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Dear youngsters! To be sure, most
of you dream of visiting space or even of becoming an astronaut,
taking part in the conquest of space or travelling to other planets.
But we should not forget that the road into space is not an easy
one. Space is not only the romantic and exciting adventures de-
scribed in science fiction, but also painstaking work full of risk and
hardship. And those of you who want to devote your lives to space
should remember this,

Where does the road to space begin? Abowe all, with hard work.
Would-be astronauts have to be educated people and good
sportsmen;, healthy, strong, and tough.

Of course, you read books on space, and this book is also con-
cerned with space. But this is not just a good reading, nor is it just
a textbook. It is meant to be read as a make-it book and think-it
book. You will make simple models and devices to petform fas-
cinating “space” experiments.

Who knows, maybe these simple projects will eventuallly lead you

to the ramp of a spaceship.
Good luck, dear friends, and a happy journey!
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We live in an era of space exploration. The
first man to pave the road to space was Yuri Gagarin. His flight on the
VMeoswk spacecraft on April 12, 1961, went down in history as an outstand-
ing event.

But before Gagarin’s flight the world marvelled at the first artificial
satellite launched in the Soviet Uniom. Now the many satellites orbit the
Earth, interplanetary automatic stations visit not only the Moom, but also
Mars and Venus. And the Wenerar missions. Aren’t they amazing. These
automatic vehicles have sent considerable data to the Earth from the sur-
face of this mysterious planet, Veaus, and the first TV pictures!

And what an enormous amount of work is performed by astronauts
during space missions on ships and long-term orbital stations!

But the conquering of outer space has omly just begun. Much work has
yet to be done. And boys or girls who want to devote themselves to space
must prepare for it now.

Astronauits, spacecraft designers, and scientists involved in space pro-
grammes are people of formidable education and knowledge. To become
one of them requires much study, research, and experimenting. Sipace
Adweniviess in Your Homfe will help you perform experiments on your own.
Of course, this book (the idea is due to the writer V.D. Pekelis) deals net
with the outer space, it is concerned with projects involving phenomena
relating to space. You can carry them out at home or at a schooll engineer-
ing elub. The experiments described are based on the physieal laws studied
at scheell. You will find experifients on atmespheric pressure and vasuum,
heat, inertia, and weightiessness. You will alse enjey simple trials in spes-
tral analysis, will Beesme aeguainted with the priReiples underlying ihe
remete eamirel 8f medel PRY'S (planetary roving vehicies), with the 12nd-
ing By paraehute en Earth of 2 ““descending capsule™, and iis seft 13nding:
Yeu will even Be able 8 €arry out & “space Mangeuvie’ 1o dock W8 BOX
kites in the aif:

This book will help you test your knowledge in practice and take the
first steps towards invention. The recommended models are not accom-
panied by drawings, since the author wants you to show your enterprise
and use any bits and pieces available. To store the materials required te
make the exciting things in this book and te perform experiments, find
a case with boxes of partitions to contain suitable tools and supplies: bslts,
screws, futs, washers, tubes, wike, empty speolls, metal balls, parts of toys,
ete., éte.
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A word about workmanshiip. Do not make a mess everywhere: do not
misplace tools, and tidy up the place after you have finished. Newer use
household things if they can be damaged. If you need an object, ask the
owmer if you may have it.

Each project in this book has been tested by the author practically, but
to be able to perform any of the experiments described here requires perse-
verance and concentration.

It may well be that in the course of work you will face difficulti¢ss-do
not hesitate to apply for help and advice to teachers, parents, and friends.
You will be mastering wood- and metal-working procedures as you pro-
gress through the projects, and then you will be able to shate your €xper-
ience with your mates.

Good luck, friends!



Speaking of outer space
cenjures up visiens of cold airfree wastes beginning just beyond the
Earth’s atmesphere, dead space. No aif, ne life.

On Earth, there is no emptiness under natural conditions.
Earthly nature does not tolerate emptiiness. Whatever rarefication
in the atmosphere it will in no time be filled with the surrounding air.

And if, for example, volcanic activity
dislodges colossal strata of rock to
form voids-thuge caves-inside the
earth, these are rapidly filled with water
or petroleum, air or gas, and on occa-
sion, by lava.

Space has no ideal emptiness, either.
You can find extremely rarefied gas
there, and finest cosmic dust, if only in

minute amounts.

Peoplle were slow to understand that air has weight. It had long
been considered weightless. On the Earth’s surface the weight of
the air is appreciablle, and air exerts a force of around one kilo-
gramme per each square centimetre of the Earth’s surface. This
pressure is called atrespiieniic pressune. We bear it easily and do not
even notiice it, because the pressure inside us compensates for the
external pressure. A vacuum does not occur naturally, but beyond
the Earth and its atmosphere, in space, vacuum is powerful and in-
sidious. The tiny atmosphere inside a space vehicle must be pain-
stakingly protected from it by hermetic seal. All the hatches must
be tightly closed. A dightest leak or smallest slip may lead to the
shipboard air disappearing to insatiable space.

You know that to leave the craft to walk in space an astronaut
puts on a space suit and a portable life support system (PLSS) to
supply breathing air. At first the astronaut goes through a hatch to
an airlock, and the hatch is closed thoroughlly. Next another, outer,
hatch is opened, and the small amount of air in the airlock rushes
out into empty space. The astronaut comes out.



This poses a question: How is air retained near the Earth? Why
does not it diffuse into the endless reaches of space?

Our thanks should go to gravity. Terrestrial attraction holds fast
onto Earth not only people, and everything else but also the air.
The closer to the Earth’s surface, the denser the atmosphere. But at
an altitude of one hundred kilometres it is extremelly thin, so that
this altitude is considered to be the boundary of space.

Planets that are smaller than the Earth have a smaller @ttraction,
therefore their atmosphere, if any, is exceedingly thin.

