunlight falls on the dial at a high angle and reaches the
time-scale through the upper part of the slot, where the curva-
ture just compensates for a “slow” sun. The reverse is true in the
fall, when the sun is low. The winter sun is also mostly slow, and
in the spring the sun goes from slow to fast to slow to fast again.
Whatever the season, the sun’s declination selects an appropriate
portion of the curve to offset the equation of time.

Some difficulty is encountered during the period from about
December 1 through January 15, when the sun lingers close to
its lowest path across the sky. During this same period, however,
it speeds up with respect to the fictional sun. A lag of some 11
minutes becomes a lead of about nine minutes. The simultaneous
change in declination is very small. A similar event takes place
in reverse during the weeks preceding and following the summer
solstice on June 21, when the real sun falls behind the fictional
one, again accompanied by little change in declination. To ac-
centuate the sundial’s response during these periods, the curvature
of the slot is stretched out. The gnomon must also be moved axi-
ally in its bearings, the amount of shift being determined by a
stop on the shaft. The adjustment is made by hand according to
a scale of dates engraved on the gnomon, as shown in Figure 30.

The designing of the gnomon, though tedious, is not difficult.
One first determines the rate at which a ray of sunlight moves
across the time-scale. This depends on the diameter of the cres-
cent on which the scale is engraved and on the related distance
between the scale and the gnomon. Multiply 3.1416 by the di-
ameter of the equatorial crescent and divide the product by the
number of seconds in a day. In the case of a 13-inch crescent the
result is .000473. This number is used for computing the distance
and direction by which the curved slot must depart from a straight
line for successive weeks of the year. This procedure can be illus-
trated by constructing a graph of the curve for one face of the gno-
mon. First draw a straight line equal to the radius of the proposed
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The Schmoyer sundial for telling clock time by the sun

crescent and erect a perpendicular of about the same length above
and below one end of the line. The base line represents the sun’s
mean elevation (0 degrees) on September 23. Next, with the end
of the base line as the point of origin, extend a line to the per-
pendicular at an angle of 21 degrees, 34 seconds above the base
line. This represents the sun’s elevation on July 15. Now make a
similar angle of 21 degrees, 47 seconds below the base line. This
corresponds to the sun’s elevation on December 1. Angles above
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the base line are regarded as positive and are designated “plus”;
those below are considered negative. Next, draw in angles at
weekly intervals for all intermediate dates. A table showing the
sun’s angular elevation throughout the year can be found in any
ephemeris and in many almanacs. These references also carry
a table for the equation of time and list the difference between
solar time and clock time in minutes and seconds. The curve for
one face of the gnomon is plotted from these values. (If the thick-
ness of the material from which the gnomon is constructed ex-
ceeds .01 inch, the curvature of the trailing edges must depart
from that of the faces to avoid shadow. The same basic procedure
is used in computing all curves, however.) For September 23 the
equation of time has a value of —7 minutes, 35 seconds, which is
equal to —455 seconds. Multiply this interval by the rate at which
the ray of sunlight moves across the time-scale of the dial. In the
case of my dial the computation is: .000473 X —455 = —.215.
This product represents the distance in inches by which the curve
of one edge of the slot in my gnomon departs from the perpen-
dicular. (In plotting the curves all negative values are directed
to the left of the perpendicular and positive values to the right.)
The remaining points of the curve are similarly plotted for all
intermediate dates at weekly intervals.

The ends of the curve must be stretched out, as mentioned
earlier. To accomplish this a perpendicular line is drawn through
the point of origin and divided by a series of four points spaced
a quarter of an inch apart both above and below the base line.
With these points as successive origins draw in the sun’s declin-
ation above the base line for the dates July 8, July 1, June 26 and
June 21 and below the base line for the dates December 7, 12, 17
and 22. Similarly draw in the sun’s declination on the other half-
face for June 1 to 21 and December 22 to January 15. The ends
of the curves are then plotted from the equation of time by the
method described. The full-scale drawing is then ready for trans-
lation into hardware. All major parts of my sundial were cast in
aluminum. The layout was drawn directly on the wood from
which the patterns were made. The time-scale is divided into
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Detail of gnomons. Adjustment for solstitial periods (left) and alternate
method of constructing gnomon (right)

hourly intervals of 15 degrees each and subdivided into minutes
as desired. The graduation representing noon lies in the plane
of the meridan.

NOTE: A copy, in reduced scale, of the layout of Schmoyer’s gnomon may be
procured without charge by forwarding a request, along with a stamped, self-
addressed envelope, to the Amateur Scientist Department, SCIENTIFIC AMERICAN,
415 Madison Avenue, New York 17, N. Y. Schmoyer has volunteered to have
duplicate castings of the sundial made by his local foundry upon request by
those who wish to purchase a ready-made set. His address is: Landisville, Pa.
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THE MOON IN “3.D”

With the aid of a mirror, and your own nose as a
measuring rod, the photographs in Figure 32 will
give you a “3-D” view of the moon. How the pictures
were taken

GeorGce W. GINN of Hilo, Hawaii, submits the stereo
photographs of the moon shown in Figure 32. The upper pair of
views gives the illusion of three dimensions when viewed with
the aid of a thin mirror. Stand the mirror vertically with respect
to the plane of the page and align the edge with the boundary
separating the right and left views. If the glass is a foot high,
let the tip of your nose touch the upper edge and look toward
the view behind the mirror.

The lower pair is printed for viewing either “cross-eyed” or,
in case you are not blessed with this talent, by means of a con-
ventional stereoscope. With a bit of practice, most persons can
perfect the art of cross-eyed viewing. Hold the page in your left
hand about a foot from your eyes. Now place the tip of your right
index finger between the views, focus both eyes on the fingertip
and slowly move the finger toward you. When your finger reaches
a certain distance, you will become conscious of four indistinct
moon images in the background. Move your finger until the inner
images merge. Then shift your focus to this center picture. The
moon will appear clear, sharp and in three dimensions.

In commenting on his lunar stereos, Ginn writes: “The views
were taken with a three-and-a-half-inch objective of 42 inches
focal length. My telescope has provision for placing an Exakta
camera at the prime focus in place of the eyepiece. The penta-
prism finder of the camera makes a fair eyepiece. The image of
the moon on the film is three eighths of an inch in diameter and
has been enlarged about six diameters.

80



THE MOON IN *'3-D"’

32
Stereoscopic photographs of the moon to be viewed by the “cross-eyed”
method (above) and by a mirror (below)

“The two halves were taken seven hours apart, allowing the
earth’s rotation to provide the base line. For true perspective they
would have to be viewed at a distance of about 20 feet.”
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1
SHOULD THE AMATEUR DIG?

When you discover a promising site (mound, outcrop-
ping of artifacts, etc.), run, or write, to the nearest nat-
ural history museum. You will get a warm welcome
and guidance. Frank H. H. Roberts, Associate Director
of the Smithsonian Institution’s Bureau of Ethnology,
explains how the amateur can collect artifacts under
professional guidance and contribute to archaeology

ARCHAEOLOGY FASCINATES MOST PEOPLE. It is the means
by which the past is made to live again, and it opens up new and
exciting perspectives of time. The study of man’s early history,
growing out of the pleasant pastime of gathering antiquities for
curio cabinets, long ago passed the stage where stone axes were
thought to be thunderbolts and arrowheads were looked upon as
“fairy stones,” when the man who found a pot was called an archae-
ologist and he who found two became a great archaeologist. It has
become a very complicated subject with numerous ramifications.

The material remains which an archaeologist is lucky enough to
find are only the starting point. They must be studied in relation to
the environment in which they are found. The place where the
people who made the objects lived will tell far more of the story
than the objects themselves, because its climate and natural re-
sources at the time were determining factors in the growth and
development of the cultures which produced the artifacts. Detailed
studies of the soil in which the objects lie, and a complete record
of what is found there, are absolutely essential, for the process of
excavating destroys the source of information. For that reason pro-
fessional archaeologists have been loath to encourage laymen to
make a hobby of archaeology and have insisted that excavations
should never be undertaken except by an experienced person. This
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33
Excavated Indian skeleton

attitude on the whole is not snobbishness, as many amateurs be-
lieve, but is the outgrowth of a real concern for irreplaceable in-
formation.

What constitutes the difference between a professional and an
amateur is not easy to define. Is the mark of a professional full-time
employment at the job, or is it organized training and skill? Some
men who make their living as archaeologists are purely amateur in
that they have had virtually no training in the techniques of the
science, while on the other hand some of those who are concerned
with archaeology only as a pastime would qualify as professionals
in skill and experience.

To most people the-word archaeology is synonymous with dig-
ging. Its glamour as an avocation certainly comes in no small part
from the fact that in many of us there still lingers the small boy’s
delight in hunting for buried treasure. But an amateur can also
profitably engage in other phases of archaeology which will not
only give him satisfaction but contribute to knowledge. One can
carry out many interesting archaeological projects without touch-
ing a shovel.
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A person interested in the traces of aboriginal occupation of the
area in which he lives can obtain considerable pleasure from pre-
paring a map showing their location and character. Getting the
necessary information for such a map entails walks about the coun-
tryside and enjoyable chats with the local residents. Many farmers
keep the “curios” turned up by their plows and generally are de-
lighted to show and talk about them. The research may even re-
quire a bit of reading in a library to determine what Indian tribes
lived there in former days or to find out if there are references to
the archaeology of the area. In the course of tramping about the
fields the investigator may find an occasional arrowhead, other
stone implement or potsherds. A record giving information as to
how and where they were found will make a useful supplement to
the map and may prove helpful to some professional when a com-
prehensive study is made of the region. If you find a number of
artifacts, it is useful to sort them according to types and show their
distribution.

A map of this kind becomes still more valuable if it indicates the
types of vegetation and the general character of the topography.
By comparing it with old maps, often available in local historical
society libraries, you may be able to find changes that have oc-
curred in the terrain since the earlier maps were made. The earlier
character of the ground may have had a definite bearing on the
location of an Indian village, and often it explains conditions which
might otherwise be puzzling. Old maps also occasionally lead to
the discovery of archaeological features which were destroyed by
cultivation and are no longer apparent on the ground.

Collecting arrowheads of course is one of the most popular hob-
bies. Some people collect them mainly by purchase or trade. Those
who buy their artifacts run considerable risk of having fraudulent
objects palmed off on them, as there are a number of men in the
U. S. who are experts at making “Indian” things. In any case, a col-
lection by purchase has little actual value, because there is no
record of where the artifacts were found. Occasionally a large col-
lection containing very fine specimens is offered for sale after the
death of its owner and, much to the disappointment of the heirs,
brings far less than expected, even less than the original cost of the
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SHOULD THE AMATEUR DIG?

items, solely because no information accompanies them. Every per-
son who makes a hobby of collecting arrowheads or other aborig-
inal objects should keep a careful record of where and how each
was obtained, asking the seller for this information when a piece is
purchased. Each specimen should be numbered and listed in a
notebook, so clearly that anyone can readily identify it.

In recent years there has been an encouraging trend toward the
organization of societies by laymen interested in archaeological
subjects. Many of these groups seek the help and advice of profes-
sionals and are making a serious effort to follow accepted archae-
ological procedures. Some of the local groups have formed state-wide
societies, and in the eastern U. S. several state societies have com-
bined in a regional association.

State organizations and local societies have developed programs
of investigation and contributed considerably to the archaeological
knowledge of their own regions. In Connecticut and Massachusetts,
for example, some excellent excavation projects have been carried
out by amateurs under the general supervision of a few profes-
sionals. In Missouri amateur societies have cooperated with the
University of Missouri in making surveys to locate and record all
archaeological manifestations throughout the state. Their work has
been particularly helpful because it has been done in areas which
will be flooded before long by the construction of large dams. In
Texas local societies have salvaged materials which were being de-
stroyed by construction operations and have kept a valuable record
of their activities.

Contrary to a rather widespread impression, the professional
archaeologist is not opposed to the amateur and is not continually
seeking to keep him from what can be a worthy avocation. What
the professional is anxious about is that the amateur should learn
the best procedures and do his work properly. The sincere amateur
will find that most professionals are more than willing to advise
and assist him with his problems and to suggest ways in which his
efforts can be of service.



2
THE EXCAVATION OF
WAPANUCKET NO. 6

Maurice Robbins, director of the Massachusetts
Archaeological Society at Attleboro, Mass., tells how a
group of amateurs with professional guidance un-
earthed an ancient Indian village on the shore of
Assawompsett Pond in Plymouth County and thereby
upset some well-established conclusions about the cul-

ture of the first Americans. Important “do’s” and
“don’ts” are included for the beginner in archaeology

WHEN THE AMATEUR sees ancient relics being de-
stroyed by earth-moving machinery, when he realizes that there
are not enough professionals to excavate even a small percentage
of the available sites, mere talk or even the enactment of laws will
not dissuade him from taking a hand in “dirt archaeology.” The
only alternative, in my opinion, is to educate and cooperate. As the
old adage puts it: “If you can’t lick ’em, join ’em!” The soundness
of this approach to the “amateur problem” was demonstrated by
our Society during the recent excavation near Middleboro, Mass.,
of an Indian village dating back to 2300 B.C.

Most of the work at this site, which was designated Wapanucket
No. 6, was performed by members of the Cohannet Chapter of the
Massachusetts Archaeological Society. The group is composed of
shoe craftsmen, electricians, a florist, a clergyman, a newspaper re-
porter, a professor of history, several engineers, and other laymen,
ranging in age from about 20 to over 60. During the five years prior
to their work at Wapanucket No. 6 these amateurs had taken
courses in cultural anthropology and archaeological techniques that
were offered free by the Society’s Bronson Museum at Attleboro.
During the summers the group had also excavated a number of
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Stakes mark the position of post molds at entrance to lodge. Chalk line
marks contour of walls

minor sites in the immediate vicinity, where the usual archaeolog-
ical pattern of the northeastern states was found.

In the course of this preliminary work the amateurs learned a lot
about the dusty volume in which the story of man’s rise is recorded,
and about the characters in which the volume is written: those of
stone, baked clay, bone and stained soil. They encountered at first
hand the ancient authors who wrote without effort to conceal their
faults or enhance their virtues. Such errors as may creep into the
story, the amateurs learned, are those of translation and are charge-
able to the reader.

Most important, the group came to have deep respect for a
unique weakness of the book: the fact that the very act of reading
destroys it! No sentence, much less a paragraph, can be scanned in
the original but once. They learned that those who would enjoy the
thrill of being the first — and the last —to turn the ancient pages
assume a heavy responsibility. They must pay for the privilege by
reading carefully and recording all data in detail so precise that
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others in this or future generations may correct errors in the orig-
inal translation.

By the time work began at Wapanucket No. 6, much was known
about the Indians who for some thousands of years had inhabited
the region. But following the excavation it became apparent that a
number of prior conclusions, particularly those concerning certain
people who lived here some 3,000 years ago, would have to be
altered considerably. In general, three cultural levels are encoun-
tered in the northeastern states. As one sinks his shovel into the
earth at favored sites, arrowheads and related artifacts of the most
recent Indians are turned up near the surface; at lower levels the
remains of older cultures are found. The deepest layer is associated
with a people who appear to have come into the area between 6000
and 5000 B.C., and it records what is called the Paleo-Indian occu-
pation. Little is known about these ancient wanderers beyond the
fact that they made fluted spear points of the Folsom type, also
found in the U. S. Southwest. What may have happened to these
early tribes is anybody’s guess. They simply disappeared. If any
clue to their fate remains, it has yet to be discovered.

The intermediate layer, the one next above the Paleo-Indian,
records the period of Archaic occupation. This culture persisted
for some 4,000 years: from about 5000 B.C. to 1000 B.C. The re-
mains of these people trace a gradual but pronounced cultural evo-
lution. Implements made in 5000 B.C. exhibit less finish and variety
than those of 1000 B.C.

Distinctions between the two types of artifact have enabled
archaeologists to divide the Archaic period into early and late com-
ponents. Wapanucket No. 6 was the site of late Archaic occupa-
tion. Although the nature of the period is the subject of considerable
discussion among archaeologists, it is agreed in general that the
economy of these Indians was based on hunting, fishing and food-
gathering. Agriculture and clay pottery were unknown. The bow
and arrow did not come into use until late Archaic times. Prior to
this the Archaic people hunted and fought with lances and spears.

Finally, at about 1000 B.C., the “Woodland” cultures arose.
These peoples were primitive farmers who raised corn, beans,
pumpkins and squash. They were also excellent potters and pro-
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Molds of posts that supported walls of a lodge appear as soil discolora-
tion. (Dotted outline added for clarity)

duced handsome clay vessels. Because of a plentiful and secure
supply of food the Woodland people could live together in fairly
large communities and build permanent villages.

The agricultural traits of the Woodland people had a far-reach-
ing effect on their culture. Freedom from the necessity of roaming
the countryside in search of food left them time to think of non-
material things. After a few centuries they accordingly developed
fairly complex social, religious and political systems. Their culture
began to take on the aspect of what one might call a proto-
civilization.

Early explorers from Europe arrived in Massachusetts during the
final stages of the Woodland period. Thus we have excellent de-
scriptions of the lodges in which the Woodland people lived, and
we know the meaning of at least part of their expressive language.
Unfortunately, from the point of view of the archaeologist, the
camp and village sites that appealed to the Woodland people were
precisely those selected by their predecessors.

Accordingly it is quite the usual thing to find a Woodland site
superimposed upon one of the Archaic period. The tools left by
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both groups are often mixed, particularly at sites that show the
mark of the Colonial plow. However, by the methods of typology —
by analyzing artifacts according to types known to be the product
of each culture — the archaeologist can recognize the presence of
more than one assemblage of tools and can for the most part sep-
arate them into groups according to their time of origin. For exam-
ple, the preference of Archaic Indians for projectile points with
stems is well known; grooved axes and certain types of gouges are
also characteristic of the period. Moreover, the Archaic Indians
developed a special technique for sawing, grinding and polishing
stone, by which they fashioned knives of a characteristic crescent
shape and vessels of soapstone. These are positive clues to Archaic
occupation.

Until recently the nonmaterial aspects of the Archaic culture
were practically unknown and the subject of much speculation. Be-
cause agriculture was not practiced during this period, the Archaic
Indians were entirely dependent upon wild plants and animals.
Any appreciable concentration of people living in such an economy
would have resulted in a rapid depletion of the necessities of life,
or so it was thought.

In consequence the discovery of an Archaic village was consid-
ered most unlikely. Stone tools from this early period had been
found in rock shelters and at open sites; it was assumed that the
shelters built by the Archaic people must have been flimsy affairs
of which no vestige could possibly remain. This conclusion seemed
reasonable because the Archaic people were so preoccupied with
the eternal quest for food and so dispersed by the environment in
which they lived that they would have neither the time nor the
opportunity for any but the most rudimentary social, political or
religious concepts. How wrong the work of the amateurs at
Wapanucket No. 6 has shown these conclusions to be!

The site lies on the northern shore of Assawompsett Pond. Orig-
inally this area was a part of the old mother colony of Plymouth.
Assawompsett is the largest natural body of fresh water in Massa-
chusetts, covering some 2,200 acres. It forms a part of the drainage
system of the Taunton River, which together with its many tribu-
taries provided the aboriginal inhabitants with an easy means of
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travel. A few hours in their dugout canoes would take them to the
seacoast or to interior forests.

The northern shore of the lake is formed by a sand dune flanked
by swamps and small streams. Its wave-cut front rises steeply out
of the water to a height of 24 feet, and its top offers several acres
of level, well-drained land. This area has been the site of aboriginal
occupation since the advent of man into New England.

In the spring of 1956 a reconnaissance party from the Cohannet
Chapter excavated several random test-squares in the wooded area
just back from the lake front. The appearance of Indian refuse pits,
fire-cracked stone, and chips remaining from the manufacture of
stone implements quickly confirmed our hope that the area had
once served as an aboriginal campsite.

The prerequisites of a controlled archaeological “dig” are a care-
ful survey of the area to be examined, the determination of levels in
relation to some permanent object (such as a large rock or a survey
marker) and the establishment of an excavation grid or checker-
board pattern of carefully measured lines for subsequent use in
charting the precise location of all objects discovered. These were
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Age of charcoal in this hearth was determined by the radio-carbon
dating method to be 4,250 years, = 300 years
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the first order of business. Numbered stakes were set at two-meter
intervals to outline an area 52 meters long and roughly parallel to
the shore.

Next the group removed a thin layer of topsoil along the first
line — the so-called base line. Then it began the heavy work of
scraping away larger areas of topsoil an inch at a time and examin-
ing each freshly exposed surface for evidence of human occupa-
tion. Fragments of worked stone, artifacts, hearths, pits or any other
indication of aboriginal habitation were located both horizontally
and vertically with reference to the numbered stakes and were en-
tered upon printed record cards prepared for the purpose.

