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INTRODUCTION

My dear friend,

A while ago 1 mailed you two old volumes of indoor games entitled
Columbus’ Egg, together with my suggestions on how thev might be
adapted for possible republication. I asked tor your opinion on whether a
book of this kind could hope to succeed, bearing in mind the veritable flood
of cantemporary works,

1 was quite unprepared for the enthusiasm of your reply. 1 had
locked forward to your epinion on the book as a text, but never expected
your wife and children actually to put the tricks to the test. The fact that you
tried many of them out together is fully in the spirit of the book — it is
meant to be used as well as read. I have a shrewd suspicion, however, that
you hoodwinked your family into large-scale experimentation simply to find
out whether the delightful pictures bore any resemblance to the detailed
instructions. I bet vou felt that you would be sending me back a clutch of
rotten eggs!

1 must now confess that we put ourselves through the same sort of
fun and games, and stood Columbus’ eges on end by the dozen. We
regularly misappropriated houschold utensils, upset the cooking, inter-
rupted mealtimes, turned secial occasions into demonstrations of our skills,
and ocur youngest son even tempted our ncighbor, a dignified old gentleman,
into trying his hand at childish experiments with knives and corks.

But now for your “whys” and “*wherefores.” The publishers
originally asked me to collaborate on a book of magic. Publications on that
theme usually address themselves to individuals, and are hence, T teel,
unlikely to encourage group participation. The sorcerer’s apprentice, after
all, relies on the ignorance of his audience. 1f he serves up tricks that are
simple and familiar, he will undoubtedly give the children pleasure and hold
their interest for some time, bug if he starts to reveal the secrets of the more
intricate conjuring acts he is bound to strip the latter of much of ther
fascination, In these cases what matters is 2 perfect performance, not the
explanation. Constant practice and endless patience are needed to hold the
attention of a passive audicnce; only with these may one hope to turn an
illusionary trick into a spellbinding spectacle. It is difficult, however, to
convey all this on the printed page, so that a book addressed only te the
individual would-be magician is likcly to prove a source of discouragement.
We decided, therefore, to elicit the participation of the entire family,

It was this consideration that {ed me to the old medels. T had dis-
covered the two volumes of Culumbns’ Egr some time betore mn a second-
hand bookstore. The owner had given them to mc when [ purchased a book
on butterflies, vaicing the opinion that it was unlikely for anvone to evince
the slightest interest in such childish games now that the toy industry is
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a wedge between man and his familiar tools. Industries sprang up that re-
quired strange new procedures with levers and wheels; cities grew In size,
and were brought closer together by ever faster traffic. . .

In 1830, the diligent draft horse celebrated irs last victory in a race -
with 2 Jocomotive along the Baltimore-Ohio track. Some ten years later, the
British railroad system could boast a length of more than 2,000 miles. In
1859, oil appeared as a new source of energy alongside steam power, and as
early as 1881 the first electric streetcar was conveying passengers in the
vicinity of Berlin.

Small wonder, then, that people everywhere were making great
efforts to understand the new techniques and ro wonder how best to exploit
the latest advances. The daily press published innumerable proud and
detatled accounts by scientists and engineers of their inventions and dis-
coveries, and the secand half of the nineteenth century embarked upon a

cramming course in physics based on simple examples, realistically and
popularly presented. It is against this background that we may begin ro
understand the approach used in this little book, an approach that is no
longer familiar to the modern reader.

The present compilation invites the reader to explore “strange
continents” inside the family home and awakens the Columbus slumbering
within us all. This object lesson in the form of family games using ordinary
houschold articles can give rise to more pleasure and understanding even
today than many a heavy tome cking out its prestigious cxistence unread
on our bookshelves.

Apart from a few exercises in dexterity, I have only included simple,
elementary games illustrating equilibrivm and the center of gravity, inertia,
centrifugal effects, the behavior of liquids and gases, simple optical and
acoustic  phenomena, electrical forces and other easily  duplicated
eXperiments.

1 agree with you when vou say that man gains his best insights when
he is in contact with everyday objects. This view is corroborated not only by
the celebrated apple which fell on Newton’s head while he was having an

afternoon nap, and to which he owed his discovery of the laws of universal
gravitation, but also by the ingenious Eiffc] Tower, which could hardly
have been built for the Paris Exhibition of 1889 without some understanding
af the structural properties of such apparently simple objects as straws.

How marvelous it would be if the most fertile brains of this century,
too, had been able to provide similarly splendid illustrations of what goes on
around us! Far too often we stand undiscerning and powerless before the
manifold problems we face, and wish devoutly that we were granted greater
understanding. Accustomed to life with the mysterfous atom, fearful of its
applications in peace and war, we lack popularizers and interpreters of
man’s latest achievements and discoveries. Without these “go-betweens,”
we resemble the blind who trustingly follow or fervently condemn without
stopping to consider that they may be lacking in basic insight.



How many such games could we not do with today, games that reveal
not only the mysteries of physics but alse of man himself?

You ask me about the method of reproduction used in this book,
As I said earlier, all the old-tashioned and charming pictures are wood
engravings, or xylographs, which in the middle of the nineteenth cenoury
used to make up the greater part of all itfustrations and were widcly used,
for instance, in illustrated journals. Mever's Universal Encycinpedin at the
turn of the century bears the following entry

Xylography is the art ol cutting out of wood blocks, designs that
have been previously sketched in with pen, pencil or brush, or
reproduced by mechanical means, for instance, hy photography,
in such a way that the designs are suitable for printing. The proce-

dure is as follows: after the wood block, with a standard thickness of

% inch, has been planed level and smooth on one side, it receives a
thin coating of chalk. The design is applied to this coating, but in
reverse, as a mirror irnage of the future print, or ¢lse it is projected
onto the block by photographic means. The block is then handed
over to the wood engraver, who cuts out all the areas the draftsman
has left untouched, with 2 graver or solid burin, so that when he
has completed his work the drawing alonc will stand out. The block
is now spread with printer's ink and, when applied to paper, will
produce a mirror image of the original. Apart from technical comn-
petence, which requires long training and practice, the xyvlographer
must also have a considerable degree of artistic sensitivity and be
himselt an accomplished drattsman, especially when dealing with
designs that do not consist of lines but, like most of the blocks used
by illustrared papers, have been painted or brushed on.

Most of our illustrations came trom French studios, Amongst the
signatures [ discoverced that of the Parisian Henri Thiriat, one of the most
important wood engravers in France.

You maintain that most modern children do not learn games trom
their parents and that they participate in competitive games as passive
spectators. [ should not put it quite so biuntly. Bur 1 agree thar, if they do
not take part in spontaneous games, children become stunted in their
intellectual development, a staternent that probahly applies to adults in
equal measure. Even without our intervention, the growing child makes
tentative attempts at unfettercd creation and, by painting, building and
modeling, erects bridges to his or her environment. We adults value gamcs
and play far too cheaply; in addition to a few evenings in the bowling alley or
at the card table, we arc at best invelved in just one kind of sport, and the
lazier and less socially inclined amongst us are quite satisfied to sit back and
do nothing butr watch our televisions, Psychology teaches us that game
playing covers a much wider spectrum than we generally think. It is a self-

rewarding activity, onc that has no ulterior motives. In their rhythmical
comings and goings, in their encounters with abjects and society, their
involvement and activity, players see themselves as being in immediate
and significant contact with the mainstream of life. Roles, imaginary
situations and illusions are acted out from the second year of lite onward,
the young child still failing to grasp the make-believe character of his ow,_._n_.
games. Playing comcs into its own in the preschool and early mnra,c_ vn:ma.
However, creative play cantinues to be the basis of our working life, leading
bevond vouth to adult games and occasionally taking on the character of
serious intellectual, artistic and industrial activity.

In conclusion, I may perhaps be allowed a few words about the
title; the legendary egg of Columbus was prabably foisted like a «‘Q:mEo
cuckoo’s egg, even during his lifetime, onto the great Genovese, who dis-
covered America under the Spanish flag. As is well known, we refer by a
“Columbus’s egg,” to an astonishing solution or completion of an apparently
insoluble problem or task; to a creative idea that overcomes all obstacles.
Our titular hero, Christopher Columbus (1451-1506), being oo_.:.m_._no.a of
the spherical shape of the earth, intended, by following the curvature of the
carth, to reach the east coast of Asia while sailing toward the West, although
that part of the world had never before been reached from that direction,
and although most of his contemporaries still held the ancient belief that
the earth was flat.

After his vovage, which despite many setbacks he completed success-
tully, his achievements were challenged and his detractors scoffed that
others could undoubtedly have made the same discovery.

It is at this point that the legend comes in. It tells us that Columbus
put the following question to his denigrators: “*Can any of you stand an egg
on its head?” When they had all responded with embarrassed silence,
Columbus is said to have stood the egg on the table on its crushed end,
mortifyving and astounding the braggarts with his simple solution.

In reality, this trick was devised, not by Columbus, but by one of his
compatriots, thc brilliant architect, Filippe Brunelleschi {1377-1446),
who, as Vasari reports in his Lives of the most eminent Painters, Scuiptors
and Architects (1550), offered it to his opponents when they declared that
his proposed cupola for the cathedral in Florence was a castle in the air.
This revision, however, in no way detracts from a legend whose effect does
not depend on whether it was devised by Brunelleschi or Columbus. The
crucial point is the challenge it poses: not to consider everyday tasks as a
chore, but to meet them in a creative spirit, in play no less than in real lite.

Good-bye tor now, my dear friend,
Yours affectionatcly,
Edi Lanners

P.S. Does work come hetore play, or does play come first ?



CoLuMBus’s Up-DATED EGG

T.EGEND has it that, at a dinner given
by Cardinal Mendoza, those who
had previoushy scoffed at Columbus
were dumbfounded and humiliated
when he successfully stood an egg
upright by tapping its end, a feat of
both physical and mental agility.
Students of the human psyche will
conclude that Columbus must have
emploved a hard-boiled cgg for it
scems uniikely that the alleged cffecy
on the illustrious company would
have been quite so overwhelming
and unequivncal had a raw and
fragile egg, woefully deprived of its
shape, besmirched the clerical table,
Bur let us leave Columbus' solution,
admittedly impressive but com-
paratively banal, to penetrate further
into the mysteries of equilibrium
by asking: “How can a raw egg be
stood on its head *™

The reader will smile condescend-
ingly, for he or she commands quite
a lew morc or less elegant drolleries
and subterfuges. Thus, all you need
do is shake the egg vigorously until
the white and the volk have been

thoroughly mised. Il the egg, now
divested of its divinely ordained
inner order, is held upright fora
time between the fingers, the heavier
yolk will sink to the bottam, lending
the lower part so much weight tha,
it the egg is sctr down on a table and
balanced with some patience, it will
remain in an upright position.

Not so simple, but by no means
difficult, is the experiment depicted
in our illustration.

The top of a cork 1s hollowed out
so that the blunt end of an egg fits
neatly into it. If the cork is now
placed over the egg and weighed
down on either side with a fork, the
center of gravity of the whole system
is shifted downward. After several
attempis, and slight changes in the
position of the cork and the cgg,
stable equilibrium is atraincd, with
the result that, as the illustration
shows, the egg and its burden can
be balanced gracefully on the rim of
a bottle — to the great astonishment
of the assembled company.

THE HOVERING LADLE

HOVERING 1s a most mysterious
business. Docs a bird hover? The
commonly held view is that it does,
hut strictly speaking it does not. It
“rests’’ on the air, for if it were ina
vacuum the miraculous powers ot its
wings would desert it, and it would
plummet to the ground. Hence we
must not take it amiss if the ladle
and the knifc, which are here sup-
posed 1o suggest the idea of “hover-

ing,” need a point of support. Let us
give it to them and stick the point of
a half-opened pocketknife, held ina
horizental or near-horizontal
position, into the edge of the rable.
Ay 1s shown in the tHustration, it
must be imbedded just enough to
support the ladie. The position
adopted by the two “performers” is
mast intriguing, especially when
they are set swinging very gently,



FThe spectators will invariably be
amazed. We, who are privy to the
secret, will give a superior smile, for
we know that the spectators’
astonishment will increase even
further when we pour a little sand
into the ladle, or weigh it down in
some other way.

“Will it rise or sink ¥ we ask our
audience.

The unanimous reply is naturally
that it will sink, as any object that is
weighed dewn tends to do.

Our two “performers,” the knife
and the ladle, however, seem deter-
mined to play a jokc, the first rises
in the atr, and the ladle goes with it,
and the more we weigh the latter
down the more upright a position
will the former adopt, until it reaches
a certain point, ends the performance

and falls oft the edge of the table
with a clatter,

THE ACROBATIC PENCIL

TAKE a pencil, not too short, but
otherwise of any shape, and push in

the point of a penknife {or any other
knife) not far from its tip. Gradually
bring the handle toward the point of
the peneil, until the latter, resting on
the index finger, remains in balance.
This happens just as soon as the
center of gravity is bencath the point
of support, that is, underneath our
finger. The slope of the pencil
depends on the angle between the
handle and the blade of the knife;
the pencil will be vertical when the
center of graviey of the knife is in
line with the pencil. Those having
exceptionally sensitive fingers should
ensure that the pencil is not too
sharp, tor, weighed down by the
knife, its point will press quite
deeply into the finger tip; vou may,
of course, introduce a small piece of
leather or cloth in order to minimize

that danger.

Incidentally, the experiment can
be performed just as successfully
with a match instead of a pencil;
indeed it gains in appeal thanks to
irs trifling size. Nor is that all: we
can balance another match on the
end of the first, but in this case it1s
best to usc a smaller knile. With a
litele skill, the game can be further
extended, and a third match and

knife placed on the first two, thus
producing a veritable tower which
leaves nothing to be desired in the
boldness of its execution,

Care must, however, be taken, for,
as the structure grows, the blade may
snap shut by itself, thus causing a
disagreeable as well as unwelcome
injury to the finger. It is better, and
safer, if the “tower™ is erected on
the cork of a stoppered bottle.

THE PLATE CAROUSEL

IF we ask the good lady of the house
for a plate, intorming her that we
shall be trying to balance it on a
needle, it is ten to one that mindful
of her crockery, she will refuse our

request. But if she has had accasion

to notice that we sometimes perform
a well-nigh impossible trick without
causing the slightest damage to even
the most fragile objects, she may yet




be persuaded to lend us the precious
plate, and, with some trepidation,
the dangerous ncedle as well. We
shail necd in addition a stoppered
bottle, two carks and four matching
forks. These objects, too, are easily
come by, and as soon as we have
them we can proceed to the con-
struction of our needle-borne plate
merry—go-round.

To begin with, we obtain four
hatfcylinders by cutting each cork
in two lengthwise. The cuts must be
made with a very sharp knife, other-
wise the cut surfaces will be too
rough. If this is unavoidable, then
we must carefully smooth the cuts
with a file. We now push the four
forks into the ends of the cut sur-
faces of the corks, aking carc that
they are not completely perpen-
dicular to the latter; the illustration
shows the approximate angle very
clearly. It goes without saying that

the inclination of all four forks must
be roughly the same. If our prepara-
tions have progressed satisfactorily
thus far, then we may load the plate
with the four forks, placed art the four
points of the compass around the
edge, and finally place the plate on
the blunt cnd of the needle, whose
point we have pushed vertically into
the cork of the stoppered bottie.
After several adjustments, we shall
discover the point at which the whole
system is in equilibrium; indeed,
with some care — for instance by
blowing or gently tapping — we can
even set the plate in motion and
cause it to turn like a merry-go-
round, stowly at first and then faster
and faster until the good lady of the
house is proved right after all and
she has to lament the loss of a plate,
consoling herself, perhaps, with the
thought that she has sacrificed it to
further the noble art of equilibration.

FroaTtiNng K1TcHEN UTENSILS

THis simple experiment, too, can
demaonstrate that it is possible, with
equipment readily found in most
households, to perform the most
astonishing balancing feats, if only
we are inventive enough and give
free rein to the imaginaticn.

First, we take a decanter (or a
similar vesscl with a high neck),
which we fill with water, and also a
plate, a skimming ladle and a soup
ladle, cach of whose handles must
have a hook. Thus equipped we
reftutn to our experimenting or
demonstration table, artach the
skimming ladle by its hook to the
edge of the plate and wedge it there
with a slice of cork. Next we pick up

the two connected objects tn one
hand and place the edge of the plate
— bottem upward — on the rim of the
decanter. With the other hand we
hang the hook of the soup ladle over
the edge of the skimming ladle and
gradually, by making caretul adjust-
ments, discover the position at
which the whole system is in stable
equitibrium.

The audience will not be slow to
applaud, and we may finally call in
the lady of the house so that we can
dermonstrate, to her astonishment,
that her kitchen utensils can serve
for purposes quitc other than the
production of the occasional sirloin
roast of beef with cream sauce.

PLAYING WITH 350:.%

Tur tricks that follow, for which we
need a box of matches, arc again
hoth very simple and most cttective,
We begin by splitting a match very
carcfully at its non-striking end; the
end of another is then cutinto 2
wedge and positioned in the slit of
the first, so that the two form an
acute angle, Next, we place the two
interlocking matches on the table
and lean them against a third, so
that all three stand up as shown in
the lower part of the illustration en
page 18. All the preparations for our
little entcrizinment are now com-
picte, and we ask it anyone thinks he
or she can lift up the whole trame-
work with the aid of a fourth match.
There will be much shaking of
heads, and many vain attcmpts,
since the only possible solution is

the one shown in the upper part of
the same illustration: the third
match must be placed between the
joined rips of the first and second
matches and the whole then raised
with the lourth match.

Providing our public shows just
a little appreciation, we may treat
them to an amusing encore. A match
is placed on the rable, and an ¢ven
nurnber of others laid across it, cach
with onc end resting on the table
and the nther pointing upward; the
heads must point alternately in
opposite directions, as shown in the
iftustration on page 18. We again ask
our audience to use a single match
to litt up all the others in the order
in which they arc arranged on the
table. It is unlikely that anybody will
consider this task too difficult; those
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Is it possible to drill a hole through
a natl, stmply by blowing? No, it is
not, we shall be told; you must usc
a sharp instrument, or better still a
tathe or a special drill. Quite right!
So let us make usc of equilibrium
and the law of gravity to manu-
tacture just such an implement. We
only need a few objects, to be found
close at hand: a needlc, two pen-
knives of equal weight, a corked
battle and an extra cork.

We begin by sticking the nail into
the sparc cork, and the blunt end of
the needle ints the bottle cork. Next
we open both penknives and stick
them into the spare cork on cither
side of the nail, as shown in the
llustration. We must now make sure
that the center of gravity of the two
knives lies exactly at some point in
the nail. To that end, we place the
latter on the tip of one of our fingers,

and ask an assistant to move the
knives to and tro untl equilibrium
is attained. Our preparations have
heen completed.