Despite its “vile temper™, vacuum, is sometimes quite useful and
necessary. There are industries where a vacuum is indispensiblle and
must be created artificially. Admittedly, a complete vacuum, even
a space vacuum, is impossible to achieve, but ill air pumps are
able to provide a fairly high evacuation, that is quite sufficient for
a variety of technical purposes. And these purposes are really varle-
gated. Vacuum is used in metallurgy to obtain high-gualiity metals,
in the faundry and many other industries. Electronie and TV tubes
cannot operate unless air is removed from them.

Space vacuum, too, may be of some use. Space vehicles travel in
empty space easily, suffering no drag. Also, astronomers of Earth
dream of observatories beyond the terrestrial atmosphere, without
any air to hinder the observation of celestial bodies. Even fiow
some astronomiicall observations are being successfully carried out
from orbital stations.

You are sure to have devices at
home with a locked, or “canned”, vacuum.

Radio and TV receivers use many evacuated electronic tubes.
Electrons leaving the hot cathode must get to the anode wwmhin-
dered. But this is only possible with a high rarefaction of the air.
The same is true of the television tube: electrons must hit the
screen of the tube and draw the image that we see. For this pur-
pose, electrons must travel inside the tube without hindrance. The
screen is convex, and with good reason. The convex surface easily



bears the atmospheric pressure, which is quite appreciable. If the
surface area of the screen is 730 square centimetres, then the foree
exerted by air on the glass is about 730 kilogrammes, just under
three quarters of a tonne. The convex surface is able to witinsiand
this load.

Arches are normallly made with curved vaults, because building
materials resist compression better than extension. Not only build-
ing materiialls, however. Consider the chicken egg. A hen never de-
stroys a single egg in hatching, but a weak chick easily breaks the
egg from within when the time is ripe for it to get out. You may
prove for yourself that an egg shell is much easier to break from
the inside than from the outside. Just tap the shell with a rather
blunt pencil first from the outside, then from the inside.

In your household you may find one more device incenporating
a vacuum, a thermos.

In scientific laboratories are widely employed Dewar vessels for
storage of liquid air and other liquid gases. Liquid gases have
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extremely low temperature and, were it not for this special vessel,
they would evaporate straight away and turn back into gases.

The Dewar has double walls that are silver-plated on the inside
and the space between the walls is evacuated. Owing to this empty
space, heat is not transferred from the inner wall to the outer one
and vice versa. The silver is also there with good reason: thermal
rays will be reflected without heating the glass. Such a vessel pro-
tects the cold from heating and the hot from cooling. Therefore in
a thermos, being essentially @ Dewar vessel, you can store hot tea
and coffee for a long time,

In Meteorollogjiical Centres you can find mercury barometers to
measure atmospieric pressure. But barometers, known as @neroids,
also come in metal casings. One of these is simply an evacuated
metal box with a corrugated, springlike, cover and a device to con-
nect the cover with a pointer. The scale is graduated in millimetres
of mercury (mm Hg). All the fluctuations of atmospheric pressure
associated with weather changes are felt by the cover. It either
depresses or returns to normal, and the pointer indicates the atmos-
pheric pressure at the moment.

There may not happen to be a barometer in your home, but you
are sure to have a thermometer. The thermometer has a thin inter-
nal channel for mercury or tinted alcohol to rise and descend.
There is no air in the channel, otherwise it would block the motien
of the liquid that fills the bulb of the device.

On heating, the mercury or alcohol in the bulb expands and the
column of liquid rises. On cooling it descends.

Nowadays vacuum cleaners are widely used for clemning
premiises. Its powerful fan produces strong rarefaction and sucks
the air in together with dust wherever it may be.

Before we set out to per-
form our experiments on atmospheric pressure and vacuum (true,
we will never achieve a real vacuum under domestic conditions,
therefore we ought to refer to it more modestlly as rarefied space),



we must provide ourselves with some devices and eguipment.

For our experiments we will require a thin-walled glass tumbler,
a glass plate (e.g., an old 9x I2 cm negative, or just a sheet of
glass to cover the tumbler), several glass jars of various sizes,
a small phial, two rubber tubes (one thick and the other thin),
a deflated baloon, and an air pump. The pump we will make.

You will see as we go along what else will be needed for the
experiments. For instance, a polyethylene (plastic) cover, sirifigs,
Plasticine, corks, plastic straws, and the like.

You should find all these things fairly easily, but the manufae-
ture of the pump is a more complex task. To make a good pump
requires a great deal of effort. But a good pump will allew many
an exciting experiment to be performed.

Thus, we begin by making the pump. The principle of the puimp
is exceedingly simple. The air pump was invented in the 17th cen-
tury by Otto von Guericke, the bilrgomeister of Magdebuig. He
used an impressive experifment to demonstrate the tremendous

Inlet pipe Rubber ring Rubber ring

Limiting ring

Wooden stopper

Glue here

First valve Second valve



power of atmospheric pressure. A sphere formed of two copper
bowls 37 cm in diameter could not be pulled apart by several
horses after the air had been removed from the sphere. And when
the bowls were finally separated, there was a sound like a shot.

The accompanying figure schematiicallly shows the pump that we
shall manufacture. It must have two valves that help the piston
remove the air from the reservoir to which the pump is connected
by alternatelly opening and closing.

The size of the pump is determined by materials zvailable.