The data from these cards were entered upon a chart or progress
plan of the area; notes were kept of the type of soil encountered,
the content of hearths or pits and the position of post molds: dis-
colorations in soil marking the location of posts which had decayed
to dust centuries ago. (Post molds are easy to recognize. Upon re-
moval of the topsoil, the tops of the molds appear as dark circular
stains in the surrounding yellow soil. A vertical cut then reveals
the cross section of that portion of the original post which was
embedded in the earth. The majority of the molds found at Wa-
panucket No. 6 had smooth sides which curved to a sharp point
at various depths.) Information of this sort, together with numer-
ous photographs, constituted the field notes upon which the group
based its final conclusions.

As digging progressed and artifacts began to accumulate, the
group became aware that none of the material was characteristic
of the Woodland period; it was wholly Archaic in appearance. The
trend could not be taken seriously at this early stage of excavation,
but it was sufficiently pronounced to stimulate interest. The molds
of posts began to form new and unfamiliar patterns in the records.

As the weeks passed and the artifacts maintained their Archaic
character, the group began almost unconsciously to speak of this as
an Archaic site. In our more comservative moments, however, we
still doubted our diagnosis. The majority of the artifacts — the tops
of the post molds and of pits and hearths — were appearing at
about the same depth as that at which objects typical of the Wood-
land period had been found at other sites in the area.
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Several perplexing questions arose. How was it possible for these
evidences of occupation to have been preserved with so little dis-
turbance since Archaic times? Why was so favorable a location free
from all indication of a Woodland occupation? Were we to aban-
don the concepts concerning the limitations of a hunting, fishing
and food-gathering economy, so firmly established by many author-
ities? Could we justify the existence not only of a permanent abode
but also of a whole Archaic village?

On the basis of our findings the answers to all of these questions
had to be yes. Our charts showed undeniable evidence of at least
three lodges — structures larger than any known from the Wood-
land period — and a floor plan that had never, so far as we could
determine, been uncovered before. The implements were without
exception those of a late Archaic culture. Although a respectably
large area had been excavated at this stage of the work, not a single
incongruous artifact had appeared.

During the following two seasons four additional lodge floors of
the same unique pattern were found. By this time a total of 556 post
molds had been charted, and the excavations had been extended a
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Portion of site demonstrating method of excavation
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reasonable distance in all directions without uncovering another
floor. We agreed that the complete village had been exposed.

The pattern of the mold array established the existence of an
entirely new type of floor plan that was repeated in seven instances.
In the construction of these seven houses, pairs of posts had been
driven into the earth in two concentric circles. The pairs of posts
were placed on radial lines from the center of the structure and
driven vertically into the earth. The pointed vertical section of the
molds indicated that the posts were driven rather than set in a pre-
viously prepared hole. This suggested in turn that the height of the
wall was no greater than that of a post which could have been
driven by a man standing on the ground. At one point in each
structure the walls bypassed each other to form a short protected
entranceway. Six of the structures, apparently dwellings, averaged
about 31 feet in diameter. The seventh, believed to have a cere-
monial function, was 66 feet in diameter and possessed internal
posts not found in the smaller lodges. The Note accompanying plan
[Fig. 39] shows the arrangement of this unique Archaic village, the
first to be located in the Northeast.

During the excavation of an Indian site certain features are en-
countered that in the final report are called pits or hearths, depend-
ing upon their appearance, content and vertical position in the
ground. Basin-like depressions at or near the surface that contain
charcoal, particularly those surrounded by hard, reddened soil, are
usually called hearths. Thirty-nine such hearths are recorded at
Wapanucket No. 6. Comparable but somewhat larger basins are
commonly called pits. Many of these pits contain carbonized ma-
terial and burned stone and are assumed to have served the final
purpose of a receptacle for camp refuse. A pit numbered 29 is of
particular importance at this site. The age of a sample of carbon
taken from it was established by the geochronometric laboratory
at the University of Michigan at 4,250 =+ 300 years (approximately
2300 B.C.).

The burials at Wapanucket No. 6 were found a few yards south
and west of Lodge Floor No. 1. These consisted of four deposits in
large oval pits. The cremated remains of human skeletons had been
placed in the southwestern quadrant of each pit. In two instances
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Map of Wapanucket
No. 6, the site of an
Indian village dating
back to about 2300
B.C.

grave goods had also been included, and in one instance a consid-
erable quantity of red paint in the form of iron oxide was also pres-
ent. Burial No. 2 contained a deposit of four stone gouges, a stone
plummet (thought to be a fishing weight) and two sharpening
stones, surrounded by a mass of red paint. In Burial No. 3 a large
crescent-shaped knife of ground slate (called a semilunar knife)
and a sharpening stone were found. Sharpening stones of this type
were made only by late Archaic Indians.
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Prior to the discovery of the burials two large features had been
found nearby to which our group was unable to assign a satisfac-
tory function. They consisted of carefully laid stone platforms some
10 feet in diameter. The flat stone slabs were reddened and cracked
by the intense heat, and a large amount of charcoal had accumu-
lated about and upon the platforms. The platforms are too large
to be classed as hearths, and we were at a loss to account for them.
With the discovery of the cremation burials their purpose became
clear. These were the crematory pits where the initial phase of the
funeral rite was conducted.

The group recovered a total of 1,167 stone artifacts from the vil-
lage area, including one or more implements of each type in the
basic tool kit of the inhabitants. The chipped tools included pro-
jectile points, lance or spear points, knives, drills, scrapers and
assorted woodworking tools. These accounted for more than 80 per
cent of the stone objects recovered. The balance of the implements
were those made by the sawing, grinding and polishing techniques
typical of the late Archaic period.

Much of the information represented by the material dug up at
Wapanucket No. 6 is in direct conflict with earlier ideas concerning
the culture and manner of life in Archaic times. It is evident that
the occupants of Wapanucket No. 6 led a semi-sedentary existence.
That they chose this location for convenience rather than defense
seems obvious. Living atop the highest ground on the shore of
the lake, they would have been a conspicuous part of the landscape.
The very size of these lodges creates an impression of permanence
and security. They could easily have accommodated at least 100
individuals.

The explanation doubtless lies in the size of the lake. Here at
Assawompsett, with its tidal streams, was an abundant supply of
food that we, in our ignorance of wilderness life, had failed to take
into account. In spring the annual run of shad, and probably salmon
and trout, would have provided an abundant food supply. Here
migratory birds might be expected to congregate, and in the
swamps surrounding the site there must have been considerable
game. After a winter spent in ranging the forests to the north and
west in small family groups, an ancient people would tern quite
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Grave goods in precise position occupied at Wapanucket No. 6

naturally to this favored site by the lake. Here could be found a
welcome change from the red-meat diet of the winter. A plentiful
store of smoked fish could also be prepared against a time when
game was scarce. In their great ceremonial lodge the villagers could
celebrate the rites required by their religious beliefs, and here
those who had departed during the winter could be laid to rest.

Thanks to the initiative and dedicated efforts of a small group of
‘amateurs, a chapter from the ancient book has been carefully pre-
served and, with the help of specialists, translated. Much new
knowledge has been added to our meager understanding of the
northeastern Archaic occupation, and more may result from de-
tailed study of the group’s records. The group is now constructing
a complete reproduction of the village in miniature at the Bronson
Museum, so that all may see how the citizens of Wapanucket vil-
lage lived centuries before Tutankhamen was laid to rest in his
tomb at Thebes.
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1
HOW TO CULTIVATE
HARMLESS BACTERIA

The growth of the minute plants called bacteria can
be selectively encouraged or retarded by the use of
techniques familiar, on the large scale, to farmers.
Two New York City medical students, Henry Soloway
and Robert Lawrence, explain how to garden at the
microscopic level and, in particular, how to experi-
ment with the weed-killers popularly known as wonder
drugs

THE SERIES OF EXPERIMENTs which follow are designed
to demonstrate how certain bacteria are affected by bacteriostatic
agents, drugs which retard the growth of selected bacteria. In test-
ing such substances you first cultivate a selected bacterium in an
environment which encourages its growth, subject it to the bac-
teriostatic agent and then measure the result. Bacteria, like other
forms of life, have preferences in foods, temperature, moisture and
so on. Hence no universal culture medium, in which all organisms
thrive equally, has been developed. Media must be compounded
according to the preferences of the bacteria under study. However,
one medium in which some thousands of organisms thrive consists
of beef broth, the familiar consommé of the dinner table, which
has been refined and specially treated. It is used both in liquid
form and, when thickened by the addition of agar, as a stiff jelly.

As in ordinary farming, “weeds” must be kept down. One is often
interested ‘in the characteristics of a single species of bacterium,
and since the size of the organism makes “weeding” impractical,
intruders must be prevented from gaining a foothold in the first
place. This is accomplished by killing all microscopic life in the
environment of the experiment except the desired organism. The
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culture medium and all equipment is sterilized, exposed only to
sterilized air and otherwise kept scrupulously aseptic during the
experiment.

Preparing for the experiments

THESE CONDITIONS CAN BE MAINTAINED if the amateur
provides himself with an aseptic transfer chamber in which all
critical operations are performed. This can be a simple wooden box
two feet high, two feet wide and three feet long. It is fitted with a
glass top, a small door and a pair of holes in one side large enough
to admit the hands and forearms comfortably as shown in Figure
41. The cracks should be calked with cotton or sealing compound.
A short pair of muslin sleeves may be tacked around the holes to
serve as barriers against the outside air. Inside the box one should
place, among other things, an alcohol lamp or Bunsen burner, and
a small atomizer of the nosespray type containing Lysol or Clorox.

Glassware should include two dozen Petri dishes, which have
flat bottoms about four inches in diameter, sides about half an inch
high, and are fitted with covers. The experimenter will also need
three Erlenmeyer flasks of one-liter capacity and half a dozen of the
quarter-liter size, a half-dozen test tubes of 20-milliliter capacity
and a rack for supporting them, a dozen one-milliliter pipettes and
a special rubber bulb or syringe for filling them, a 50-milliliter
graduated cylinder, a wax pencil for marking the glassware, a dis-
secting needle fitted to a pencil-sized wooden holder, a small loop
of thin wire fitted to a similar handle, a glass stirring rod about
eight inches long, and a pair of tweezers. All these things should
be assembled, together with the special wooden box or transfer
chamber, on a substantial bench located where the materials will
not be disturbed.

All the materials are then sterilized. Petri dishes and pipettes are
tightly wrapped in lots of six in brown paper. Larger items are
wrapped individually. Test tubes and Erlenmeyer flasks may be
plugged with wads of absorbent cotton instead of being wrapped
in brown paper. The glassware is then placed in an oven and
heated to 325 degrees Fahrenheit for at least two hours. None of
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41
A sterile transfer chamber designed for amateur construction

the packages should be opened nor the cotton removed until the
glassware is used.

Dehydrated culture medium, both plain and in the form of an
agar infusion, may be ordered through your local druggist from the
Difco Laboratories, Detroit, Mich., or from the Baltimore Biological
Laboratory, Baltimore, Md. A principal object of the experiment,
however, is to provide the amateur with experience in the basic
techniques of culturing bacteria. The beginner is therefore urged
to prepare his own culture medium.

Here is the recipe. Stir a pound of freshly ground hamburger
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42
Essential equipment for experimenting with bacteria

into a liter of distilled water and put it in the icebox (at about
40 degrees F.) for 10 hours. Then skim off the fat which rises to
the top and filter the remaining liquor through a single thickness
of clean muslin. Add distilled water to bring the liquor back
to a full liter, then add five grams of peptone and five grams
of ordinary table salt and stir until the salt is dissolved. Pour 50
milliliters into a second flask and set it aside. Then add 15 grams
of agar to the 950-milliliter portion.

Bacteria, like other organisms, are sensitive to the acid-base bal-
ance of the medium in which they grow. Those grown in this ex-
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periment prefer a neutral medium. The two solutions just prepared
will be slightly acid; they must accordingly be adjusted to neu-
trality (pH 7) by adding precisely enough sodium hydroxide to
counteract the acid. Mix 10 grams of sodium hydroxide in a liter of
distilled water. Test the beef broth with a piece of blue litmus
paper. An acid broth will turn the blue paper red. The sodium-
hydroxide solution will turn red litmus blue. Add a drop or two of
sodium hydroxide to the liquor, stir, and with the glass rod put a
drop of the solution on a piece of blue litmus. The paper in contact
with the drop will probably turn pink. Add more sodium hydroxide
to the liquor and test again. Continue this until the test drop causes
no change in the color of either red or blue litmus.

Each container of liquor is then heated almost to 212 degrees F.
for half an hour. This will precipitate the proteins in the liquor.
The proteins are removed by passing the hot liquor through coarse
filter paper. Each filtrate is again brought up to volume by adding
distilled water. .

One hundred milliliters of the hot agar medium are poured into
each of six Erlenmeyer flasks, which are then stoppered with wads
of absorbent cotton. Five milliliters of the liquor containing no agar
are poured into each of 10 test tubes, which are similarly stoppered.

The media are now sterilized. The containers may be placed in
boiling water for half an hour on each of three successive days.
They may alternately be sterilized in a pressure cooker. Put the
containers inside the cooker, add two inches of water and pressure-
cook for 20 minutes. Be sure to cool the cooker slowly. Rushing the
job by quenching the cooker with cold water will cause the internal
pressure to drop suddenly and the vessels of hot medium to boil
over. Stoppered tubes of tap water and other solutions may be
sterilized by either of these methods.

Any nonpathogenic strain of bacteria may be employed for the
demonstration of bacteriostasis. Micrococcus pyogenes var. albus,
Proteus vulgaris or Alcaligenes faecalis can be used in the experi-
ment and may be purchased at low cost from the American Type
Culture Collection, 2112 M Street, N.W., Washington 6, D.C.
Amateurs may wonder why one should go to the expense of buying
bacteria if they are plentiful in the air. You can, of course, grow
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your own simply by exposing a quantity of the culture medium to
the air and incubating it for 24 hours. Let us emphasize that this is
pointless and can be dangerous. It is pointless because the average
amateur has no means of identifying the microbes he has caught.
It is dangerous because there is some possibility of capturing and
cultivating disease organisms. Incidentally, media that have been
used should be sterilized and discarded immediately. The strains
recommended are inoffensive and have the further advantage of
being accessible to all workers. Results of experiments may ac-
cordingly be compared. Purchased cultures can be perpetuated in-
definitely by keeping them in beef broth at room temperature and
inoculating a fresh tube of medium (by putting a drop of the old
culture into it) every other day. If the culture can be stored at 40
degrees F., the growth of the bacteria is slowed and new media
need be inoculated only once every six days.

The bacteriostasis experiment

To PERFORM THE BACTERIOSTASIS EXPERIMENT, first
place a test tube of sterile beef broth, the tube containing the flour-
ishing culture, and the wire loop inside the transfer chamber. The
chamber is sprayed thoroughly with germicide and the droplets are
allowed to settle for five minutes. The alcohol lamp or Bunsen
burner is lit and the wire loop heated to redness as far as the han-
dle. Hold both test tubes obliquely in the left hand and the sterile
wire loop in the right, as illustrated by Figure 43. Remove both
cotton plugs from the tubes with the last two fingers of the right
hand. The mouths of both tubes are passed slowly through the
flame. The wire loop is then dipped into the flourishing culture for
about a second, withdrawn and inserted into the tube containing
the sterile broth. Both cotton plugs are replaced and the wire loop
is again sterilized by heating to redness. To avoid contaminating
the pure culture the beginner should run through these operations
with empty tubes a few times for practice.

The freshly inoculated tube is permitted to incubate for two
hours at room temperature and is then stored at 40 degrees F. At
the end of 24 hours the tube is swirled in front of a light. The pres-
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43
How to hold test tubes while transferring bacterial cultures with a loop

ence of sediment indicates that the inoculation has “taken.” The
purchased culture may then be sterilized and discarded. If at the
end of 24 hours there is no sediment, the procedure should be re-
peated. It is useless to wait another 24 hours.

Antibiotics for diagnostic purposes may be procured through
your local druggist under the trade name Bacto-Sensitivity Disks.
If they are not available in stock the druggist may order them from
Difco Laboratories, Detroit 1, Mich. Each drug is shipped in a
sterile vial, 50 disks to the container, and in three concentrations —
low, medium and high. The following antibiotics are available in
this form: aureomycin, bacitracin, chloromycetin, dihydrostrepto-
mycin, erythromycin, magnamycin, neomycin, penicillin, poly-
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myxin B, streptomycin, terramycin, tetracyline and viomyecin.

The bacteriostasis test consists in exposing a series of increasingly
concentrated cultures of bacteria growing on plates of agar medium
to the action of the drugs. A zone of inhibition around the Bacto-
Sensitivity Disks indicates that the organism is sensitive to the
antibiotic. The sensitivity of an organism may be evaluated by tabu-
lating zones of inhibition according to the table shown in Figure 44.

SENSITIVITY CONCENTRATION

LOW MEDIUM HIGH
very sensitive zone zone zone
sensitive no zone zone zone
slightly sensitive no zone no zone zone
resistant no zone no zone no zone

44
A simple table showing the sensitivity of an organism to an antibiotic of
varying concentration

A duplicate set of plates is used as a control for detecting con-
tamination. Begin the experiment by placing the following mate-
rials in the sterile transfer chamber: (1) a liter of sterilized tap
water, (2) two packages of sterile Petri dishes, (3) a dozen ster-
ilized one-milliliter pipettes and the sterilized rubber squeeze bulb,
(4) a water bath heated to 112 degrees F. in which have been
placed six Erlenmeyer flasks of agar medium, (5) a test-tube rack
containing six test tubes, (6) the was pencil, and (7) an open bowl
of germicide.

The packaged glassware is opened and the cotton stoppers re-
moved from the culture and test tubes. A small tuft of sterilized
cotton is placed in the neck of each pipette. Nine milliliters of sterile
tap water are poured into each of the six test tubes. The following
operations are then carefully performed, each piece of glassware
being labeled or coded as it is used. Fit the squeeze bulb to a
pipette and with it transfer one milliliter of the culture to a test
tube of tap water. This tube is labeled 1:10, indicating that it con-
tains one part of culture in 10 by volume. The tube is swirled for
30 seconds to assure thorough mixing. Remove the squeeze bulb
from the pipette and drop the used pipette in the bowl of germi-
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cide. Select another sterile pipette and transfer one milliliter of the
1:10 mixture to a tube of tap water. Mark this tube 1:100. Again
swirl the 1:100 mixture for 30 seconds, drop the used pipette into
the germicide and with another sterile pipette transfer one milliliter
of the 1:100 mixture to the third tube of tap water. Mark this tube
1:1,000 and proceed in the same way with the remaining tubes,
labeling them 1:10,000, 1:100,000 and 1:1,000,000.

A specimen of melted agar medium is now poured from each of
the six Erlenmeyer flasks into six Petri dishes, each dish being
labeled to correspond with the flask from which it is poured. The
dishes are then covered with their glass tops and set aside to
harden. After these control plates have been poured, each batch
of melted medium remaining in the flasks is inoculated with one of
the dilutions in the test tubes. Pipette one milliliter of the dilution
into the appropriately labeled flask. Drop the used pipette into the
bowl of germicide. The flasks are stoppered with cotton and swirled
gently for 30 seconds to mix their contents. The water dilutions are
sterilized and discarded.

The control plates are incubated two days at 80 degrees F.
The transfer box can be made to double as an incubator by fitting
it with a 100-watt bulb controlled by a thermostat of the type used
in tropical-fish aquariums.

Twelve Petri dishes, the Bacto-Sensitivity Disks and a pair of
forceps are next introduced into the transfer chamber. The chamber
is sterilized as before. Two Petri dishes are then filled from each of
the six inoculated flasks, each pair being labeled to show the culture
dilution. The dishes are permitted to stand for about 20 minutes
until the agar solidifies. The forceps are then passed through the
flame, the Bacto-Sensitivity Disks opened and the disks placed
carefully on the agar medium by means of the forceps. The weaker
disks are placed on one gjate of the pair and the stronger on the
other. (If three drug concentrations are being tested the number of
cultures must be increased accordingly, of course.) One way to keep
track of the disks is to draw a radius on the back of each Petri dish
with the wax pencil. The disk of aureomycin is then placed on this
line. All other disks are placed alphabetically, according to the
name of the drug, in a clockwise circle. Crowding should be
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avoided; if space is limited, the last disk can be placed in the center
of the plate. Covers are then placed on the dishes, and the culture
is left to incubate for two days at 80 degrees F.

The effects of the several drugs and their concentrations on the
various concentrations of bacteria are then evaluated by observing
the growth on the plates and the rings around each drug where
growth has been inhibited. The results may be tabulated by using
a minus sign to indicate no growth and a plus sign for inhibition.
The presence or absence of a zone of inhibition —and not the
diameter or area of the zone — indicates the sensitivity to the anti-
biotics. Any growth on the control plates indicates contamination
and invalidates the experiment. The test plates should be reread
after four days of incubation, then sterilized and discarded.