We now place the entire structure
on the point of the needle, pre-
viously inserted in to the bottle cork.
Once again we must try to find
equilibrium by caretullv and lightly
touching and moving the structure.
Just a modicum of practice is necded
tor suceess, Once the nail and irg
load are in halance, we begin to
rotate the two knives, the cork and
the nail by blowing at them, We
have kept our promisc: because the
needle is of tempered steel and the
nail of sotter metai, the tormer hores
gradually into the latter like the
finest of drills, producing an cver
deeper hole until the rotating nail 15
finally bored through.

THE DANCING WINEGLASS

Wt obtain two empty wine bortics
of equal size and cork them in such
a manner that the corks protrude to
the same extent from the necks of
the bottles. The tops of the two
corks have previously been cut inte
wedge shapes. For our experiment
we also need two knives with tairly
heavy handles, which we now lay
across the wedge-shaped corks so
that the tips of the knives touch.
Where they mect, we now stand a
fine glass goblet and pour water or
some other liquid into it untl the

an

glass is balanced by the weight of
the handles. So much tor the pre-
parations; now for the actual per-
tormance of our experiment: it a
small metal sphere, a coin or a
button, is attached to a thread and
dipped into the liquid, the glass
standing on the tips of the knives
will sink down, orly to readopt its
earlier position as soon as the sphere
ot coin is lifted out ol the glass. This
process can, of course, be repeated
time and again and has a most
agrecable cffect.

Morcover, we can lend the
experiment even greater charm it we
invire our host™s child to sit ar the
piano and play us a nice little dance
at not too quick a tempo. By dipping
and litting the suspended metal

object, we arc able with ease to
aliow the glass to sway in time to
the music, thus affording our public
a spectacle that is surprising and
charming to boot.




THE BALANCING (GOBLET

In this demonstration and those thar
follow, we shall be engaging in ex-
perimental physics, and will prove
that it is possible, with some in-
genuity but withour any special
preparations or complicated equip-
ment, to demonstrate intriguing
physical effects in the simplest ot
ways, thus ntot only entertaining our
audicnce but at the same time
stimularing their intellects with
instructive displays.

Let us begin with an easy but
nonetheless elegant experiment,
based en the theory of equilibrium,
Our task will be to balance a wine-
glass on the ends of three sticks and
to that end we take out three
matches. We pick up twe of them,
cross them and hold them firmly
between two fingers of our left hand,
making sure that the top match is
horizontal. Then we push a third
match obliqucly under the upper
half of the vertical, and over the
right side of the horizontal match.
In this position, wc place them on
the tablc, and shift them slightly
unti! they form an equilateral tri-
angle in the middle. Now the small
improvised stand is ready and will
support any object of medium weight
without giving way or collapsing.
Each match has one end on the

table, passes bencath another match,
rests on a third and has its 1ree end
in the air.

The canstruction of a similar
device of larger dimensions — with
rods, rulers or knives - should pose
no further problems. It we again
place an object af some weight on it,
an ashtray, for instance, or — as our
illustration shows - a delicate wine-
glass, it will not be endangered in
any way, for the solidity of our slight
structure is by no means reduced by
by the cxtra burden, but rather
enhanced with the increased pressure.

THE FLOATING CARAFE

THE variation of the previous experi-
ment, depicted on the facing page, is
no less interesting to perform. The
carafe appears to be floating in mid-
air and vet the three knives provide

22

a refatively firm structure. Qur
lustration shows clearly how the
knives must be placed; their arrange-
ment corresponds cxactly to thar of
the matches described bejore. We

proceed as follows: a knife is first
held in a vertical position, the blade
pointing to the right; a second is
placed across it horizontally, the
blade on top, and the third is

inserted between the blades at the
top right. The knives are not held
by rheir handles but by the backs of
the blades, so that the blades them-
sclves face inward, The blade of the



third knife passes under that of the
first and over that ot the second.
When we have made thesc prepara-
rions, we place the handles of the
kntves on the rims of three wine-
glasses, and this structure, too, can
now easily accommodate a fragile
vase with no risk of breakage.

As if this were not spectacular
enough, the cxperiment (as so many
others described in this book) can he
combined with another balancing
trick, say, with a slight variation of
the one described on page 13, in
which we balanced an egg on the
rim of a bottle. To do this, we stick
three forks into the cork on top of

our cgg, their positions correspond-
ing to those of the three knives.
After several trials and slight madi-
fications of the positions of cork and
egrr, we will reach the required
cquilibrium. The cork must be
slightly hollow at the bottom so that
it fits the egg tairly closely. This
extremely delicate constructon will
present a most astonishing spectacle!
We cannot, of course, guarantce
that ro mishap will befall the cgg,
it it is raw, or the carate. We would
advise, therefore, that the carryving
capacity of the knives be first tested
by appropriate pressure of the
fingers.

A HOMEMADE PRECISION BALANCE

AFTER all these parlor tricks, we shall
now proceed to the construction of a
practical abject: a precision balance,
with which we will be able 1o
determine the weight of small and
Even minute quantities.

As a support, we select a square
bottle, some eight inches in height,
made of transparent glass and with
a broad neck, in the rim of which we
have cut a small groove with a tri-
angular file (sce # in Fig. 3 on page
25} diametrically opposite the tiny
dimple or hole # made with the point
of the file. Qur scalebeam is a
knitring needle, with halfa cork
pushed to its center in which two
sewing needles are inserted in such
a way that their ends fit into the
hole # and the groove #. The pans
arc cut out of smoath, sciff card-
board and hung by silk thread or
fine brass wire. To attach the pans
to the beam wc again use two half

corks pushed over the ends of the
knitting needle {see Fig. 3) and
move them to and fro until the
equilibrium of our preciston balance
is finally established.

As a pointer or indicator we use a
stiff wire running vertically through
the central cork of the beam, with
two strips of paper attached to its
lower end to facilitate the reading of
the position of the pointer inside the
bottle; to the top of the wire we
attach a small cork which can be
moved up and down at will and
serves as a regulator. When the
heam has come to rest, we scratch
two lines with the file on oppasite
sides of the bottle; they represent
the zero point.

Now, while it is passible to buy an
official sct of weights for our home-
made balance, and with their help to
tile a scale into the side of the bottle
the following procedurec is fairly

1

accurate and certainly much cheaper:
take a piece of card from a sheet
weizhing, say, 180 grams per square
meter {the usual weight of a post-
card), and cut out the requisite
number of squares, each with sides
measuring 74.5 M, every square
will weigh r gram (see Fig. 2). By
dividing the squares diagonally, we
can produce weights of & gram

{500 milligrams) and 4 gram (250

milligrams} without any difficulty.
For still smaller weights the balance
may not be sensitive enough, but
just in case we can always make
squares with sides measuring

23.5 mm, each of which will weigh
++ zram (100 milligrams). {If
desired, coins may be used as troy
weights: one U.S. cent weighs

18 grams, that is, exactly {5 ounce.}

THE NERVE-RACKING (ZAME

OuR illustration shows a balancing
game, or, more precisely, puzzle, to
which its inventor, doubtlicss bearing
the weak nerves of mankind in mind,
gave the appropriare name of *“The
~Nerve-racking Game.” The basic

equipment is 2 convex metal lid with
a raised edge and a hollow in the
rmiddle. A small ball (say, a marble)
thar fits exactly into the central
hollow, is placed an the lid, which is
then moved to and fro with the




abject of rolling the ball into the
hoilow. This task may be solved in a
number of ways, but they all demand
a measure of agility. Experienced
players allow the ball to climb up the
convex surtace with a slight initial
jerk, at the same time inclining the
lid in such a way as to rell the ball
up the inclined plane until it reaches
the center.

There is, however, a relatively
simpler solucion, and one that allows
the ball to reach its destination more
quickly. Ler us assume that the ball
is very close to the edge: now,
instead of trying o take the ball to
the hollow, act as if you were rrying
to bring the hellow to the bail. In
other words, move the lid in cxactly
the same direction as the ball ad-
vances. This action, for which the
precise amount of force must, of
course, be used, is akin to, say, the
action of shoveling something out of

the ground. With this ruse, the
puzzle can always be solved, ne
matter where the ball is placed on
the lid. Once we have acquired the
requisite skill, the trick can be per-
formed even with closed evcs, pro-
vided the original position of the ball
is known. It is best, generally, not to
use both hands but to hold the lid
loosely and easily in one hand, and
to manipulate it in that fashion.

PiGs 1N CLOVER

A PUZZLE similar to the last originated
in the ingenious United States. Tt
has the delightful name ot “Pigs in
Claver” and its solution, too,
demands not a littie patience. The
toy, which anyone capabie of cutting
paper can easily make, consists of a
flat, round cardboard hox that may
be decorated on the outside in any
way desired. Inside, on the circular
hase, two walls are affixed parallel ro
the circumference at equal distances
trom it and each other, each wall
having a “gate” exactly opposite the
other, At the center of the box is a
small, round, covered “house,” open
to one side, which the inventor has
designated the “sty.”

The object of the game is, by
cautious manipulation of the base,
to move the “pigs,” represented hy
tiny balls or marbles of a suitable
stze, trom the outermost ring into
the sty, that is, into the covered box.

This puzzie is far from casy to
perform and greac difficulties may
be encountered, particularly by the
novice, for even it the first two or
three pigs are suceesstully herded
into the sty, the last - the usual
number is four - oiten proves very
stubborn, rolling about and engaging
in capers that in ne way meet with
our intentions, And then, just as the
last pig is close to home, the slightest
of clumsy movements will suffice —

any number of pigs, but the larger
the herd, the more difficult the rask
and the requisite measure ol

despite our cfforts  for one or Wore
of the pigs safely gathered in, o

break out ol the sty once more. .
Needless to say it 1s possible to have patierce.

THE ANIMATE CARDBOARD w.ox

agility, greatly enhanced by the
shape of the hox, produces a most
singular effect: it the little box is
laid on its side at onc end of 2

"T'uis toy consists of a small oblong
box with rounded ends Enumc::m
approximately 27 - _,::. w_“,_s_r_nr
g make - with a little .
Hm%%hﬂuﬂ by tollowing the model movable surlace, say urwccmo.?,:m
depicted on p. 28, If 1t is cmm::a_. tray, and that _msa of the q.qm., _w.
or otherwise decorated, the attraction raised, the hox 3: scurry to the
of our lirtle box is greatly increased, cﬂrﬁ. end, _..E_mﬁm:o:m_w somer- ,
but even with an unprerentious saulting as it moves &o:m_ 1o :q.,_.m
appearance it will prove capable of up at the _.u__m.ma oamo ot Hwo fray in M
the most remarkable achievernents. strange position, often vibrating an
For inside we place a lead ball whose shaking like a nervous animal. If the



tray is now lifted at that end, the
little box will start on its return
journey, and if, once it is halfway
there, the direction of the tray is
changed once again, the box will
come to an irrcsolute stop, before
tollowing the new course.

The overall impression is astonish-
ing in the extreme, and this home-
made marvel costs neat to nothing
to produce!

WHERE Is THE CENTER OF GGRAVITY?

THF. center of gravity of most
regular figures is well known ; that of
others may be easily computed ; bur
for 2 great many, and particulariy for
irregular figures, it cannot be stared
in advance. Imagine, for instance,
cutting Texas very carefully along

its borders out of a map of the
United States. Where is the exact
center of gravity of the resuiting
piece of paper? Which town can
boast that it is the center of gravity
of Texas? This question is easily
answered by experiment, and shows
— but let us not anticipate, and rather
describe how the sought-after center
of gravity can be found.

We had best start with a simpier
case. We moisten the tip of a pencil
and draw a parallelogram with two
diagonals on a piece of paper. Next

]

we wet the entire surface of the
parallelogram {thar surface onls, not
the whole picee of paper) which is
casily denc by dripping water on 1o
it very carefully. We now float the
whole sheet of paper in a bowl {see
the iltustration) and gently touch
any part of the moist parallelogram
with a pin. The floaring paper will
immediately move until the inter-
section of the diagonals comes ro lie
under the pin, and if we move the
pin the paper will respond. The
reason is that the tip of the pin is
pulled in different direcrions by the
adhesive force of the warer on the
paper, and equilibrium is only
reached when the water is distri-
buted evenly around the pin, that
is, around the center of gravity — in
the case of our parallelogram, the

intersection of the two diagonals. .:
now, 1o answer our original question,
we draw the outline of Texas or of
some other state or country on the
piece of paper instead of the

parallelogram, and float the surface
of the drawing on water in the
manner we have indicated, we shall
find its center of gravity with no
difficulty ar all.

SEEING IS BELIEVING

HERE is a most diverting experiment,
one that has caused great hilarity
wherever we have demonstrated it,
especially in a company of some-
what corpulent ladies and ,w.u:znq_n:
of the older generation! If you s,_m.w
to try it you had best arm yoursell
with all the wilipower at your com-
mand, take up a position a good
eighteen inches in front of a wall and

support your body by leaning your
head against the wall and your arms
on a chair, Then try to 1ift the chair
off the floor with both hands, m_.:.”_
stand up straight. You will invari-
ably fail to do so, hard though you
may try, since the center of gravity
of md:a body in the position
described (with the chair off the
floor) has traveled up toward your



shoulders, and the major part of
your weight is now supported by
vour head, as the gentle reader will
immediately and strikingly discover
during a performance of this cxperi-
ment, If, however, you refuse to
aceept your helplessness, and insist
that - in spite of the laws of gravity —
¥Ou can return to an upright position,
then, even if vou are allowed to
dispense with the chair and make
powerful jerking movements, vou
will be proved utterly wrong — at
best you will come away with a fine
bump on your head.

PEELING AN ORANGE

For the fellowing trick we need an
orange and a sharp, pointed knife.
The four diagrams below illustrate
the different phases of our prace-
dure. First we make a fow simple
cuts in the orange peel, as shown on
Fig. 1; then we make a series of
incisions parallel to the first (Fig. 2)
so that we end up with several
narrow strips. The next step (Fig. 3)
is to jain the side strips to the
central double strips at the top as
well as ar the battom. Finafly (Fig.
4}, we cut the entire orangc very

delicately horizontally and through
the middle, taking care not o
damage any of the strips, so that we
are left with two cqual halves.
Needless to say, the cuts shown
on I'igs. 1 -3 must also be made on
the other side of the orange, which
is not illustraced. If everything is
done correctly and the separation of
the two halves complered properly,
then the sections will automatically
come apart displaving the most re-
markable entanglements as shown in
the enlarged illustrarion on the right.

]

——
—




TuE BEwiTcHED FIpIiBUS

“Witar will vou bet me.” a friend
once asked me, *thar you will not
immediately drop this fidibus, or
paper spill, when T light it at the
top »" Curiously | examined the
paper my friend held out to me. He
had cur our a piece about one foor
long and an inch wide, had caretully
folded it across in the middle and
now held the two ends together
between his thumb and his index
finger, so that the spill pointed
upward.

“Very well; I'll bet vou a bottle
of wine,” I said a littlc cautiously,
awarc that without the bet he would
not surrender the sccret.

My friend now handed me the
ends of the strip, struck a march, and
lit the spill at the crease; hardly had
he done so than the end was burnt
through, the paper strip divided ar
the top, and the two burning pieces

of paper spiralled down with light-
ning speed onto my hand, so that [
dropped them in alarni.

The bottle of winc was lost, but
what exactly had happened?

While the strip of paper was still
uncreased, my friend had pulled it
tightly over a sharp edge, thus giving
it some tension and causing it to rol|
up into a spiral. Next he had piaced
the ends of the strip together in the
direction opposite to that in which
it tended o curl up, creasing it in the
middle so that the spilt described
above was formed. As soon as the
crease had been burnt through, the
two ends shot down separatcly by
virtue of their elasticity, and forced
me to drop the spill.

I max have lost the bottle of winc,
but I more than made good the loss
by repeating the wager with quite a
few other [riends!

THE CoMPLIANT COINS

For this experiment, which requires
no small measurc of agility, we need
just a dozen small coing which we
caretully place in a pile on a plate.

We now ask our audience if any-
onc can place the coins on the rable
in the exact order in which we have
arranged them, without touching
them by hand.

The answer is a general shaking of
heads.

“You're going to use another of
vour tricks, a Columbus’s egg or

whatever vou call it,” a skeptical

voice may be heard.

“Indeed, the success of the experi-
ment docs depend on a slight ruse,
but, as you know, [ do not engage
in sleight of hand, but try to demon-
strate the effects of physical laws in
the most stmple but instructive
manner; in this case, I shall not be
using magic but shall rely on a
physical effect, namely, inertia.

This preamble may persuade our
audience to try tor themselves, but
all their attempts are likely to end in
abysmal failure,




We, for our part, lift up the plate
with the coins about 2 foot above the
table, briskly drop it two-thirds of
the way down and then quickly puli
it toward us. The coins, deprived
of their point of support by this
maneuver, fall onta the table in 2

pile, retaming their original position.

Every one of our readers will be
able to perform this experiment
gracefully and with assurancc after a
few attemprs, though, as we have
said, some measure of agility is
indispensable.

FroMm ELBOWw TO HAND

WE take seven matching coins, which
must not be too small, place them
on top of one another, and bend our
right forearm unril it is harizontal,
the hand held near cur head. Now
we transfer the pile of coins to our
elbow and ask: “What is the quickest
and simplest way of getting these
coins into our right hand 3"

While the spectators arc still
thinking about the problem, we
swing our forearm suddenly forward
until the wholc arm is stretched out
horizontally and - the seven coins
are in our hand! The action has
taken place at such lightning speed
that the spectators still wonder how
this fear was performed.

“It’s simple — they rraveled
through the air,” we explain. Clearly
there could have been no sleight of
hand, for if we had just produced a
different set of coins, what had
happened to the ones on our clbow?
The audience would surely have
heard thern clatter onto the floor.

And, indeed, this trick, too,
involves no magic, but is based once

again on the application of very
simple physical laws. Those who
wish to master it had best begin by
catching a single coin in the manner
described. Through the sudden
forward moverent ol the arm, the
coin is flung forward in an arc; the
hand, ton, creates an arc, though a
larger one and at greater speed. The
twa arcs intersect and if, after some
practice, we manage to make the
hand traverse its arc in the same
time as the coin traverses its own,
the coin will auromatically end up
in the hand, and all we have to do
is to hold it

The experiment may now be
repeated with two cotns on top of
cach other, and the reader will find
that this ts scarcely more difficult to
perform than with a single one,
since both coins receive the same
imperus in the same direction and
hence remain rogether. It is then
only a matter of practice before the
number of coins may be increased to
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INERTIA AND THE CHECKERBOARD

INERTIA is reflected in the tendeney
of alt bodies to preserve their state
of rest or of uniform movement, in

a straight line. Hence, il we wish a
body to behave differently we must
give it time 1o do so. Thar is why the
railroad train driver dees not start
off at tull steam and the car driver
does not put a foot down hard on
the gas pedal when starting off in
the vehicle, Stmilarly, it is impossi-
ble to bring an automobile to a
sudden stop, and only in the gravest
emergency does the driver ram a foor
on the brake as hard as possible,
When we sit in a train, we can hear
from the screech of the brakes that
they are being applied long betore
the train enters the station. And
when it finally does come to a

complere halt, it still does so too
quickly for us o follow suit: the
lower part of the body of anyone
sitring in a seat is, it is true, so
closcly linked with the train that it
comes to rest the moment the train
stops, but the trunk docs not vield
immediately and swings forward,
unless, by way of precaution, the
passenger has taken a scat facing
backward, And woe betide anvone
who has risen [rom the seat hefore
the train stops! For then, while vour

feet stand firrn, the rest of vour body

sways forward and hence far too
readily topples aver.