To begin with, find a brass, copper or steel tube about 3-5 cm in
diameter and no more than 0.5 m in length. The inner wall of the
tube must be extremely smooth. Into one end of the tube we will
insert a piston, and into the other end we will install a stopper with
a small inlet pipe onto which a rubber hose will be slid. Before the
stopper is secured in place it must have a valve on the inside end.
To do this, you cut out to size a rubber disc with a small opening
in the centre. Using a rubber glue, fix to it a small flap of thin rub-
ber (e.g., cut out of an inner tube or a ball bladder). If the stopper
is screwed on the tube end, then the rubber disc can be simply put
to the tube end and pressed by the stopper cap. Alternatively,
a wooden plug should be made and a rubber disc with a valve
glued to It from the Inside. Then the plug Is tightly driven Inte the
pump tube. The valve flap is glued to the rubber disc at twe eppo-
slte places on the edge. When the air pressute inside the chamber
builds up, the flap is pressed tightly to the opening and closes it.
When the air flews frem the epening, it pushes epen the flap and
passes between the flap and the rubber dise:

The piston is made as follows: cut out of the thick sole of an old
boot several discs of a diameter equal to the inner diameter of the
tube, stack them to obtain a cylinder 2-2.5 centimetres high.
Through the middle of the cylinder punch a hole to receive
arod or a tube 1M-15 centimetres longer than the pump tube. It
would be a good thing for you to cut a thread at the end of the rod
or thin tube and squeeze the piston with a nut between two

2--230
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washers on the rod. If this is not possible, squeeze the piston
between two washers and fasten them either by pins inserted imto
bores in the rod or by soldering the washers to the rod.
Drilll a hole through the piston, parallel to the rod and several
millimetres in diameter, and then insert into it a thin copper tube
of the same length as the piston. For the copper tube to stay in
position its ends should be expanded with a nail. On the piston,
glue another rubber disc, as shown. In the disc a hole should be
made, such that, when applied to the piston, the hole should cein-
cide with that of the copper tube. Using the rubbet glue, aitach
a flop of thin sheet rubber near the hole so that one edge of the
flap eould be turned back to expose the hole. Thus ouf pump is
supplied with the second valve. If you have werked aceurately,
when the valves are €losed, ne aif must pass through them. But
fbhehyg gill open themselves, when the air pushes the flaps frem
enind.

Now, using a file and sand paper, trim the piston so that it be



Fountain in a Jar

a tight sdliding fit in the tube, then dide it into the tube and atach
a handle to the outer end of the rod. The tube has a stop aftached
to its end to prevent the piston from sliding out of the body. Now,
slide a rubber hose on the inlet pipe, and the pump is ready. As
you slide the piston out, a finger applied to the hose end must
adhere, and as it is pushed in, the pump must neither force nor
pump out the air,

If you have not yet made an air pump as described (you are
going to need it for many experiments), and you have a bicycle
pump, then for the following three experiments it can be used after
a slight adaptation. To this end, remove the piston, unscrew the
nut at the end of the piston rod, take down the rubber pision and
reinstalll it back to front, and screw the nut home again (see the
accompanying figure). Now the pump will not force the air out but
suck it in. But it should be used very hard for the air net to lesk
back into the rarefied space through the pisten.

In order to see how the bicycle pump operates in its new capa-
city, and to see if it creates the desired rarefaction, use & small
trick.

Take a funnel (now they are normally made of plastics), attach
its narrow end to the pump’s hose, and cover the wide end with the
envelope of a balloon. Having siretched the film, fasten it tightly.
Begin to operate the pump. If the film sucks into the funnel and
stays like this, while you coritifiue to use the pump-eyesyithing Is in
order. If the rubber fillm now sucks in, new straightens when yeu
push the piston im-tthe pump leaks. This can oecur both through
the piston and through hose connections.

But if the film bulges in both directions, that is no good at all. In
that case the pump both forces and sucks. It should then be dis-
mantiled to increase the diameter of the piston rubber or leather by
pushing its edges aside. Smear the piston with grease or Vaseline.

) ] We riow proceed to do experiments fer
which your pump will be needed.

2
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Take a small glass phial, fill it with water stained with water col-
our, and stopper it up tightly. The stopper should be prepared as
follows: insert a plastic straw in it through a hole and, through
another hole, a thin long rubber tube (e.g., the tube used for bicy-
cle nipplles). The straw must reach down to the bottom of the phial,
and the rubber tube only to the surface of the water. Fuse the
outer (short) end of the siraw with a match flame and punch the
tip with a pin to give it a tiny hole. Put the phial inside a 3-litre
glass jar. Close the jar tightly with a plastic cover, having passed
through a small hole the long end of the thin rubber tube. I the
cover make one more hole and insert into it a thicker rubber tube.
Seal with Plasticine the places around the holes oen the cover. The
device is ready. Connect the pump to the thiek tube and siart
pumping.

In the jar the air is rarefied, the externall atmosphere through the
thin tube presses on the water, and a thin coloured jet begins to
strike from the straw.




21 Emptiness Inflates
a Ballwon

EMPTINESS INFLATES A BALLOON. New we shall inflate
a balleen in a somewhat uRusual way. We shall pet blew hard to
fill its envelope With aif, as is erdinadily dene. Instead we shall
remeve aif areund It, and aif from the external atmesphere will
itself enter inte the envelope te inflate it. _ _

~ Take the same jar as in the previeus experiment, rinse and wipe
it dry. Remeove the phial, and instead attach the envelope to the
thin tube using a thread. Clese the jar tightly with the eover and
draw the thin tube out so that the envelope will hang inside just
under the eover. Start pumping hard: As the air leaves the jar, the
bgl&lsgl@n will begin to expand and quickly fill all the inside of the
vessel,

You will see that the balloon is inflated, even though you did not
so much as touch it. By the way, the balloen filling the whole in-
side of the jar shows graphicallly that you have removed just the
same amount of the air,
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THE BALLOON CHANGES ITS NAME. When the balloon has
inflated adequatielly, dip the outer end of the thin tube into a vessel
with water and stop pumping the air out. Clamp the thick rubber
tube with your fingets, disconnect the pump and gradually start to
let the air inte the jar. The air from the balloon will go eut bub-
bling. When it is almost completely out, reattach the pump te the
thick tube and start again to pump the air out of the jar. New the
envelope will fill with water. Atmospheric - presswe dFives waar
inte it, turning the air balleen inte a water balleen. Tey te fill the
envelepe with as mueh water as pessible, and if the envelope does
fiet burst, the velume of the pumped water will esrrespend to that
of the remeved aif.