Charting the effect of the drugs

AN INTERESTING MODIFICATION of the test permits the
experimenter to chart the effect of the drugs with respect to time.
Thus he can study the interval following inoculation at which each
antibiotic exerts its action, and the rate, if any, at which it loses its
effect. This requires the construction of a relatively simple light-
meter capable of reading the relative transmission of light through
a test tube. Bacterial growth in beef broth increases the turbidity
of the broth and reduces its transparency. When the broth is placed
in a test tube its turbidity — and hence its population of bacteria —
can be measured by the light-meter. The device consists of a lamp
and lens for focusing a beam on the side of a test tube, a photocell
on the other side of the tube for receiving the transmitted light,
and a microammeter for reading the output of the cell. The light
source, lens assembly, test tube and photocell are mounted in an
appropriately compartmented and light-tight box [see Fig. 45].

Here the operations are conducted in test tubes rather than agar.
A tablet of antibiotic is dissolved in 10 milliliters of sterile tap
water (in the aseptic transfer chamber). Dilutions of this solution
are prepared as before, so that six dilutions span the range from
1:10 to 1:1,000,000. Observe that in this case it is the drugs, not the
cultures, which are diluted. One milliliter of each of the dilutions
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A homemade light meter for measuring the density of a bacterial culture

is added to a sterile test tube which contains four milliliters of beef
broth.

-The tubes are then inoculated with one loop of bacteria from a
two-day-old beef-broth culture and left to incubate at 80 degrees F.
At equal intervals during the incubation, say every three hours, the
tubes are gently swirled and their turbidity is measured by means
of the light-meter. Turbidity is then plotted against time. The result
is a set of graphs showing bacteriostatic activity. The test tubes
should be inspected for optical uniformity by means of the light-
meter before they are used. Professional light-measuring instru-
ments used for this test are usually calibrated in accordance with
Beer’s law, which states that, for solutions of a given substance in
a given solvent, light will be absorbed in proportion to the thickness
of the solutions.
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Graphs made with instruments calibrated arbitrarily will show
accurate rates of bacteriostatic effect, although the curves will not
necessarily conform to those drawn with the aid of professional in-
struments. Tests which employ light-measuring devices can have
great practical value because they show which antibiotic can be
employed most effectively against a bacterium about which no data
have been collected. They also disclose whether a known bacterial
strain has mutated to become more resistant to a given drug.

Isolating unusual colonies and developing new strains

IN THE COURSE OF EXPERIMENTS employing plates of
agar medium one may occasionally observe a small colony flourish-
ing within the circle of inhibition. The chances are that this is a
contaminant. There is always the possibility, however, that the or-
ganism is a mutant, a new strain which has been naturally selected
over the original strain susceptible to the drug. All such unusual
colonies should be isolated and cultured. (A portion of the colony
is lifted from the plate with the tip of the dissection needle and
transferred to fresh medium for incubation.) Tests can then be per-
formed to learn if it is in fact a mutant or merely a contaminant.

Radiation is known to increase the mutation rate of all living or-
ganisms; thus it is possible to develop new strains by exposing cul-
tures to X-rays. The homemade X-ray machine described in Section
IX by Harry Simons is capable of inducing such mutations. The ex-
perimenter is cautioned, however, to avoid exposure to the X-rays.
The culture should be placed in front of the tube and the machine
operated by remote control from behind a shield, as suggested by
Simons.
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GROWING ALGAE ON A
WINDOW SHELF

A casual stroll in the woods led the late 1. C. G.
Cooper, a naval architect of New York City, into the
fascinating realm of algae culture. Here are his direc-
tions for isolating, identifying and growing the minute
plants which may some day become an important
source of man’s food

ONE AFTERNOON, many years ago, I started out for a
pleasant walk in our neighboring woods with William T. Davis, an
amateur naturalist and one of the founders of the Staten Island
Institute of Arts and Sciences. He had volunteered to teach me how
to identify some of our local wildflowers. His enthusiasm was con-
tagious, and before the afternoon was over the bug had bitten me.

During the next few months I gathered and mounted a lot of
flowers and weeds. Before long it became evident that I was a little
late with my discoveries; the specimens I collected were already
represented in the Institute’s display cases. It seemed pointless to
go on duplicating work already well done. Then one evening at the
end of a field trip I took a short-cut home by way of the beach and
noticed a strange clump of seaweed waving back and forth in the
low tide. I took off my shoes and waded in. After I had pulled up
a specimen of the plant, I had an idea: Why not make a study of
Staten Island’s marine flora?

Although that first specimen turned out to be only a common
variety of rockweed, it occupies a special place in my collection
because it introduced me to the thallophytes, the grand division of
the plant kingdom occupied by the algae.

You don’t need a scientist'’s background to get fun out of col-
lecting algae, especially the big ones. You simply float them in
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whole or in part onto a sheet of paper and let them dry. The leaf-
like parts of many consist of only two layers of cells coated with a
clear pectinous substance. They dry on the paper without apparent
thickness, like ink, and few artists paint more colorful or exotic
abstractions. A

Things went along nicely for a couple of years, and my original
rockweed grew into quite a substantial collection. Then the job
became rough. As I worked my way down the scale of algal sizes,
the number of species increased all out of proportion. Identification
became difficult. The reference texts, which fully describe the giant
kelps and often carry colored illustrations of them, become. sketchy
when you get down to the species that make a pocket magnifier
handy.

Without knowing it would make matters worse, I bought a micro-
scope. The first look through it almost ended my new hobby. Here
was no man’s land. I could not even distinguish between plants and
animals, much less identify the plants. A single drop of fluid
scraped from a stalk of marsh grass would hold scores of organ-
isms, including animals that grow in branching patterns like plants
and plants that swim by means of whiplike tails and eat like ani-
mals! At this point I want to put in a good word for the patience
of our museum’s curators and that of my fellow members in the
New York Microscopical Society. They finally succeeded in teach-
ing me how to recognize a chloroplast when I saw one, and also to
identify the cellulose walls which aid in distinguishing one bio-
logical kingdom from the other.

But learning how to tell plants from animals was only a begin-
ning. Each drop of liquid that appears under the microscope’s ob-
jective contains a unique population. Before I could complete a
census, the drop would evaporate and destroy the individuals. How
do you introduce order into a scramble like this, and where do you
begin?

It is a good idea, the curators advised, to commence by narrow-
ing your field. Staten Island is not large as islands go, but in terms
of its algal population it is vast. In naively undertaking the collec-
tion of all our local “seaweed” I had staked out too much territory.
After years of sampling the immensely various populations of algae
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in the island’s waters, I decided I would have to limit myself to the
less abundant algae of the soil.

As a rule, algae are not too difficult to find in the soil once you
have picked up a bit of experience in handling cultures and the
microscope. But separating them into individual species and explor-
ing their structure and behavior can get you embroiled in all sorts
of puzzles and complications. Fortunately the phycologists and bac-
teriologists have solved the hard problems of method, and it is not
difficult to adapt their techniques to an amateur’s studies.

I use the so-called “soil-water” culture method advocated by
E. G. Pringsheim of Cambridge University. In effect the algae grow
in a miniature artificial pond — a glass jar of nutrient solution cov-
ering a bottom of mud [see Fig. 46]. The pond is prepared by partly
filling a wide-mouthed glass container — such as a peanut-butter
jar — with nutrient solution, adding a tablespoonful of soil and then
sterilizing the whole in an autoclave. The pond is then inoculated
with the specimen of soil to be investigated. A pinch does the job.
The pond is kept at room temperature and exposed to light during
incubation; a window having a northern exposure is a good light
source.

After incubation is completed — when the characteristic green
“scum” appears in quantity — a smear of the culture is transferred
to an agar plate where it continues to grow. If the smear has been
made carefully, distinct colonies of the various organisms will ap-
pear here and there on the plate. You then pick out one of these
with a glass needle or a micropipette and inoculate a second sterile
pond with it. What you thought was a colony of identical organ-
isms will likely prove to be a mixture — but the second pond will
be less motley than the first. You continue this cycle of operations
until your species appear in splendid isolation — or your patience
gives out. Sometimes I wonder if it is possible to develop a per-
fectly pure culture of anything.

Single-celled algae are enveloped by the same pectinous sub-
stance that causes the giant kelps to dry on paper so beautifully.
This sheath is usually alive with bacteria. Just try to kill them with-
out killing the algae! Irradiation by X-ray or ultraviolet light in
measured doses tends to kill the bacteria without destroying all the
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Cooper’s setup for the cultivation of algae from the soil

algae. But even if you succeed in knocking out the bacteria without
damaging the plant, you still face the job of separating the alga
from the culture without contaminating it and of inducing it to
grow in a fresh pond.

The artificial-pond technique always leaves you with a number of
chemical unknowns. I hope the spectroscope will eliminate some
of them. The growing culture takes part of its nourishment from
elements added to the solution and part from sterilized soil. The
first are under your control. If we could grow cultures by pure
hydroponic methods, a lot of question marks that come with the
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soil would vanish. But that would necessitate a comprehensive
knowledge of the organism’s nutrient requirements in advance of
growing a culture of it.

Hence we combine the major elements — nitrogen, potassium,
magnesium and others common to all plants — in the nutrient solu-
tion and rely on the “mud phase” to supply the minor ones plus
other unknown factors such as vitamins. The mud also serves as a
reservoir and a place of reduction and synthesis for keeping the
heavy metals in solution. Incidentally, the proper soil for the pond’s
bottom must be found by trial. After a lot of sampling, I located one
that works unusually well. A large quantity of it was sterilized at
one time by autoclaving and stored in sealed containers for future
use.

Friends sometimes ask what I do with an alga when it has been
isolated and added to the collection of cultures. In a way that is
like asking a philatelist what he does with his stamps. If he is a
good philatelist, he preserves them carefully and tries to learn
something from them. Preserving live algae is no less satisfying nor
more difficult than caring for any other plant.

If you give them light, water and food, and maintain the temper-
ature they prefer, they glow with health. In turn they challenge
you to discover how they react to such things as subtle changes in
diet; how, when and by means of what mechanism they reproduce;
what products their metabolism yields — and the countless related
secrets of their life processes. In accepting this challenge you can,

47
Aeration flask for algal culture
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as they say, dive in as deeply and stay down as long as you wish.
I have been at it now for some years without getting more than
my feet wet.

Those who enjoy hydroponics like to'develop nutrients, and I
have had some success in this work. One series of experiments
ended in a solution which seems to work better for me than those
listed in the reference texts. You lay out a set of slightly differing
ponds in a rectangular grid, with a single element in the nutrient
progressively diluted more and more in each vertical row. The
entire grid is inoculated and kept under observation.

A detailed record of the culture’s reaction in each pond is made.
The experiment can be continued by simultaneously altering the
strength of two elements in each vertical row, then three elements
and so on. An analysis of the accumulated record discloses the ideal
concentration of each element in the nutrient for the species under
study. Incidentally, a culture subjected to this study becomes a tool
of great power and subtlety for investigating unknown nutrients.
The alga’s reactions when transferred to the unknown nutrient pro-
vide an indication of the ingredients present and, in some cases, a
quantitative measure of their concentrations.

Once a culture has been standardized, that is to say, brought to
a reasonable state of purity and provided with the preferred nutri-
ent, it suggests endless other experiments. If the alga employs sex-
ual reproduction, for example, you can attempt to mate it with a
near relative and create a hybrid. It is interesting to modify a
plant’s diet and observe the result.

A heavy concentration of nitrogen can cause Chlorella, an alga
which may become commercially important, to increase its produc-
tion of protein from about half its weight to almost 90 per cent. In
contrast, putting Chlorella on a starvation diet of nitrogen boosts
fat production from something under 10 per cent to more than 70
per cent. The commercial implications are obvious.

It is easy to see how such metabolic gymnastics can fascinate the
amateur. Learning to observe such changes, to take the plants
apart and measure the substances of their bodies, or those that ap-
pear as by-products, will bring you into contact with as many fields
of science as you have time and talent to enjoy.
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HOW TO TRANQUILIZE A RAT

The power of certain new drugs to calm disturbed
animals is demonstrated by the use of rats in an ingen-
ious experiment designed by Sara E. Southwick, a
high-school girl of Midland, Mich. She tells how to
build and use the apparatus and gives the procedure
for establishing experimental controls. A method for
assessing the damaging effects of the drugs is described

For MY SCIENCE FAIR PROJECT during my senior year
in high school, I set up a controlled experiment to test the effect on
rats of chlorpromazine, one of the new tranquilizing drugs. Tran-
quilizers were making news at the time, particularly in the treat-
ment of mental disease, and this caught my interest. According to
medical reports, the side effects of the tranquilizers had not been
fully catalogued, and it seemed likely that a science fair project
based on one of them would have a good chance of scoring high
on originality.

Chlorpromazine has the property of quieting mental patients who
are restless, overactive and abnormally elated. Would the drug have
a similarly depressing effect on normal animals? If so, how would
it affect other aspects of their functioning?

As subjects for the experiment I obtained six white rats, all males
from the same litter. During the first phase of the experiment three
rats were selected at random for treatment and the remaining three
were reserved as controls. Each animal was tagged for identifica-
tion. Midway through the experiment the treatment was switched;
the controls were put on the drug, and the group previously treated
became the controls. I called this the “crossover” phase. It served
as a check against previous results. Otherwise all animals were
maintained under identical conditions as closely as possible, and
each was given a standard ration of food and water on a fixed
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schedule. The experiment continued for five months as a spare-
time activity.

A thorough physical examination was made of each animal at the
beginning of the experiment, both to assure that the animals were
in good health and to provide comparison data for subsequent use.
The effects of the drug were then observed by measuring changes
in activity, intelligence, blood composition, pulse rate, body tem-
perature, weight, respiratory rate, external features, sexual behavior,
internal organs and metabolism. The animals were treated by ad-
ministering chlorpromazine along with their food, initially at the
rate of five milligrams of the drug per kilogram of body weight.
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Cage, telegraph key and kymograph to measure the activity of a rat
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After one week the dose was increased to 15 milligrams; somewhat
later, to 20 milligrams.

Reaction to the drug was immediate. The treated rats became
quieter than the control group. Their movements were slower and
more deliberate. To measure the difference I designed a “jiggle
cage” consisting of a box of quarter-inch wire mesh covered at the
bottom with a sheet of heavy aluminum foil of the kind used by
bakers. ‘

The cage was suspended by a weak spring from the bottom of a
small table consisting of a seven-inch square of half-inch plywood
fitted with legs of wooden dowel stock. The movements of the
caged rat caused the cage to jiggle up and down and actuate the
handle of a telegraph key in contact with the bottom of the cage.
The key closed an electrical circuit between a battery and the coils
of a modified buzzer. The buzzer contacts were closed; a wire
stylus was attached to the armature. The stylus pressed against the
smoked drum of a kymograph on which the movements of the rat
registered as sharp vertical pips in an otherwise smooth trace. I
borrowed the kymograph from the biology department of the Mid-
land High School. It is not too difficult, however, to make such a
drum recording-device. [One is described in Section V.] A recording
speed of some three inches per second, equivalent to the speed of
a six-inch drum turning at about one revolution per minute, is ade-
quate for this experiment.

The activity of each rat was measured daily for one hour in dark-

" ness (when rats are commonly most active). Copies of two record-
ings are shown in the accompanying illustration [Fig. 49]. These
show the activity of the same rat before and after the drug had been
administered.

The effect of chlorpromazine on intelligence was tested by means
of a changeable maze in which both the pattern of the paths and
the obstacles (rectangular partitions) could be altered. The animal
was required to crawl under a partition or jump over it, depending
on whether the partition was turned so that its opening was at the
top or at the bottom. The maze was covered so the animals would
not be distracted during the run.

To test the adjustment of the rats to change, the maze was altered
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49
Top record reflects activity of untreated rat; bottom, treated rat

four times for each group of animals during the course of the ex-
periment. In the beginning the control rats required about seven
runs to learn the maze, during which the time of the run dropped
from eight minutes to 30 seconds. The treated group required sub-
stantially more practice to achieve comparable performance; at
first these rats actually lost ground. The reaction of the rats was
even more significant during the crossover phase of the experiment.

During the crossover phase the rats in the control group learned
to run the maze, with practice, in five seconds. When they were
under the influence of chlorpromazine, however, none of these rats
could do better than one minute. In contrast, the previously treated
rats, after recovering from the drug, learned to run a new pattern
in five seconds. Furthermore, when the crossover phase was started,
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Graph compares the performance of treated and untreated rats in a maze
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the drug caused the controls to forget a maze pattern they had
mastered. From this it would appear that the drug has a depressing
effect on memory as well as on intelligence.

Does the drug similarly depress organic functions? This was in-
vestigated in part by examining changes in the blood of the rats.
The blood was taken by clipping the tip of the rat’s tail. Inciden-
tally, I quickly learned that rats are not as cooperative in all parts
of the experiment as one could wish; blood sampling is a case in
point. I first tried to hold the animals in one hand while taking the
specimen with the other, but soon adopted the technique of wrap-
ping them in a towel. Later I borrowed a glass vessel especially
designed for the purpose.

Standard clinical pipettes were used for withdrawing two speci-
mens of blood from each rat: one specimen to ascertain the number
of red blood cells; the other to test for the number of white blood
cells. The pipettes are fitted with a short length of suction tubing;
one simply places the glass tip in the fluid and withdraws enough
to reach the .5 mark etched in the glass. Sufficient diluting fluid is
then drawn into the pipette to reach the top mark.

When one is sampling white cells, the top mark is 11; in the case
of red cells the mark is 101. The diluting fluid for white cells
(which causes the red cells to disintegrate) consists of one part by
volume of hydrochloric acid to 100 parts of distilled water. The
red-cell specimen is diluted by a fluid consisting of .5 gram of
mercuric chloride, five grams of sodium sulfate and one gram of
table salt dissolved in 200 cubic centimeters of distilled water. This
solution causes the white cells to disintegrate.

Blood cells are counted with the aid of a special chamber that
divides the field of view into a pattern of uniform squares, some-
what like a sheet of graph paper. If one encounters difficulty in
procuring a counting chamber, a rough estimate of change in the
relative number of white cells and red cells can be made by com-
paring stained specimens. I borrowed a chamber.

The red-cell count remained constant throughout the experiment
for both treated and untreated rats. But the white-cell count in-
creased substantially during the time the animals were on the drug,
averaging 22,000 cells per cubic millimeter during treatment as
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Pipetting a specimen of rat blood

against a normal count of 14,000. Counts were taken of all rats once
each week for the first three weeks after the beginning of treat-
ment.

Measurements made during the crossover phase were identical
with those recorded at the beginning of the experiment. In one
exceptional case, however, both groups yielded identical counts.
This occurred after the experiment had been running two months
and suggests that the rats may have developed some tolerance for
the drug. '

Stained blood-specimens were examined with the aid of a micro-
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scope equipped with a 10-power eyepiece, an oil-immersion ob-
jective of 97 power, and dry objectives of 43 power and 10 power.
The combinations of eyepiece and objectives gave magnifying
powers of 970, 430 and 100 diameters. The instrument was bor-
rowed from the Midland Hospital.

The technique of making differential smears is not difficult if one
carefully follows a standard procedure. The microscope slides must
be cleaned thoroughly. Ordinary household detergents, particularly
those containing a soft abrasive powder, make a satisfactory clean-
ing agent. A drop of blood is first placed near the end of a freshly
cleaned slide. The end of a second slide is then held at an angle of
about 45 degrees at a point between the drop and the center of the
second slide, so that the drop wets the lower surface of the upper
slide. The fluid will immediately spread by capillary attraction
across the line of contact between the two slides. The second slide
is then quickly pushed forward toward the far end of the first. This
distributes the specimen behind the top slide in a film which ad-
heres to the lower slide. Do not place the drop in front of the top
slide and push it with the end of the glass; the cells will be forced
to flow between the two slides and may be broken.

The smear is allowed to dry until it becomes tacky, and then is
stained. I used Wright's stain, which can be procured through most
drugstores. It is made into a solution consisting of .3 gram of pow-
dered stain mixed with three grams of glycerin and 97 cubic centi-
meters of methyl alcohol. A drop of the solution is applied to the
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slide and allowed to stand for three minutes. A drop of buffer solu-
tion is then added. This consists of 1.63 grames of potassium
phosphate and 3.2 grams of sodium phosphate dissolved in a liter
of distilled water.

The ingredients of both formulas, incidentally, may be cut in pro-
portion if smaller quantities are desired. After the buffer has
worked five minutes the slide is washed gently with distilled water,
permitted to dry in open air and then placed under the microscope
for examination.

The differential smears from rats under treatment showed a 20-
per-cent increase in the white cells known as lymphocytes, and an
equal decrease in neutrophil white cells. Again, however, one
measurement made two months after the beginning of the experi-
ment proved exceptional and suggested the development of toler-
ance to the drug.

As another index of reaction to the drug the pulse rate of all
animals was taken twice during each phase of the experiment. This
proved somewhat difficult because the pulse rate of a healthy rat
is about 375 beats per minute, and, as I discovered, this rate is al-
most doubled by the administration of chlorpromazine. Accordingly,
accurate counts could not be made by listening to the rats” heart-
beats with a stethoscope.