On the checkerboard, too, this
effect is casily demonstrated. Let us
build 2 tower out of the counters,
and knock one ol the lower counters

i
!*'EI.“J‘I!”‘! i
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out with a thin piece of wood, say a
ruler or the lid of the checkers box,
holding the wood in as near to a
horizontal position as possible. The
counter naturally moves becausc of
the sudden impact. If the ruler s
applicd tairly slowly, the remaining

AND THE COIN

counters have time 10 overcome their
inertia and to tollow the movement,
with the result that the tower
collapses. But it the counter is given
a quick, hard, bluw, it alone will be
knocked out and the rest of the
tower will rematin in place.

IS STILL THERE!

For another admirable demonstra-
tion of the effects of incrria, we need
a piece of cardboard trom which we
very neatly cut out a square
measuring some 5 - 3 inches, using a
very sharp penknife and a ruler, and
making sure that the square is as
clean—cur as possible with no rough
edges.

We now place the square on the
tip ol our lelt index finger, balance
1t, and place a [airly Jarge coin on
top. We should be able o tell when
the center of the coin is right over
the p of our finger. Now we give

the side of the cardboard nearest us
a very sharp flick with the index or
middle finger of the right hand. The
cardboard will shoot into space
while the coin, indiflerent to the loss
ol 1ts support, will come to rest on
the tip of our finger. We can, of
course, substiture other objects of
the same sort ot weight tor the coin,
or use other supports, or, indeed,
carry out the experiment on a much
larger scale.

And if you should fail at the firse
attempt, vou may start with an easier
variation in which the sudden flick-




ing away of the cardboard can be
dispensed with. Instcad, you can
snatch the cardboard away from the
tip of the left index finger with a
sudden jerk, having grasped it firmly

between the thumb and index finger
of the right hand; with this method,
oo, the coin will end up on the tip
ol the lett index finger.

CuP-AND-Bar

WwITH DICE

OuR illustration shows how to
prepare an experiment which is once
again exceedingly simple to perform,
but which is nevertheless likely to
prove perplexing to those not in the
know, for in this case, too, a trick 1s
involved which will first have to be
explained or fathomed our,

With our right hand we pick upa
leather beaker, of the sort used in
games of dice, together with two
dice. The object of the game is to
convey the two dice into the beaker
one after the other. We must,
therefore, toss the first die into the
air and catch it in the beaker, which
is easy ¢nough to do with a little
dexterity, It is a great deal more
difficult, however, having tossed up
the second die, held between two
fingers, in the same way, to catch it
again without making the first dic
jump out of the beaker; very rarely
indeed will the beginner succeed in

doing this,

To accomplish this feat, we do not
toss the second die up, but allowing
it to fall from our fingers, quickly
move the beaker downward, where-
upon both dice, deprived of their
centers of gravity, adopt the initial
velocity of their fall] thar is, they
move downward more slowly than
our hand, the first die remaining
within the confines of the beaker and
the second responding readily to our
wishes.

You see, dear reader, solutions
are simple enough, provided we
know how to apply physical forces
s0 as to achieve the desired effects,
and here, symbalically speaking, is
the catch. Itis best, therefore, it an
experiment, Hke so many things in
human Hife, is first tried out on a
small scale, the better (o sharpen
our wits for whar greater chalienges
we may have to mect.

EXPERIMENTS sim CENTRIFUGAL mmmmgm

Ir a body is swung in a circle, we
refer to the force resulting from its
attachment to the center of the circle
as the centripetal farce. Conversely,
the body is affected by a force acting
away from the center, which we call
the centrifugal force. This force is
the basis of the well-known CYpCTi-
ment of tying a piece of m:.:._m toa
glass of water and sw inging it around

in a circle {sce page 47). If the full
glass is rotated with the correct
initial velocity, not a drop of water
will be spilled, because, since the
centritugal force is greater than the
weight of the water, the water 1s
forced to the bottom of the glass.
The spin drier is based on the
same principle. It consists of'a metal
cylinder with a great many small




holes in its wall. §f this containcer is
filled with wet clothes and then
rotated rapidiy, the cenrrifugal effect
will come into play: the wet articles
of clothing are thrown against the
perforated wall of the cylinder and
the watcr forced out.

An attractive and surprising
experiment which, moreover, docs
not require lengthy preparations, is
shown in our illustration. Takea
flat plate, place a napkin ring ahout
half-an-inch high at its center, hold
the plarc firmly by the rim in the
palms of both hands and ross it up,

spinning 1 vigorously as you do so,
It can casily be caughr again even
when, as in our illustration, the
napkin ring cnds up underneath,
though still exactly in the center of
the plate. Ii the axis of rotation 1s
suddenly changed, the ring will be
flung to onc side. Should the reader
have little taith in his own agilicy
when performing this experiment, or
should he be concerned abourt the
safety of valuable crockery, he may
use a cardboard disk instead, pro-
vided it is not too large; the experi-
ment witl be no less effective.

THE DEvVIL O

Two-STICKS

FArRy rotating body has a pivoral
point or axis of rotation, that is, a
point or rectilinear scries of points
that do not take part in the rotation,
The axis of rotation may be held in
position by a mechanical device as
in the flywhee! of 2 steam engine or
it may be [rec as in a bicvele; indeed,
it can simply be a mathematical
concept without a physical presence,
as in a rolling hoop or a spinning
coin. All celestial bodics rotate
about a Irec axis.

A well-known example of'a free
axis is provided hy the spinning top
in all its various forms. Init, as in
all the last-named examples, incrria
ensures that every particle rotating
ahout the axis tends to cling to the
plane of its orbit, and can only be
forced out of it by an external foree;
this is known as the conservation of
the plane of rotation. The top will
not stand still as a result; on the
confrary, it is always on the move;
but the planes of rotation ot all the

particles are conserved, so thar the
axis ol rotation, perpendicular o
these particles, can only be displaced
in a parailel direction. This is best
shown by plaving with the (op in
the air rather than on the table.

Such an aerial top is the so-called
devil-on-two-sticks, or diabolo, a
double tin cone used in conjuncrion
with a string attached 16 (wo sticks.
The devil is put on one of the sticks
the string is wound around the
devil™s waist, and the other suck 1s
jerked away very quickiy, Asa result,
the frec axis will preserve its direction
with a force that is the preater the
faster the rotation and the larger the
mass of the top. If the axis hays been
set at a slanr from the start, the tup
will ris¢ obliquely in 2 parabolic orbit
and return obligucly in a continua-
tion of thar curve, T'he problem then
is to catch it at its waist wirh rhe raut
string in such a way that ir rehounds
inte the air,

1



A MINIATURE BOOMERANG

IN the hands of the Australian
ahorigine, the boomerang is an
exceedingly dangerous weapon, one
that he knows how to wield with
deadly accuracy. If he is tracking
game and wants to kill or stun it, he
raises and aims the weapan, swings
it back over his shoulder and,
running hard, flings it ar his quarry
which he rarely misses. The o

honmerang twists through the air
like a screw, that is, rotates about irs
own axis, and deals its victim a
mighty blow before falling to the
ground. it misses the target, it will
move in a srpall upward arc and
return 1o its starting point, A skilled
hunter can send his missile in any
direction he chooses, killing bieds
and smali mammals ar a distance of

some two hundred paces — the cocka-
too no less than the flecing kangaroo
in the bush. Against men, too, the
boomerang can be a most perilous
weapon, for we are unable to tell, as
we sce it approaching, which way it
will turn and where it will srike.

In order to study this strange
projcctile in flight, let us construct
a small cardboard model (sce the
illustration), taking care to make one
side slightly heavier than the other.
We now fit our small hoomerang at
an angle of 457 under the natl of our
left index finger and flick it away
with the thumb and index finger of
the right hand. The projectile will
rise and whirl through the air,
finally coming to a stop but, mstead
of falling to the ground, it will then
return to its starting point along the

same flight path.

How can we explain these
astonishing and unusual effects?

When we flick the boomerang, we
impart a double movement 1o ir,
thar is, a quick rotation and a general
impetus; the rotation forces it to rise
obliquely into the air and to conserve
its plane of rotation until the imperus
is cxhausted. At this point it will
stiil be turning but instead of rising
higher, its weight will canse it to
tall. Since, howcver, it also tends to
conserve its plane of rotation, the
resistance of the air will cause it to
return, in a dircction parallel to this
plane, to the man who threw it in the
first place.

A great deal of practice is required
for success with a beomerang; firsc
attempts arc likely to end in failure.

N
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A RussiaN Soapr-BuBsLE CAROUSEL

Since the perimeter measures no
more than 24 64 2 = 16 inches,
a remainder of two inches will pro-
trude at one end - we make sure it

15 the thinner of the two. We now
insert this remainder into the thicker

For a change, et us now make a
toyv whose charm will gladden the
eve. We take an cighteen-inch-long
straw, straight and joint-free and
bend it four times to obtain a
rectangle measuring b X 2 inches.

end, so that the recrangle is quite
closed. With a second straw, we
construct a rectangle of the same
length (6 tnches) but wider than the
first by the thickness of rwo straws,
and with a third, a rectangle just

13 inches in width., We now place
the third rectangle inside the first,
the second around the first, and
arrange the three rectangles in such
a way that they are placed at 60°
tfrom one another, thus consrituting
the diameters ol a virtual hexagon,
We have now made the wheel of our
carouscl. The frame, base and two
struts arc casily added. Wherever
joints are needed we cur small slits
or add a little glue. All that remains
to be dang is to bore through the
vertical side scctions of the frame
with a thin, red-hot wire at intervals
of six inches, and also through the
centers of the longitudinal sides of
our three rectangles; finally we push
a wire shaped like a crank at one end

CHAIN

INTO ToP

through the lateral sections of the
trame znd the rectangles of the
“wheel.” We now gluc the three
rectangles together, taking carc to
keep them at 60° from one another,
and also glue them to the wire axle.
We next cut our six small cardboard
disks, which we attach loosely with
picces of thin wire to the six cross-
secttons of the wheel, drawing the
ends of the picces of wire through
the centers of the disks. This dong,
we blow six svap bubbles about 13
inches in diameter and attach them
to the disks, which we have pre-
viously moistened with soapy watcr,

1# we turn the crank, we shall
have betore us the glorious spectacle
of revolving soap bubbles, all
shimmering with the iridescent
colors of the rainbow, and shall be,
moreover, 10 possession of a toy that
affords us an excellent illustration of
the etfects of adhesion, interference
and maolecular force.

A FInE tlustration ol the effcets off
rotation is afforded by the experi-
ment pictured on p. 46, for which we
need a string some 16 10 20 inches

in length, and a slender chain

circlet measuring about ten to
tourteen inches long.

We tasten the circlet to one end
of the picce of string and hold the
other ¢nd between thumbs and fore-
fingers. If now we twist the string
evenly, causing it to turn quickly
{Fig. A of the illustration}, the chain
will gradually assume the shape of a
horizontal circle (Fig. B), and as
long as our cfforrs, and hence the

rotation, conrinue, it will maintain
this circular shape.

An interesting variation is the
tollowing experiment: instead of the
metal chain we attach a button (o
the string at 2 slight angle. If we
again hold the string in the tips of
our fingers and twist it, the burton
will rotate in its oblique position, bur
i we increase the force of the
rotation the button will adopr z
horizontal position. Simple though
this effect may be, it is nevertheless
put to practical use by engincers in
the construction of various kinds of
machincry.



LET us apply vurselves to centrifugal
effects and romation for the last time.

As a festive finale, so 1o speak, let
us imagine a splendidly sct table, as
our illustration suggests, with an
animated company, 10 whom we put
the following question: *'Do you
believe thar this napkin ring can rise
into the air at my behest, and end
up neatly around the neck of one of
these bottles "

While the assembled company
are still puzzling over the answer,
and we have surrendered to the
pleasant state of luxuriating in our
superior knowledge, the lady ot the
house may step up to the table with
a smiling, “Why should the napkin
ring not heed my behest as well 3™

THE >mnm74 OF THE NAPKIN RiNg

and with a quick rotation of her fore-
finger stroke the inner wall of the
ring, until the latter smrts to rotate
and rises up trom the table. She then
leads it up and above the neck of the
bottle, stops moving her finger  and
hev presto! the napkin ring drops

down, no longer subjected to the
impetus of the rotation, and lands
around the neck of the bottle.

And we have humbly to confess
that we have no monopoly when it
comes ta this particular Columbus's

egg.

THE CIRCLING TUMBLER

1T is in virtue of the centrifugal force
which manifests itself with every
rotation, that the rotating parts have
a tendency to escape {rom the axis
of roration. The reader will know
that T.aplace and Kant based cheir
views of the origin of the planetary
systems on this very manifestation.
Where our plancts now follow
their paths, a glowing gas sphere of
inconceivable size and temperature
is said to have rotated at a moderate
speed, the gaseous particles being
kept in their places by a gravita-

tional pull toward the center.
Gradually, however, as this giant
ball began to cool by radiation, the
rotation guickened and the tendency
of the gaseous particles w escape
from the center increased, until
finally they broke away from the
gaseous sphere, and the first planet
tame into existence.

The following experiment allows
us to follow this process on a small
scale. Let vs rake a hoop of the kind
children play with, place not oo
large an object, say a pebble or a



potato, on the inside edge at the
bottorn, and then rotate the hoop
evenly with our arm outstretched.
The pebble will follow the move-
ment and remain in its original
position. Fven more surprising is
the cxperiment illuserated above,
and alrcady mentioned in brief on
page 45. in which the centrifugal
force is made manifest by the facr
that the water, in1 its attempt to
escape from the center, is forced

T S

"

By “strength,” we mean the re-
sistance a body puts up to the
sepatation of its parts. This
resistance will prevent tearing,
hreaking, crushing ot twisting.

Our cngincers and mechanics have
precise knowledge of this phenome-
non, so much so that they are able
to tax no more than a fraction of the
strength of the materials they usc—
from only a tenth (0 a quarter in the
case of wood, and up to a third in
the case of metals. Some of the most
insignificant and delicate objects
often have the greatest strength, for
instance a cocoon or 2 cobweb. Thus
a thread made by a spider, one
square millimeter across, can rake a
weight of half a ton without break-
ing. Most people will also be sur-
priscd by the strength and carrying
capacity of a straw. T

To demonstrate this, let us ask for
a carafe half-filled with water, bend

ENGTH OF STRAW

against the bottom of the rumbler.
For the performance of this
cxperiment, the tumbler is stood on
a cardboard disk and tied to it with
string in such a way that it cannot
{all off when the string is swung
around a given central point. The
circling motion which we impart to
the filied rumbler with our hand or
arm must, however, be exceuted
with some skill and, most important,
be at the proper speed from the start,

a straw and put it in the carate in
the manner shown in our illustration.
T we now offer to lift the carafe,
which is fairly heavy, by the straw,
we shall undoubredly see a great
many incredulous lces around us.
But we can safely wager that, pro-
vided we do not tarry, the experiment
will work every time. If the straw is
left in the warer too long, however,
it will soften, and then we shall have
to be prepared for broken glass.

Our audience will undoubrediy
be astonished at the success of our
experiment. Some of them will be
struck by the bend in the straw, and
may venture the opinion that the
cxperiment is hased on the lever
principle. This is not the casc, for
the sole purpose of the bend is to
ensure that the straw remains in the
bottle: the experiment relics purely
on the tensile strength of the straw,




Can an object, say a knife, dropped
from the height of an ordinary doeor,
attain sufficient momentum to crack
a walnur?

People are sure to think that it
cannot, and yet we can promise that
it will work every time! Ler us
therefore, by way ol a test, stick a
sharp knife very gently, so that it
just stays in place, into the molding
at the top of a door frame — only
where we are allowed to do so,
necdless 1o say - gauging the point
at which the knife is likely to hit the
floor as closely as possible, and
placing the nut on that spot. Let us

then give the door framc a violent
thumnp with our fist and the knite
will come plummeting down — bur it
will usually hit rhe ground o one
side of the right place. What must
we do to make sure that it will hit
the nut without {ail? The answer is
very simple: we dip the handle ol
the knife into a glass of water so that
a single drop is suspended from it
The drop will not rake long to fall
to the floor, and we now place the
nut where the drop landed. It we
thump the door frame once again,
the knite will fall down and
unfailingly crack the nut.

A Birow WITH A minm

PERHAPS one ot other of our readers
has come across a trick that used to
be perlormed at fairs  atong with
afl the other mechanical diversions
that served to amaze the public

and was performed as tollows: the
demonstrator would produce a thin
wonden rod and invite two children,
each holding an open razor, to 1ake
up positions facing each other at
cither end ol the rod. Then a paper
ring was hung over the blade ot cach
razor and the ends of the rod placed

in the two rings. The demonstrator
now quickly gave the ruddle ot the
rod a heavy blow; the rod snapped,
but the paper rings were neither
torn nor cut by the razors.

The same experiment can also be
performed in the manner shown in
our illustration. Pins are stuck into
the two ends of a stick, which we
then rest on two wineglasses placed
on two chairs. It we now give the
middle of the stick a heavy blow, it
will break in two but the glhsses will




not suffcr the slightest damage.

Occasional tricks of this fair-
ground ype, simple and showy
though they may appear to be, often
prove highly instructive. The ex-
planation of the cxperiment just
described is extremely simple. The
descending cudgel hits the middle of
the stick with great force and

naturally the stick tends to move
downward. This effect overcomes
the resistance of the stick well before
the disturbance is transmitted to its
cnds, and hence to the wineglasses.
The result is spectacular: the center
of the stick falls victim to the sudden
influx of encrgy, while its ends are
unaffected and remain in place.

THE TRANSMISSION OF AN IMPACT

WHaT do we understand by impact?
It is the collision of at least two
bodies, ol which one {(or more} must
be in mation. [1s effects are exceed-
ingly brief but relatively strong.
More precisely, an impact produces
a compression and is propagated
with a certain velocity. Ln order 1o
demonstrate this second elfect, that

is, the transmission of the impact,
there is a range of apparatus in most
physics closets, including a row of
ivory balls suspended at the same
height, which is the most familiar of
all, Tf we lift the ball ar the end of
the row and let it drop back onto irs
neighbor, that and all the adjoining
balls will receive a blow but will not

T
il 'll |I!:||II||'I

maeve from their places; they will
nevertheless transmit the impetus
toward the ball ar rhe other end of
the row, which will be repelled more
ar less strongly depending on the
force ol the impact. This apparatus
can be reproduced with a lictle
imventiveness and skill by the
simplest of means. The quickest

method is to reach into what we hope
is an amply filled money box and to
place a row of coins on the table, as
shown in our picture. If we flick the
first coin with the tip of our finger
against the second, all the other coins
will remain in place, except for the
last, which will be repelled.