VACUUM PUMP FROM A BLOTTING PAPER, Yeu will
know well the experiment in which a glass filled with water is
covered with a sheet of common paper, the paper is held onto the
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glass, the glass is turned upside down, and the hand is removed,
but the water does not pour out. When some adult showed you this
experiment, which rather looks like a conjuring trick, he is sure to
have explained that it was the atmosphetic pressure that did not
allow the water out.

This experiment can be improved by additionallly rarefying the
air in the glass. Fill the glass with water up to the brim, cover it
with a blotting paper, or a paper napkin. Put a glass plate on the
top and carefully turn the glass upside down. Once the water has
been absorbed a bit into the paper, again turn the covered glass
over and put it into a pan, just in case. On the bottom of the pan
put something sofit-a rag or a sponge. Raise the glass plate eare-
fully, and absolutely herizentally. The glass will rise with it. The
absorption of water by the paper produeed a rarefied spaee, and
the external pressure pressed the plate tightly te the glass. New the
weight ef the water is supplemented By the weight of the glass
itself. ARd te detach the plate a. esriain feree is required:
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RAREFACTION BY COOLING. If, in the preceding exprriment,
the rarefaction in the glass was produced by the water being
removed from hermetiicallly elosed glass, we will now perform an
experiment where the rarefaction occurs due to the eooling of the
air.

Take two soup-plates, one with cold water, and the other, with
hot. Put a cork on the surface of the water in each plate. Cover
the cork in the hot water with a glass turned upside down. The air
in the glass will expand and force the water out. So little water will
remain that the cork will not float any more, and will descend and
sit onto the bottom of the plate. Here you have a small model of
a diving bell. A real diving bell, essentially a steel box witthout
a bottom or & cylinder open at one end, is lowered onto the bed of
a river of other reservoir where some work is to be done. The air
inside is eompiessed and does not let water in. Workers can
stay inside the bell, the breathing aif being under pressure.
Meie advaneed rigs for submerged operations are called ealssons.
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Now take a second glass, warm it adequatelly first with warm
water, then with boiling water, and quickly cover with it the cork
that floats in the cold water in the other plate (the warm water here
is required for the glass not to break on immersion). At first the
cork will descend with the water, and then, as the glass and, of
course, the air inside, cools down, the water with the cork will rise.
When the glass has fully cooled, its water level will be higher than
that of water in the plate.

On cooling the heated air decreased in volume. The pressure in-
side the glass dropped and the atmospheric pressure drove water
into the glass.

This is a widely known experiment, des-
cribed in many physics textbooks. But under household eonditions
the experiment cannot be carried outt-a special can is required, and
it also will be destroyed just after the first experiment.

The engineer E.I. Orlov, an author of many fascinating physical
experiments, suggested a simple and convenient way of cemducting
this experiment at home.

To be able to perform the experiment you are required to be
quick and good at soldering. If you cannot solder yet, ask some-
body to help.

Get a can of juice. The can must be large, no less than 0.8 litre.
Punch a tiny hole with a nail at the edge of the top. At the oppo-
site edge punch another hole. Now you will be able to empty the
can (at first shake the overturned can, then the juice will pour
freely). If your can contains not juice, but fruit-salad, then instead
of a second small hole in the end face you will need an opening to
remove fruit from the can. Next the can must be washed and filled
with water to 1/4 of the capacity. The opening must be covered
with a tin-plate patch and the edges must be thoroughlly soldered
with tin.

With the juice can, one of the small holes must be soldered after
it has been filled to 1/4 of the capacity.
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Put the can with the water on a fire. The water will soon boil,
and the steam will escape violently from the remaining hole. Allow
the water to boil for several minutes for the ait to leave the ean
and the space above the water to be filled with vapeur enly.

Soldering things must be at hand and ready. Quickly take down
the can from the fire and solder the hole closed. The sticcess of the
experiment depends on the quality and speed of the soldering
operation.

Put the can under a stream of cold water. Just under your very
eyes the can will crush as if squeezed by mighty invisible hands.

What is the matter? As was said, the air from the can had been
replaced by steam, the steam under the action of cold water had
condensed, i.e., changed into water, and above its surface
a vacuum had formed. The can, rather sirong for the storage of
a small amount of juice, is not meant to have air removed from it
and to be subjected to powerful atmospheric pressure.

If, in the course of the experiment, you hear whistling or hissing

I J
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noise, the soldering will be inadequate. Unsolder the just-soldered
hole, clean it, put the can on the fire again, and repeat everything
as before.

MODEL OF AN AIRLOCK FOR A SPACEWALK. The princi-
ple of the airlock for the spacewalk of an astronaut is the same as
that of the lock to pass ships around the dam of a Iydroelectric
power plant or from one river to another. Only the scale here is dif-
ferent, and in one case we deal with air, and in the other with
water.

We now make a small model of an operating airlock modulle in
which air will be replaced by water. Our model will in no way
claim resemblance to facilities used in space vehicles. The aim of
our model is to get acquainted with the principle of the airlock
module of a spaceship.

A large open tin can will be our ‘“spaceship”. In its side cut
a 2-cm dia round hole, and solder a smaller can opposite the open-

-
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ing, as shown in the figure. The smaller can will act as the lock. All
the cuts should be very accurate, especially in the bottom, where
the circular cut should fit the cylindrical surface of the larger can.
In the “lock module” opposite the opening in the side face to
which it will be soldered cut a similar opening at the same level.
A better connection of the “lock module™ with the body of the
“ship”, the vertical sides of the former having their edges turned
back, will be provided to form 5-mm strips. These strips should fit
the surface of the larger can tightly. Tie the “lock™ with wire to the
body of the “ship” and solder all the connections.

Our small cut-away model of the ship is ready. Into the open-
ings, insert from the inside bottle corks trimmed carefully so that
these close the openings tightly and do not let water lesk.