I solved the problem with the aid of an ordinary magnetic-tape
recorder. The rat was held against the microphone and a recording
of the heart sounds made at a tape speed of 7.5 inches per second.
The record was next played back at 3.25 inches per second and the
beats counted by ear against a stop watch. The count was then
multiplied by two. (The absolute tape speed, which varies with the
make of the machine, is not important. One is only concerned with
the ratio of speeds.) ,

Rats tend to become excited when placed against the microphone,
so they should be permitted to settle down for a few minutes before
the recording is made. The pulse rate of tranquilized rats averaged
639.6 beats per minute, as against 389 beats per minute for the con-
trols. The slightly higher than normal rate of the controls is ex-
plained by the excitement of the rats at being handled.

The body temperature of tranquilized rats was also found to be
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abnormally high, averaging 100.1 degrees Fahrenheit as against an
average of 99.7 degrees for the controls. The average difference is
not great. But in every instance the lowest temperature observed
in a treated animal was above the highest temperature among the
controls. This fact, when considered together with the elevated
lymphocyte and decreased neutrophil counts, suggests that the
tranquilized rats had contracted an infection of some sort. This was
further indicated by their behavior. Some appeared to be sick part
of the time. The temperatures were taken with a conventional rectal
thermometer.

A careful record of body weight was made daily, along with the
weight of food and water consumed. Early in the experiment the
ratio of water to total body weight changed in a direction that sug-
gested that the drug was causing dehydration, but this was not
supported by the crossover observations. Both groups made com-
parable gains in weight throughout the experiment [see Fig. 53].
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Graph compares the weight of treated and untreated rats

Chlorpromazine lowers the respiratory rate of rats substantially.
Tranquilized rats average 72 inhalations per minute as against 95
for the controls. The rates coordinate well with the relative activity
of the two groups. Counts were taken three times during each phase
of the experiment.
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A close check was made throughout the experiment of the ex-
ternal appearance of the rats in both groups. I observed a number
of obvious differences. Minor skin eruptions developed within a few
days after each animal was put on the drug. In addition, the hair
of the treated rats became rough and shed readily. In the case of
the first group to receive the drug, violent muscle tremors occurred
when the animals awakened from sleep. This, however, was not
observed in the group treated during the crossover phase. The
behavior of the groups also suggested that, at least in rats, chlor-
promazine acts as a sexual stimulant.

Tendencies to jaundice sometimes follow the administration of
chlorpromazine, according to reports in the professional journals.
This reaction appeared in both groups of rats approximately two
weeks after treatment was started. Their eyes became pale and their
feces lost color. To check possible damage to the liver an autopsy
was performed on one control and one treated rat 17 days after the
beginning of the crossover phase. Sections of liver tissue were taken
from both rats and preserved in xylol. Both specimens showed ab-
normality. The damage appeared more extensive in the animal that
was undergoing treatment at the time the autopsy was performed.
This part of the experiment was interesting, but because the obser-
vations were limited to two animals the result could not be con-
sidered conclusive.

No diabetic effect was observed. The qualitative test for this reac-
tion was made by a procedure which I learned at the Midland
Hospital that requires the use of chemically treated test-strips that
one must either purchase or borrow. The strip is dipped in the urine
of the animal; if sugar is present, the tip of the stick turns blue
within a minute.

Metabolism was measured by a variation of the method devised
in 1890 by the noted British physiologist J. S. Haldane [see How
to Measure the Metabolism of Animals, page 135]. Essentially the
test consists in supplying the animal for a known interval with air
containing a minimum of water vapor and carbon dioxide and then
subtracting the weight lost by the animal from the weight of the
water vapor and carbon dioxide exhaled during the test interval.

This gives the weight of oxygen absorbed by the animal, and
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when this figure is divided into the weight of exhaled carbon diox-
ide (adjusted for the molecular weights of oxygen and carbon di-
oxide), the result is equal to the respiratory quotient of the animal.
My apparatus consisted of an air pump (a water-powered aspirator)
and five flasks of one liter each connected in series. The initial flask
in the series contained approximately 600 cubic centimeters of
Ascarite, a commercial preparation that has the property of ab-
sorbing carbon dioxide. The second flask held a comparable amount
of anhydrous calcium chloride, which absorbs water vapor. The
intake of the second flask was coupled to the exhaust of the third, a

calcivm
chloride

54
A homemade apparatus for measuring the metabolism of small animals
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wide-mouthed jar capped with a close-fitting stopper, which served ,
as the animal chamber. The intake of the animal chamber led respec-
tively to flasks of calcium chloride, Ascarite and calcium chloride.

All containers and the animal were weighed individually before
and after a test interval of one hour. The weight (in grams) lost by
the rat was then divided into the product of the weight gained by
the fourth and sixth flasks multiplied by .7282 (the ratio of the
molecular weights of oxygen and carbon dioxide).

Only two animals remained in each group at the time the respi-
ratory quotient was measured, the other pair having been used for
the autopsy. The respiratory quotients of the rats then under treat-
ment were .56 and .58, whereas those of the control rats were .82
and .65. Here again the sample was too small to yield reliable fig-
ures. Differences in the individual determinations show a spread,
however, which suggests that the lower activity of the tranquilized
rats is accompanied by a correspondingly low respiratory rate.

From this experiment it would seem that a rat is tranquilized by
the steady administration of chlorpromazine, but with at least tem-
porary cost to its health. The drug depresses the animal’s memory
and intelligence, alters the composition of its blood, invites infec-
tion, increases its pulse and body temperature, lowers its metabo-
lism, induces abnormal sexual stimulation and damages its skin,
hair and liver. :
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HOW TO MEASURE
THE METABOLISM OF ANIMALS

While casting about for a project to enter in a science
fair, Nancy Rentschler, a high school student in May-
field, Ohio, hit on an interesting apparatus for measur-
ing the rate at which animals utilize food. She describes
its assembly and operation, and gives the details of a
typical experiment with mice as subjects

DuRrING MY HIGH-SCHOOL DAYS I once came across a
textbook diagram of an apparatus to measure animal metabolism.
It had been designed for dog-sized animals and therefore presented
a space requirement considerably beyond my available facilities.
The process sounded so fascinating, however, that I could not put
it out of my mind. I didn’t know very much about metabolism. But
it seemed to me that I could learn if the apparatus could be scaled
down to the size required for a mouse. I was further stimulated
by the fact that the apparatus, if it could be designed, should stand
up well against the 220 exhibits scheduled for entry in our science
fair. I began to work on the project late in January and performed
my first experiments about a month later.

The mice and the apparatus

THE Mice I usep were purchased through a pet shop.

They had been inbred for three generations. At first I found it a bit

difficult to handle them, but soon I learned to pick them up by the

tail. After a week or so the mice became quite tame, although occa-

sionally one would lose its temper during an experiment and try to
bite the experimenter.

For the purpose of my experiments I divided 15 mice into four
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groups, three in one group and four in each of the others. By plac-
ing each group on a diet or medication which differed from that of
the others, I could study the effects of these differences on the
metabolism of the animals. I followed the experimental method
devised by the noted British physiologist J. S. Haldane in 1890.
The apparatus consists mainly of an animal chamber and five flasks
of chemicals interconnected by tubing so that a controlled stream
of air can flow through the system [see Fig. 51, How to Tranquilize
a Ratl. '

The purpose of the apparatus is to measure the amount of oxygen
taken up by the animal, and the amount of carbon dioxide expelled.
The ratio of oxygen inhaled to carbon dioxide exhaled by the ani-
mal during a given period indicates the rate of its metabolism, and
is called the “respiratory quotient.” This quotient varies with the
diet of the animal. When the animal is fed a carbohydrate such as
sugar, the ratio is 1. When it is fed fats, the ratio varies slightly with
the composition of the fat but averages .7. The ratio for proteins
also varies, but averages .8. The ratio of alcohol is .667. The respira-
tory quotients of normal animals under average conditions usually
lie between .72 and .97.

Each flask of the apparatus is fitted with a rubber stopper and
two glass tubes about half an inch in diameter. One tube reaches
to within an inch of the bottom of the flask and the other just passes
through the stopper. Air entering the flasks through the longer tubes
is exhausted through the shorter ones. The first and fourth flasks in
the series (not counting the animal chamber) are filled to a depth
of about three inches with soda lime, which absorbs carbon dioxide.
The second and third flasks contain the same amount of calcium
chloride. The fifth flask is charged with pumice stone and sulfuric
acid. These last three flasks absorb water vapor. Ideally all three
should contain pumice and sulfuric acid.

I found the pumice difficult to prepare, so I made enough for one
flask (to satisfy myself that I could prepare it) and “made do” with
calcium chloride in the other two. The pumice is used in lumps
about half an inch in diameter. Mine came from cosmetic counters,
which proved to be a costly source. I learned later that chemical
supply dealers list pumice at 50 cents a pound.
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The stone is activated by heating it to redness with an acetylene
torch and dropping it, while it is still hot, into concentrated sulfuric
acid. The excess acid is then allowed to drain off. The soda lime is
prepared by mixing lime with a solution of sodium hydroxide in the
proportion of one ounce of sodium hydroxide (by weight) to two
and a half ounces of water (by volume). Lime is added until the
mixture becomes dry. The powder is then separated from the coarse
particles by means of a fine sieve and discarded. Large lumps are
broken down. It is the intermediate fragments — those which pass
through a sieve of five meshes per inch — that are used for charging
the flasks. The absorbing power of soda lime does not last long, and
I had to make additional batches as the experiments progressed.

My animal chamber was a two-quart canning jar. I found it nec-
essary to shield the exhaust tube of the chamber to keep it from
pinning the mice. Before I added the shield, this happened several
times, spoiling the experiment and injuring the mouse. The shield is
merely a short length of rubber tubing with a slit or a few holes cut
in it. It is slipped over the shorter glass tube inside the chamber.
No damage is done when a mouse brushes against the end of the -
tube because the slit provides a second exhaust port.

The entire system must be airtight. Close-fitting stoppers should
be used and all joints coated with either wax or plastic cement. The
rubber tubing should be as short and straight as possible, and
should be tightly fitted to the glass tubes. Air was pulled through
the apparatus by means of an aspirator attached to a water faucet.

Air normally contains about 3 per cent carbon dioxide and a
varying amount of water vapor. Both are removed by the first and
second flasks. Thus air free of water vapor and carbon dioxide flows
into the animal chamber. The animal inhales oxygen and exhales
carbon dioxide and water vapor. The latter are absorbed by the re-
maining flasks.

The increase in weight of the third flask indicates the amount of
water vapor given off by the animal. The fourth and fifth flasks
measure the amount of carbon dioxide (which reacts with the soda
lime in the fourth flask to form carbonic acid). The fourth and fifth
flasks must be weighed together because the soda lime may give up
moisture to the dry air and thus lose weight.
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In setting up the apparatus for a test run, the last three flasks are
weighed, the fourth and fifth together. The animal is then placed in
the chamber, which is stoppered and weighed. The test run is timed
from this moment. The chamber is now connected to the apparatus
and the air pump started. I ran the mice in each group for a total
time of one hour. At the end of this period the pump is stopped and
the chamber removed from the apparatus, stoppered and weighed
again. The third, fourth and fifth flasks are also weighed.

The respiratory quotient may now be calculated. The combined
weight of the mouse and chamber at the beginning of the run minus
their weight at the end of the run equals how much weight the
mouse has lost. The weight of the third flask at the end of the run
minus its weight at the beginning equals the amount of water ab-
sorbed by the calcium chloride and lost by the mouse. The weight
of the fourth and fifth flasks at the end of the run minus their
weight at the beginning equals the amount of carbonic acid formed.

The total weight of water and carbon dioxide absorbed minus the
loss in weight of the mouse equals the weight of oxygen absorbed.
The respiratory quotient is determined by multiplying the weight
of the carbonic acid by the fraction 32/44 and dividing the result
by the weight ~f oxygen absorbed. The quantity 32/44 is the ratio
of the molecul:. weight of oxygen to that of carbon dioxide. Its use
in the equation indicates the amount of carbon dioxide represented
by the carbonic acid.

The metabolism experiment

I usep Two of my four groups of mice to study the
effects of diet on metabolism. With the other two groups I investi-
gated the metabolic effect of the activity of the thyroid gland. The
first group of four mice was given only water. Although mice nor-
mally live about nine days without food, these died after four days.
It is likely that they contracted pneumonia because their resistance
was low. Their respiratory quotient dropped slightly from the be-
ginning of the experiment but stayed within the normal limit of .7
to 1 for the first three days. It plunged sharply just before the ani-
mals died. Oxygen consumption, however, decreased at a constant
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rate throughout the period of observation. At the conclusion of the
experiment I plotted graphs of both oxygen consumption and respir-
atory quotient [see Fig. 55].

In the second group of mice a 17 per cent solution of ethyl al-
cohol was substituted for water. Each mouse also received one gram
of rabbit pellets per day beginning on February 26. On March 4
I found the mice shivering and huddled together in their cage.
Fearing that they might die if a test were attempted, I fed them
immediately and wrapped them in warm rags. Their ration was
doubled for two days and then lowered to a gram and a half on the
third day. One mouse died on March 9 and another the following
day. I attempted to study the remaining two in the metabolism cage
but their rate of respiration was so low that no results were detect-
able at the end of a two-hour run.

According to a doctor friend whom I consulted during the experi-
ments, the mice in this group died of semi-starvation and extreme
intoxication ending in pneumonia and shock. The oxygen consump-
tion of the group increased sharply during the first three days of the
test, dropped for two days and then climbed gradually to a peak
just before the animals died. The respiratory quotient, although
low, remained within normal limits almost to the end. A restricted
diet with an excess of alcohol causes fat to accumulate in the liver
and retard some of its functions. The results of this experiment were
also plotted in graphs [Fig. 56].

On February 27 a group of four mice was started on a mixture of
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Graphs showing metabolic reaction of mice to alcohol

powdered rabbit pellets into which ,1 per cent of desiccated thyroid
gland had been mixed. Because this medication stimulates the thy-
roid the mice, which were permitted to eat as much as they would
consume, gained weight steadily during the experiment. At one
point the apparatus developed a defect and two mice suffocated. 1
continued with the remaining pair. Oxygen consumption appeared
to drop during the final days of the experiment, but this too may
have been due to a defect in the apparatus. The respiratory quo-
tient remained below normal almost from the beginning and indi-
cated no trend [Fig. 571.
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Plot of metabolic reaction to stimulated thyroid glands in mice
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Graph of metabolic reaction of mice to the gradual suppression of thy-
roid gland activity

The final group of three mice was injected with 100 microcuries
of radioactive iodine (I-131) on February 26. This proved to be an
overdose which destroyed the thyroid gland in about four weeks.
The injections were administered in a medical laboratory, where the
mice were kept for three days. Upon their return they were sup-
plied with as much water and rabbit pellets as they would consume.

The outward appearance of the group did not change during the
period of the test. Oxygen consumption fell gradually during the
first eight days and then increased to about double the minimum
value on the 14th day. Thereafter it dropped more or less gradually
to 10 per cent of its initial value on the 22nd day. The respiratory
quotient also varied widely during the experiment but showed a
gradual decrease until the final day of the run, when it shot up from
a near zero value to normal [Fig. 58]. These changes were expected
because the thyroid was slowly deteriorating and its production
dropped in proportion.
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CHROMATOGRAPHY

By washing a mixture of complex substances through
a glass tube packed with a powdered absorbent such
as calcium carbonate, you can separate and recover the
constituents. In the following experiment this analytical
technique — one of the most powerful known to bio-
chemists — is used to separate chlorophyll from spinach
leaves

WiITHIN THE PAsT 10 YEARs thousands of amateurs have
discovered the fascination of chromatography, or “adsorption analy-
sis,” as the process is sometimes called. Despite the fact that the
Russian botanist Michael Tswett described the chromatographic
method in 1906, it did not come into general use even among pro-
fessionals until 1930. In less than two decades chromatography has
opened new avenues to knowledge, created new industries, ex-
panded old ones and made substantial contributions to the health
and well-being of millions.

No description of the chromatographic method has surpassed in
clarity or conciseness that originally set down by Tswett: “If a pe-
troleum ether solution of chlorophyll is filtered through a column
of an adsorbent (I use mainly calcium carbonate which is stamped
firmly into a narrow glass tube), then the pigments, according to
the adsorption sequence, are resolved from top to bottom into vari-
ous colored zones like light rays in the spectrum, so the differ-
ent components of a pigment mixture are resolved on the calcium
carbonate column according to a law and can be estimated on it
qualitatively and quantitatively. Such a preparation I term a chro-
matogram, and the corresponding method, the chromatographic
method. It is self-evident that the adsorption phenomena described
are not restricted to chlorophyll pigments, and one must assume
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that all kinds of colored and colorless chemical compounds are sub-
ject to the same laws.”

In essence chromatography requires only three pieces of appara-
tus: a container for holding the sample, the chromatic column and
a second container for catching the spent liquid as it drips from the
bottom of the tube. After the column has been packed with adsorb-
ing material, a portion of the sample solution is poured in at the top
of the tube. This is allowed to percolate down the column for per-
haps a tenth to a quarter of its length. In doing so it usually forms
a solid band of color characteristic of the solution under investiga-
tion. Clear solvent is then washed down the column, and the proc-
ess of separation begins. Each substance has a characteristic affinity
for the solvent and for the adsorbent. Chromatographers commonly
refer to this property as the adsorbent’s or solvent’s “activity.” The
activity ratio determines the position a particular substance will
occupy on the column relative to others in the mixture from which
it is being separated. Substances most weakly held in solution and
most strongly attracted to the adsorbent will adhere to the upper-
most particles of the column. Those less strongly attracted to the
adsorbent will be washed down farther, the distance depending upon
each substance’s relative adsorption ratio, and the separated sub-
stances will form a characteristic pattern of bands in the column.
Extracts prepared from some green leaves, for example, show more
than 20 distinct bands, ranging from dark green through various
shades of orange, pink, yellow and delicate violet to white, the col-
ors identifying the various xanthophylls, flavoxanthins, luteins, caro-
tenes and related pigments.

The operation of washing the column with clear solvent is known
as “development.” As fresh solvent flows down the column, some
molecules detach themselves from the adsorbent, join the solution
and move down to regions of less concentration. Here they are re-
adsorbed. The activity of both the solvent and adsorbent appears to
vary with the concentration of the substance under analysis; hence
a given substance may pass out of and into solution many times in
the course of its journey down the column. At first the bands are
narrow and bunched near the top of the column. As development
continues, all the bands progress toward the bottom and grow wider
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and more distinctly separated. A fully developed chromatogram dis-
plays a series of distinct, cleanly separated bands, varying in width
in proportion to the amount of each substance in the mixture.

The separated, purified substances can then be extracted in one of
two ways: either by washing the successive bands out of the bot-
tom of the column with solvent, or by pushing the cylinder of ad-
sorbent out of the tube, separating the bands with a knife and re-
moving the substance with a solvent. If the chromatogram is sucked
to dryness, it slips readily from the tube. Some workers scoop the
adsorbent out of the tube one band at a time with a slender spatula.

Thousands of different adsorbents and solvents have been tried.
The selection of the most effective combination for each purpose
remains largely a matter of cut and try. The following lists of ad-
sorbents and solvents, which will resolve most of the mixtures the
amateur is likely to prepare, were drawn up by William T. Beaver,
a student at Princeton University and winner of a Westinghouse
Science Talent Search award. The adsorbents are listed in approxi-
mate order of decreasing activity; the solvents, in the reverse order:

ADSORBENTS SOLVENTS

1. Activated alumina 1. Petroleum ether

2. Charcoal 2. Carbon tetrachloride
3. Magnesia 3. Carbon disulfide

4. Silica gel 4. Ether

5. Lime 5. Acetone

6. Magnesium carbonate 6. Benzene

7. Calcium carbonate 7. Methyl or ethyl alcohol
8. Sodium carbonate 8. Water

9. Talc 9. Organic acids

10. Powdered sugar 10. Aqueous solutions of acids

or bases

Sometimes more than one solvent may be used, either in combi-
nation or successively. For example, a small amount of benzene
may be mixed with the weakly active solvent petroleum ether to
speed up the development of bands. Care must be exercised, how-
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ever, not to make the solvent so active that it washes the bands from
the column immediately. After the bands of a cylinder of adsorbent
have been cut into blocks, they may be treated with a strongly ac-
tive solvent for the swift and complete extraction of the principal
substances. This is called elution, and the solvent or combination of
solvents used for this purpose is the “eluent.” Most of the common
adsorbents and solvents are inexpensive; some are found in nearly
every home. Beaver advises the beginner to purchase chromato-
graphic supplies from a chemical supply house. Those found in the
home are likely to be contaminated, and a minute amount of foreign
matter can confuse the result. Chromatography is an extremely sen-
sitive technique, comparable in its field with the classic knife-edge
test used by amateur telescope makers.