WATER IN

ro WINE

Ta change water into wine - which
ol us would not like to be able 1o do
that on accasion! Our experiment
calls for three wineglasses. Of these,
two (¢ and £) must be as alike as
possible; the third one () must be
smaller and its rim, in particular,
must have a smaller circumferenee,
We place the first two glasses in the
bottom ot a bucket of water so that
they arc completely filled and no air
bubbles adhere to them ; to that end
we moisten them inside and outside
with wet fingers. Nexvt we turn the
glass # upside down in the buckert,
and, placing ir on top of glass a,
remove the two glasses from rhe
bucker and put them on 2 plate.
After most of the water has run off
from the outside of the glsses, we
mop the rest off carcfully with a sofe
cloth, so that the glasses are now
quite dry on the outside but com-
pletely filled with water on the inside,
We then place glass ¢, containing
some red wine, on the upside-down
foot of & and try to transfer the winge
from ¢ to b without touching cither
aor b

The problem can be solved very
simply: we place a wick (it need be a
length of varn will da)in glass ¢ in




such a way that the middle of the
wick lies at the bottom of the glass
while its rwo ends hang down over
the rim almost to the foot of . We
can now let nature rake its course.
Capillary action will cause the wine
to rise inte both ends of the wick and
to drop down on glass &, the wick

acting as a kind of syphon. Where #
and & meet, the wine will, thanks (o
capillary action once again, seep into
the watcer. Because of irs less specific
gravity, it will then risc in # and
gradually displace the water, unil

it can be plainly seen to fill glass #
entirely, and our task is completed.

WHicH Mm

HEAVIER ?

Our illostrations provide a graphic
description of an attempt to derer-
mine the specific gravity of two
liquids, namely water and wine. By
specific gravity we refer to the
rclative density ol a substance, or
more precisely to the ratio of the
mass of any volume of the substance
to the mass of an equal volume of a
standard substance. In the case of
liguids and solids, the latter is
usually water (at 39° F or 4°C}), and
with gases it is usually air (at
standard atmaspheric pressure, i.e.
the pressure exerted by a column of
mercury 760 mm high at a sea level
temperature of 59°F or 15°C))

But back to our experiment! We
again take rwo identical wineglasscs
and fill one (1) with red wine and
the other (2) with water. We cover
the second glass with a sheer of
writing paper and then place it
upside down on the wine-filled
glass (3). Now we pull the writing
paper out very slightly (4), which
requires great care lest we move the
glasses; nor must the area of contact
between the two liquids be too grear.
What happens next? Will the water
and the wine blend with each orher?

The reader will be inclined to answer
tn the affirmative. However, no such
blending occurs; instead, the water,
as the heavier ol the two bodics, will

flow nto the lower glass and
gradually replace the wine, which
will ascend, in the samc proportion,
into the upper glass. Alter a fow
minutes, the contents ot the two

vessels will have changed places: the
glavs onginally filled with water will
now contain the wine, and the glass
originally filled with wine will
contain the water.

Tris detightful object, made from
tolded green paper, comes [rom
Japan, and although patience is
required in irs making, even the
least nimble-fingered should have
little difficulty in completing it
First cut our a square piece of
paper (Fig. 1), and fold it along the
two diagonals ¢. Then turn it and
{old it along the owo lines . When
this has been done, it is a simple
matter to make the shape shown on
Fig. 2. Next fold the ends b and «
as shown on Fig. 3. You will now
have a series of eight small surfaces
around the axis oa. Pick up the paper
at b and told it caretully so as to
produce two new points, as shown
on Fig. 3. Once you have repeated

THE JAPANESE

ParPErR FROG

this operation with all cight surfaces
of the folded paper, you will have
made the shape shown on Iig. 5.
Now you must fold every surface
once again, turning the tip s roward
the central axis (Fig. 6), and being
particularly carcful wich the tolds at
the points. Fig 7 shows what has to
be done ta cornplete the frog. Taking
the upper points 4, make two
creases to create the forclegs; the
two lower tips o are used to form the
rear legs. The left side of Fig. 7
shows the tips before they have been
tolded; the right side the completed
legs.

A charming spectacle with which
1o delight vour brothers, sisters and
parents on a fong winter evening!




THE Runaway COIN

O~ suitable uccasions, and with the
help ot a conical glass, such as a so-
called champagne flute, with a
relative small diamerter ar the lip,
and two silver coins, say a dollar and
a quarter, we Cah surprise our
audience with a rather clever trick.
We place the smaller coin ar the
hottom of the glass and the larger
over it like a lid, as shown in our
iHustration. Now we undertake to
remove the smaller coin from the
glass withour touching cither the
larger coin or the glass itsell, boldly
maintaming that it will obey our
command. There will probably be
some ong amongst our triends who
will, atter some thought, volunteer
to perform the experiment, and he
may ¢ven hit upon the answer; he

is much maore likely, however, to
give up after several vain attempts,
Another may even go so far as to
cast doubt on our magic powers, but
Wwe ean soon put a stop 1o this
impertinence, for all we need do to
solve our task is to blow hard at the
edge of the coin on top, which, asa
result, will turn through a right
angle. The downward-turning part
of the coin exerts pressure on the
air under the lower coin, which
becomes so compressed both as a
result and because of the blowing
that the smaller coin is hurled in an
arc our of the glass. ITardly has this
happencd than the larger coin
reverts to its horizontal position and
the “lid™ is shurt again.




THE LEAPING EGG

CWHAT will you give me)”” we were
once asked by a triend, “u' I remove
a hard-boiled cgg from this glass
withour touching it with my fingers
ot with any other object?™ The
triend, as our illustration shows, was
sitting in Iront of a wineglass with
the cgg inside.

“You arc well known as a con-
jurer,” we replicd with a smile. “But
vou can’t possibly impress us with
thar sort of trick.” *Why not "
“Because what vou are going to du
is so obvious. The trick is much too
simple.” “Oh, 1 scc, vou think thar
all T will do is pick up the glass by
the stem and let the cgg roll out.
Nothing of the kind!" *Well then,
let’s sce what you can do.”

Qur rriend placed the egg inside
the glass, making sure that about one
third protruded trom the top, pufted
up his cheeks, began to blow inte
the glass and - hey presto! — witha
graceful bound, the cgg landed on

the table,

“Well done, you have proved your
point. We have to conless that we
are utterly dumbtounded  the
experiment itself is straighttorward
enough but the effect is quite
astonishing.™

“You'll be even more surprised,”
our triend declared with a smile,
placing a second wineglass behing
the first, “when [ tcll vou that I can
regulate the strength and direction
of my breath in such a way that the
egg will leap from the first glass into
the second.”™

“OAf you go, then,”

He puffed up his cheeks again,
began to blow and, with a daring
leap, the cgg duly jurnped from the
first glass 1o the second.

We were unsparing in our
appreciation.

“Yes, it 15 a delightful experiment,
isn’t 1?7 said our friend. “All 1t
needs s 4 1air amount of practice.”

A REMARKABLE ToOP

Cax anyone make a top that can
start to spin on its own? No? Then
we must spring into the breach
ourselves, tor now that the question
has been put, vou, dear reader, will
no doubt cxpect an answer,

All we need for our entertainment
is a cork, a needle and a piece of
paper cul into a square or rectangle.
We place the cork on the tabie,
stick the thick end o1 the needle into
it, Aind the center ot the piece of

paper by drawing in the diagonals,
and then balance the paper by
putting the center we have thus
determined over the point of the
needle. First, however, we bend 1wo
npposite corners of the paper over
one downward and the other up.
Now we can start the experiment
by putting our hand unobtrusively
tairty close behind the top, as the
iHlustration shows. It will net be
long betore it begins te move, and

]



it we take our hand away it will
come to a stop. Hence it only
seemingly starts moving of its own
accord. It i clear thar the moving
force emanates from our hand.
Whar is the explanation ot this
curious phenomenon® Is it mag-
nctism ? That answer is nor toally
implausible, bur docs nor fit the
case. Whar we have here is a very
simple mechanical effect caused by
the heating ol the air. The fact char
air can transmit its motion to othet,
solid bodies, we know from the sails
ot a windmill, from the sailboat, the
arr balloon and so on, but also from

a great many toyvs, tor instance, the
spiraling top halanced on a pin over
a warm stove. [n our own experi-
ment, the proximity of our hand
provided 1t is warm, produces a
rising current of air which is caught
beneath the downturned corner and
starts rotating the paper, whose
position on the poaint of the needle
ensures thar i is subject to the
minimum of [riction. The warmer
the hand, the faster the rotation,
Those, incidentally, who suffer from
poor circularion cannot hope (o
perform this cxperiment easily, it

at all.

1

ARTIFICIAL BIRDS

.

I'tiF example of [carus, who artached
two wings to his shoulders with wax
in order to {ly toward the sun, found
that they melted when he drow o
near, and was thus badly let down
by his invention, has been lollowed,
despite his and numerous other
failures, by many imitators.

Quite a stir was caused in 1786 by
a voung Frenchman whose flving
machine was based on a stmilar
principle. T consisted of a kind of
yoke attached to his shoulders, with
two movable and hinged shafts sup-
porting the wings. The front wings
were operated by hand, the rear
wings by foot. Considerable success
was claimed for the inventor  art the

very least, that is, there were no
reports that, like so many of his
predecessors and successors, he had
broken his neck.

A great deal of talk was alse
caused by a tailor trom Ulm, who
had to pay for his courageous flight
with a cold bath in the [3anubec,

To those who are interested in
acromautics and mechanics we would
like to commend the two little models
ol artificial birds depicted in our
Mlustration. Their mechanism 1s

simple enough, but extremely in-
genious. The driving lorce of the
beating wings is provided by a broad,
tightly wound clastic band; the other
details ol the mechanism are clearly




shown in the illustration. At the top
of the picture we can see a smaller
artificial bird with lowered wings.
The wingspan is 14 inches; the
rubber band is 5 inches long and
weighs about { ounce; the total
weight is about one ounce. The little
machine becomes airhorne just as
soon as the elasuc band is acrivared
and released, and it can cover a
distance of twenty vards and more.
The inventor also made a much

larger mechanical bird, weighing no
less than 11 pounds, which, with a
head wind of twelve teet per second,
covercd a distance of just under 100
feet.

{The reader should bear in mind
that these models, like all the games,
tricks and experiments described in
this book, were devised in the nine-
teenth century, that i, betore the
invention of the airplane!)

THE SpiINNING COIN

CaN anvyone start 2 coin spinning as
tast as the wind about 1ts own axis
and then keep it going tor some
time 7

“Nothing could be easier!™
exclaims our neighbor at the table -
with a superior expresston. He
produccs a silver dollar from his
pocker and srands it on cdge, then,
supporting the coin with the index
finger ol his leit hand, he gives it a
hard flick with the middle finger ol
his other hand. The dollar will spin
round its axis so quickly that the
eye cannut tollow its motion, untl
gradually its speed decreases, and
alter a few wavering, circling
motions it falls down flat on che
table.

No vne can accuse us of being bad
sports, and we applaud him
enthusiastically, But then we remark
very meekly that we had been think-
ing of'a quite different and slightly
more complicated solution.
Narurally, we shall be challenged to
prove our greater brilliance, and as

narurally we shall not wait wo be
asked wwice. We ask our ncighbor
tor the dollar he has just been using
(but 1{ its edge has worn smooth, we
should find another coin with a well-
milled edge), mark each end ot one
ot its diamerers caretully, place it on
the table, lift it wirh two necdles
which we it carctully to the exacr
points we have marked, bring the
whole up to our mouth and blow

at the top hail of the coin. The
pressure of the air will cause the
coin to spin about its axis with great
speed.

But how do we determine the
diameter of the coin? To prepare tor
this wc usc a pair of compasses and
a picee of paper to produce a circle
thar has approximately the same
circumference as the coin, and draw
a straight line through the center.

If we now place the coin in the
middle of this circle, it is a simplc
matrer to mark the ends of the
diameter on the edge of the coin.

THE FLOATING BREAD PEILET

NoT so long ago, we had vceasion to
watch a well-known physicist
enthrall a yairly large audience with
a scrics of experiments, amony
which the following, simple though
it 15, attracted loud applausc.

In this experiment, the end of a
narrow metal tubc is rendered air-
tight with whatever will do the job,
and a hole measuring approximately
L inch in diameter is drilled about
Linch from the sealed end. If we
now place a small peller of cork or

hread over the little hole, hold the
tube up horizonrally and blow
continuuusly into the open end, the
pellet will rise into the air from its
pusition at rest and continue to float
as long as the stream ol air continues
to flow. Should the reader try this
experiment for himself he will find
it highly effective. The floating
pellet, incidentally, brings to mind
fairground shooting galleries and
those rable rennis balls that are

held three feet or more up in the air



by fets of water from a fountain,
only to be made ro drop down again
by fluctuations in the lorce of the
jets, thus offering the marksmen
rather clusive targets while they
dance up and down,

It there is no tube of metal close
ar hand, it should not be too difficulr
to substitute some other object, such
as a small length ot reed or bamboo;
the effect will be no less spectacular.

THE FREELY SUSPENDED COIN

THERFE are problems that can only be

solved by those who have been let
into the secret. One such 1s the
problem o1 how to attach a small
coin 10 a vertival wooden surtace
without resorting to any kind of
adhcsive or mechanical device. Those
not in the know will try several

methods, unhappily meeting failure
cach time, while the expere will pick
up the coin with the tips ot his
tingers, rub the coin encrgetically
aganst the surtace, then suddenly
stop and posh the coin hard against
the wood - where it remains.

If we now ask our somewhat




perplexced spectators what physical
effect may cause the coin to adhere
to the surface, we shall probably be
told that it is the torce of adhesion.
This answer, however, 1s tar from
correct, for though it seems that
adhesion must be involved, it is not
in fact. True, two smooth surfaces
may adhere closely to each other
after they have been pressed tightly
together, and their adherence is the
greater the larger the contact area.
Thus well-polished silver and
copper plates, placed on top of each
other, will adhere so closely that
they behave like a single solid.
Similarly, we may find that our
charcoal or pencil will stick to the

paper on which we have drawn with
them,

In our little scientific game, how-
ever, the imprint on the com
prevents such close conract. Enstead,
with the friction and the sudden
pressure we have applied, heat
almost totally displaces the air
hetween its markings, with the result
that the outside air now exerts
enough pressure on the coin to make
it stick to the wall. Tf this experiment
should nor succeed at the first
atrempt, it is advisable to change
cither to a coin that has a deeper
impression, but that is also, perhaps,
lighter, or to use a different surface,
or perhaps to change beth.

A NEW VERSION OF THE M AGDEBURG HEMISPHERES

OtT10 von Guericke's experiment
with the famous Magdcburg hemis-
pheres was intended to demonstrate
the tremendous lorce of air pressure.
To that end he used two sizeable
hemispheres made of brass and
copper, ane of which was provided
with a tube. Guericke fitted them
together so that they formed a
complete sphere and then cvacuated
the atr inside with the help of the

air pump he had invented. In the
event, it took the combined power of
thirty horses to tear the two hemi-
spheres apart.

You will, of course, be familiar
with this experiment, for you are
bound to have studied it in your
physics lessons at school; what you
may not know, however, is that you
can imitate this historically famous
experiment with the help of two
tumblers. Take two glasses of the
same size, making sure that when

placed rim to rim they fit together
pertfect!y, Then stick a candle stump
to the boftom of one of the glasscs,
place the glass on the table and
ignite the bestower of light and
warmth. You must now find a piece
of strong papcr, moisten it with
water and place it on cop ol the
glass. Then pick up the second glass
and place it upside down on the
paper, as the illustration shows. The
adhesion of the two glasses, separated
by the paper, must be perfect if the
experiment is to succeed. The
candle will soon go our, the air in
the lower glass having become
considerably rarefied. It vou now
pick up the top glass, the lower glass
will remain artached to it and be
lifred up as well. The pressure of the
atmosphere outside helds the two
tumblers frmly together, just as it
did with the two Magdeburg hemi-
spheres in the classical experiment.




There will be times, admittedly, that
the paper between the two glasses
will burst, but cven then the experi-

ment will succeed, provided all the
other arrangements have been made
as we have described them here.

BrLowiNGg A CANDLE

OUT WITH A wgdh

THE heading above appears to
Promisc a yery Curious experiment.
To pertorm it, we usc our right hand
to pick up an ordinary wine botle
by its base. We close the opening,

which 15 just under an inch across,
with the hall of our left hand, but in
such a way that we can producc a
small aperture by Hiting our hand
very slightly. This aperture we now

cover with our mouth, and then we
blow very hard into the bottle tor
some three to four scconds, quickly
closing the aperture again with the
ball of our hand. As a result, the air
in the boude becomes compressed.
All that needs 10 be done now is to
turn the bottle upside down, as

shown in the illustration below,
and bring it up to within

about an inch of the flamc ot a
burning candle, which will be blowr
out by the tairly strong gust of air
refeased as soon as we once again
move our hand very slightly away
[rom the neck of the bottlc.

= =




A PASSENGER-FERRYING Soap BUBBLE

EacH of our readers has no doubt
blown soap bubbles, and is aware
that they float upward because they
are filled wich breath trom our lungs
which, becausc of its higher
temperature 1s lighter than the air
outside. If the right equipment is tu
hand, it is possible, of course, to fili
the soap bubbles with hvdrogen, in
which case they need to have a
diameter of onlv 2 inches to risc
quickly to the ceiling. Experiments

like these led us to the idea ot making
the largest possible soap bubble and
attaching the figure ot a any
balloonist 1o it. This 15 not some-
thing we achicved without difficulty,
but anvone can do it if the experi-
ment is performed carcfully. To that
end, vou should cut & manikin one
inch tall from a picce of tissue paper,
tic it to one end ot'a slender length
ol thread, to the other end of which
vou must atrach a l-inch disk




of fine, white writing paper. The
thread 1s tied to the paper manikin
and the small paper disk by simple
knots. The disk can be made to stick
to the soap bubble, as shown in our
illustration on p. 70, by simple but

careful contact. If vou now slightly
vibrate the soap hubble pipe, the
bubble will break off and, hike a
balleon with its balloonist, rise gaily
mlo the air (see p. 71}, causing great
mirth 1o anv speclators.