Now fill the model with water so that the water covers the
plugged openings. Carve a wooden figure of an asironaut in
a space suit with oxygen bottles strapped to his back, tie a thread
to him with the second end fasten within the ship, and place your
astrofaut on the water. He will fleat in It as If welghtless. Next
remove the plug frem within, lead the figure on the thread inside
the “leck” and plug the epening up (the thread will net prevent
this). Then open frem within the second, outer epening. The water
frem the “leek medule” will flow eut. Let the figure go out inte
“Qpen space” and replug the opening. The returA eperation is per-
formed in the reverse erder: open the suter opening, introdwues inte
the “leek™ the “astrenaut” and plug the euter opening. Peur water
frem a glass inte the “leek”, thereby ereating there “Aermal aimes:
pherie pressure”, and EHSH.QPSH the internal opening and let the
“astrenaut” inside the “ship”, plug up the Spening.

To be sure, when astronauts really leave the airlock to walk in
space, the procedure is much more complicated. But we used water
instead of air to present the operation graphically.

In real airlocks, the hermetiicallly sealed hatches are opened or
closed by an electric mechanism but facilities are also provided for
manual operation.
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Man first walked in space on March 18, 1965. It was the Soviet
cosmonaut Alexei Leonov who did this. After leaving the airlock of
his Woskitod! 2 spacecraft, he “walked” 5 metres away from the
hatch and spent 12 minutes exercising on the end of a safety line.
His heroic experiment, just like Gagarin’s deed, went down in
records of the space era and was considered to be a landmark in
space history.
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AN IDEA PUT INTO PRACTICE. As early as three cemturies
ago, Isaac Newton suggested that it would be possible to create an
artificial satellite of the Earth.

He proved that if a “physical body” was launched around the
Earth with a sufficient velocity, and if it travelled in empty space,
then it would never return to the Earth and would orbit around it.

Throw a stone several times and you
will see that the stronger you throw it

= . s (i.e., the greater the velocity you impart

Experiments With g i) tnectannpertiv iy felfallo to

Weightlessness the ground owing to the Earth’s attrac-
tion,

But if the stone reaches the circular
velocity (about 7.9 kilometres per
second) in empty space so that the

atmosphere does not hinder its motion, then it will not fall onto
the ground but will orbit round the Earth indefinitely. This revolu-
tion around the Earth is, in essence, a falling too, only it proceeds
at such a great velocity that, although the Earth attracts the stone,
its velocity does not let it fall.

These days many satellites are launched into Earth orbit. They
do a wide variety of meteorollogical and other sciemtific observa-
tions and send their results to Earth. In addition, artificial sstellites
carry special apparatus to transmit over large distances television
and radio-broadicasting programmes.

What has been said about the motion of satellites also refers, of
course, to spaceships and orbital stations travelling around the
Earth. They are manned craft and much larger in size, their pur-
pose being somewhat different. Astronauts can make observations
and stage experiments that cannot be performed by robots.

Everything on spaceships, orbital stations and satellites is subject
to weightlessness, i.e., the state in which objects exert no pressure
on their supports.

In this chapter you will be concerned with weightlessness though
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not subjecting yoursellves to it as it is impossible to set up such an
experiment at home. We shall conduct several experiments that give
some idea of the way in which weight vanishes, and how some
bodies and materials, e.g., liquids, behave under weightlessness. To
begin with, we shall look at the phenomenon of the partial loss of
weight, and then we shall also observe complete weightlessness.

But before we proceed to perform our main projects some auxii-
liary experiments are in order.

SEARCH FOR THE LEAST SURFACE. Given some gsometric
figures with the same volume, let's see which one has the least sur-
face area. Using the simple formulas given below, you can easily
work out the surface areas of some geometric figures.

Take a piece of Plasticine or clay (the clay should be sufficiently
kneaded to remove the lumps) and at first mould a cube. As all the
edges of the cube are equal, you only need to measure one of them.
Now calculate its surface area by the formula S=&/2, where S is
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the surface area of the cube in square centimetres, / is the length of
its edge in centimetres. Record the result.

Next use the same piece of Plasticine (or clay) to shape
a cylinder. Its volume will be exactly the same as that of the cube
because the amount of material is the same. Compute the surface
area. The resultant area must include the area of the side’s surface
and the areas of its two end faces. Measure the radius of one end
face and the height and use the formula:

S =6.28r(h + r),
where S=the surface area of the cylinder in square cemtimetres,
r=tthe radius of the foundation in comtimetres,
h=the height of the cylinder in camtimetres.
Put down the result and mould a cone. Measure its generatrix
(the length of its side) and the radius of the base. The surface of
the cone we calculate by the formula:

S=314v({l +r),
where r = the radius of the base of the cone,
[=tthe length of the gEmeratrix.

Write down the result and turn the cone into a ball. By rolling it
between your palms you can reach a fairly round shape.

Measure the diameter of the ball using a spoke or a straight
piece of thick wire. Pierce the centre of the ball with the wire and
divide the diameter (in centimetres) by two to arrive at the ball's
radius. If you substitute the result into the relation S = 12.56 r2 you
will obtain the surface area of the ball.

The comparison of the results for all the figures reveals that it is
the ball that has the smallest surface.

Of course, in moulding the figures you should seek the maximum
accuracy for the figures to be as correct as possible.

WV M. Before we turR te studying the behavieur ef
liguids under weightlessness and earry eut experiments with miere-
roekets, we will take a eleser 1ok at surface tension.
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It is known in physics that on the surface of any liquid there are
the so-called forces of surface tension. These originate from the
mutual attraction of molecules on the surface and those in the
bulk. In the process, forces arise that seek to reduce the surface
area of the liquid.

Fill a glass to the brim with water and continue to add water
carefully with a pipette drop by drop. You will see that the water
in the glass will begin to bulge above the brim as if held back by
an invisible film. If you should add some more water, the “film”
will yield and the water overflow.

You may have seen in summer how pondskaters “skate™ about
the surface of ponds or even puddles. Under their feet the water
surface yields a bit, but never breaks.