“The very fact,” says Beaver, “that there are few fixed ground
rules recommends chromatography as an avocation. Not even the
most advanced professional can prescribe a hard and fast procedure
for setting up and operating a chromatic column. The field is so
new that it is open to all comers. The amateur has a good chance of
making a worthwhile contribution to the technique.”

The glass column may range from a fraction of an inch to several
inches in diameter, depending upon the coarseness of the adsorbent,
the nature of the substance to be adsorbed, the quantity of material
available and like considerations. Most workers prefer to use tubes
somewhat less than an inch in diameter. Usually the column is 10
times as high as it is wide. For the separation of some isotopes, how-
ever, slender tubes 100 feet or more in length have been used. The
bottom of the tube is pinched in and stoppered with a tuft of cotton
or glass wool to provide support for the adsorbent. Such tubes are
available through most chemical supply houses, but they may be
made readily at home from glass tubing.

Most of the difficulty experienced by beginners arises from fail-
ure to pack the column uniformly. Unless the adsorbent is evenly
distributed, the bands are likely to be ragged and overlap. Tswett
put in dry, powdered adsorbent a little at a time, and tamped each
bit firmly into place until the column reached the desired length.
Subsequent experience has modified his procedure in numerous
ways. After a layer is packed into place, the surface may be loos-
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ened somewhat with a spatula so the succeeding one will join it
more uniformly. Ordinary wooden dowel stock, squared at the end
and slightly smaller than the inside diameter of the tubing, makes a
good tamping tool. Some adsorbents settle into place satisfactorily
if the tube is merely jarred while being slowly filled. Other adsorb-
ents can be introduced in the form of a mud or paste, suction being
applied simultaneously. Chromatographers agree that packing the
column is an art. Like all arts, its mastery comes largely through
practice.

Most workers use the standard tests that have been devised to
choose appropriate solvents and adsorbents for specific jobs. One of
the most popular consists in placing about a teaspoonful of adsorb-
ent in a shallow dish, shaking it into a wedge-shaped layer on the
bottom, dissolving the mixture to be tested in a weak solvent, put-
ting a few drops of this on the thin edge of the adsorbent with a
micropipette, and then trying various solvents and combinations of
solvents in order of increasing activity [see Fig. 59].

Amateurs who get into this field will undoubtedly come sooner or
later to paper chromatography, which makes the whole thing easier.
The “column” in this case is a strip or sheet of paper, enclosed in a
saturated atmosphere to prevent evaporation. The paper is mois-
tened with solvent, and then a drop of the solution to be analyzed
is applied to the upper edge or an upper corner of the sheet. The

59
Convenient method of testing solvents
and adsorbents
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sheet is then bent over and dipped into a shallow dish of the solvent
to be used for development. The solvent flows down the hanging
sheet by capillary action, carrying the substances to be resolved
with it. These adsorb as spots along the paper — the counterparts
~ of bands in the conventional column. When development has car-
ried the lowest spot close to the bottom, the sheet may be removed
from the solvent, rotated 90 degrees and reinserted. Each spot then
becomes the point of origin for a new chromatogram. If the re-
solved fractions are comprised of subtle mixtures, the components
of each fraction will array themselves across the sheet. What you
have then is a “two-dimensional” chromatogram as shown in Fig-
ure 60.

Tswett likened the bands on his column to the rays of colored
light emerging from a prism in a series of colors. The two-dimen-
sional chromatogram carries the analogy further by subjecting each
“ray” to a second analysis, with increased resolution comparable
with that achieved optically when physicists pass a colored light
from one prism through a second. Many amateurs use the paper
technique as a test method for identifying the fractions of a mixture
qualitatively and follow it with a conventional column for quanti-
tative determination.
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As Tswett predicted, the chromatographic method resolves color-
less fractions just as readily as colored ones. During recent years
much work has been done in colorless chromatography. Many tech-
niques have been developed to make these substances visible. The
presence of amino acids, for example, is detected by spraying the
extruded adsorbent, or the paper chromatogram, with ninhydrin,
which turns these normally- colorless substances a light purple.
Other substances fluoresce under ultraviolet light. If a drop of or-
dinary blue-black ink is placed on a strip of chromatographic paper
and developed with alcohol, several bluish bands, representing the
ink’s content of iron compounds and dyestuffs, form along the
length of the strip. Under an ultraviolet lamp the dried paper shows
many other bands, ranging in color through the reds, oranges and
greens. With a second chromatogram using a known substance as a
control, one may identify an unknown (but suspected) substance by
comparing the positions of the respective bands on the chromato-
grams. In a chromatographic column colorless fractions may also be
detected by their differential blending of light transmitted through
the column or by polarization of the light. Recently some substances
have been tagged by radioactive isotopes and detected by photo-
graphic processes, but these techniques generally lie beyond reach
of the facilities commanded by the average amateur.

The extraction of the chlorophylls, carotenes and xanthophylls
from spinach leaves can serve as a highly colorful introduction to
the chromatographic technique. The following experiment, sug-
gested by Beaver, should be made in a well ventilated room be-
cause the solvents are highly volatile and inflammable. Moreover,
fumes from one, wood alcohol, are poisonous.

Into columns made of 10-millimeter glass tubing about a foot
long, fire-polished at one end and flared at the other to facilitate
filling, is packed the adsorbent (Merck’s alumina standardized
according to Brockmann, of 80 to 200 mesh). It is packed in suc-
cessive small portions while jarring the tube. Suction materially re-
duces the development time; Roger Hayward’s drawing [Fig. 611
shows how to set up the column for use with a vacuum flask. An
alternative, omitting the vacuum provision, is shown in Figure 62.

Ten grams of dried spinach leaves are steeped in 100 milliliters
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of wood alcohol for 24 hours. The material is then filtered and the
residue is washed with an additional 50 milliliters of wood alcohol.
This extract is shaken with 50 milliliters of petroleum ether; 100
milliliters of water are added, and the solution is placed in a sep-
aratory funnel. After a distinct separation has taken place, the lower
alcohol-water layer is discarded, and the upper petroleum ether
layer, containing the extract, is filtered.

You run about half of this extract into the column of alumina and
then develop the column with benzene. The first fraction to pass
down the column is a fairly narrow yellow-orange band of carotene.
It is followed by much wider pink and yellow bands of xantho-
phylls. These are familiar pigments that cause wooded countrysides
to take on the colors of fall after frost has killed the chlorophyll.
Fractions of these pigments may be collected as they emerge from
the bottom of the column and evaporated to dryness. The two
groups (carotenes and xanthophylls) may then be further resolved
into their components by dissolving them in a few milliliters of
petroleum ether, passing them through fresh columns and develop-
ing with benzene-petroleum ether or, for greater eluent activity,
with pure benzene.

In the column the chlorophylls form a dark green band. The band
is scooped from the column; the pigments are washed out with five
milliliters of wood alcohol, and the solution is filtered. The filtrate
is put in a separatory funnel with five cubic centimeters of petro-
leum ether, and five milliliters of water is added. The petroleum
ether extracts the chlorophylls, and the water and alcohol form a
separate layer which can be poured off. Then the petroleum ether
extract is washed several times with water and run through a col-
umn packed with powdered sugar (sucrose) in the form of a slurry
with petroleum ether. Now you develop the column with petroleum
ether. The chlorophylls separate into two components —a yellow-
dark-green band of beta-chlorophyll near the top of the column and
a bluish-green band of alpha-chlorophyll farther down.

Because of its vital role in photosynthesis, chlorophyll has be-
come the glamor plant-pigment in popular imagination. But many
amateur chromatographers find the carotenes just as interesting.
Unlike the chlorophylls, which act as catalysts, the carotenes play a
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direct chemical role, both in animals and plants. They appear to be
essential to the body’s manufacture of vitamin A, and they play a
part in the mechanisms of vision and sex. As the name implies they
may be extracted from carrots.

To extract carotene you grind five grams of dried carrot root to
dust in a mortar and then add 50 milliliters of a mixture of equal
parts of wood alcohol and petroleum ether. Shake the mixture thor-
oughly, add five milliliters of water and pour into a separatory fun-
nel. The carotenes, plus xanthophyll esters, are concentrated in the
petroleum ether layer that forms at the top. Separate this layer and
concentrate it by evaporating some of the fluid, leaving 20 milli-
liters. Then add three milliliters of a solution of 5 per cent sodium
hydroxide in wood alcohol, which saponifies the xanthophyll esters
so they can be removed by washing. Wash the mixture several times
with 85 per cent wood alcohol in water; then wash several times
with pure water to remove traces of wood alcohol.

Now let the petroleum ether separate from the water and then
filter it. The yellow-orange solution that remains bears the complex
of carotenes. To separate them, pass about half of the solution into
a column of alumina and develop the column with a mixture of
benzene and petroleum ether in the ratio of 1 to 3. You will get
three well-defined bands, containing, from the top down, gamma
carotene, beta carotene and alpha carotene. You can recover the
pigments either by washing them successively out of the column or
by extracting them from the separate bands of adsorbent with wood
alcohol.

Chromatography is a far more subtle method of separation than
the traditional chemical techniques of distillation, precipitation with
reagents, and crystallization. Fortunately for amateurs, it is also a
method of beautiful simplicity.
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When a solution of chemical compounds is applied to
an electrified sheet of porous paper, each compound
migrates in the electrical field at a rate and in a direc-
tion determined by its own characteristic charge. Ama-
teurs can use this phenomenon for analyzing chemical
mixtures of extreme subtlety. The construction of a
simple apparatus and its use are described

WITHIN RECENT YEARS biochemists and others have ac-
quired a powerful new tool for separating intimately related com-
pounds: the electrophoresis apparatus. The word electrophoresis
means “borne by electricity.” In a broad sense the movement of
charged pith balls in an electrostatic field is an electrophoretic
effect. So is the Cottrell process for eliminating smoke particles
from flue gases by passing them between electrodes of high poten-
tial difference. After picking up a charge from one electrode, the
particles are attracted to the other, where they clump and fall into
a collecting bin. The electrode position of colloidal rubber suspen-
sions on electrodes of special shape — a process widely used in the
manufacture of rubber gloves and other common articles —is an-
other example.

But electrophoresis is the special name given to the technique of
separating molecular mixtures into fractions. Most suspensions of
molecules in water are charged and hence can conduct an electric
current. Even molecules which normally do not carry a charge tend
to adsorb ions from the water. Some molecules pick up more charge
than others, depending upon their chemical nature and the concen-
tration of ions in the solution.

If the ionic concentration (pH) is properly adjusted. all closely
related molecules, such as those of the proteins, appear to adsorb
charges of the same sign. Consequently when they are subjected to

152



ZONE ELECTROPHORESIS

an electric field they migrate in the same direction, although at rates
which vary with the amount of charge on each member of the
family. Many amateur microscopists have observed such migration
on a gross scale with objects such as blood cells or protozoa. If a
voltage is applied across a drop containing cells in suspension, the
cells will migrate. Alexander Reuss first described the experiment
148 years ago, and it was a favorite of Michael Faraday.

To analyze molecular mixtures, the Swedish chemist Arne Tise-
lius hit upon a radically different scheme, He poured the material to
be studied into the bottom of a U-shaped tube and carefully laid a
buffered solution on top in each arm of the U so that sharp bound-
aries formed between the mixture and buffer. When a current was
passed through the three-part solution, the material under analysis
migrated down one arm of the U and up the other. Each of its frac-
tions moved at a characteristic rate. The boundaries of each fraction
were made visible by an elaboration of the schlieren optical tech-
nique devised by Léon Foucault for testing the figure of parabolic
mirrors and lenses. Like the ruling engine for making diffraction
gratings, the Tiselius technique of “free” electrophoresis is simple
in principle. Like the ruling engine, too, the method appears easy
until you set up the apparatus and try to make it work! In this do-
main the gifted professional appears safe from amateur challenge.

A less precise yet powerful method of zone electrophoresis has
found wide application during the past ten years and the following
description of it has been made possible through the cooperation of
H. G. Kunkle of the Rockefeller Institute. In the zone method,
particles move in liquid that fills the spaces of a finely divided solid
instead of a U-tube. Molecules of like kind migrate as distinct zones
which can easily be identified and recovered as purified products.
Porous solids of many kinds can serve as the medium. One medium
frequently used is filter paper. Zone electrophoresis thus bears a
superficial resemblance to partition chromatography. The electro-
phoretic separation, however, depends not upon the properties of
solubility and adsorption, as in the case of chromatography, but
upon the electrical charge carried by the molecules of the substance
that is being analyzed.

The amount and sign of the charge picked up by compounds in
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solution depend both upon the chemical nature of the compound
and upon the pH, or acid-alkaline balance, of the solvent. Molecules
which normally carry a weak charge, such as the slightly alkaline
proteins, are highly sensitive to changes in pH. A small shift in
acidity or alkalinity can cause a substantial change in the rate at
which such particles migrate and may even reverse the direction of
their movement. One therefore selects for the solution electrolytes
(sources of charge) which have a “buffering” action: that is, which
tend to supply positive and negative ions to the solution at a rate
precisely offsetting that at which ions are removed or dissipated.
Many common salts have a strong buffering action, although table
salt (sodium chloride) is not one of them.

If you take up electrophoresis you will have to find your own
way through woods where few trees are blazed. Except for protein
chemistry, you must develop your own electrolytes, buffers and
solid media, and must find out by experiment just what voltages
and current densities work best for the substance under analysis.
The field of electrophoresis has barely been scratched. If you enjoy
original work, you can dig in almost anywhere, certain that you are
breaking fresh ground.

To give you a start, the essentials of an apparatus which uses
filter paper as the solid medium are illustrated in Figure 63. You
can set it up and put it into operation in a single evening.

The ends of the paper dip into two vessels containing an electro-
lytic solution connected through carbon electrodes to a source of
direct current. To retard evaporation of the solution the paper is
sandwiched between a pair of glass plates. The plates, about two
inches wide and eight inches long, are cut from quarter-inch plate
glass. As a safety precaution it is a good idea to round the edges and
corners of the glass on either a whetstone (using water as a lubri-
cant) or on a sheet of glass smeared with a slurry of carborundum.

It is desirable to maintain an even pressure of the glass on the
filter paper, so that migration proceeds in a symmetrical and repro-
ducible pattern. Pressure improves the sharpness of the zones, be-
cause it reduces the amount of fluid in the paper. However, if the
pressure is too high, it will bend the glass and distort the zones.
Some workers have attempted to solve the problem by using plates
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A simple setup for experimenting with zone electrophoresis

an inch or more thick. The bottom plate is supported by a flat base
and the top one rests on the paper as a weight. Others suspend the
paper from glass rods laid across the buffer vessels. The apparatus
is then covered by a bell jar and operated in a buffer-saturated at-
mosphere. The latter method has the disadvantage that the buffer
tends to gravitate toward the low point of the strip with consequent
distortion of the pattern of separation.

Capillary effects between the glass plates and the paper also in-
troduce some distortion. This is minimized by coating the plates
with a thin film of grease. Vaseline will work, but not so well as
silicone grease of the type used for lubricating the stopcocks of
chemical glassware.

Glass containers of any convenient shape can be used as buffer
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vessels. Heavy Pyrex icebox dishes, available from hardware deal-
ers, work as well as specially made glassware. The principal consid-
erations in the selection of containers are chemical inertness and
enough weight so the empty vessels will support the plates, paper
strip and clamps without upsetting.

Chemical inertness is a major consideration in the choice of elec-
trodes. Most professionals use platinum, but carbon rods will work.
Avoid the cored carbons used in sun lamps, These cores are charged
with finely divided metal (to enrich the emission of ultraviolet rays)
and will contaminate the solution. Carbon electrodes from dry cell
batteries are ruled out for the same reason. Solid carbons designed
for low-intensity motion-picture projectors are good and can be pro-
cured from theater-supply dealers.

The amount of electric current needed varies with the substance
under analysis. A rectifier capable of operating between 50 and 300
volts at an output of 20 milliamperes will be ample for most work.
You may get a good rectifier from a junked radio receiver. Just con-
nect a 40,000-ohm wire-wound resistor (of the type fitted with an
adjustable tap ) across the filter condenser. The resistor should be of
at least the 10-watt size. Take the output from across the ground
side of the resistor and the tap. If no old radio set is at hand, you
can get the parts specified in the drawing [Fig. 64] from radio-sup-
ply dealers.

It is frequently desirable, particularly during the experimental
phase of analyzing unknown substances, to maintain either a con-
stant voltage across the paper strip or a constant current through it.
Power supplies with automatic regulating features can be con-
structed, but they are costly and complex. Good results can be
achieved with a manual control. Substituting a continuously vari-
able potentiometer for the tapped resistor makes adjustment easy,
and the knob will protect your fingers from the hot resistance
element. If the current is limited to 15 milliamperes or less the
rating of the potentiometer need not exceed 10 watts.

Almost any soft paper will demonstrate zone electrophoresis. You
can use strips cut from white blotters, paper towels, cleansing tissues,
even the unprinted parts of old newspapers. Clear, reproducible
patterns, however, require a specially made paper of uniform
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Power supply for zone electrophoresis apparatus

texture and free of contamination. A good paper is Whatman
3MM, supplied in 600-foot rolls by the Fisher Scientific Company
of New York City, which also has most of the chemicals used in
electrophoresis experiments. You can order the Fisher materials at
drug stores.

The separation of the artificial coloring used in a cheap wine is a
nice electrophoretic project for a beginner. You can make your own
mixture for analysis by adding a few drops of food coloring to grape
juice. For an electrolyte you can use a weak solution of common
salt buffered with a small amount of baking soda (sodium bicar-
bonate). Later you can investigate electrolytes made with other
salts, many of which provide their own buffering action.

Food coloring migrates nicely in an electric field of 25 volts per
inch at a current of 10 milliamperes. This means that the buffer-
moistened filter paper should have a resistance of about 2,500 ohms
per inch. To obtain this value of resistance you will have to experi-
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ment with various dilutions of the electrolyte. Begin by drawing
enough tap water to fill the icebox dishes to within half an inch of
the top. Put all this water in one container and add a level teaspoon
of salt. After it dissolves, immerse the paper strip in the solution.
Remove the strip, blot it thoroughly and clamp it between the glass
plates. Then pour the solution into the icebox dishes, suspend the
ends of the paper in it, connect the power supply to the solution
through the carbon electrodes and adjust the potentiometer or
tapped resistor to the prescribed potential of 200 volts.

If the resulting current is less than 10 milliamperes, turn off thé
power, remove the strip, return the solution to the common con-
tainer, add more salt and try again. Usually a level teaspoon of salt
for each 12 ounces of water produces the desired conductivity, but
the amount needed varies with the purity of the tap water. Finally
add a quarter teaspoon of baking soda for each 12 ounces of solu-
tion. (It will affect the resistance only slightly.)

After you have an electrolyte with the proper resistance, draw a
light pencil line across the middle of a fresh strip of filter paper, dip
the strip into the buffered electrolyte, blot it and then apply a very
small drop of wine to the pencil line with the blunt end of a tooth-
pick. The wine should first be concentrated by letting it evaporate
at room temperature to half or less of its normal volume. Now
spread a film of grease on the inner faces of the glass plates. Clamp
the paper between them, seal the edges of the plates with grease,
immerse the protruding ends of the paper into the buffer and switch
on the power. .

If the wine sample contains artificial coloring, in about five min-
utes the edge of the wine spot nearest the anode should become
sharper and the edge toward the cathode should grow fuzzier.
Within an hour a blotch of dye, probably comet-shaped, will have
migrated a substantial distance from the point of origin. As the
process continues, comets of other colors, each a constituent of the
dye, will trail the first one down the length of the paper as shown
in Figures 65 and 66. The dye fractions in the wine should be fully
resolved in about six hours. (The blotch made by the wine itself
will move little, if at all.) By spacing drops along the pencil line you
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65
Electrophoresis separations of imported Chianti wine (¢op) and an in-
expensive domestic Chianti to which coloring has been added (bottom)

can analyze several samples-of fluid simultaneously on the same
strip of paper.

The tendency of zones to smear, trail, assume comet shapes and
otherwise depart from sharpness is one of the undesirable features
of zone electrophoresis on filter paper. It represents a challenge to
the experimenter. In general the drier you can run the filter paper
(or other solid medium), the sharper the zones will be. Within
limits dryness can be achieved by applying heavy pressure on the
glass plates: in effect you try to squeeze out the buffer. The spots
should be dry enough so that you can rub your hand across the

66

Electrophoretic analysis of pure grape juice (top) and grape juice colored
with vegetable dyes (bottom). Note migration of dyes
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paper as it comes from the apparatus at the end of a run without
smearing the pattern. The amateur who resolves the dilemma of ap-
plying enough pressure without bending the glass will make a con-
tribution to science.