ForcING AN EGG

INTO A BOTTIE

IT may easily be demonstrated, even
without an air pump, rhat dense air
excrts very much greater pressure
than rarefied air. To prove this, we
ask the lady of the house for a hard-
boiled egg, and with her permission
tetch an ordinary carafe from the
kitchen or the sideboard, We care-
fully peel the firse, and then make a
paper spill. This latter we sct on fire,
and throw it burning into the bottle.
What happens next? The air in the
bottle iy expanded by the hear and
partly cscapes, so that within a tairly
short space of time only a small
amount ol rarefied and heated air is
lett inside the botule, We now
quickly place the peeled ege, which
we have kept close at hand, on the
neck of the bottle, like a cork, but
do not push it down. What ensues?
The air in the bottle, since the spill

will have finished burning fairly
quickly and will no longer be giving
off heat, will gradually cool and ar
the same time become denser. As a
result the air pressure in the bortle
will be greatly decrcased and give
rise to a most peculiar phenomenon,
and an ultimate catastrophe. For the
egy, vielding 1o atmospheric pres-
sure, will gradually rravel down the
neck of the horrle, hugging it tightly
and clongacing iikc a snake, sliding
down ever more quickly undl finally
1t ends up with a thud at the botrom
of the bortle.

Although we did not amrempr it
ourselves, this experiment can doubt-
less be pertormed with other abjecrs,
say a sott rubber ball, a suitably
sized cooked potato, large plumns or
similar fruit; enterprising readers
arc encouraged to try for themsclyves.

>2. INEXPENSIVE TROMBONE

IT is well known thar bird song can
be imitated most effectively by
rubbing a glass tube along its length
with a piece ot soit cork. Exactly the
same effect can also be artained it the
cork is rubbed along an ordinary
glass bottle. ‘The resulting sounds
will vary with the speed of the
action. If, instead, we take a glass
mc_un a foot long with a diameter of
Jjust under an inch, and expand ane

end slightly over a spirit flame to
make a mouthpicce, we can turn it
into & musical instrument whose
tone is reminiscent of that of a trom-
bone. Fo do this we roll a picce of
cardboard around the tube and glue
its edges rogether so that the length
of the tube is doubled. This double
tube is long cnough to make a good
trombone with a low pitch. By
moving the cardboard tube up the
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here, too, an ounce of practice is
warth more than a pound ol theory!
The instrument is plaved with
long-handled wooden hammers,
similar in appearance to croguet
mallets and, because of its ample
size, it can be used by two or ¢ven
three people at once. As tor the best
technigue, we again reserve our

judgment. Our own experience
limits us to the obseryation that well-
trained musicians may sately be
allowed to give a concert in an
enclosed space, bur that it they want
to practice they had best take to the
open air, if possible in a remote part
of the garden, lest they strain delicate
nerves bevond endurance.

THE MELODIOUS DULCIMER

To conclude our gallery of im-
provised instruments, we should
like to show you, dear reader, how
to construct a dulcimer, an instru-
ment on which ir 1% possible to plav
delighttul and charming picces ot
music and which, ar the same time,
helps us to study the laws governing
the vibration ol strings. 'The multi-

I‘.;[ ]
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plicity of these laws offers much to
interest us, since strings can be
actuated in conjunction with a
sounding board or by plucking,
striking, pulling with 2 plecrrum or
by blowing. In all these cases, it is
never one simple vibrution that is
produced but, depending on the
manner and place ot the actuarion, a

Bl
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whole series of harmonic overtones
in addition to the fundamental. To
enter info the subject in any turther
detail would take us oo far aficld.
To construct our musical instru-
ment we first need an ordinary,
clcan and undamaged cigar box and,
as the illustration on the facing page
shows, two rows ol small nails which
ar¢ knocked in at regular intervals
close to the top edges ot the box. We
now stectch fine brass wires between
each pair of nails, and inserr a care-
fully planed square measuring rod
{418} under them on the letr-hand
side and then, at 2 slant, a line of

WeLL GRUNTED!

small wooden dice, which we push
to and fro until the strings sound the
notes of the scale. It we wish, the
outside of the little box can now be
prettily painted, or, according to
tastc, given a light or dark stain, and
our dulcimer 15 finished. All we
need now 1s to add two small strips
of whalebone; onc end of each is
stuck into a cork that has been care-
[ully cut and filed down until it is
shaped as shown at €. With these
two little hammers reader can now
try their skill and et us hope!
after some practice produce truly
delighttul resulis.

IF we are amongst close triends or
within our family circle, and it there
is a volunteer present who will not
take a somewhart crude joke amiss,
we can perform the following
“experiment.” The demonstrator
puts a wineglass in our plucky
volunteer's mouth, as the hrst
illustration shows, and wraps his
head in a napkin, sayving:

1 shall be asking our esteemed
triend to be kind enough ro make a
series ol loud sounds, while 1, tor
my part, will be holding the napkin
tightly at the back ot his head so
that all the sound waves can
impinge upon it. At the same time [
would ask the audience to kindly
abserve the most serupulous silence.
The napkin is now around vour
head, so0 you may start producing the
sound waves. Make prolonged, and
deep sounds, for instance an # or a u,
ax well as a shrill e, and try to
achieve a really good effect.”

While the volunteer is grunting

and squeaking awayv, the demon-
strator tics 2 knot in the napkin at
the back of the volunteer's head, so
that the corners hang down on either
side like ears, and then gently
touches the white cloth at two spots
in the region of the eyes with a cork
Mackened over a candle flame.

*Please continug, il you will, with
vour sound waves. Now, ladies and
gentlemen, can vou all make out the
sound wave picture? Docs it not
bear the most striking affinity to the
sounds you are hearing > We could
call it the grunting picture, don’t
vou think ? But what are vou doing,
ladies and gentlemen, you must not
laugh, or the whole effecr will be
lost. T really must ask vou, .. "

But to no avail, laughter resounds
trom all sides, drowning out the
gruntings of the surprised volunteer,
who seon tears the napkin from his
tace to discover 1o his indignation
that he alone does not know the
reason for all the mirch.
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p IMITATION

THUNDER

THE sound of claps and prolonged
rolls of thunder can be produced

in an easy but startling way with a
picce ol string. We ask someone —
who docs not have to be a child, as
illustrated on page 79, for the
experiment is unlikely to fail to
impress even adults — to pur his
hands over his ears, then we pick up
the string (which had best be tairly
thin and have tightly twisted strands)
and wind it around the head of the
volunteer so that it runs across the

middle of his hands and is tautly
stretched. Holding the loose ends
ol the string in on¢ hand, we now
pluck it like a vielin. If we usc our
fingernail, thunderclaps or loud
rumblings will be heard. We can cut
the sound short at will by squeczing
the string berween thumb and tore-
finger. Cannon fire, too, can he
imitated in this way, The longer the
string the louder will be the effect,
Mosr readers will know how to
imitate the sound of bells, but for

those who are not privy ro the secret,
we shall briefly describe this no less
surprising experiment. We suspend
an iron rod, some three teet long,
say 4 poker, trom a doubled piece of
string, and wind the two ends of the
string around cach of our fore-

fingers, which we then use to stop
up our ears. [t the poker 15 now set
swinging and allowed to strike some
object, we shall hear a sound
reminiscent of, but much more
beautiful than, that of a great bell.

VISIBLE

' IBRATIONS

A FUNDAMENTAL law of the science
of acoustics goes as lollows: every
body producing a sound is in a state
of vibration; by the term vibration
we understand the regularly re-
peated to and fro movements of the
source of the sound. We distinguish
herween notses and sounds. The
former make an irregular, varying
impression, as, for instance, the
roaring of a waterfall, the babbling

of a brook, rardings, romblings and
so on. In the case of sounds, by
contrast, the listener has a very
definite, continuous sensation that
can be described as periodic, that is,
repeated at regular intervals, The
underlying mechanical process can
be casily exemplified with the help
of & very simple experiment.

A wincglass is turned upside
down and a small pendulum, made
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suddenly put in mind of the night
light that used to burn in our
nursery, and we quickly set to work.
We picked up a nail, heated its tip
in the candle flame and pushed it
into the bottom of the candle stub.
Next we pourcd water into a glass
and introduced the weighted stub
into the water. We had chosen a nail
of exactly the right weight: the
candle stub sank so that its top was
just leve! with the water surface. As
the candle kept burning, the stub
grew shorter, but it alse grew lighter
and rose, 5o that we did not have to
fear its premature extinction.

And so cverything went according
to plan. However, another pheno-
menon greatly surprised us: the

candle burned hollow, that is, ity
edge stayed up like a rim, and it
soon looked as if the flame was
sereened by a ground glass cylinder,
After some time, we hit upon the
explanation that at first seemed
elude us: the heating offect ot the
flame was opposed by the cooling

effect of the water, and at the edge of

the candle the latter was the greater
ot the two. The strange manner in
which the combustible material was
heing consumed could be explained
in no other way.

We staved up watching the wacer
candlestick for some time and,
becausc of this quite ordinary but
nevertheless lascinating discovery,
we nearly torgot to retire to bed.

MUSLIN AND A

GLowiING CoAaL

TtosF bodies which very rapidly
absorb the heat of others and
distriburc it guickly throughout their
mass are called good conductors of
heat; by centrast, those bodics in
which this process takes place very
gradually are known as bad con-
ductors. Thus, if we heat one end of
a length of wirc over a flame the
other end will very quickly become
so hot that anyone toolhardly enough
to pick it up will drop it almost
immediately. This does not, of
course, happen with a piece of wood,
which we can hold in our hand until
the flame almost reaches our fingers.
Few people will belicve, however,
that it is possible to touch a piecc of
muslin with a glowing coal and kave
the cloth intact, And vet it can be
done, as the following experiment

will demonstrate.

We take a copper sphere some 4-3
inches in diameter and cover it with
a piece ol muslin or finc linen,
pulling the cloth tightly ever the
spherc and holding it at the bottom
so that the sphere is supported by it
Then we pick up a picce of coal
from the fire with a pair of tongs,
place it on the upper pole of the
sphere, and blow on the coal until
it glows. Although the coal is now
red hot the muslin does not burn,
the rcason being that the copper,
which of all the metals is the hest
conductor of heat, absorbs all the
heat so quickly that none can go into
the cloth, An cxperiment that
surprises quite as much as it adduces
a convincing dermonstration of the
conduction of heat!

THE ELECTRIC WALNUT

How often has not seme trick, some

magical teat, been explained as a
result of the powers ol electricity,
although this particular natural
farce has no connection whatever
with it? For experience teaches us
that the applause is the greater the
more improbable the whole thing
sounds.

An cleetric walnut is something
altogether novel, and however
unlikely it may sound it is produced
casily enough. Simplyv rub the blunt
end of a walnut - which is being
held, pointed end upward, between
thumb and middle finger, with the
index finger I¥ing on top — on your
coatsleeve ar some woolen cloth,



After it has been rubbed tor a time,
the audience will be astonished to see
that it remains hanging {rom the
index finger, and can only be freed
with a slight tug.

I vou now ask sermeanc clse to
repeat the experiment, he is sure to
fail. Why * Becausc he does nor know
the trick that is needed 1o succeed
with this lirtle bit of hocus-pocus!

The rubbing of the nut serves no
purpose whatsoever, and merely
helps to confuse those not in the
know. During the rubbing, however,
the middle finger and the thumb
musl excrt strong pressure on the
seam ol the nut, so that it opens up
ar the top and the skin ot the inddx
finger, which is being pushed down-

ward, is pinched into the resulting
slit: the nut will then cling to the
finger as soon as the pressurc on its
walls ceases. Now we can hold irup
triumphantly and with due solemnity
before the gaze of the astonished
audicnee, who needless to say, will
be (ull of admiration for the
iilusionist.

This trick ought not 1o be repeated
too aften, it the sceret — elasticity,
instead of ¢lectricity — is not to be
discovercd. The rubbing on the
cloth, of course, must be carried out
with an air ol great importance. The
opening of the aut may be assisted
hetorehand by a preliminary
splitting of the seam with a thin
blade.

THE ELECTRIC BROOMSTICK




Ir we suspend a pith ball trom an
insulating silk thread (hest ol'all is a
thread raken trom a white silk
ribbon) and bring it close to a glass
rod that has been rubbed with silk,
it will be attracted, only 10 be
immediately repelled. If we then
rouch the ball with our hand, 10 will
be atrracted all over agaim, only 1o be
repelled once more. Clearly the pith
ball has received an electric charge
from the glass rod, and retains that
charge becausc it is suspended from
a silk thread. When it is touched
wirh the hand, it surrenders 1ts
charge, returns to irs original state,
15 artracted all over again — that 1s,
recharged — and then vepelled. Such
an electrificd ball 1s actracred by
evervbody not carrying an clectric
charge, tor instance by a ncarby
metal object  the clearest sign that
it docs indeed carry a charge. It we
now suspend two such pith balls
and electrify one with a glass rod
rubbed with silk, and the other with

a rod of ebonite rubbed wirh tur,
then the ball repelled by the glass
will be artracted by the cbonite and
the one repelled by the chonite will
be attracted by the glass.

A similar experiment — de not be
alarmed — can be performed with a
broomstick. Balance the latrer, as
the illustration shows, on a table, so
that halt of it protrudes over the
edge and can be sct swinging by
anvone blowing at it. Then take a
thick stick of scaling wax, rub it
taivly hard against anything woolen,
lor instance a coatsleeve, hold it
¢closc to the upper or lower end of
the broomstick, and rhe latter,
without having been acrually wouched
by the scaling wax, will begin to
swing noticeably. This surprising
cffcer is based on the clectric charges
present and can, in this case, serve
to demonstrate that clectricity is not
confined to certain bodics, but that
all bodics have what 1s known as
latent electriciry.

ANOTHER WAY OF FISHING

Tiw. toy is depicted in our illustra-
tion will give the little ones a great
deal of pleasure, First we must
assemble the fishing rackle: the rod
is a stick 12 to 18 inches long,

the line is borrowed from the
sewing hasket, the hook is fashioned
from a pin (see inscrt 4 in the
illustration) and a small ball ot
sealing wax. Il we can shape the
latter to look like a worm serving as
bait, the appcal of the game is sure
to increase, Next we cur small fish
shapes out of thin paper and use
crayons to color in the cyes, scales
and fins. If we are skilltul enough

we can add z square cardboard box
without its base or lid  that is, open
at the top and at the bettom - to
serve as an aquarium, coloring the
sides suitably.

For the game itsclt] we lay the fish
down on the table or in the aquarium
and define the rules of play. The
winnger is the onc who catches the
largest number ot fish first, and he 1s
awarded some sort of prize. It goes
without saying thar each contestant
must be provided with a fishing rod.
We need not go into detail as to the
way the fish are caught, lor the
reader is well aware that the scaling

wax can be electrified by (riction
and will therctore be capable of
attracting various objects. The
anglers can, howe er, also make use
of magnetic effects, in which case
they must attach small horscshoe
magnets to the ends of the fishing
lines; the fish must be cut out of
heavier paper and small pieces of

iron inserted in their mouths, The
equipment gains in durability in this
way and may be brought out for use
during idle hours time and again.

There is no need to say, “Enjoy
vourselves,” with this game, for
experience has taught us that no ong
can fail 1o derive great amusement
from ir,

THE ELECTRIC DANCERS

LiecTrICHTY, which plavs so impor-
tant a role in industry and the
modern home, can, in its simplest
manifestations, serve tor many
diverting experiments and zames.
To prove this claim, we use an
ardinary sheet of glass measuring
some 15 - 18 inches and place it
between two fairly thick volumes,
as our illustration depicts; the glass

should be abour 2 inches above the
table top. Next we cut out a number
of small figures with scissors: ladies,
gentlemen, harlequins, frogs, imps
and so on, which should not be
taller than about 2 inch, a little
smaller than the figures shown at the
top of our Hlustration, They are

best cut from sheets of paper of
difterent color, which will give thern




a very pleasing appearance.

We now place the httle figures
between the sheet of glass and the
table, where thev can be laid down
flat next to each other in any order
we like. Then we take a woolen or,

better still, a silk cloth, crumple it
into the shape ot a ball, warm it
slightly and then rub the op of the
glass very hard with ic. We shall be
able ro nbserve immediately how the
electricity produced in this way

attracts the paper figures, tor they
will suddenly stand upright and leap
up to the glass ceiling of their little
ballroom, only 1o be repetled and to
1all hack down onto the table, there
t begin their lively and comical
dance all over again. Il we stop

rubbing the glass, the merry pro-
ceedings will continue lor a lirtle
while, and once the dance has finally
come to an end, a slight ouch ot the
hand on the glass is sufficient o
revive the little figures once more.

THE INpUCTION ToOP

WHENFVER mietal is moved in the
vicinity ol a magner  instde a
magnetic Nield, as icis usuatly calied
the magneric field will tend to arrest
the movement. This effect has been
applicd most ingeniously to the im-
provement of various scientific
measuring instruments, but here we
shall merely deseribe a very simple
experiment, intended to persuade
the reader of the existence ol the

peculiar effect known as induction,
To that end we spin a top, con-
sisting of a disk of solt iron, in the
usual manner wirh a piece of string.
When the top 1s ar rest, it is attracted
by a horseshoe magnet placed inits
vicinity; however, if the top is
spinning and the magnet is brought
close ta it in such a way that the
shanks ol the magnct are vertical to
the plane of the disk, the top will




begin to dip away, and its inclination
will be the greater the stronger and
closer the magnet. Once the speed of
the rotation has dropped below a
certain threashhold, however, the
attractive force gradually predomi-
nates, so much so that the top finally
attaches itselt to the magnet.

The explanation of this curious
phenomenon is simple enough.
When the disk rotates with great
speed in the vicinity of the magnet,
it becomes the seat of induction
currents. These currents and the
magnet repel cach other, and the

strength of the repulsion decreases
with the decreasing speed ot the
rotation. When the speed dwindles
to below a certain point, repulsion
makes way for attraction. That induc-
tion currents are indeed responsible
tor this phenomenon 1s shown

by the fact that the rotating top will
be attracted by the magner when the
shanks of the latter are parallel and
closc to the edge of the former. In
that case, for reasons whose elucida-
tion would take us too far aficld, no
inducrion currents are set up in the
disk.

MAGNETIZING A KNIFE

A 5TEEL rod may be magnetized
merely by being stroked with 3
powertul magnet. That halt of the
rod which 1s destined to become the
north polc is stroked some ten times
on cither side with the south pole of
the magnet, the motion beinyg started
firmly at the center of the rod and
continued with moderate speed
beyond the end before the magnet is
returned in an arc to the center.
Similarly, the halt intended as the
south pole is stroked with the north
pole of the magnet. It is helptul to
attach the rod to the table by a small
tron band fitted over its exacr center,
More powerful magnets can be made
il the oppesite poles of two magnets
of equal or near equal strength are
placed over the center of the rod in
such a manner that cach Torms an
angle of 30° with its halt of the rod,
both magnets then being guided at
the same speed along the rod and
bevond. In this case, oo, it is best to
return them to the center of the rod
by making an arc through the air

1

carc being taken that the two
magnets never touch.