Even objects, such as pins and razor blades, which are heavier
than water, can lie on its surface. One need only smear them with
a thin layer of fat for water not to wet them. Place the blade care-
fully on the surface of the water and it will float; you will see that
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the water surface yields under the weight of the blade.

To observe the behaviour of surface tension weakened in some
place, perform the following.

Apply a bit of thin talcum powder on the surface of the water in
a glass. A uniform talcum surface results. Get in a pipette a bit of
soapy water (it has very weak surface tension) and add one drop at
the centre of the talcum circle. Where the drop falls a round dark
powder-free patch will form. The soapy drop weakens the surface
tension with the result that the powdeted surface shifts to the glass
walls.

PARTIAL LOSS OF WEIGHIT, whan yeu swim in & W;mmg
peel, Fiver, 8F sea yeu feel ysur Bedy BS_@@fH@ Hgmh_ $6 mueh 8
that yeu ean even lie en yeur Baek spending enlly a slight effert 8
suppert yeuiself en the suffaee.

We will now carry out an experiment to see how a physical body

[ o - ]
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can become lighter. Take a spring balance, or if you do not have
one, adapt for the experiment a tough rublber strip attached to the
upper end of a piece of wood on which you should mark off scores
as the rubber strefches.

Attach to the balance a weight of, say, 2 kilogrammes, e.g.,
a stone. If you use the makeshift device mark off with a pencil the
extension of the rubber.

Now take a bucket filled to the brim with water and put it imto
a pan. Into the bucket, lower the stone suspended from the
balance. Once the stone submetges completely, water will stop
overflowing, and the balance (or the rubber) will show that the pull
of the stone will be much wesker,

But this reduction in weight occurred at the expense of the water
expelled from the bucket by the stone. If we measure the water tfiat
has overflowed from the bucket into the pan, the result will be
equal to the reduction in weight of the stone after immersion in the
water.
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You will, of course, have surmised that this experiment illustrates
Archimedes’s principle.

Using this technique you can easily work out the volume of an
object, if it cannot be determined otherwiise. It is only necessary to
immerse the object in water (of course, only if the water will not
spoil it), and then measure the volume of the water that has over-
flowed. If the object is small, the water need not overflow, since the
volume can be deduced by measuring the water levels before and
after the immersion.

You know that liquids always take the form of
vessels or reservoirs containing them. A large amount of water will
immediatelly spread under gravity If poured out of a vessel.

Well, if water suddenly becomes weightless, what form will it
assume when it leaves a vessel? To begin with, consider small
amounts of water-diheps. Drops are very light, and gravity does
not distort their ball-shaped configuration, or does only dightly,
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flattening them a bit. Balls of water—drops-camn be observed on
leaves of plants or on fabric that does not absorb water. The
smalller a drop, the more like a ball it is. In the air rain drops are
almost balls. In free fall they are in the state of weightlessness, and
surface tension, seeking to create the smalllest surface area, makes
them almost ball-siheped.

Let us conduct one interesting ancient experiment. For a liguid,
we will create about the same conditions that occur under weight-
lessness. In this experiment you will be able to observe the natural
configuration of a liquid not just for small drops but for a ball
with a diameter of about 2 camtimetres.

For the experiment we will need denaturated alcoholl (or if not
available, eau de Cologne), water, some sunflower or cotton-seed
oil, a pipette, and a glass.

Put into the glass several drops of the oil, and half a glass of the
alcohol or eau de Cologne. Oil is heavier than alcohol, therefore it
will gather at the bottom of the glass. Now begin to add water to
the alcohol stirring carefully with a stick for the alcehol to mix
uniformly with the water. You will soon see a small ball sgparate
from the bottom and ascend slowly. Stop peuring water and add
some more alcohol or eau de Colloghe. This will make the ail
ball descend a bit and “hang™ in the glass at a certain depth.

This will come about when specific weights of the oil and alco-
hol-water mixture are equal.

Get some oail in the pipette and introduce it into the oil ball. If
you do so several times you will see that the ball in the glass
becomes larger each time. The best way to observe this is from
above and not through the curved, distorting glass of the vessel.

If you try, with a stick, to change the form of the ball in the
glass, it will, in a matter of seconds, go back to its original
configuration.

The surface tension makes the oil seek the smallest surface @ren-
that of a ball.

Let us use our imagination a little and perform a thought experi-
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ment. Visualize yourself in a spacecraft under the conditions of
weightlessness with a glass half-filled with water. No matter how
hard you try to overturn the glass, no water will pour out of it. To
get the water out of the glass you would have to shake it slightly.
After fluttering about in mid-air the water would then assume
a ball configuration. But under weightlessness, even a large amount
of water, say, a bucketful, can assume a ball shape. And if there is
no air motion, a large water ball will float about the cabif.
Water, separated from the chains ef gravity, weuld take ea iis
natueal form.

We have seen a TV programme transmitted from the orbital
station Saljutz4 in which the cosmonauts P.I. Klimuk and
V.I. Sevastyanov showed the following: they let water flow from
a rubber hose and water emerged in large balls. it appeats that ne
imagination is required,

SIMPLE EXPERIMENTS WITH WEIGHTIESSNESS nggm

and gravity are net one and the same thip @'i%‘(th% is apphied {8

the Bedy {tself; and weight is & foree QEB'I'I E8 & stppert 8h whieh

the Bedy lies, oF is syspended: It the Body falls and it falls under

Efavmy it sigps @%@fﬂﬂg 3 Pressure oq 2 §HBBQH Henee the welght
a3 vanished-WRa RS s&t iR

What happens to a spring balance that is measuring weight if it
falls together with the object suspended from it? It will indicate
absence of weight and the pointer will be at zero.

Take a spring balance, attach a tin-plate clamp on the scale so
that it could slide along the scale; suspend from the hook a 2-kg
object and sdide the clamp down to the pointer. Holding the
balance in your hand lower it together with the suspended object.
The motion should be swift and accelerated, it should simulate the
fall of the balance and object. After the balance has stopped lower-
ing, the pointer will indicate the same weight as before, but the
clamp will be shifted to zero. This means that during the fast des-
cent of the balance and object, the latter weighed nothing and was
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in a state of weightlessness, thus the pointer rose to zero and
shifted the clamp there where it remained.