Substances which migrate more rapidly than others along the
electrophoretic paper are said to have “high mobility.” Mobility is
determined in large part by the strength of ionization of the parti-
cles. Measuring the mobility of substances is an interesting project
for beginners. You simply time the rate of migration of each sub-
stance along a scale ruled on the strip of paper, using a control
buffer of a certain pH and concentration. Stains used for coloring
organisms to show them under the microscope make nice test speci-
mens. A particularly good series is eosin Y, methylene blue, basic
fuchsin, malachite green, Bismarck brown, safranine and gentian
violet. The chemical properties of these stains are listed in reference
texts. Each migrates in a saline solution at a characteristic rate.
Figure 67 shows the relative migration rates of positively ionized
methylene blue (top) and basic fuchsin (bottom), and negatively
ionized eosin Y (middle). These were resolved on filter paper with

67
The migration of methylene blue (top) and basic fuchsin (bottom)

a saline solution buffered with sodium bicarbonate. The same test
showed that the malachite green stain migrates an inch per hour at
70 degrees Fahrenheit under 200 volts and 10 milliamperes.
Amateurs who wish to have a go at something more sophisticated
may enjoy trying to separate blood proteins. This entails the sacri-
fice of a few drops of blood. You will also need access to a centri-
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fuge (to extract the serum from the blood), a_few grams of the
barbiturate veronal and a liter of 95 per cent ethyl alcohol.

Dampen the filter paper with barbital buffer adjusted to pH 8.6.
After blotting the paper, deposit five thousandths of a milliliter of
serum on the ruled strip with a calibrated micropipette. Then clamp
the paper between the plates and seal it with silicone grease.

A potential of 15 volts per centimeter and a current of 15 milli-
amperes will resolve a specimen in five or six hours; however, the
pattern may show traces of smearing. Four volts per centimeter and
four milliamperes increases the time to 12 hours but yields sharper
patterns. Blood-serum fractions are difficult to see. The albumin can
be made more strikingly visible by labeling it with a few crystals of
bromphenol blue. After the albumin has migrated an arbitrary dis-
tance, say seven centimeters, the paper is removed and dipped for
two minutes into a solution of 95 per cent ethyl alcohol saturated
with mercuric chloride, to which 1 per cent bromphenol blue is
added. The strip will emerge from the stain a deep yellow. It is then
washed repeatedly in water containing a thousandth part of acetic
acid. On contact with water, the yellow changes to a deep blue. The
color gradually disappears from the paper during washing but is re-
tained by the protein fractions. Figures 68 and 69 show typical sepa-

68 ,
The pattern of blood proteins from a normal individual

rations of blood proteins taken from two individuals, one in normal
health and the other diseased. The density of the spots in each pat-
tern indicates the amount of protein in each fraction. From right to
left Figure 68 (normal serum) shows albumin, alpha-one globulin,
alpha-two globulin, beta globulin and gamma globulin. The dense
spot at the left in Figure 69 is characteristic of the bone disease
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69
The pattern of blood proteins from an individual suffering from myeloma

myeloma. Other diseases produce characteristic patterns which
serve as valuable aids in diagnosis.

The result of an amateur’s first attempt to fractionate albumin (the
white of chicken egg) is shown in Figure 70. The smeared pattern
explains this experimenter’s passion for anonymity. Here the buffer
was salt, baking soda and water.

A number of techniques have been devised for making quanti-
tative measurements of protein patterns. In one the strip is sectioned
into eighth-inch segments. The dye in each is then quantitatively
eluted in a two milliliter solution of 1 per cent N-sodium hydroxide
and read, after an hour or so, on a colorimeter. The resulting values
are plotted as points. The smooth curve drawn through them is
equivalent to the curve derived by free electrophoresis.

As mentioned earlier, zone electrophoresis is not limited to filter
paper. It is interesting to compare the behavior of a given test sub-
stance and buffer in media compounded of starch grains, silica gel,

70
An amateur’s first attempt to fractionate the white of an egg -
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activated alumina and similar materials, as well as the reaction of
various buffers with respect to a given medium. A slab of starch, for
example, is easy to prepare. Put a pound of potato starch into a sieve
lined with filter paper. Wash the starch for 30 minutes and pour it
as a batter into a rectangular mold. The slab (about ¥ inch thick)
is then thoroughly blotted, and with suitable carbon electrodes it
can be used in principle just like filter paper. The only limit to vari-
ations in the physical arrangement of the apparatus is set by the
ingenuity of the worker, It is possible, for example, to adapt electro-
‘phoresis for the continuous separation of material in gross amounts.
At least one amateur telescope maker prepares colloidal rouge by
means of continuous electrophoretic separation. Buffer is allowed to
flow down a wide strip of filter paper by capillary attraction. It
drips from the bottom edge of the paper into a container below.
The rouge mixture is fed onto the paper from a continuously flow-
ing micropipette near the top. Electrical contact is made with the
edges of the strip through wicks saturated by buffer. Fractions not
ionized flow down the strip vertically. Ionized fractions take a diag-
onal course, the steepness of which depends upon the strength of
the ionization. A scallop is cut into the bottom of the strip in line
with each fraction, and collecting vessels are placed beneath the
points.
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1
“NATURE’S UNIMPORTANT
PUZZLES”

About a great amateur naturalist, Walker Van Riper

IN APPRAISING THE CONTRIBUTIONS to science of the
late Walker Van Riper, a retired investment banker of Denver,
Colorado, who devoted his final years to nature study, A. M.
Bailey, director of the Denver Museum of Natural History, has
said, “Van Riper was the perfect answer to the small museum
director’s prayer. You couldn’t possibly pay him what his extraor-
dinary skills were worth, yet he did the job simply for the joy of
doing it — and did it better than anyone else could have done it.”

Van Riper made a hobby “of investigating nature’s unimpor-
tant puzzles,” as he liked to say — of pecking away at question
marks among animals which make no difference to man one way
or the other. With his high-speed camera, for example, he proved
that rattlesnakes do not bite. They stab. He also exploded the
popular belief that the deer fly can break the sonic barrier. His
precisely timed photographs of the creature in flight show that
many common insects can easily outstrip it. At the time of Van
Riper’s death in 1960 he was deeply involved in the question:
When a housefly lands on the ceiling does it execute a wing-over,
a slow roll or a half loop? Of all his many projects, however, per-
haps none was more fascinating than his continuing investiga-
tion of hummingbirds.
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2
THE DELIGHTS OF
HUMMINGBIRD STUDY

No bird is more amenable to intimate observation
and few pose more unanswered questions. The late
Walker Van Riper devised brilliant techniques for
attracting hummingbirds and studying their habits.
Here are some of his methods, described in his words

PROBABLY NO OTHER BIRD is so amenable to intimate
observation as the hummingbird. Fairly accurate answers can be
obtained to such questions as: What does it eat and how much?
How fast and in what manner does it fly? What is its size and
weight? How are the young cared for? Besides its convenience
as a subject, the hummingbird is the most beautiful, vivacious,
bold and, in my opinion, by far the most interesting of birds.

These words may sound a bit extravagant, but they are well
backed by authority. John Gould, the great British ornithologist
of the 19th century, loved the hummers beyond all other birds.
His five-volume A Monograph of the Trochilide, or Humming-
Birds testifies to this. Eugéne Simon, head of the Entomological
Society of France, produced a highly valuable work on the classi-
fication of hummingbirds which took 30 years in the making.
Simon had dedicated his life to the study of spiders, but during
an expedition to Venezuela to collect spiders he was “seduced”
by the hummingbirds and decided thereafter to divide his labors
between his first love and his second. Considering that there are
some 600 species of the Trochilide, more than in any other bird
family, their taxonomy is no mean task. In fact there is a word
for a specialist on hummingbirds: “trochilidist.”

Hummingbirds belong exclusively to the New World. Most
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of the species are tropical. Only 14 breed regularly in the U. S.
On the eastern slope of the Rockies in Colorado we have three
species — the broadtailed, the rufous and the calliope. The first
is the hummer of this area, nesting in the mountains, the foothills
and in city gardens. It is very similar to the ruby-throated hum-
mingbird, the only species seen in the eastern half of the country.

The rufous and calliope hummingbirds show up here only dur-
ing their return migration to Mexico from the north, where they
breed in the summer. The rufous probably has the longest mi-
gratory movement of any hummingbird: it nests as far north as
southern Alaska. It also has another distinction: it was first de-
scribed by none other than Captain Cook. On his third and last
voyage he was given some rufous hummers by the natives of Van-
couver Island.

Usually by mid-July a fair number of the migrants from the
north arrive here. The mature males come first and stay only two
weeks or so. They are followed by females and the young. The
young males often stay into September, sometimes outstaying the
resident broadtails. The calliope is the smallest of our hummers,
weighing about 2.5 grams - the weight of a dime. You could send
about a dozen of them by first-class mail for a four-cent stamp!

The amenability of hummingbirds to close-up observation and
experiment is due primarily to the fact that they are extraordi-
narily fearless, probably because they have no natural enemies
of importance. Coupled with their eagerness for food and readi-
ness to accept artificial food, this makes them excellent labora-
tory residents.

The artificial food for hummers is a syrup comparable to the
flower nectar on which they usually feed. Hummingbird fanciers
have a great variety of notions about the best kind of syrup. I
once made a preference test with a mature female broadtail. I set
up a series of bottles side by side with different mixtures: sugar
solutions in water at various concentrations; sugar, orange juice
and water; honey and water; honey, orange juice and water. The
bird showed a clear preference for the syrup made of one part
sugar to one part water (i.e., equal proportions by weight). In-
cidentally, the feeding bottles were in my garden: to keep out
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71
Apparatus setup used in weighing a hummingbird

bees and wasps the aluminum cap had only a tiny hole (an eighth
of an inch) which was big enough for the hummingbird’s bill;
to keep out ants I smeared a band of sticky material around each
bottle.

I next set up an experiment to determine the amount of syrup
consumed daily by my bird, together with its relationship to her
weight. The hummer fed from a single botttle while resting on
a wire perch hanging from a postal scale [see Fig. 71]. By remote
control I tripped a camera to photograph the scale reading and
record the weight of the bird. It averaged 4.3 grams (less than
one sixth of an ounce), and the bird consumed each day an aver-
age of 1.8 grams of sugar — 42 per cent of her weight.

Intake of fuel at this rate is astonishing. Oliver Pearson has
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shown that the hummingbird has the highest metabolic rate of
any warm-blooded animal so far measured. In calories my bird
ate 1.7 calories of sugar per gram of its body weight per day —
more than 30 times the daily rate of food intake needed by a man
doing moderately hard physical labor. And this bird by no means
limited her feeding to my bottle: she also ate insects and flower
nectar each day! ,

For several years I maintained a hummingbird feeding station
in a bit of rough yellow-pine and scrub-oak country on a ranch
25 miles south of Denver, where it is possible to assemble many
more birds than can be attracted to a single city garden. I was
able one summer to take a cenus of the hummingbird popula-
tion on the ranch.

Early in May I put out some feeders of a new type designed
by Erwin Brown [see Fig. 72]. It was made of a five-ounce jelly

Broadtail hummingbirds surround the feeder used in a population ex-
periment. A male is at the right; a female, at the left
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container with a red lock-top. A hole in the center of the lid ad-
mits the neck of a pop bottle, and four eighth-inch holes are spaced
around the perimeter. These holes admit the hummingbird bill,
but not bees or wasps. The lid is fastened to the bottle with a
couple of three-quarter-inch hose washers, one above and one
below. The bottle is filled, the cup fastened to the lid, then the
whole is inverted and hung. There is little evaporation, and it
may be assumed that the entire output of this feeder goes to
hummingbirds alone.

On June 20 I had half a dozen of these feeders distributed in
an area about a mile square. I estimated that the number of hum-
mers, all broadtails, then feeding at my station was 66. A few
nests had been found and, judging from these, most of the hens
in the area were sitting on eggs at the time. By July 11, as these
hatched, the population rose to 118.

At this point the first migrating rufous appeared. The coming
of the first male rufous is always an exciting event, for he is spec-
tacularly beautiful. The rufous is sometimes called the golden
hummingbird. His back is the color of burnished copper, and he
has a gorget (throat patch) which is described as “of a surpass-
ingly vivid fiery red or metallic scarlet changing to crimson, golden
and even brassy green.” The metallic shine and changing hues
of the gorget are due to refraction and reflection of the light by
minute elements in the structure of the scale feathers.

The rufous is the most pugnacious and aggressive of our hum-
mers. A bit smaller than the broadtail, but meaner, he takes little
time to demonstrate who is boss. Within 24 hours after arrival
the rufous males have taken over command of every feeding
bottle. In flight they make a distinct buzz, like that of a bumble-
bee, in contrast to the whistle of the male broadtail. The young
male broadtail at first flies with a hum, like his mother, but he
acquires whistling wing slots when his second set of feathers
develops.

With the coming of the migrants my hummingbird population
jumped to 132. As more broadtail young joined the feeders, it
increased gradually to a high of 166 on July 24. The population
then declined steadily and was down to 70 by the end of the
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month. It stayed at that level for most of August, dropped to 39
by September 4 and to zero by the 11th.

During July, when the population was at its peak, I occasion-
ally supplied only a single feeder, generally a red bowl, in order
to concentrate the birds for observation and pictures. This often
brought together a flock of 25 or 30 hummers — fighting, chasing,
diving and investigating around the bowl. When I sat in my car,
some would fly in the window and hover a foot from my nose
to look me over. When I put up my photographic apparatus, the
birds investigated the camera, lights, lens — everything shiny, and
especially everything red. If I held the red bowl in my hands,
half a dozen birds would alight on my hands or the rim of the
bowl to feed at once [see Figures 73 and 741.

73

Hummingbirds show no fear. Male broadtail on right; female, left
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74
The hummingbird makes an ideal subject for amateur study

It was an easy matter to get pictures of my subjects in all posi-
tions — flying, feeding, sitting. Exact positioning is important,
especially for color shots of the brilliant male gorgets, which flash
in full glory only when the bird is turned toward the light and
head-on to the camera. The photography of hummingbirds is a
highly interesting art. A few of my friends and I have formed the
most exclusive of all scientific societies — the Society of Trochili-
dographers (photographers of hummingbirds). The art requires
the special high-speed electronic flash invented by H. E. Edger-
ton of the Massachusetts Institute of Technology. An exposure
of one 5,000th of a second will stop a hummingbird’s wings fairly
well; a 20,000th of a second stops them cold. We usually use three
lights — two at the camera and one on the background, which
would be black without it. Color, as well as black and white, is
practical and successful with this setup.

The pictures on these pages showing hummingbirds in flight
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were made at a 20,000th of a second. One of them is a rare photo-
graph of a male calliope [see Fig. 75]. This little rascal is rather un-
common in our parts, only a few coming through in migration.
I had not had more than a bare glimpse of two or three and had
never got a chance at a picture until R. J. Niedrach, curator of
birds at the Denver Museum, discovered one feeding on a patch
of matrimony vine last summer.

75
Male calliope hummingbird, showing the gorget streaked with white
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We tried every trick in our repertoire to introduce the calliope
to a feeding bottle, but he was single-mindedly intent on the mat-
rimony vine and would not be enticed. So I finally had to set up
my camera and lights near a prominent plant and wait him out.
I made myself as comfortable as possible with a camp chair and
umbrella (it was hot) and sat 25 or 30 feet away with a remote-
control button in my hand. In a week’s waiting I managed to
get three or four good shots. I had to take him on a dark back-
ground, because a background light spooked him just enough
to keep him away from the target spot.

There is an old argument about whether a hummingbird can
fly backward. The Duke of Argyll, in a Victorian work of some
merit, held that it was physically impossible for any bird to do
this and that observations to the effect that the hummingbird did
were purely illusory. The dispute is comparable to the modern
one about whether a baseball curves. In both cases the high-
speed flash has given a clear answer: a curve can be thrown;
the hummingbird can fly backward.

One of our pictures shows the hummingbird in the act [Fig. 76].
Three flashes were set off in rapid succession. We used a black
velvet background — an essential in multiple-exposure photog-
raphy. The camera shutter was open for a few seconds. The first
flash shows its bill dipped in the feeding bottle and starting to
withdraw backward; the next two catch it backing up.

A pair of successive flashes can determine the speed of a flying
bird, and three or more will give both speed and acceleration.
C. H. Greenewalt, a member of our society, has published some
interesting results for nuthatches and chickadees flying to and
away from a feeding table. These measurements are of some im-
portance, for ornithological literature is loaded with inaccurate
and contradictory figures. I recently looked up the speed of the
duck hawk in three natural history books which happened to be
lying on my reading table. One gave the speed as 80 miles per
hour, another 180 and the third 270! My own incomplete experi-
ments have so far failed to show the duck hawk diving at more
than 57 miles per hour.

Various speeds have been reported for the flight of the hum-
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76
Repetitive flash shows hummingbird flying backward from left to right

mingbird. My guess is that most of these are greatly exaggerated.
In this field it is fairly safe to assume that the better the observa-
tion, the slower the speed. Ordinary experience shows that we
are very likely to overestimate the velocity of small objects nearby.
A bee seems to zip past your nose at bullet-like speed, but it
actually does not exceed 10 miles per hour.

The dive-bombing flight of the male broadtail hummer prob-
ably shows him at his greatest speed. A well-known ornithologist
once told me that he thought this was the highest velocity at-
tained by any bird. A male broadtail in courtship display before
a female flies past her, generally near the ground, soars straight
up 40 to 50 feet, poises there for a moment, and then swoops
down past her and soars again, tracing a deep U-shaped arc. He

177



THE NATURAL SCIENCES

repeats this performance several times. His fast power dive pro-
duces a loud tinkling whistle, which rises in pitch with increasing
wingbeat until he reaches his greatest velocity at the bottom
of the dive. '

I set up my camera with the electronic flash timed to go off
twice, the interval being a hundredth of a second. This system
works satisfactorily to time the diving speed of a barn swallow,
but in many trials I was unable to get an accurate measure of the
hummer’s dive. You have to be a super wing-shot to hit a diving
hummer on the nose.

I was, however, able to get a good measure of the hummer’s
speed in straightaway flight as one chased another away from
his feeding bottle. This maneuver looks faster than it really is;
actually it does not exceed the hummer’s speed in ordinary level
flight. In 14 measurements the chasing speed ranged from around
18 to 29.2 miles per hour [Fig. 77]. I think the reason it does not
go higher may be that the bird is slowing up as it approaches the
intruder, the objective being not to hit him but to make him
fly away.

I attacked the problem of the diving speed in another way,
without the camera. I noticed that a female would often perch
on a bush near a feeding cup, and this pause would stimulate a:
male to do his stuff. The male generally soared to the height of the
highest tree at the place before diving. After measuring the height
of the tree, I timed a considerable number of dives by different
birds with a stop watch. Assuming that the velocity reached at
the bottom of the dive is twice the average for the whole dive,
I calculated the hummer’s top speed to be 61.2 miles per hour.

The hummingbird has been called the most aerial of all birds.
It never walks or hops. To turn around on a perch, it takes wing
for the turn. If it wishes to move half an inch to one side, it flies
there. Sometimes a mother bird will even feed its nestlings on
the wing, hovering above the baby instead of alighting on the
nest. In order to photograph this I had to lower a nest from a
tree to a convenient position near the ground. I sawed off a limb
containing a nest of fledglings 25 feet up on a yellow pine, and
with ropes I lowered the limb by four stages on successive days
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77
Broadtail male hummingbird photographed at speed of 29.2 miles per
hour while chasing an interloper from a feeding cup

[Fig. 78]. The little hen was a bit disturbed by all this, but not
too much. _

I have tried this nest-lowering stunt several times. It can be
done with other birds, but I know of none that will sit as tight
as the hummer sometimes does. After I got the limb down to a
convenient level, I found that to train my camera on the nest I
had to move a branch on the upper side of the nest out of the
way. I sawed it through and attached a hinge, so that it could
be kept in the accustomed position but could be swung out of
the way when I wanted to take pictures of the nest. It turned out
that this fold-back of the branch excited the hen just enough
so that she fed her babies on the wing more often than not. All
of which was just what I wanted [Fig. 79].
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78 :

Lowering a hummingbird nest. (Note: The nest is at right inside the
fork of two limbs)
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79
A female hummingbird feeds her young while hovering

~ The broadtail hen builds the nest, incubates the eggs and raises

the babies with no assistance of any kind from the male. In fact,
there is some evidence that she selects the nest site and starts
building before she picks out a mate, and after the briefest pos-
sible association with him, returns to the nest and resumes her
domestic duties. The mating is so brief that in many years of
hummingbird watching I have never seen it, and it has been seen
only a few times by others. These little birds are' independent
individuals: save for the mother’s care of the young, they show
little tolerance for one another’s company.

The male is never allowed to perch near the nest. Nor is any
other bird, for that matter. The female’s attack is a kind of dive-
bombing: she zips down on an intruder from a couple of feet
above, just brushing its back. No harm is done, but the repeti-
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80
Two female broadtails threaten each other in flight

tion of the act— zip, zip, zip, back and forth — soon drives the
objectionable one away. I have seen female broadtails chase
many kinds of birds in this way.