In what follows we shall describe
how a table knife can be rendered
magnetic, proceeding as shown in
the illustration on page g1. The
blade of the knife is placed on the
underside of a coal shovel, and is
then stroked with the top of 2
closed pair of tongs, always in the
same dirgction, from the handle to
the tip of the blade, the knife being
turned over from time to time so
that either side 15 thoroughly
stroked. [t this operation is con-
tinued tor some forty to fitty
seconds, the blade will be magne-
tized, and will now lift a needle or a
steel nib with great casc,

The magnetism produced in this
way persists for a long time. This
simple process is not usually
described m textbooks of physics,
and vet is interesting enough to
invite study. Closer investigation
will show that the tip of the blade
has become the north pole.

A LEYDEN JAR AND AN ELECTRICAL TEA TROLLEY

Maxing a Levden jar s not atall
difhiculr. We procure a cvlindrical
glass, as shown in the illusteation,
warm it and line ir, inside and out,
base and sides, with aluminum toil.
It there are bumps or bubbies in the
toil that prove impuossible to remove
by rubbing, we must make a clean
cut with a sharp knite and rub again
unnl the toil is quite smooth. The
work is starred on the inside of the
glass, the base being lined first and
carc being taken thar the toil goes
right up ta the inside wall ot the
glass (making several cuts, 1t
necessary!). The sides are then
dealt with in the same way, as is the
outside of the glass, an uncovered

cdge being left around the top 2 4
inches deep, depending on the

size of the plass. Then we lay a
cardboard disk, of cxactly the same
size as the base, over the bottom of
the glass, and finally provide a
wooden lid for the jar. We drill a
hole through the center of both the
lid and the disk, and thread a metal
wire, rod, or tube, which must be
sume 3 inches taller than the

glass container, through it. We now
add a metal sphere to the upper end
of the red, and a bunch of aluminum
I'oil to the lower end, thus bringing
the rod into contact with the inner
lining of the glass — and our Leyden
jar is ready.
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placc our construction on a warm
cooker 1o dry out, then lay it on the
table and brush it hard wirh a stiff
clothes brush, the paper will soon be
strongly cleerrified. Lilting it off the
table, we place it on the tray and
touch 1ts edie; we can now draw a
spark halt-an-inch long from the

tray with onc of our knuckles. I we
usc a cofleespoon to draw the

charge instead, transterring the latter
to our Levden jar and repeating the
process several tmes, the charge in
the jar can becorme so great that
when we discharge the jar the
sensation may he most unpleasant,

THERMOELECTRIC {CURRENTS

A LovELY experiment! It is true that
ong has 1o go to the trouble ot
making the necessary apparatus, but
this should give our readers few
headaches.

To begin, then. The apparatus
consists chicfly of a manv-spoked
wheel, madc of various materials:

the rim ol the wheel is an alloy of
nickel and copper; the spokes are
copper wire; the hub is a small place
of sheer copper; in addition we need
same soldering solution and tin, We
usc a cylindrical objeet to shape the
rim ol the wheel before soldering it
together; once this is done we attach

.

" kNG,

the spokes by bending their ends
around the rim and then soldering
cach in turn. The copper plate
scrving as the hub is soldered 1o a
single spoke; the other spokes
merely serve as supports. The hub is
shaped like a dish, with the concave
side turned downward. We make a
small indentation in its center to
receive the needle that will carry the
whale apparatus. The necdle is
pushed inte a cork which, in turn, is
inserted into a candlestick. To make
sure that the apparatus will stav ina
horizontz] position, we hang small
cardboard pennants (four witl doj
from the spokes. If we now heat any
onc ol the soldered spots on the rim
of the wheel with a candle flame and
hold a horseshoe magnet on the
oppuosite side so that it lies over and

untder the plane o1 the wheel (see

the illustration)}, the whee! will be set
in motion. The finer the copper wire,
the taster will be the motion. (For a
wheel with a diameter of 4 inches

it is best to use 0.05- t0 0.075-inch
wire.) The cxperiment represents the
transtormation of thermat into
electrical and ultimately into
mechanical cnergy. Through the
heating of the soldered rods, an
electric current is sct up which is
communicated toward the opposite
soldering point and the rim of the
wheel. Once there it forks back and
returns to the first soldering point.
Without the help of the magnet
nothing would happen, because the
two cffects would cancel out; with
the magnet, however, rotation will
always take place.

DRAWING WITH FIRE

AppsRENTLY blank sheets of paper
can provide amazing entertainment
by revealing singed figures, such as
that shown in the illustration. The
preparations are so simple thata
briet description should be enough
t allow anyone to produce a “fire
picture” for himselt - provided he
can draw a little.

We dissolve saltpeter in cold water
unitil the solutidn is saturated, which
we can recognize by the fact that,
despitc vigorous stirring, some salt
particles remain at the bottom of the
glass. Using this solution and a
pointed paintbrush, we draw the
outline of an animal or some object
on blank shects of thin newspaper,
and allow the paper to dry tho-

roughly, When dry, the drawing is
completely invisible, cnabling us, if
we should so wish and it we are in
the right company, to give the ¢x-
periment the semblance ol a little
bit of magic. First we light a match,
blow our the flame and with the still
glowing tip touch a carctully chosen
spot on the drawing - or rather, on
the apparently blank paper. The
saltpeter will catch fire immediately,
and the flame will faithfully follow
the lines that have been drawn with
the solution, until finally the figure
is burned out ot the paper,

This experiment is not entirely
unknown, but it is bound to afford
great amuscment, especially it the
drawing is of a jocular nature.
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around the bean is not difficult to
find. Unlike the round stone, the
bean is highly porous and hence
hygroscopic, that is, it absorbs
water and swells. But only pure
water is absorbed ; the dissolved
soda is rejected and attaches itselt o
the outside of the bean in the torm

of crystal needles; the grearer the
power the budy has to absorh water
the more pronounced the crystal
tormation. The stone, on the other
hand, is not porous, and hence
neither absorbs water nor rejeers the
snda. This experniment, easily per-
formed, will gladden evervone’s eve.

SwiM, LiTTLE FisH!

WE cut a liccde fish, about 2 inches
long, from a sheer of ordinary
writing paper, not forgerting the
caudal, dorsal and ventral fins {it iy
advisablc to sketch the outlines in

belorehand). Not content with this,
we seize the opportunity 1o show ofl
our artistic talent, too, reaching for
our cravons and giving the little

fish a scaly coat as rruc (o narure as
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we can make it, keeping the back a
dark grayish brown and the abdomen
shghtly lighter: vellowish brown
shading off’ into violet and then
white. It our fish is to be a trout, we
must not {orget 10 scatter black
spots all over 1ts body. When we are
satishcd with our handiwork, we use
a pair ol scissors to Cut 4 narrow
strip trom the tail to the middle {see
the illustration) where we cut out a
circle. Now we fill a shallow dish
with water, and place the fish care-
tully on rthe surface of the water, so
that the upper side of the paper
remains absolutely dry. Our next
objective is to persuade our lirtle
fish to swim across the dish. How do
we do that? By blowing, for in-
stance F No, we have something

much betier, much more interesting,
up our sleeve. We take a small oil
can, ot the kind used tor sewing
machines, hold its spour dircetly
over the circular hole in the paper
fish, and lera drop of oil tall intoit.
The oil will immediately attempt ro
spread over the surface of the water,
but, finding itsclt obstructed by the
edges of the cirele, it escapes
through the parrow channel toward
the tail, and is then relcased. Asa
result of the recoil effeet, the paper
fish, ltke a cannon that has just been
fired, will tollow a direction opposite
to that of the oil flow, that is, it will
swim torward. Tryv it for vourselt; it
will afford grear pleasure to any
children present, and to yourself as
well!

THE CAaMPHOR BoAT

QUR picturc shows a small boat that
has been cut with scissors from a
piece ot alumninum toil and then bent
mnto shape. It is flattened at the back
or the stern, where there should
also be a small cur in the shape of'a
wedge; it vou try to copy the illus-
tration, you will nat find the sk
ditheulr in any way. To lend the end
product a pleasing, exe-catching
appcarance, we can add a small mast
made trom a straw with a colorful
flag flying {rom the top. Those who
wish to go turther may also people
the deck with small paper sailors and
a few brightly painted paper pas-
sengers, ladies and gentlemen from
every corner of the globe, not for-
getting to give the Captain his
righctul posirion.

Our artistic preparations having
advanced thus far; we can finally

turn to our experiment proper
which promises to be of greac
interest. We carefully place our hittle
work ot art in the water, and find
that it sails splendidly. And i’ we
then place a drop of alcohol into the
wedge-shaped cut in the stern with a
pipette or a pair of tweezers, as soon
as the drop comes into contact with
the water, the vessel will make a
sudden rmove forward, so violent,
tact, that we have reason ro fear our
passengers may become scasick! The
explanation of this cffect  of the
forward movemnent, that is, and not
of the seasickness s simple envugh:
at the bow and at both sides, the boar
lics in unadulteratcd water, which
offers tar less resistance to its
progress than the alcohol and water
solution at the stern; it is this dif-
ference in pressure thar causes the



boat to move torward.

The same pleasing effect can be
obtained if instead of alcohol we use
some other volatile substance, such
as ether, chlorotorm, essenttal ails

and so on. We saw this demonstrated
carlier in the case of the swimming

paper fish. The buat’s motion will be
morc or less responsive depending
upun the tvpe of substance used. And
if we place some camphar in the same
spot, its vapors will not only pro-
duce the same effect, but also cause
the boat 1o cruisc about for hours.

FLOATING IRON

AN interesting cxperiment is iflus-
trated on the facing page and cntitles
even the layman to assert boldly thar
he can make iron float —in the
stricter sensc of the word, of course,
for every child knows that iron ships
have been floating across the seven
scas for a geod long time. But that
does not concern us here.

To perform our experiment, we

fill a wineglass nearly to the rim with
water and ask the owncr of the
nearest sewing box il we may choose
from the supply of needles onc that
is not too large — the sort that is
found in the pincushions of indus-
trious scamstresses the world over.
Next we take a piece of writing paper
from our desk and cur out a rect-
angle, one of whose sides is longer

than the needle. We place this piece
of paper on the surface of the water
and lay the needle on top of it. Now
we shall be able to make the in-
teresting observation that the paper
sinks just as soon  and the time

depends on its matertal propertics

as it has absorbed a certain amount
of water, in other words has become
saturated. More surprising still to
our andicnce is the tact that the
needle will retain its floating position



on the surtace of the water cven
without 1ts paper support.
The success of this experiment

will be even more assured i we otl
the needle slightly betore we place
it on top of the paper.

DRrawING A CIRCLE BY (COHESION

Tr we look at a glass filled with
watcr, we tend to think that the
liquid is eventy distributed through-
out the container and tharirisin
perfect equilibrium. As we know,
however, this is by no means the
case. At least two torees are at work:
attraction, which tends to keep the
particles ol the liquid rogether, and

repulsion, which tends to separate
them,

So lar, wc have been experiment-
ing with fairly large quantities of
water; let us now demonstrare
cohesion with the help of a smaller
quantity of liquid, but one that
exhibirs two lareral surfaces and
hence can develop rwice the normal

tension! To that end, we first dis-
solve one ounce of soap and one
ounce of sugar in about three-
quarters of a pint of water. Then we
fashion a small square wire frame
consisting of a simple loop on one
side, wide enough to he grasped
easily and surely between the
thumb ard index finger. 1f we now
pour the solution inte a dish, dip
our frame into the liquid and hft it
out again, we shail see that it is
filled with a thin layer of water
which seems to have hardly any
weight, since it barely sags at all.
The more liquid runs off, the thin-
ner and smoother the layer becomes

]

that is, cohesion and adhesion have
counterbalanced the weight of the
liquid, as vou will no doubt have
worked out for yourself. If we now
tie the ends of an ordinary silk
thread together and loop it deftly
over this layer of liquid, the thread
will retain its irregular shape and
position; but as soon as we pierce
the surface of the hquid m the center
of the loop with the dp of 2 pencil ar
somec stmilar instrument, the liquid
will immediately withdraw to the
edges of the loop and the thread will
assume the shape of a perfect circle.
A singularly interesting experiment!

‘Hm.m SUSPENDED PENCIL

ApHESION only comes into play when
bodies are in closc contact with each
other. Tt manifests itsclf between
solids and also between solids and
liquids. Thus two polished metal
surfaces pressed together will
adhere very firmly. This is the basis
of the locksmith’s well-known trick
of grinding down two metal rulers so
finely that, placed on top of cach
other, they stick as tightly together
as if they were one.

Even more intimate is the contact,
or rather the adhesive effect, if one
of the bodies is a liquid. Thus, as
the reader knows, if a solid is im-
mersed in a liquid and pulied out
again, a layer of liquid will generally
adhere to it. In everyvday life we say
that the body has been made wet by
the liquid. This effect, however,
occurs only when the adhesion be-
tween the solid and the liquid is
greater than the cohesion of the
latter. Thus metal, wood, porcelain,

glass and similar materials are in-
variably made wet by water, wine,
vinegar and many other liguids, but
fatry or oily substances are not, as
the reader well knows.

The following experiment is
intended to demonscrate that, under
favorable circumstances, the force of
adhesion has a considerable carrying
capacity. We take one thick and one
thin lightweight wooden pencil, and
place them lengthwise on top of
each other, the thicker one upper-
most. Now we pour a few drops of
water into the gap between the two.
On closer abservation, we shall
discover thar the water has adopted
the form of two small concave arcs 4
and £, as shown at the top of our
illustration (page 104). At the same
time, the adhesive foree has come
into play along both arcs with the
result that the thinner, lower, pencil
adheres firmly to the upper and
thicker one.
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How 10 FILL A mE:.LmU WINEGLASS

THE reader may be familiar with the
conjuring trick in which an empty
wineglass is replaced by a full one
without either of the two glasses
being touched by hand, or in any
other way. Onc of our quick-witted
friends, who is always ready with a
joke, used to deal with this problem
simply by lifting the little table on
which the two glasses stood, turning
it around and putting it down again.

If the wine had also to disappear,
then our *magician” would conjure
up an obliging soul, who would
throw himself upon the glass and
empty it with obvious delight. The
reader might be {orgiven, therefore,
for expecting our experiment to be
based on a similar diversion; this is
far from being the case, however,
for we intend to stick to cur more
serious scientific games.




We take, then, two ordinary wine-
glasses, with rims of equal diamecter,
and place one upside down on top of
the other, as shown in the illustra-
tion, so that they appear to be
hermemetically scaled. If we now
pour a liquid, preferably water, very
stowly from a third glass over the
basc of the upper glass, it might weli
be assumed that the liquid will run
down the sides of the two glasses
and end up on the table. To the
astonishment of these not familiar
with this experiment, however, this
does not happen. Instead the water

spreads over the base, trickles over
the edge and down the sides of the
reversed upper glass, and collects
inside the lower glass. Before the
experiment began we made sure that
the two glasses were dried as
thoroughly as possihle,

This experiment demonstrates
that the seal berween the two glasses
was not really perfect and that the
water could find a way between the
two rims, the displaced air inside
cscaping by the same route (¢f the
cxperiment described on page 53).

A MusseL. TURBINE

To make the handsome turbine
shown in the itlustration, we take a
large round wooden box withour a
lid, which should not be difficult to
obtain, and insert a small outlet pipe
made of wood or metal near the
bottem ; it may be possible to find a
discarded pipe stem which would de
cxcellenty for che purpose. To make
the container, that is, the wooden
bax, watertight, the seams must be
well sized and the inside of the base
and walls painted with lacguer or oil
paint. When this is done, we place a
large button in the middle of the
basc; it should have a slight depres-
sion, as it will serve as the resting
point or pivot for the verticle axle.
Next we must construct two small
vertica| supports at opposite sides of
the box and attach a strip of wood
with a hole drilled in its center to
their upper ends. This central hole
must be exactly above the depression
in the button on the base; it repre-
sents the upper support of pivot

of the axle, which is slightly longer

than the lateral supports and must
be made in such a way that it can
turn without hindrance at both top
and hottom. We fit a thick and well-
rounded cork, which as the illustra-
tien shows, will be taking up the
driving beit, above the midpoint of
the axle, that is, near the top. For
the wheel itsclf, we take a larger
round picce of cork or wood, cut out
evenly sized tecth and attach mussel
shells to them with small screws, so
that some twelve such shells are
arranged concentrically side by side.
This wheel, too, is fitted onto the
vertical shaft,

If we now wish to set our turbine
in motion we need only dircct a
slender but powerful jet of water
(either from a container placed
higher up, or, better still, from a
hose attached to the faucet) at the
inside of one of the mussel shells.
This appealing little machine -
perhaps with the addition of another
belt-driven machinc - will then
speedily start to operate.
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A Paprrr CORNET WATERWHEEL

OUR paper cornet waterwheel
presents a striking spectacle, irs
primitive construction norwith-
standing. It consists in the main of
an octagonal wooden disk, which we
must make first. To do so, we draw
a circle with a pair of compasses on a
small picce of hoard selected for the
purpose. Inside this circle we draw
a diagonal and cross it with another
at right angles through the center.
We divide the resulting four right
angles with the pair of compasses in
the familiar manner into two halves
cach, and draw a line through each
dividing pomt to the circurnfcrence
of the circle. Where these lincs

intersect the arcumference, we draw
in the tangents, eight straight lines,
and our regular octagon is ready to
be cut out with a fretsaw.

When we have made these pre-
parations, we drill a hole in the
center of the disk wide enough for
an axle to he pushed through. Each
end of the axlc rests on a strong
wire support fitted with an cyelet on
top and pushed vertically into a
fairly heavy chopping board. We
now tack eight paper corners of
equal size, made from siiff but fairly
thin cardboard, to the circumference
of the wheel, making sure that they
all point in the samc direction. For



greater durahility, we can give the powcred by warer from the faucet,

paper carncts and the wood a good and the whee! may also be used as A LETTER BALANCE FOR THE SUMMER VACATION
coat of varnish before we srart our an excavator by modifying the -

little machine. The driving force is support and extending the axle. In

water, which we supply froma that case, however, we shall need an WE are taking our summer vacation place the letter on the pan —and
pitcher, having, if necessary, made alternative source of power, a longer in some mountain health resart. It find that the stick does not sink
suitable provision for the overflow. axle for our wheel and the addition rains and rains, which we naturally down as far as the pencil mark. No
The little device can, of course, be of a driving belt. find most unwelcome, for we are

hardly able to step outside the front
door, So we write letters instead, in
which we describe the glortous
summer weather at length, in the
hope that the envy of thosc left at
home will compensate us somewhat
for our spoiled vacation. This 1 an
arduous undertaking, and the letters
grow fairly long and have to be
weighed.