If you have no spring balance, you can make a makeshift device
by fastening to a piece of wood a tough rubber strip with a pointer
and a tin-plate clamp attached to it. Matkings can be arbitrary;
what matters is that these begin at zero which corresponds to no
weight.

One more experiment. Take two full different sized cans of pre-
serves, and put one can on top of the other. Between the cans put
a strip of paper so that its end shows. If you pull this end you will
see that it is not easy to remove the paper tightly clamped between
the canms-you will need some effort.

And now, spread rags on the floor to protect it and not to
damage the cans, and proceed as follows. Hold the paper cdamped
between the cans with one hand, and with the other pick up the
two cans stacked one upon the other. Let the cans go. In falling
these become weightless and the paper slides out readily.

[ ne—
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If you want to make
a present to the school physics laboratory, make a device that
demonstrattes weightlessness in free fall,

For the job you will need the skills of a carpenter, a plumber,
and an electrician, as well as ability to cut and glue cardboard. So
we proceed to make the device.

To make its body, glue thick paper rolled into a multilayer tube
that can accept in a sliding fit two cylindrical dey cells used for
transistor radios. The tube should be quite stiff. To glue it use
a form that is a round, sestional (split aleng the axis) woeden stick
one centimetre thicker than the battery, its length being twe battery
lengths plus five centimeties. Twe caps are glued from ecardboard
oF paper such that these slide tightly en the tube. Glue te ene 6f
the eaps (say, the upper ene) @ small plyweed fing (its diameter
sheuld eguall the euter diameter of the tube) and fasien te it the
eentaets for a small tereR Bulb. Te the lewer eontact (i.e., & brass
plate) atiach ene end of a spring made of copper or ifen wire. The
Spring is Manwfactured By winding the wire 8R a red. It sheuld be
sueh that the weight of the twe dry eells weuld streteh it By half of
its length. Stack the cslls one pen the other (they will ABW bBe &9h-
fested i series) and use the lamp te see lf the eentaet is goed:
Glue paper on them. Next ssnneet o ihe spring end the HBP@E €9R-
tact of the eell using & wire aAd solder the contaest HroHgh:

Inside the lower cap, glue a plywood ring and attach to it
a brass contact. The bottom of the lower cell will be thrust ageinst
it when our device is assembled. Lead out the wire from this eon-
tact and attach it to the side contact of the lamp on the upper &ap.
Along each of the two opposile side walls of the deviee attach
a wire 1e6p.

Assemble the device thus: the cells must be suspended on the
spring from the upper cap, the bottom of the lower cell resting on
the lower contact. Screw in the lawmmp-iit should glow. Hold the
device upright with the lamp up, and then lower it quickly, not lei-
ting it go. If, in lowering, the lamp goes out momentarily and
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comes on again, then everything is all right. Otherwise we will need
to make another spring: change its diameter or wire thickness.

After the test, install the device on a prepared board 2 metres in
length and 15 centimetres in width. At the end of the board make
a loop so that it can be hanged vertically on a wall, and at the
other end glue on a rubber ball. Along the board, by-passing the
balll, stretch two taut nylon fishing lines and secure them at the top.
The lines must be separated by a distance equal to the diameter of
the device and passed through the wire loops on both sides. When
raised, the device should not touch the board.

We now proceed to perform the experiment. Raise the device to
the top with the lamp on. The glowing lamp implies that the
objects suspended from the spring (the dry cells) have weight.
Lower the device. When the device falls we have weightlessness.
The dry cells stop pulling the spring. The lower contact sgparates
and the lamp goes out. When the device strikes the shock absorb-
ing ball, the weightlessness state ceases and the lamp turas on
again. For the lamp net te glow unmecessarily put a switeh on the
side of the eylinder-walll. Then the lamp can be lit during an experi-
fent only.

In our device weightlessness mamifests itself by the fact that the
lamp goes out. But, if you wish, the opposite can be made to
occur: the lamp will go on when weightlessness sets in.

WEIGHTIESSINESS AROUND US. Under terrestrial conditions
we often come across the phenomena of, if net eomplete, then par-
tial loss of weight. But on Earth it lasts for a very short time,

Surely you have gone down in a lift. The weight loss is especially
noted at the start.

And swings? When these go down, there is also a partial loss of
weight.

In high diving or trampollining, when the sportsman flies tihrough
the air, his weight is complletelly lost, and weightlessness occurs.
Perhaps you have seen acrobats flying under the circus cupula and
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jumping into a stretched net. Each jump is several seconds of
weightlessness.

Free-fall drops of parachute divers, when they are still falling
with an acceleration, is a further example of weightlessness.

But the most prolonged state of periodic weight loss occurs in
a storm on a ship. When the ship rolls the deck moves away under
feet and weight is partiallly lost, some people have trouble with this
and get sea-sick.

Thus weightlessness shows up in free fall. A space vehicle orbit-
ing the Earth is in a state of free fall. It is subject to the Earth's
attraction, and hence it falls incessantly. But it has such a velocity
that it cannot hit the ground and keeps on flying in its Earth-orbit,
one turn after another,

And everything inside the ship is also attracted by the Earth, but
does not exert any pressure on supports because of the weightless-
ness. Therefore, for the astronaut it is immaterial whether he sits in
a chair or flies about the compartment. You have seen many times
on television pens, writing-blocks and other unsecured objects
floating inside the ship.

It takes prolonged training to get used to weightlessness. And
not only to get used to it, but also to work for days on end.



Life on Earth exists thanks to the
radiant energy of the Sun, and the atmosphere. The Earth is imha-
bited with an infinite variety of plants and animals, and they have
adapted to temperatures ranging from +38°C to —7054G, iinceetasin
regions the temperature drops even lower,

A good example of the adaptation of living things to bitter frost
is furnished by penguins. In the Antarc-
tic penguins even hatch their young at
extremelly low temperatures.