For aggressiveness, though, the males take the prize. Chasing
and fighting are the order of the day around the feeding bottles.
Occasionally the sound of contact between two birds can be heard,
and two or three times I have known of birds being knocked out.
The male will peck at its mirror image, at a stuffed hummer and
even at just the stuffed head and gorget of a male hummer. Fe-
males also fight sometimes with other females [see Fig. 80]. But
in both sexes the belligerency usually goes no further than threat-
ening behavior. Its purpose seems to be to chase away an in-
truder or rival, rather than direct combat.

Some years ago a party of us trochilidographers, camping in
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the Huachuca Mountains in southern Arizona, found a young
male blue-throated hummingbird which we named “Junior.” One
evening an approaching hawk caused a clatter in a chicken yard
about 50 yards away. Tiny Junior, seeing the hawk from his look-
out atop a nearby apple tree, went for the hawk and actually put
it to flight!

The life span of the hummingbird is still unsettled. I have
known of one which lived five and a half years in captivity and
have an unconfirmed report of another that lived to 11. One of
my friends had a hummer nest in his garden seven years in suc-
cession. .

The act of mating, as I mentioned, has rarely been observed,
and the few accounts of it differ greatly. It has been reported to
take place both on the wing and on the ground. One report of
the calliope says: “As he passed the female, she fluttered and
hung head downward on her perch. The male alighted above her,
with vibrating wings, and coition took place in that position.”

There are still many questions to be investigated. Doubtless
the day is far distant when it can be said that all answers are
known about the life history of this most fascinating of birds.
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RAISING MOTHS

AND BUTTERFLIES

AS EXPERIMENTAL ANIMALS

Some Lepidoptera can be of great value as experi-
mental animals. How the late Colonel Otto H.
Schroeter, a leading amateur lepidopterist, cultivated
unusual species and prepared them for study

AT THE AGE OF 80 the late Colonel Otto H. Schroeter of
Quaker Hill, Conn., was still chasing butterflies. Except for time
out while he studied engineering as a yourig man in his native Ger-
many, he was at it for more than six decades, including the years
when he was employed as construction superintendent in the
Panama Canal Zone by the Isthmian Canal Commission.

What fascination kept a busy construction engineer at the
hobby of butterfly-collecting for a lifetime? One explanation is
a service that Colonel Schroeter was able to perform several years
ago for Carroll M. Williams, the eminent Harvard University
zoologist who uses insects to study basic processes. Williams
needed a large insect for investigation of metamorphosis. and was
stymied for lack of supply until he heard about Schroeter and
his collection of giant silkworms.

“Our relationship with Colonel Schroeter,” wrote Williams, “is
certainly an excellent illustration of how the amateur can make
a distinct contribution to science and share the satisfactions of
scientific investigation. The amateur occupies a very special place
in entomology because a high proportion of the so-called ‘pro-
fessionals” begin as amateurs. ( Later on, incidentally, the complexi-
ties of work in a laboratory and an institution may cause them to
wish they had remained amateurs!)
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“As far as I can judge, Colonel Schroeter was the first to intro-
duce to this country for scientific study and experimentation a
wonderful array of ‘wild silkworms.” These creatures live in dis-
tant parts of the world such as India, Malaya and the slopes of
the Himalayas. Colonel Schroeter developed contacts in all these
places and has made available to a number of universities and
governmental laboratories, including our own, a rich variety of
material.

“Certain species of the silkworms have proved strategic for
particular types of scientific studies. For example, we have re-
peatedly called on Colonel Schroeter for specimens of Anther-
aea mylitta, the so-called giant tussah silkworm of India. This
exotic creature is one of the world’s largest insects, the full-grown
caterpillar weighing about 45 grams (almost an eighth of a
pound!). It is easy to see how scientists can use beasts of these
proportions to answer chemical and physiological questions which
would be quite inaccessible in ordinary insects.

“The Colonel has also made available to us considerable infor-
mation, derived from his own breeding experiments, concerning
the care and feeding of these strange species.”

Several years ago a number of newspapers featured a picture
of Schroeter with an 11-inch moth which he had reared from an
egg the size of a matchhead. This big fellow is an Attacus ed-
wardsi. Its wings are various shades of brown and yellow and
contain transparent windows. Specimens caught in the Philippine
Islands have a wing span of 14 inches. Larve of the Atlas species
of this moth feed on ailanthus leaves — “the tree that grows in
Brooklyn.” Scientists have not shown much interest in the Atlas
caterpillar even though he is far from being a pigmy. He is green,
finger-sized and has blue horns on his head. His body looks as
if he’s frosted with a sugar coating. The natives informed Colonel
Schroeter that he was delicious!

Another species that fascinated Colonel Schroeter is the Thysonia
aprippina. It is a native of Brazil. Those bred at Quaker Hill have
even larger wing spans than the Attacus atlas, which is usually
listed as the largest moth in the world. Colonel Schroeter enjoyed
startling visitors by handing them its cocoon — an object the size
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Antennae readily distinguish moths from butterflies

of a small sweet potato. The proportions of the moth which comes
out of it are easy to imagine.

“Newspaper reporters make so much fuss over the big fellows,”
Colonel Schroeter once explained, “that they overlook the really
interesting specimens. Take the hybrid luna, for example. Seven
years ago an amateur friend of mine in India airmailed to me a
dozen cocoons of the Indian moon moth. When the adults emerged
some months later, it was evident that they were closely related to
the American luna. The two species have about the same shape and
size and their wings bear a similar general coloration —a light
bluish-green. The wings of the Indian species are distinguished
by two patches of red. I decided to try crossing them and finally
succeeded.”

Colonel Schroeter began this experiment by acclimatizing the
foreign species, which meant breeding several generations of the
foreigners at Quaker Hill, letting them adapt to local forms of
their favorite food plants and to the new environment generally.
Then he selected a likely female of the foreign species and mated
her with a local male.

He invented a simple gadget to help assure a successful mating.
Most amateurs tack a female to a tree by one of her wings and
wait for her to attract a mate. “The chief drawback of this tech-
nique,” Schroeter explained, “is that the female’s attraction is
not limited to mates of her species. When you pin your specimen
to a tree you invite predators — other insects, birds and tree toads
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—to a free dinner. Too often when you come back you find noth-
ing but a pair of wings. Moreover, when you immobilize a single
wing the female is apt to thrash around and injure herself.

“To overcome this difficulty I made what I call a ‘mating panel’
— a rectangle of Celotex 18 inches long and a foot wide. A screw
eye in the center holds a leash of thread, the other end of which
is fastened around the female’s thorax. With freedom to crawl
around on the surface of the panel, she usually quiets down after
a few seconds of fluttering. The panel is then suspended by pic-
ture wire from the tip of a branch where it is out of reach of tree
toads and free to swing in the breeze. The movement frightens
most birds away.

“Moon moths mate at sundown. The next morning the female
is transferred to a large paper bag in which she deposits her eggs
in two parallel rows. After the eggs have been laid, the bag is
cut into little squares, each holding eggs. These are fastened with
bits of Scotch tape to the leaves of food plants and surrounded
with a bag to prevent the larve from escaping when the eggs
hatch. If you are lucky, the larve thrive and metamorphosis gets
under way. _

“Sometimes the experiment works, but more often it fails. The
eggs may be sterile, disease may strike, the food may not be cor-
rect. Murphy’s law, which states, ‘if something can go wrong,
it will, makes no exception of entomology. The failures, how-
ever, can be as interesting as the successes, because they pose
problems of finding out what went wrong, where and when. In
the case of the moon-luna experiment, nature threw the book at
me. But in the end I was rewarded with a beautiful hybrid which
bore the characteristics of both parents. Its wing markings fade
from bright green into greenish-blue and trail through orange to
pink at the wing tips. It is probably the only offspring of this
combination in the world.” '

Colonel Schroeter explained that most Lepidoptera mate readily
in captivity. In a single season he bred more than 5,000 individuals.
Eggs came to him from all parts of the world — sometimes in
goose quills and other strange containers. Cocoons arrived in balsa
boxes from South America and in bamboo cylinders from the
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Orient. While there is a law against indiscriminate importation
of insects into the U. S., the Government issued to Schroeter a
special importing license, subject to strict controls.

“Don’t let the import restriction ‘on foreign material keep you
out of amateur entomology,” he urged. “You can collect domestic
species to your heart’s content without fear of ever exhausting
our known varieties. Reference texts and catalogues list them by
the thousands, and scores of new descriptions are added each
year.

“You will find caterpillars wherever plants grow. The next time
you go for a walk, whether in the park, a meadow or merely in
your back yard, take along a paper bag, a piece of string, some
note paper and a pencil. When you find a caterpillar, jot down
a short description of it — the color, size, markings and such other
information as you think will help you recognize the creature
when you meet another like it. Make a similar record of the plant
on which it was feeding. If you already know the name and na-
ture of the plant, so much the better. Be sure to include the date,
approximate time of day and notes on the weather. Then put the
bag over the twig or weed on which your specimen is feeding
and tie the end closed so it cannot escape. Check up on it a day
or so later. You will likely discover that the leaves have been
eaten. If so, shift everything to a fresh batch of leaves. You may
have to repeat this several times.

“Eventually you will find that your specimen has vanished and
a cocoon has taken its place. With luck you may catch the cater-
pillar in the act of spinning its cocoon. Make full notes of its
methods and how long a time it spends in the process. When the
cocoon is complete, break off the twig to which it is attached
and transfer operations to a small cage, which you can make of
window screening. Place the cage outdoors in a location match-
ing as closely as possible that where you found the insect. Some
species prefer sunny locations; others do best in shade. After days
or weeks — depending upon the species and the season of the
year — the adult will emerge, and you will have the thrill of dis-
covering the exotic creature your caterpillar was destined to
become.”
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By starting with the caterpillar instead of with the butterfly,
according to Colonel Schroeter, you learn to recognize at first
hand three of the four stages in the life cycle of your insect —
larva, pupa and adult. Your notes now give purpose to your fu-
ture field trips. You hunt for another caterpillar and cocoon of
the same species. With luck you may even come across an adult
female in the act of laying her eggs. When they have been mount-
ed and labeled, you have the complete life cycle of the insect and
the beginning of a collection of scientific value. Although thou-
sands of adult moths and butterflies have been catalogued, the
life cycle of a majority of those in nature still awaits description
—an ideal project for the amateur who enjoys original work.

One attractive feature of amateur entomology, Schroeter pointed
out, is the fact that you never run out of interesting projects for
your spare hours. Collecting and breeding are merely two facets
of the hobby’s many sides. For convenience in study, collections
must be mounted and labeled. This can be an absorbing pastime
the year around. Only the most perfect specimens are selected
for mounting. They are killed and stored against the day when
bad weather forces you to remain indoors.

You first stun the insect by pinching the lower side of the
thorax lightly between your thumb and index fingers. The thorax
is the part of the body directly back of the head, to which the
wings are attached. Stunning is necessary to prevent the insect
from fluttering and damaging itself when you drop it into the
killing jar. The jar can be any wide-mouthed container with a
tight-fitting cover. A layer of absorbent material, such as plaster
of Paris, is placed in the bottom and saturated with a tablespoon
of Carbona. Some amateurs prefer poisons such as potassium cyan-
‘ide, but they are dangerous and unnecessary. The dead specimen
is stored in a triangular envelope folded from a rectangular sheet
of paper as illustrated in Figure 82. The envelopes are numbered
to correspond with the entries in your notebook.

In about a week the dead insects become hard and brittle.
They must be “relaxed” or softened before mounting. You put
the dried insects into a jar containing a rubber sponge or other
absorbent moistened with water to which a few drops of carbolic
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Method of folding paper envelopes for storing specimens

acid have been added. The acid prevents the formation of mold or
other micro-organisms. A couple of blotters placed between the
insects and the sponge will prevent them from getting too wet.
After two or three days they are ready for mounting.

Details of the procedure are illustrated in Figure 83. A con-
venient outfit for mounting specimens consists of a spreading
board, two slender strips of glass, tweezers, scissors, pins and a
supply of thin cardboard. A spreading board is easily made from
balsa or Celotex, with a groove in the center for the body of the
insect. The slight upward slant of the board on each side of the
groove makes allowance for the tendency of the wings to droop
as they age. Mounting outfits can be bought from a supply house;
the Butterfly Art Jewelry, Inc., of 289 East 98th St., Brooklyn,
N. Y., for example, lists a kit including spreading board, forceps,
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Equipment and steps used in mounting specimens for display

pins, a display case and other essentials plus 10 tropical butter-
flies for practice mounting. Similar materials are available from
the Standard Scientific Supply Corp., 36 West 4th Street, New
York, N. Y.

To mount the specimen you grasp it by the lower side of the
thorax, part the wings by blowing lightly, and thrust a pin through
the thorax from the top. The pin should be inserted into the
insect just far enough to bring the point of wing attachment
level with the surface of the spreading board when the pin has
been forced into the bottom of the groove. Then blow the wings
apart again and place the specimen on the board, weighting down
the wings with strips of glass. Each glass is lifted in turn just
enough to permit pulling the forewings forward by means of ‘a
pin inserted behind one of the heavy veins. When the trailing
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edge of the forewing makes a right angle with the axis of the
body, it is pinned down with strips of cardboard as shown. Wider
strips of cardboard are then pinned in place of the glass weights.
The specimens will be dry enough in about a week for transfer
to the display case.

Eggs and pupz are mounted without special preparation. Ce-
ment the eggs to paper strips of contrasting color. Pin the pupa
as though it were a dried adult. A larva must be degutted and
inflated before mounting. After killing, place the larva on a square
of blotting paper and, with a fine scalpel, enlarge the anal ori-
fice slightly. Then, beginning at the head, squeeze the viscera
out by rolling a pencil down the body. The carcass is restored
to normal shape by inflating it with a syringe, which you can
make yourself. Heat a section of quarter-inch glass tubing to a
dull red and quickly draw one end into a fine nozzle, somewhat
thinner than the small end of a medicine dropper. Fit the large
end with a rubber bulb. You then inflate the larva by inserting
the nozzle into its anal opening and squeezing the bulb sharply.
The anal opening is closed with a bit of Scotch tape until the
tissues harden.

For convenience in subsequent study, specimens are generally
pinned to the bottom of a glass-topped display tray. Many ar-
range the eggs, larva, pupa and adult of each species as a group.
Among the catalogues compiled to aid the beginner in identi-
fying his specimens are The Butterfly Book and The Moth Book,
by W. J. Holland.

Colonel Schroeter gave his entire collection of thousands of
specimens to the University of Connecticut. J. A. Manter, the
University’s zoologist, writes: “The Schroeter collection is the most
colorful that I have ever seen. Every division of world macro-
lepidoptera is represented by rare specimens, and it is especially
remarkable because of their excellent condition. Such a collection
is often spoken of as an ‘Oh, my!’ one—the reaction it evokes from
visitors as the trays are successively pulled into view. Colonel
Schroeter’s devotion to amateur entomology has resulted in a lasting
contribution to science from which future generatlons of students
will derive both knowledge and enjoyment.”
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The late William Morton Wheeler, the great Harvard ento-
mologist, once summed up the joys of the amateur in these words:
“We should realize, like the amateur, that the organic world is
also an inexhaustible source of spiritual and aesthetic delight. Es-
pecially in college we are unfaithful to our trust if we allow biol--
ogy to become a colorless, aridly scientific discipline devoid of
living contact with the humanities. We should all be happier if
we were less completely obsessed by problems and somewhat more
accessible to the aesthetic and emotional appeal of our materials.
It is doubtful whether, in the end, the growth of biological sciéence
would be appreciably retarded. It quite saddens me to think
that when I cross the Styx, I may find myself among so many pro-
fessional biologists, condemned to keep on trying to solve prob-
lems, and that Pluto, or whoever is in charge down there now,
may condemn me to sit forever trying to identify specimens from
my own diagnoses while amateur entomologists, who have not
been damned professors, are permitted to roam at will among
the fragrant Elysian meadows netting gorgeous, ghostly butter-
flies until the end of time.”
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4
BIRD-BANDING FOR
THE AMATEUR

By mastering the techniques of attaching numbered
bands to the legs of birds, and becoming a licensed
bird-bander, you can make a valuable contribution
to science in your own back yard. Various aspects of
the hobby are discussed. Then Mrs. Tohn Gillespie of
Philadelphia explains how you can get started

SAMUEL JoHNsON, an opinionated man on any sub-
ject, had a theory that swallows, like frogs, spent the winter
hibernating in the mud at the bottom of rivers and lakes. Unlike
many of his pronouncements, this one was not delivered purely
off the cuff; the irascible doctor actually conducted experiments.
He captured a number of swallows and cemented bits of colored
cloth to their tail feathers. He later recovered some of the marked
feathers at the water’s edge and triumphantly produced them
as proof of his theory.

The good doctor overlooked the fact that birds molt their
feathers, but his approach to the scientific problem was not en-
tirely without merit. Bird-marking is today a large and fruitful
enterprise. At the turn of the present century Danish ornitholo-
gists hit upon the scheme of tracing the travels of wild birds by
banding them with a ring of light metal fastened loosely around
a leg. A serial number and other information is marked on the
band, and whenever a bird is recovered, the information is re-
ported to a central clearing house: The system was soon adopted
throughout the world.

In the U. S. the sponsorship of bird-banding, started by the
American Bird Banding Association, was taken over in 1920 by
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the Federal Government. The project is now a branch of the Fish
and Wildlife Service, with headquarters at Patuxent Research
Refuge, Laurel, Md.

Almost nine million birds have been banded since the U. S.
program started; some 300,000 to 400,000 are tagged each year.
A total of more than three quarters of a million marked birds have
been recovered. There are about 2,000 cooperating bird-banders,
professional and amateur.

The object of bird-banding is to collect scientific data on the
migration, dispersal and age of wild birds. It helps in the study
of such characteristics as homing instinct, mating habits, naviga-
tion ability, flyways, and related patterns of behavior.

Since only a small fraction of marked birds are recovered, it
is desirable to band large numbers of them and to station banders
and observers over the widest possible area. Hence you are
strongly encouraged to take up this avocation.

It is an activity that you can pursue in your own back yard,
or that can take you afield on rugged adventure. It costs very
little in cash and pays richly in diversion and discovery. All bird-
banders must be licensed, because the trapping of wild birds
without a license is prohibited in the U. S. Any citizen 18 years
of age or over may apply to the Fish and Wildlife Service for a
license. The applicant must prove that he can identify the various
species and subspecies of birds and must give as references the
names of three people with recognized ornithological qualifi-
cations. 7

Upon meeting these requirements the bander is issued a Fed-
eral permit and a supply of numbered aluminum bands of as-
sorted sizes —free of charge — together with record forms and
instruction pamphlets. He must then apply for a local permit in
any state where he expects to do banding. He supplies his own
traps and incidental equipment. At least once a year he must
report to the Bird Banding Office, giving prescnbed data on each
bird he has banded or retaken.

Trapping and banding a bird without injuring it is an art, and
no novice should undertake it without expert guidance. The
Gillespies were two of the foremost bird-banding experts in the
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One of the four flyways of the Canada goose

U. S., according to Lorene McLellan of Philadelphia’s Academy of
Natural Sciences. Mrs. Gillespie says that the precise number of
years she has been a bander is outside the scope of this discus-
sion, but in evidence of her experience she proudly exhibits a
photograph of a common tern which she and her husband banded
in New Jersey on August 5, 1923.

Mrs. Gillespie advises that one convenient way to band birds
is to do it while they are still in the nest and unable to fly, but
they must be sufficiently developed to hold a band that will be
large enough when they are fully grown. This method is particu-
larly suited for banding birds that nest in colonies and for eagles,
ospreys and other birds of prey. For songbirds, ground-feeders
and some wildfowl, bird-banders use a different technique, re-
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sorting to guile and temptation. They bait traps of various de-
signs with tempting food. A bird that feeds on the ground, such
as the native sparrow, readily follows a trail of food into a trap.
Some banding traps are constructed on the principle of the maze;
some are like funnel fish-traps; some have a trigger arrangement
which closes the entrance automatically when a bird enters. There
are also types of traps for catching birds that do not usually run
on the ground. Properly conducted, trapping does birds no harm.
Traps are never left “set” when the bander is absent, so that much
of the time birds run in and out, feeding freely.

Birds live in a world full of constant danger and surprise, Mrs.
Gillespie reminds you. The experience of being trapped, if they
are deftly handled and quickly released, is less disturbing to them
psychically than an encounter with a cat. Within a few minutes
the experience is all but forgotten. The birds usually remember
the food, however, and this memory often brings them back. Some-
times a bird walks into a trap again within five minutes after it
has been released. Now and then one retraps itself so persistently
that it becomes a nuisance.