Because there 1s no letter balance
available, we have no option but to
make one for ourschves, We have
enough weights, for we know thar a
U.S. cent weighs exactly ) ounce.
For the balance itscH we use
an old broomstick found under a
seat in the summerhousc; quickly
we saw off a piece of the handle
about 10 to 12 inches lony, tack a
visiting card to the top end and
artach a small heavy metal object to
the lower end with a piece of tape
and a small nail. Then we obrain a
tall narrow vesscl, All it with water
and immcrse the stick in it. Since
our weight is not very large, the
piece of waod with its cardboard
“pan” will stick out of the container.
Now we place ten one cent pieces
{exactly one ounce} on the visiting
card, and watch the stick sink
deeper into the water. With a pencil
we mark the level of the water, and
check it again by taking the coins off
the pan and then replacing them.
Now we remove the coins once maore,




extra stamps are needed, and — hey
presto! — the letter is in the mailbox.
And so our dear pnes ar home are

saved the trouble of having to
reduce the deficit of the post office
by paving postage due.

THE SNAIL-SHELL WATERWHEEL

WE first procure the shells of twelve
to eighteen edible snails, then use a
fretsaw to cut out two plywood disks
of equal sizc and push a dowel
through their center to form an axle.
We attach the snail shells to the cir-
cumference of both disks so that
they all point ourward and in the
same direction; this, we readily
admit, is quite a delicatc operation.
Wire and scaling wax will not do the
job properly, and we have to resorr
to a different bonding agent,
perhaps a good all-purpose glue,

being careful, of course, not to shift
the shells while we glue them in
place. We must also insert small
rectangular wedges between the axle
and the two wheels, gluing them two
both so that the disks do not revolve
ke wagon wheels on their axles, but
are firmly attached. Now we place
the axle of our waterwheel on the
prongs of two uprights attached to
the base and provide a gutter at the
battom. We then push a large cork
over the projecting end of the axic,
across which we run the driving belt
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which is best made of stout canvas
of the appropriate width.

Now a few brief words on the
operation of the waterwheel: if a jet
of water from a large vessel with a
long, narrow spout at its basc is
directed at the openings of the snail
shells, the larrer fill with water and

move downward under its pressure
to empty into the gutter and the
container placed underneath. If it is
mntended te run the machine con-
tinuously, perhaps 1o keep a second
little workshop busily occupied,
then a constant flow of water

must be provided.

A HypravrLic MoToRr

HERE we have a toy thar can be
made with a minimum of effort out
of the simplest material but that can
nevertheless be put 1 practical use.
All we need for its construction is
four walnuts, a wooden board with
four posts at the corners, several rods,
a fairly large cork, reeds and tapes
of various lengths, and sundry
containers,

[.et us begin with the four posts,
which must be fixed very firmiy to
the board because they will be
supporting the entirc mechanism. In
particular, they have to accommo-
date two square, tairly thick driving
shafts. The fronc shaft will carry the
wheel and must be shightly stronger
than the rransmission shaft at the
rear. The wheel consists of a central
body, six spokes and as many
scoops. The body is made from a
large cork, which must be as solid
and nonporous ax possible for
maximumn stability. The six spokes
arcattached to it ar cqual intervals
and in the same planc so that any
pair of opposite spokes forms a
straight line. To the ends of the
spokes we attached the nur shells,
This must al! be carried out wich
great precision and everything fireed
together very firmiy so that our

motor” can run smoothly. Apart
from this wheel, we also artach a
smaller transmission wheel, again
made of cork and, facing it, on the
sccond shaft, another transmission
wheel, and connect the two wheels
by a fairly tauc band or bele. Ta the
front cnd of the transmissien shaft,
we fir the device illustrated on page
112; but more about this later.

The power is provided by a water
container and a siphon, both of
which must be placed higher than
the rest of the cquipment. The
higher the container, the more
power will be generated. The siphon,
as our picture shows, is made from
a walnut and three lengths of reed.
The speut must, of course, be twice
as long as the suction tubes. So
that the siphon is kept firmly in
pesition, the suction tubes should be
attached to the side of the container
or else weighed down, 1f we suck
water through the spout, it will
continue to flow as long as the
suction tubes remain immersed in
the liquid. Once the siphon has been
activated, we position it in such a
way that the stream of warer falls
onto the scoops of the waterwheel.
The overflow is caughs in a con-
tainer placed beneath the wheel;

1



as soon as it is full, it can be used to
replenish the upper reservour.
As the reader will scc from the
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illustration, the artist has combined
the apparatus with a little butter
churn. To make the latier, we need a

suttable lidded container for holding
the cream, Next, we construct the
device that we mentioned earlicr.
This consists of a disk with a
number of perforations, which
moves in two dirccrions, vertically
and horizontally, as it beats the
cream, The range of both move-
ments is exactly double che length

of that of the peg arrached to the
shaft; the strokes can therefore be
lengthened or shortened at will. In
the experiment iliustrated here,
however, it is best not to choose too
long a stroke since otherwise the
vessel containing the cream would
have to be oo wide, a factor which
would not be favorable to butter.

EXPERIMENTS W

ITH CAPILLARITY

As the reader well knows capillarity
results from both the rmutual
attraction or cohesion of the par-
ticles of one and the same substance,
and also from the mutual attraction,
or adhesion of the molecules of
different substances. It is because of
cohesion that a drop of water or
mcrcury retains the shape of a small
sphere when placed on a greasy
plate, instead of dispersing, and it is
because of adhesion that we need
force to separate two highly polished
zlass or meral plates in close contact
with cach other. The joint effect of
both these forees, that s, of adhesion
and cohesion, thus explains the
phenomenon of capillariry, ar lease
in part. The same cffecrs arc
respensible for a whole series of
striking phenomena, some of which
are described below.

FExperiment 1: Fold the sides of a
very thin piece of paper to makea
flat box with a depth of about an
tnch. If a small amount of warer is
poured inte this container, after it
has first been moistened on the
inside wich a wet brush, the water
will curve inwards at the edges,

causing the sides of the container to
become bowed,

Experiment 2: If we make a soap
bubble with a funnel and then
release if, it will shrink perceptibly,
hecause the molecules of the liquid
tend o move closer together. The
effect becomes even more obvious if
we stop blowing before the bubble
has finished forming, and leave the
bubble suspended on the funnel: the
bubble will flatten out and even
withdraw inside the {funnel.

Experiment 3: We hang one thin
wooden rod from another by threads
and suspend them from a smuali
hook, so that the rectangle 4 B C 12
(Fig. 3) is formed. If we now dip the
whole into the selution we uscd
cariter tor making the soap bubbles
we shall find that the shape of vur
figure has been altered: the con-
tracting force of the soap skin has
curved the threads on either side of
the rectangle inward and has henee
drawn the rods closcr together
(Fig. 4). The tendency of the liquid
to decrease its surface area can thus
be plainly demonstrated.
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A S1MPLE PrIsM

If we allow sunlight to pass through
a prism, we may obscrve the
following effects: 1. the light rays
are deflected (refracted); 2. the
composed (white) sunlight is split
inte its spectral components, each
of which is deflected differently, red
least of all and vielet most; 3. the
spectrum which consists of seven
main colors {red, arange, vellow,
green, blue, indigo and violet), takes
up rnote space than the cross

section of the original white beam;
4. the boundaries of the specreal
colors differ from the corresponding
boundarics of the white light: they
are curved, whereas the former were
straight,

These effects are usually studied
with the help of polished glass
prisms. Wc can, however, substitute
a cheap water prism for the cxpen-
sive glass instrument by atlowing the
rays of the sun 1o fall perpendicu-




larly on a picee of cardboard into
which we have cut two rectangular
windows, obtaining as a result two
parallel beams that produce two
rectangular white images on the
white paper lving on the table. Now
we take an ordinary cylindrical
tumbler with 2 plain base, fill it one-
third full with water and hald it at
such an angle beneath onc of the
cardboard windows that the beam

from the window constitutes the axis
of the cylinder. Since the surface of
the water is no longer parallet to the
surface of the base we have produced
a splendid water prism. We may
study aif the effects we have des-
cribed with one of the two beams
while the other will help us te
determine the degree of the deflec-
tion and of the color dispersion.

SUNDIALS

ON the assumption that the reader s
familiar with the principles govern-
ing the construction of sundials, we
shall briefly mention two that may
be produced by very simple means.

The illustration below
depices a strip of paper that has
heen varnished or soaked in oil,
divided intoe hours, and glued o a
cyhindrical glass tumbler stopped

with a picce of cork or wood (). A
metal rod {¢} 1s inserted vertically in
the middle of this disk to form the
pointer whose shadow will indicate
the time in accordance with the
position of the sun. The tumbler
rests on a hinger board E F, which
can be set art a slant as requircd with
the help of two small props,

Of similar construction, but more
practical, is the sundial depicted on
this page, which can easily be con-
structed from ordinary cardboard. It
consists of two picces of cardboard,
Aand B, glued on the reverse side
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to a piece of canvas, with a dial
drawn on 8. There is a folding top
D, with a central slit through which
the pointer £ may be pushed and
attached to B, We inscrt the pro-
tractor () through a slit in one of
the shorter sides of B, attaching it to
A bencath; its purpose is to position
B in accordance with the local
meridian, the props {«) serving to
maintain this position. The pointer
C when lit by thc sun casts a shadow
on the dial from which the time can
then be totd.



THE REFLECTION OF LIGHT

LIGHT is known to physicists as
matter consisting of extraordinarily
small particles. It is assumed that
these minute particles, though
weightless, are subject to the general

law of intertia. Their dimensions and
relations with other hodies have been
determined, together with a series of
effects involving their powers of
attraction and repulsion ; these

investigations, however, are by no
means concluded ; many luminous
phenomena have not been fully
explained to this day.

The reader will be familiar with
one of the most common effects in
this sphere, namely refraction,
thanks to which a stick immersed in
water will appear bent at the point of
immersion. This happens becausce
the light rays which che stick trans-
mits to the eve are deflected as they
leave the water,

If light travels from a denser to a
rarer medium, we may observe what
is known as total internal reflection.
It is thanks to this cffect thatair
bubbles in water look like shining
pearls, and it also exphins the bril-
liance of many precious stones: part
of the incident beam passes through

the stone and reemerges at so sharp
an angle that it becomes totally
reflected and the stonc assumes an
almost metallic sheen as a resule. OF
all precious stones, the diamond is
known to have the smallest critical
angle, that is, the smallest angle of
incidence beyond which light under-
goes total internal reflection, and this
cxplains its exceptional brilliance,

The following is an easily per-
formed experiment: if we look at the
flame of a candle through a glass of
water, with the eve slightly lower
than the water surface, then we shall
behold the reverse image of the
candle against a dark background.
This is due to the reflection of the
slanting rays, which having hit the
surface of the water cannot continue
in a straight line.

THE REvV

ERSE IMAGE

EvFRrY onc of our readers probably
knows that a camcra obscura
produces reverse images, that is,
turns objects upside down. The
samc is true of all the images
received by our retina, our eye, in
fact, acting as just such a camera
ohscura, except that cur brain
corrects the mistake. We mention
this fact at the outset since it forms
the basis of the explanation of the
experiment we shall now describe,
Take a visiting card and picree a
hole in it with a pin. Hold the card

some four inches away from your
eve and place 2 pin between the card
and the eve. The image of the pin
will disappear from in front of the
card but reappear, standing on its
head, ro the rear of the small hole we
have made (see the illustration, top
right on page 126). The pin must be
viewed against a window or a lamp.
The small hole scrves merely as a
slit for admirting the light (Fig, 24,
this page) which casts the shadow of
the pin upside down onto the retina.

We can achieve the same result in







platinum has to be baked on. The
enirror is placed in a drying room for
a short while, transferred 1o a baking
oven, and finally allowed to cool

slowly. Ifit is then rubbed with a
linen cloth and a littlc permanent
white, it is ready 1o be put to the
many uses we have mentioned.

MIRROR IMAGES

WITHOUT MIRRORS

As everybody knows, not only
mirrors produce reflections, but anv
sheet of glass placed against a fairly
dark background will reflect rays
from a brightly lit object, and hence
make it appear as a more or less
clear mirror image. We can easily
prove this to ourselves by strolling
past the display windows of a store.
The experiment depicted in our
illustration provides similar proof. If
we place a pane of glass in a vertical
or ncar vertical position on a table in
a darkened room, and put one
playing card in front of it and
another behind it, adding a candle
for better illumination, then after a
few trials and errors we shall find
exactly where 1o place the cards so
that, looking at them from the front,
we can sce them both side by side,
one directly, through the glass, and
the other beside it as a mirror image.
This simple fact can help us to

practice extremely convincing
deceptions, and many a traveling
showman has known how to cxploit
it to full advantage. Thus we may be
sitting in the audience at a fair-
ground booth and fail to notice, as
the currain rises, that the poorly lit
stagc is separated from the cven
darker auditorium by a huge pane of
plate glass inclined at an angle of
about 20°. We watch rthe scene
unfolding behind the glass. Then
suddenly, in the course of some
bloodeurdling action, a ghaostly
figure looms up and glides over the
stage toward the hero, who, showing
incredible courage, runs his sword
through rhe figure or fires a gun at
it —all without in any way cndanger-
ing the life of someone who, in a
coordination with the hero, has
created the surprising effect from a
sunken area in tront of the stage,
effectively deceiving rhe audience.

THE CABINET OF MIRRORS

IN our search for interesting scicn-
tific curiosities, we discovered a
device that we would specially
commend to all those anxious to
combine physical with amusing
eftects. What we have in mind is not
so much a novelty as a rearrange-

ment and magnification of the old
kaleidoscope. The apparatus is
extremely simple.

We need three large unframed
mirrors of equal size, which we place
vertically in such a position that
their bases form an equilareral

1\

|




triangle and the mirrors constitute a
three-sided prism with their
reflecting surfaces facing inward. We
must also arrange some access 1o our
mirror cabinet, either fram below,
from above or else by moving one of
the mirrors aside. In the arrange-
ment depicted in our woeodcur,
entrance was made through 2 trap-
daor in the floor.

When anyone steps inside this
mirror cabinet, he will sce his image
being reflected over and over again.
This effect is due to the facr that, in
a mirror, the angle of reflection of g
beam of lght is equal to irs angle of
incidence, so that, with our present

arrangement, the image of an object
is reflected as an infinirc number of
symmetrically arranged groups
whose points of incidence and
reflection lic in the corresponding
extensions of the planes of the three
nrirrors, Our illustration shows no
mort than a small part of the mirror
images cast by three visirors inside
the cabinet. These three people saw
their figures reproduced in infinite
sets of six persons cach, the reflec-
tions growing increasingly smaller
until they appeared to be lost in the
dim horizon, Necdless ro say, rhe
cffect will be even more vivid if six
people step into the cabiner.

HexacoNAL CIRCLES

“WorLh vou think it possible that
the little white cireles on the black
hackground vou can see n the
picture could be made to look
hexagonal 3"

“No, I wouldn't!”

“You are a doubting Thomas, but
you'll soon learn.”
" We set up the page so that our
doubter is looking at the circles from

a distance of three to six feet,

“Well, are the circles still round ?”
we ask him. ,

Reluctantly, he will have to admit
that they now scem to be so many
hexagons; indeed, if he is a careful
observer he will also inform us that
the spaces between the circles are ne
longer black, but gray or cven
lighter.

This experiment is based en the
so-called irradiation eflect, thanks
to which the cdges of the circles
seern to overlap and hence the
circles appear larger and to have
lost their true shape.

A related optical Hlusion can be
produced with a white triangle ona
black ficld and a black triangle on a
white field. You may pride vourself
on your cvesight, but all those who
are asked which of the two triangles
is the larger will decide in favor of
the white one, although the two
rriangles are in fact congruent.




PENUMBRAL PICTURES

WHEN parents and children gather
around the family table on long
autumn and winter evenings, the
little ones in particular invariably
enjoy a show of shadow pictures, All
that is needed for conjuring up the
drollest of figures in this way isa
bright light, a white wall and a pair
of nimbl¢ hands.

Those who are more advanced in
this art may like 1o add paper sil-
houettes, and since the tov industry
has not as vet, or only just, dis-
covered shadow play, we must make
them vurselves. This form of self-
expression can be recommended for
its own sake since, as the saving goes,
if you want a thing done well, do it
vourself,

We feel that we will carn your
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gratitude if we enlarge vour reper—
toirc with the following little known,
though not new, act. When light ravs
are allowed to fall on a paper disk, a
dark shadow or umbra surrounded
by a penumbrz is produced behind
the paper, and even if the silhouettist
is nor an expert, he can use this
phenomenon to produce the most
striking effects. Let him take a piece
of stiff card and, using our first
figure as a guide, draw a picture. He
must then cut out the parts that are
to look bright, and if he now holds
the remainder close to the wall on
which the shadow is cast, the umbra
will predominatc and the sithouette
will have a sharp, clean, outline

{Tig. 2). Buc as the cutour is moved
turther and further away from the

wall or screen, softer shades will be
added to the umbra {Fig. 3),
rounding the portrait off in a sur-
prising and most pleasing manncr.
By careful calculation of the dis-

tance and meticulous cunting of the
card it is thus possible to produce
shadow pictures of considerable
artistic metit.

THE DEVIL

IN REVERSE

S0-CALLED positive afterimages may
be simply and easily perceived by
anyone looking fixedly for a short
time at a brightly lit object, the
frosted bulb of an clectric lamp, for
instance, and then closing his eyes
or looking at a dark background. The
resulting afterimage is brightest of
all if we view the object for no more
than onc-third of a second. In
addition, there are negarive after-

images, which reproduce the bright
sections of the object as dark areas,
or converscly, reproduce the dark
sections a5 bright. We can obtain
these if we stare at a bright object
continuously and then, instead of
closing our eves, direct our gaze at a
white or otherwise bright surface.
The paris of the retina that were
previously exposed to the dark areas
of the object retain their full sensi-



tivity. As a result the contrast
between brighe and dark is com-
pletely reversed.

An amusing example of this
effect is aflorded by our illustration:
a white imp on a black background
that may be casily reproduced
should this hook not be close ar
hand even by those with a minimum
of arristic skill. If we stare ar this
white inhahitant of the nether
regions, concentrating particularly
on the black spot in the middle
until our eyes tire, and then gaze a
a bright surfacce, say, a sheer of
paper, or, betrer sull, a white ceiling,
a rectangular white surface will loom
up before our eves within which 2
black devil will gradually emerge.
The experimenter should not be
discouraged if the devil does not ap-
pear immediately: sonie people may
even sce the devil before they see the
surlzce. In any case the reader
would do well not 1o put too much
strain on his eves, that irreplaceable
organ of vision.

THE FADE-OvER EFFECT

THE rerm “irradiarion™ refers 1o the
fact that the light rays emanaring
from particularly bright objects not
only excite those parts of the retina
on which the image is formed, but
also affect the ncighboring parts of
the retina as if the latter had received
the fight themselves. Hence the
impression in the brain is such as 1o
make the object look larger than it
really is.