Banding a bird after it has been caught may be a painful ex-
perience — to the bander, not the bird. Some tough-looking speci-
mens, such as the blue jay, usually submit with little struggle.
On the other hand, cardinals and the seemingly meek purple
finches may attack with a ferocity that sends the bander away
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nursing a blood blister. Eagles, according to Mrs. Gillespie, belie
their fearsome reputation; the parents will flutter timidly at a
distance of 50 feet or more, uttering feeble, unconvincing cries,
as a bander climbs to their nest and casually places numbered
bands on the legs of their young. But watch out for their cousins,
the ospreys! A collaborator of the Gillespies, Frederick C. Schmid,
once was nearly knocked out of a tree by an osprey which left
the deep trail of its talons across his face.

As each bird is tagged, the bander records the serial number,
the date, the kind of bird and if possible its sex and weight, and
the location where it is banded. When a banded bird is recap-
tured, alive or dead, its recovery is reported through the Fish and
Wildlife Service to the original bander. Thus a bander gradually
accumulates case histories on individuals of many species. The
record files of the Gillespies contain many hundreds of cards,
some of which trace migratory cycles extending over periods as
long as 15 years.

Few small birds survive longer than two years in the wild state,
although their maximum expectancy is believed to be 9 to 12
years in nature and 18 to 20 years when protected in captivity.
Mortality is appallingly high among young birds: generally 60
to 80 per cent in the first six months. Consequently most banders
prefer to invest the extra time and effort required to band adults;
the chances of recovering grown birds are much better.

More than 600 species of birds have been banded in the U. S.
Mallard ducks lead all the others: banders have marked about
half a million of them. After the mallard duck in order come the
chimney swift, common tern, pintail, herring gull, song sparrow,
robin, starling and purple grackle. Amateur banders account for
about two thirds of the banding activity, the remainder being
done largely by government technicians and professional orni-
thologists.

Even a relatively low percentage of recovery can yield sig-
nificant and sometimes dramatic information about bird migra-
tions. From recoveries of just half a dozen birds it has been learned
that the arctic tern nests in the Arctic Circle and winters in the
Antarctic, an annual round trip of at least 25,000 miles!



BIRD-BANDING FOR THE AMATEUR

Migration takes many forms. Some species follow relatively
narrow routes; others range half a continent or more. There are
birds that never travel farther than between a valley and its neigh-
boring hill. The cardinal does not migrate at all; it makes every
effort to acquire a small, exclusive territory for itself, and if the
climate permits, it stays there as long as the place suits it.

The Gillespies have given much study to the mating and nest-
ing habits of back-yard birds. One of their case histories concerns
a pair of house wrens they banded one spring. After the wrens
had raised a brood and the fledglings had left the nest, the fe-
male became interested in a second mate which had been hope-
fully building a nest nearby, and she mated with him to produce
a second family that summer. The next spring the female returned
to the Gillespies’ birdhouse and again started the season with a
banded male they suspected to be her first mate of the preceding
season, though they could not catch him. The male soon aban-
doned her, leaving her to raise the brood alone. Again she found
a second mate and raised a second family. Late in July the Gil-
lespies caught her first mate nesting two blocks away. He returned
to one of their birdhouses the next summer, but the female did
not appear again. Two or three years seems to be the average life
span for a house wren.

“One year,” said Mrs. Gillespie, “we tested the homing instinct
of a female cowbird. A cowbird, like the European cuckoo, builds
no nest and lays her eggs in the nests of other birds. She is not
lacking, however, in a homing or maternal instinct. We carried our
cowbird to various places some distance away from the nest sev-
eral times and each time she returned promptly after we released
her. Once she was released in the center of Wilmington, Del., 20
miles from home, and she was back in our trap within three hours.
The late William I. Lyon of Waukegan, Ill., sent a banded cow-
bird to be released in Denver, Col. Twenty-five days later it was
back in Waukegan. Many believe that performances of this kind
are confined to homing pigeons. Actually many wild birds dem-
onstrate a much stronger homing instinct than do the highly
trained pigeons.”

A by-product of bird-banding is the opportunity to collect and
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study parasites. Mites, flies, ticks and lice can easily be removed
from the birds while they are being handled. One bander whose
brother specialized in research on malaria was able to help by
taking blood smears of migratory birds, thus providing informa-
tion on how malaria may be spread by bird carriers.

The Gillespies found especially thrilling the banding of ospreys,
or fish hawks, which have the fierce nature usually attributed to
the American eagle. They banded 457 ospreys and had reports on
70, an unusually high percentage. Forty were reported dead within
a few months of the time when they were banded as nestlings.
Some were found near their birth sites several seasons later. Osprey
nestlings banded in July are usually well on their way south by fall.
But one osprey was found in Florida less than seven weeks after it
was banded, whereas his brother was still in Pennsylvania at
Thanksgiving time.

“While we welcome reports of the travels of ospreys,” said
Mrs. Gillespie, “we regret that information generally comes only
through their untimely deaths. They feed exclusively on fish and
are no menace to the farmer but are often killed because they are
mistaken for eagles. One of our ospreys, shot by a farmer in West
Virginia, made local newspaper headlines: °‘Eagle Killed By
Local Hunter.’
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A banded eaglet in nest
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“Our most unusual recovery was that of an osprey banded in
Cape May County, N. J., on July 16, 1939. It covered 6,837 air-
line miles between that time and December 16, 1939, when it
. finally encountered a bullet in Rio de Janeiro. We feel sure that
it did not fly in a beeline but probably followed coastlines and
explored riverways, so its total distance must have been much
greater than the airline routes.

“Our bird-banding work has been rich in unusual and varied
experiences. There is nothing like the excitement of a nesting col-
ony, where the air is full of flashing wings and wild screams, and
young birds are everywhere about. Our activities have taken us
to unfrequented beaches, deep woodlands and vast marshlands.
We have enjoyed contacts with all sorts of people, not only in this
country, but throughout the Americas and West Indies.”

Anyone who finds a banded bird, dead or alive, will greatly
assist the work of ornithologists by sending the band or its num-
ber to the Fish and Wildlife Service, along with a statement of
the circumstances of the finding. The report should be made to
the Bird Banding Office, Patuxent Research Refuge, U. S. Fish
and Wildlife Service, Laurel, Md. Give your name and address,
the date and the location where the bird was found. If you caught
the bird alive, release it with its band; if the bird is dead, re-
move and flatten the band and send it in with your report. The
Service will inform you of the known history of the bird, and
notify the bander of the recovery. Many bird-banders make it a
custom, when they get a notification from the Service, to write
the finder.
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HOW TO LIVE WITH REPTILES
AND AMPHIBIANS

One way to find respite from the rush of twentieth-
century life is by observing the leisurely ways of the
reptiles. But how does one keep snakes, lizards or
turtles happy and healthy at home? Here are sugges-
tions from Robert H. Wilson, Assistant Professor of
Industrial Hygiene at the University of Rochester
School of Medicine and Dentistry

Most PEOPLE are somewhat afraid of snakes and other
reptiles, and not without reason. After all, a few reptiles are poi-
sonous, and not everyone can immediately tell which are danger-
ous and which are not. But reptiles are interesting animals, and
the amateur who chooses to learn something about them can gain
much pleasure from observing them. Consider, for example, the
well-known fact that, because reptiles have no internal mechanism
to regulate their temperature, they must warm or cool themselves
by means of their behavior. The pattern of this behavior is fas-
cinating to observe, as are many other aspects of reptilian life.
The trick is how to observe them.

It is not easy to study reptiles in nature. Most of them are shy
animals that rapidly disappear at the approach of Homo sapiens.
Even in the Southwest, a veritable reptile sanctuary because of
its desolation and sunny weather, one must have infinite patience
to observe these animals going about the absorbing business of
staying alive.

A much more satisfactory approach is to keep them in the home.
They are not good pets in the ordinary sense. You cannot teach
a snake or a lizard to do much more than respond when you
approach with food. The rewards come in observing at first hand
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the ordinary life functions of these unusual creatures. Watching
a healthy snake shed its skin still fascinates me, even though
enough cast skins now hang in one of my windows to obscure
the view. The courting activities of some of the small desert liz-
ards are at once comical and enthralling. And a particular satis-
faction comes in raising a juvenile reptile to impressive size and
health.

If one recognizes the fact that reptiles have specialized dietary
requirements, the rest of reptile-keeping is relatively simple. It
is even inexpensive, provided one controls one’s enthusiasm for
collecting specimens. Of the 40-odd reptiles of various species in
our house, we bought only four, all pet turtles, from a store.

The rest were acquired by gifts, trades, hatching and capture.
The most important route of acquisition is the first. Once it be-
comes known in the neighborhood that you like snakes, your
collection will grow as small and large boys appear at your door
with boxes and paper bags. Trading specimens with reptile fan-

- ciers, especially those in parts of the country remote from yours,
can bring in a wealth of species that you are not likely to see any
other way. Capturing your own specimens has all the thrills of
the hunt, and can enrich the dullest countryside. '

The art of capturing snakes is greatly simplified by the cut-
down golf putter shown in Figure 87. With this tool it is easy
to pin down the snake so that it may be taken by hand as illus-
trated. Another useful accessory is a net made by stitching one
end of a tube of muslin to a heavy wire ring and tying the other
end with a string. A fairly long handle should be attached to the
wire ring. Tying the end of the net shut simplifies the problem of
transferring a netted snake, particularly a biter, into a bag. The
net should be deep enough so that a half-turn of the handle closes
the net on itself but leaves room for the snake at the bottom.

Snakes are caught where you find them. A slow drive down
a deserted road at night will frequently turn up an amazing num-
ber of snakes, particularly in the Southwest. Turning over stones
and rotted logs is also productive, but in rattler country this should
not be done with bare hands; use your snake putter or a stick.
Most of my snake-catching is done by the putter-and-net technique.
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87
A recommended method of catching and holding a snake

Traps are not satisfactory for capturing snakes, but they are
quite successful with lizards. Two kinds of trap are illustrated
here [Fig. 89]. Spoiled meat inside such traps will attract those
lizard species that have a well-developed sense of smell. A simple
box trap is preferable for desert regions where shade is scarce,
because lizards seek the shade when the sun becomes too hot for
their comfort. The box may be two feet square and six inches
deep. It is closed at the top with a wooden door and at the bot-
tom with a wirescreen. Two or three two-inch holes are drilled
in one side about half an inch from the bottom.
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The trap is placed with the holes on the shady side, and jiggled
down into the sand until the bottom of the holes are flush with
the surface. The box is then covered with sand (except, of course,
for the side with the holes). This keeps the temperature inside
the box from rising too high in the hot sun. Lizards approaching
from the shady side will find the holes and enter the box. Once
inside, they will stay for several hours during the heat of the day.
The specimens should be harvested two or three times before
the heat subsides.

Netting lizards is usually unsatisfactory because they are far
quicker than the netter. The lizard is much less likely to scamper
off if it is approached with a noose at the end of a trout-fishing
rod. The noose can then be maneuvered over the lizard’s head
and pulled tight simply by raising the rod. The noose should be
made of silk thread rather than nylon, because nylon tends to curl.

88
How to grasp a frog without injuring it
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Two designs of traps for catching lizards and other small animals

Turtles that are accustomed to sunning themselves on half-
submerged logs can be trapped by assembling four logs in a rec-
tangle and suspending a net in the water beneath it. The turtles
come out of the water from the outside of the rectangle, but they
may depart to the inside, particularly if the turtle-trapper appears
suddenly from the right direction.

They can be kept from climbing out of the trap by studding
the inside of the enclosure with nails that point downward at an
angle. Turtle collecting should be done with the knowledge that
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a number of species are protected by law. The desert tortoise, for
example, is protected throughout its range, and the penalty for
possessing one can be as much as $500. Eastern turtles that are
protected include the box turtle and the wood turtle.

All reptile specimens are best transported in muslin bags 18
inches wide and a yard long. The bags should have double seams
so that the specimens will not become entangled in loose threads.
When poisonous snakes are transported, an external tab should
be attached to the bottom of the bag so that one can empty the
bag without exposing oneself to a bite.

Once you get the captive home, you must think of where to
put it. A good container for small reptiles that cannot climb is
an aquarium. Of course a wooden box will do as well, though it
is desirable to fit the box with a glass front so that you can easily
observe what is going on inside. With nonaquatic reptiles it is
necessary to cover the box with a snug (but not airtight) cover.
Snakes especially have a rare talent for finding a small opening.

I use several different kinds of cover: wire screen, perforated
masonite and occasionally glass, raised slightly from the top of
the container to provide adequate ventilation. The design of the
cover is governed largely by the animal inside. Wire screen is
generally unsatisfactory for snakes. They have a tendency to rub
their noses on the screen and injure themselves. For some of the
stronger species of snake a sturdy top is needed, and Masonite
fills the bill. A glass cover is used when it is desirable to keep
the temperature and the humidity high.

Most discussions of reptile-keeping emphasize the importance
of avoiding decorative effects in the cages, pointing out that sani-
tation is a problem and that the humidity resulting from the
presence of plants is detrimental. I do not agree with this. Ani-
mal cages in the home should be attractive. Moreover, the animals
themselves appear to feel more at home in cages that roughly
approximate their natural habitat.

One can divide cage climate into broad categories —for ex-
ample, desert, temperate-zone region or bog — and select plants
and other surroundings that are compatible. Properly managed,
a reptile cage can be as decorative as the handsomest aquarium.
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One warning; reptiles to be placed in a decorated cage should
be carefully inspected for mites. Once introduced into such a
cage, mites hide themselves in crevices and are almost impossible
to eliminate.

The sanitation problem is most easily met by placing a deep
layer (one to two inches) of aquarium gravel in the bottom of
the cage. It is a simple matter to pick up excreta and contami-
nated gravel with a scoop and to replace the gravel from time to
time. Many terrestrial reptiles are fond of burrowing on occasion,
and aquarium gravel is a good medium in this regard because
it does not pack or cake.

The illumination of the cage is important, both for the welfare
of the animals and for satisfactory viewing. Most reptiles do best
at temperatures slightly above 70 degrees Fahrenheit, the desert
species preferring temperatures as high as 100 degrees. I achieve
good temperature-control by balancing the radiant heat of in-
candescent lamps against the heat loss through the sides of the
cage and by whatever air circulation there may be.

Reptiles govern their body temperature by absorbing heat in
varying amounts from their surroundings. Incandescent lamps at
the top of the cage, together with the judicious location of furni-
ture such as rocks or sticks at various distances from the light
source, permit the animals to select their own temperature con-
ditions. It is astonishing to observe how quickly these not espe-
cially bright creatures learn that they can warm up most quickly
by climbing to the highest point in the cage. When several lizards
are in a cage and the light comes on after a cool night, an amus-
ing scramble for top position usually ensues.

An effective source of light and heat is the 75-watt spotlight
lamp available in most hardware stores [see Fig. 90]. The reflector
of the lamp is highly efficient for both visible and infrared radia-
tion, and incidentally lends itself to dramatic lighting effects. The
radiation is concentrated, however. It is therefore important to
direct it so that the animal can get out of the beam and avoid
overheating. I usually mount the lamp so that the front of the
glass envelope is about 10 inches from the highest piece of furni-
ture in the cage.
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90
A terrarium made of wood, glass and perforated Masonite

The main problem in keeping reptiles is to provide them with
the proper diet. Few reptiles are vegetarians, though some turtle
and lizard species will eat lettuce. The rest demand meat in vari-
ous forms. Most turtles will eat any kind of meat proffered (in-
cluding a bit of finger if you are not quick). Cod or ocean perch
seems particularly tasty to aquatic turtles. Several of the more
terrestrial species thrive on dog food, particularly Pard.

It is important to remember that the aquatic turtles (all those
sold in variety stores) are unable to eat when they are out of
water. The turtle bowls sold with them are almost always inade-

209



THE NATURAL SCIENCES

T-3 lamp / :
14" mesh

metal tabs
to hold glass _

91
" An aquarium modified to hold small reptiles

.quate. Such a turtle is properly kept in an aquarium measuring at
least 10 inches wide and 12 inches long. The aquarium should con-
tain six to eight inches of water, a sunning platform and an ample
heat source such as the 75-watt spotlight lamp. One should be fore-
warned that these turtles will grow, some of them to as much as
eight or 10 inches long if they are properly nurtured.

Most of the lizards are insectivores, eating moths, flies, beetles,
grubs, grasshoppers and so on. Such prey are not easy to come by in
the winter, and it is almost impossible to convert a lizard to foods
such as beef or fish. However, there are solutions to the problem.
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Meal worms can be bought in pet stores. These worms, the larval
form of the darkling beetle that commonly occurs around granaries,
are a splendid food for insectivores, apparently supplying all the
important trace nutrients.

Recently I have found that Russell Vance of Lincoln, N. Y.,
maintains a year-round supply of crickets that bids fair to revolu-
tionize the keeping of reptiles. It is not difficult to raise meal
worms in amounts sufficient for one or two small lizards, but a
larger lizard can put away 75 to 100 worms a week. This calls
for a rate of production that is difficult to maintain in the home.
Moreover, some lizards ignore meal worms. The crickets, how-
ever, are a different story. In the first place, they are larger, so
that even our fairly sizable African agamid is satisfied with three
or four. Second, they do not contain so much chitin, the horny
substance of the insect skeleton.

If a small lizard is fed a steady diet of meal worms, the indi-
gestible chitin of the worms may actually block its gastrointestinal
tract. Crickets also seem to provide more dietary essentials than
do meal worms. My lizards are all in much better health as a
consequence of the shift to crickets. My one insectivorous snake,
a member of the smooth green species, eats crickets to the exclu-
sion of all other food.

The snakes are probably the most fascinating of all the reptiles.
All snakes are carnivorous. In most cases this means one must
supply them with mice or rats for food, although water and ribbon
snakes will eat fish (minnows or thawed pieces of frozen fish).
Garter snakes can be induced to eat chopped earthworms mixed
with hamburger; later they can be graduated to hamburger alone.

Working as I do in a biomedical laboratory, procurement of
mammalian food for my specimens is no problem. I simply set up
a breeding colony of mice in an out-of-the-way corner and har-
vest as needed. Our rat colony generally produces an adequate
surplus to supply my modest needs. The less fortunate reptile-
keeper, however, can doubtless make arrangements with a bio-
logical or medical laboratory for a supply of surplus rodents,
usually at a reasonable cost.

Breeding in the home is not recommended. It is accompanied
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by an odor problem that even the most tolerant wife can seldom
ignore.

Of the readily available snake species, some are more adaptable
to the home terrarium than others. The list is headed by bull
snakes, which are unusually docile. I have picked up wild bull
snakes in the deserts of Nevada and Idaho that struggled no
more than those in my cages. Corn, fox and rat snakes are some-
what more excitable, but still adapt nicely to confinement.

An unusually charming little specimen is the red-bellied snake,
which grows to a maximum length of 10 inches. These require a
steady diet of small angleworms or garden slugs (the brown ones,
not the gray), which are easily raised in leafy litter, with lettuce
and chicken mash as food.

Most of the racers and coachwhips are best left in situ. They
are nervous and irritable, and they bite severely. The poisonous
varieties should be left strictly alone. (I must confess that I have
a couple of juvenile Great Basin rattlers that I caught in Idaho
last summer; I keep telling myself that as soon as they are big
enough I shall give them to the zoo.) Although many of the pit
vipers (which group includes the rattlesnakes) are attractive and
interesting, the risk is severe. Moreover, not all neighbors are as
tolerant and understanding as mine.

Perhaps the most important item in reptilian diet is an adequate
supplement of vitamins. Virtually all reptiles are sun worshipers,
and in captivity they must have vitamin D to compensate for the
lack of sunshine. My procedure, which seems to work extraordi-
narily well, is to include one or two drops of Abdec per ounce of
drinking water. The water-soluble polyvitamin preparation appears
to suit reptiles ideally.

The effect of vitamins can be most dramatic. A reptile speci-
men that is lethargic and off its feed can become a ravening
brute ready to eat almost anything one or two days after the direct
administration of one or two drops of Abdec. Once the reptile is
in condition, the maintenance dose in drinking water seems to be
sufficient. Turtles are particularly sensitive to the lack of vitamins
and should be given a direct dose every month or so.

Reptiles can be watered in several ways, depending on the
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species. A snake will drink from any dish large enough to admit
its head and an equal length of neck. Some lizards will drink
from a dish; others, from a watering bottle. Some, such as the
anoles, or “circus chameleons,” must be watered with a dropper
or by sprinkling the plants in their quarters.

When one keeps reptiles in the home, it is difficult not to be
anthropomorphic about them. Lowly though they are, reptiles
are individualistic, and one cannot avoid assigning them person-
alities. In the final analysis, why not? Each animal has a behavior
pattern that is partly instinctive but partly the result of experi-
ences during its lifetime. To me it seems only reasonable that
individuality should develop.

My three bull snakes are an excellent example. All were taken
at the Nevada Test Site of the Atomic Energy Commission, and
they look pretty much the same. Yet there are marked behavioral
differences among them. One of them, which was caught as a
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