To prove this pont, the reader
need only view the black and white
ladies in our iliustration from a
distance of about five feet; he will

find thar the black lady on the white
background looks more slender and
petite rhan the white lady on the
black background. Indeed, the
illusion is maintained to some extent
even when the ladies are viewed
trom close quarters. And vet borh
ladies are exactly the same size, as
measurement will easily cstablish,
Werc our illustration life-size, the
effect would, of course, be more
striking srill.

If we have a cloth with alternaring
hlack and white stripes of the same
width, the black stripes will appear

narrower than the white. This can be
demonstrated if the figure on the
right 15 magnified by a factor of ten.
If this figurc is viewed from a
distance of ten to twelve feet, the
white stripe will look much broader,
and also longer, than the black.

Finally, we should hike to mention
an irradiation phenomenon that maxy
be reproduced with great ease,
Following the illustration on p. 132,
draw a narrow black cross on a
square of white paper. If the square
is observed very intently, the ends of
the cross seemn to retrace.




How TaLL Is
THE entertaining experiment illus-
trated on page 143 alwavs arouses a
good deal of surprise. One of those
present is asked to estimate the
height of the demonstrator’s top hat
by pointing to the spot on the wall
he thinks the hat would reach if it
were sef down on the floor,

At first our voluntcer will look at
us pityingly, as if 1o say: “Whar do
vou take me for? My eyes aren’t
nearly as bad as you seem to think.”

“Let’s put it 1o the test, then, Off
you go!”

Our friend will shrug scomfully,
take one more look and indicate a
spot on the wall. We take the hat off
and hold it on the floor to check the
accuracy of his judgment.

Great merriment al! around!

Our friend, however, is somewhat
embarrassed for, as evervone present
can see, he has overestimated the
height of the hat by at least a hands-
breadth. And all others who are not
in the know will without doubt farc
the same, some even indicaring a

THE Top HAT?

spot twice the height of the hat.

In fact, all of us estimate the
height of an object differently,
depending on whether we view it at
eve level, or at an angle, The reader
will, of course, he awarc that from
the top of a tower or monument
people appear very much smaller
rhan when they are seen at street
level.

We can try another amusing
experiment with our top hat, by
asking those present how tall they
think the hat is in relationship to its
width. They will be particularly
caucious following the embarrassing
experience of the first volunteer,
having learned that the laugh is
always on the loser. Each in turn will
voice a different opinion, one gucss-
ing that the hat is 1} times as tll as
it is broad, another saving 1! times,
a third 1} times, and so on. We can
be fairly sure that ne one will come
up with the right answer, namely
that the height of the hat is the same
as its width, unless someone in the




audience happens to be a hatter, who
will have good reason for being in
the know.

But why this widespread mis-
understanding ?

It is simply that people do not
usually take the turned-up brim

into account, tor it they did they
would quickly realize that the width
AR is equal to the height CD, as
may easily be checked by measuring
the dimensions of the hat depicted
On page 144.

OpPTICAL ILLUSIONS WITH

THE HELP OF A RULER

As we saw carlicr, oprical illusions
can be created through the use of the
so-called irradiation or fade-over
cffect. The larrer is based on the

fact that Numinated surfaces not
only seem larger than dark surfaces
of the same size, but that they may
also look guire other than thev really
are. If we hold a flat wooden ruler
up close in front of our cye and
against the flame of 2 candle or 2
lamp, as the keen young man is
doing in our dlustration (p. 146), then
the ruler will seem to have a concave
indentation on the line running from
the eve to the flame. In other words,
the light of the Aame scems to
encroach upon the ruler at this spor,

with the result that the latter locks
waisted.”

The same effect may be observed
if we are in a darkened room and
look at a slit or small aperture that
admits a beam of [ight. It will scem
that the aperture 1s much larger than
it really is. The same effect will alse
appear if we look at the ridge of 2
roof against the setting sun; the
ridge will seem curved even if it is
perfectly straight. In these fast two
cxamples, the light encroaches upon
the dark, or not dircctly illuminated,
parts of the abjects in question and
apparently alters their appearance.
This fact is well known to painters,
sculptrors and civil engincers.

i

THE 7.?7._ IN THE BOTTLE

T1aT our lustration 1s a faithful
woodcut reproduction of an actual
photograph may be hard for vou,
dear reader, to believe at first. We
can assure you, however, that the
process to which we owe this sur-
prising and original oddicy is
cxtremely simple; the following
dircctions will enable every amateur
photographer ro produce similar
effeets, and with some degree of
ingenuity and skill he may even
succeed in surpassing our own
achievement.

To photograph the man in the
hottle, we place the fatter, which,
needless to say, must be transparent,
in front of and fairly close to the
lens. Some distance away, bevond it,
we stand the man agamst a dark
background and on a platform
cavered with a black cloth.

We then make sure, by looking
through the viewfinder of our
camera, that both objects appear to
be the same size, that is, that the
bottle seems to enclose the man,
moving the man or bottle back-






ward or forward if necessary. We
now photograph man and bortle
separately and successively on one
and the same negative, The film is
developed in the usual way, and the
pasitive developed.

If the man should happen not
exactly to despise a brimming bottle,

and to be, moreover, a friend who
will not take a bir of fun amiss, then
we will use, not a medicine hortle,
bur a clear white wine botele, and,
if we append some humorous verses
to the photograph, we shall have 2
welcome and amusing family or
hirthday keepsake.

WheREvER did these two lucky
fellows obtain their gigantic hare?
The photograph on which our
iltustration is based was apparently
obtained in a single shot, so that our
friend the hare must have been of

THE GIANT HARE

quite extraordinary siz¢  a miracle
ot nature that makes our naturalise
friends shake their heads incredu-

lously, And they are right to do so,
for this photograph, roo, is based on
a trick.

1t is well known that hands erossed
in front of the chest or stretched our
toward the camera look dispropor-
tionately large on phorographs, the
reason heing that they were closer to
the lens than the rest of the bods,
Our snapshot 1s based on the same
principle. For when 1t was taken,
the hare was not hanging from the
stick carried by our two intrepd
hunters, but from a fine wire much
closer to the lens of the camera than
the men, and so placed that the hind
legs of the hare appeared o cross
over the stick when cxamined in the
viewhAnder. As a result, friend hare
gained in size over the hunters, as

the photograph shows, and a single
shot was gnough to produce this
result, But whart about the equip-
ment trom which the hare was
suspended and which cannot be
seen i the picture? The animal was
simply hung from a dark wire that
ran down the middle of the dark
tree trunk in the background and
hence remained quite invistble in
the photograph.

Amateur photographers among
our readers should not find it too
difficult to copy this example, should
an opportunity arise, or o crack
similar photographic jokes for their
own cnjovment and that of others.

Ti1x CANNIBAL

HERE is another joke photograph,
which shows a guest who, with the
imperturbable composure of a
cannibal, has just picked up his knife
in order  or so it would scem - to
start [easting on the head thar has
been sersed up to him — his own!
The answer to the puzzle 1s the
samc as that described in the pre-
vipus expenment, and is far from
difficult to achieve. The photograph
is taken against a dark background,
provided here by a deorway giving
onto a dark storeroom. The lens is
focused on the background, and the
head of the man, whao 1s standing
fairly closc to the camera, 18
observed through the ground-glass
viewer, It's relatively large outlines
are then drawn on the ground-glass
plate and a blackened picce of card-
board is placed in the first fold of the

bellows (counting from the ground-
glass plate} so that the rest of the
body is blocked out. Next the plate
is inserted and a photograph of the
head is taken.

The plare and the sheet of card-
board arc now removed, and pre-
parations are made for the rest of the
picture,

The man sits down art the table
further away from the camera than
betore, and the table and platter are
positioncd in such a way that the
head, drawn in outline on the
ground-glass plate with a pencil,
appears to be lving on the platter.
The plate 1s then reinserted and a
second photograph is taken. As a
result, the head will seem to be
Iving on the dish, just as shown in
our illustration.



YourR HEAD ON A PLATTER

Tite most curious effects can be tocusing the lens on the dark door-
produced by composite photographs, way, we ask the “guest™ to move
that is, by making two exposures on close to the camera so that his head
one and the same plate. For this and will look disproportionately large.
the following experiments we first Next we rake a pencil and draw the
need a plate-back camera with a outline of his head on the ground-
bellows, and then a dark background, glass plate, cut 2 hole the same size
say an open door giving onto & dark and shape in a blackencd sheet of
room. This was the basis of the cardboard and place the resulting
photograph below, in which a stencil in the first fold of the bellows
guest 1y offered his own head ona (that is, right in front of the photo-
platter, to his ill-concealed horror. graphic plate} so thar only the cut-
To produce this kind of effect we out arca (the head) is lit up. Then we
must proceed as follows: after introduce the photographic plate and
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take a picrure of the head. That plate
is now removed. and the rest of the
photograph prepared. The guest
takes his seat with an expression and
attitude of horror, and the servant
holds a napkin-covered platter in
such a way that the head drawn on
the ground-glass platc appears to be
Iving on it. (We have, of course,
previously raken the cardboard out
of the bellows.) We pur the plate

back in again and rake another
photorraph. The picture of the head
is not affecred in any way because of
the dark background, and the end
result bs our very sfrange picture.

Once again we leave it to those of
our readers who are fond of expen-
menting to devise other composi-
tions — perhaps a dinner party where
all the participants arc the same
person.

PHOTOGRAPHIC COMPOSITIONS

ALTHoUGH photographic collages can
nowadays be created much more
casily with the help of ingenious
darkroom techniques, the reader
mayv bc interested to learn something
about the older method from which
the wood engravings shown on these
on the right.

While the compasite pictures of
the preceding pages made use of
dark backgrounds, the following
pictures, taken against various
backgrounds, were created with
what is known as a “frame with
adjustable slit.”” Let us first examine
this surprisingly simple invention
(on the right),

It consists in the main of a tightly
fitting wooden case attached to the
back of the camera with an aperture
the size of the plate at its center.
This case supports a long frame
protruding above and below the
camera {I'1g. 1, £). Inside this frame
and beneath two short boards, there
is a longer, black board that can be
moved from the top of the frame to
the bottom, and that is provided
with a central slit. Fig. 2 shows
the outside and the back of the

frame. If a photographic plate is
inserted in the camera, and the slit is
moved up or down past the plate by
the sready rotation of the crank, the
plate will be exposed wherever light
falls on 1t through the shit. Tris
essential to turn the crank very
steadily so that the plate 18 evenly
cxposcd. Ir should also be noted that
the board with the shir has a pointer
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and a graduated scale (front cdge of
frame, Fig. 2) indicating the position
of the slicat any given mement.

1t is a very simple matter to
produce composite photographs
with the aid of this adjustable device.
If we look at the rwo gymmasts, one
of whom carrics the other on his
head, we shall see that they arc ene
and the same person. The picture is
the result of two exposures. To
create at, the chair is fastened to the
wall at a height of four ta five feet,
and the gymnast climbs onto it,
taking up the required position. The
photographer examines the image,
section by scction, through the slit
while turning the crank, and notes
how far the pointer must move along
the scale until the scar of the chair
and the tops of the chair legs come
into view; in addition he draws the
outlines of the chair on the ground-
glass viewer. Next, he inseres the
photographic plate, and tumns the
crank once again from the starting
position until the pointer has
traveled as far as before, At this

point the camera is shut, the plate is
removed, the gymnast climbs down
trom the chair and rakes up his
position underncath the chair. The
photographer comparces the position
of the chair with the outlines drawn
on the viewer 1o make sure that the
chair did not move when the
gymnast climbed down. The plate is
reinserted, and the second part of
the photograph is taken, the crank
being turned so that the pointer runs
duwn the rest of the scale,

The photograph on page 153 is
much more difficult to take, It
consists of four poses by one and the
same person, and involves three
{instcad of two} horizontal zones, the
central one being divided into 2
leil and a right half, each of which
must be taken separately. To that
end, the slit must be provided with
a slide capable of shutting off its
left or right side wmporarily, or clse
the whole frame must be turncd
through go®, so that the slit becomnes
vertical and can be moved from left
te night, or vice versa.

SHADOW

PICTURES

BEFORE we examing true shadow
pictures, we should like to mention a
technique that enables even the
poorest of dratismen to catch the
likenesses of his friends with telling
verisimilitnde. We rake a sheet of
paper, white on one side and black
on the ather, and pin it to the wall
8¢ that the white side faces the room.
Next we place a bright light on a
table at an appropriate distance from
the wall, and ask the person whose
portrait we arc about to draw to step
between the light and the wall and to

stand perfectly stll. Because our
subject will cast a sharp silhouette on
the paper, anyone can casily move a
pencil around the outline of the
shadow, We can then remove the
paper from the wall, go over the
lines again where they may not he
clear, and cut out the drawing, Now
all we have to dois to reverse the
cutout, stick it onto a white piece of
paper, and the result is a black
silhouette. If we have deploved cven
the minimum of skill, the likeness is
generally a very good one.
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After some practice, even the
beginner will acquire a measure of
skill in this technique and produce
portraits as good as the ones shown
at the top of our woodeut. More-
over, those who can handle a panto-
graph will be able to reduce the size
of thesc sithouettes at will, and thus
perhaps produce an album to
treasure for many years to come.

Let us now turn our 4mrention to
shadow pictures proper, for which
we need nothing more than a white
wall, our two hands and a brighe
light, Qur fingers must not, of
coursc, be stiff and awkward, or else

we shall produce only the most

unshapely monstrosities, Should any
readers wish to devote themselves to

this delightful and amusing are, and
not at times possess the requisite
agility, they must practice, in the
knowledge thar, with persistence,
they are bound 1o be rewarded with
SUCCeNN,

Let us begin our performance with

the reproduction of a fox. The

positioning ol the fingers is extremly

simple, as our illustration shows,
The fox’s muzele, long and pointed,
reflects cunning and slyness, and is

o (s

slightty agape with expectancy. Since
no prey is available the [ox opens its
jaws wide and vawns several times,
bur we need have no fear that our
attentive audience will find that
infectious and do likewise (below).

Following this demonstration of
our skill, we portray a human
silhouette, namely an oarsman
guiding his craft safely through
ripple and wave while traveling
gently downstream. The right hand
is casily bent inro the shape repre-
scnring the man; 2 small piece of
wood attached to the thumb
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represents the oar, a paper cutout
held between index and middle
fingers, the hat.

Now comes Mr. Flercules, This
strongman holds a weighty dumh-
bell in his hands and a chair
between his teeth. The doll's house
will supply the latter: the dumbhbell
ts made from a small rod and bread
pellets.

The elephant is a most comforting
and friendly animal. lrs cve is
particularly appealing, 1t swings
its long rrunk to and fro like a
pendulum, rofling it up and then
pointing it straight our in front
again. Those who wish 1o add to the
cffeet can enlist a third hand to feed
it an apple (a bread peller); it will
grasp the apple with its trunk and
devour it with obvious enjoyment.

And here comes the cheerf[ul
tippler. We usc the index finger of

the right hand to form the bulbous
nose of the habitual drinker. The
little finger casts the shadow of the
strongly jurting chin on the wall,
while the hat, once again cut from
paper, s held between thumb and
index finger. The streched-out arm
with the bottie 1s formed by the left

hand and part of the arm; a picce of
cloth falling from the right to the
lefr arm makes the bodyv. Needless to
say, the tippler is allowed to indulge
his passion, taking a swig or two now
and again.

Now for the juggler, who performs
& most astonishing balancing feat
with an egg on a suck. Ior the stick
we need a long matchs the egg is cut
out of stiff paper and fits into a slit in
the match made wirh a knife. The
har, also cut vut of paper, 15 tuched
between index and middle finger,
and the march together with the
exe is Lied to the thumb.

The charming rabbit needs the
participation of both hands, as the
illustrarion below makes clear.
This graceful animal 1s extremely
lively: it moves its ears and drums
vigorously with its forelegs, it can
even sit on its hindlegs and beg.



The North American Indian, too,
must not be left out of cur reper-
toire. The lcading role here is plaved
by the right hand, which has t
shape the face: the left hand is bent
with fingers spread to produce the
silhouette of the feather finery.

For the bull we nced both hands.
The projecting muzzle is formed by
the right hand, while the left
represents the head and the
threatening horns.

The German naval officer is
slightly more difficult. The right
hand has the main job, the tormarion
of the face, its ring and little fingers
forming the walrus moustache. The
helmet is made with the left hand,
thumb held vertically upward and
little finger protruding.

The wicked walf has, it is true,
screwed its eves shut, but ithas a




ternifving set of fangs. The lateer, as
the illustrarion shows, 1s represented
by the finger tips of the right hand.
When the wolf opens irs jaws wide
and snaps them shuc again, it truly
makes one shiver with fear and

dread.

The angler, by contrast, has a
much morc peaceful look about him.
He is part of a scenc in which
practiced fingers deftly reproduce
the hobbing boat, the cager antici-
pation of a good catch, and finally
the exulrant reaction to the sight of a
fish on the end of the line —all of
which will delight the spectaror (see
the picture on page 161).

The Punch and Judy show (page
162) which doces call for more than
average skill, should also evoke loud
applause from the audience.

A great deal of merriment will be
caused by all thesc shadow pictures,
as we can assure the reader from our
own e¢xperience, and this effect will
be enhanced even further if the per-
former is able to link the pictures
with an amusing commentary. He
will, however, have to acquire, by
constant practice, a certain amount
of skill in the quick formation of
successive shadow pictures before he
can hope to command the attention
of a happy circle of spectators.

The tour silhouettes of well-
known late nineteenth-century
political figures (pages 163, 164, 163)
are intended, by way of a conclusion,
as encouragement to you, dear
reader, to try vour hand at reproduc-
ing the silhouettes of contemporary

SLaLCsmen.




THE droll experiment depicted in
our illustration is admirably suited
0 cvoke great merriment at the
family table, particularly amongst
the younger members, although
adults, too, are sure to be enter-
tained. To the knuckles of the index

and ring fingers of cither the right or

left hand, we apply a few bold
strokes of charcoal to draw two cves
and two nostrils, as shown in our
illustration. T'he thumb, pressed
tightly against the index finger or

THE SINGING DoLL

nomy of a toothless old woman,
especially in a dim light. The artist
can practice moving the thumb,
which forms the lower lip and the
chin, in time to a song (warbled in
the nasal manner of old folk) or a
piece of dialogue, so that the old
woman’s mouth appears to open and
close, and, at intervals, she can
cough or sneeze with the appro-
priate accompanying movement. No
matter how serious the meod of the
company, this act is bound to causc

laughrer.

The illusion becomes complete if
the artist himself stands behind a
forms the nase, above which the two suitably hung linen clath, so that he
€yes are located. If this face is now cannot be scen by the uc&nsnm. and
wrapped in a cloth, it will take on a holds the doli above this curtain,
close resemblance to the physiog- as in a Punch and Judy show.

turned slightly downward by it,
serves very well as a toothless mouth.
The knuckte of the index finger
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