But no living creature would survive

i1t the eesmie eold, of on the surface of
Venus where the temperature ¢an be as
high as several hundred degrees eenti-
grade.

When astronauts travel through the
cosmic wastes, where there is nothing to be heated by the Sun, or
to catch and reflect solar rays, and thus most bitter cold is possible,
all possible measures must be taken to have the ship heated
adequattelly.

Inside a spaceship or orbital station the air is maintained at the
same pressure and composition as on Earth, and the temperature is
maintained at a comfortable level. This is all provided by devices
that automaiiallly control the compesition, humidity, tamperature,
and pressure of the tiny atmosphere inside the craft.

It is only the weightless state that makes astronauts feel that they
are not on Earth, but on a tiny artificial planet created by human
genius, rushing along at terrific speed through dead empty space...

Thus, all the
living things on Earth owe their existence to the Sun. What is this
mighty source of life?

The Sun is a hot gaseous sphere. The scientists say that in its
bowels, at enormous temperatures and pressufes, continually oeeurs
the thermomucilear reaction of conversion of hydrogen inte helium.
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This violent reaction is accompaniied by the liberation of a colossal
amount of thermal energy. The thermal ‘energy of the Sun is
radiated in all directions. The Earth only catches a minute part of
it. but this fraction appears to be sufficiant for life to theive on
Earth and for an enormous variety of plants and animals to exist
and prosper.

And almost all the other kinds of energy, too, owe their origin to
the Sun. Now the Sun is beginning to be used as a direct energy
source as well. Plants are being constructed on Earth to catch solar
rays, making them heat water or produce electricity directly. You
know that the main source of energy on artificial satellites, space
vehicles, orbitall stations, automatic roving vehicles on the Moon of
other planets, Is the Sun. Solar energy for spaee vehieles is trapped
and converted into elestricity.

The energy of the Sun comes to us as thermal rays having
covered millions of kilometres of empty space. Such a way of trafs-
ferring heat without an intermediate medium is called radiation.

Try the following. Clasp the bulb of an electric lamp with your
fingers. Switch the lamp on for 2-3 seconds. Whille it is on, you will
feel heat on your palm and fingers. But once the lamp has been
switched off, you will again feel the cold of the glass.

Neither the glass nor the gas, now used to fill the lamp after it
has been evacuated, had time to heat. The hand was heated only by
the thermal rays from the hot filament.

In earlier times lamps wete empty inside that is the air was
removed from them. Such lamps were tiny models illusirating the
propagation of solar heat to planets through the empty space of the
Universe.

But using a gas-filled 1amp you could also see that the hand was

heated by the rays and not by the glass as it had had no time yet t6
heat.

[ TO Yeu have just got acquainted
with radiation, whieh is @ way ef transferring heat iR the form of

4—230
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radiant energy without heating the intermediate medium. But there
are other ways of heat transfer as well. One of them is called ther-
mal conduction.

Perhaps you have touched the handle of a saucepan with boiling
water. The handle, if made of a metal, would have been very hot.
To be sure, nobody had heated it specially, but heat from the hot
saucepan had come to the handle to heat it. The heat came through
the metal gradually. In olden days this motion of heat was even
compared to the movement of running water.

Different solids conduct heat in different ways. The best thermal
conductors are metals. But among metals also there are champion
conductors, including the so-called “nofhle metals”, i.e., platimum,
gold, and silver. These are widely used in vital devices and circuits.

To see that different metals conduct heat differently perform the
following experiment. Take two teaspoons: one of silver and the
other of a nickel alloy. Attach to them two paper-clips, using drops
of wax. Put the spoons into a glass, so that the handles with the
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clips will stick out in the opposite directions. Pour boiling water
into the glass and the spoons will then heat. On the silver gpoon
the wax will melt and the clip will fall down, whilst on the other,
the clip will either not fall off at all, or will fall later.

Of course, the spoons must be similar in shape and size. If you
have no silver spoons, take whatever is available, as long as they
are of dissimilar metals. The spoon which heats faster, is made of
a metal that conducts heat better. This metal is said to be the bet-
ter thermal conductor.

The poorest thermal conductors among solids are ceramiics, pla-
stics, wood, and fabrics. This is why the handles of tea-kettlles or
frying pans are made of plastics or wood. And if the handle is
made of metal, we must use a rag to protect our hands from burn-
ing. The rag, too, is a poor thermal conductor and protects our
hands, i.e., is acting as heat imsulation.

WEIGHT AS A HEAT CONTROLLER. In natuie there is one
mote way of heat transfer, convection. It is ebserved in liguids and
gases, and is based on the fact that sections of liguid of gas if
heating Become lighter and fise, whereas eolder, heavier layers sink:
A source of heat is generally placed below, and therefere the
heated layers continually shift up and the cold enes down. But in
welghtlessness, €.¢., inside an orbital station, sueh a way of heat
transfer dees net work. Absent here is the weight that aets as the
heat esntroller.

To observe convection in liquids conduct the following experi-
ment. Take a smooth metal plate, e.g., a plane metal cap of a glass
jar of preserves, and place on it several crystals of potassium per-
manganate. Cover them with a drop of water and a thin layer of
wax. Stick the edges of the wax cake carefully to the plate. Pour
some water into a glass and cover it with the plate so that the wax
cake will be inside the glass. Holding the glass with yout hand turn
it upside down, and place the plate with the glass on two supports,
so that you can put a candle under the middle of the plate.



Put a burning candle under the part of the plate with the wax.
The cake, on heating, will break away from the plate, and a flow of
hot water tinged with violet will shoot up. You will see a circula-
tion of stained flows of water: warm streams going up, and cold
ones, coming down.

There is an experiment demonstratiing the circulation of warm air
flows that is carried out as follows. Take the glass of a kerosene
lamp, or if not available, a milk bottle with the bottom cut off
evenly.

Put the lamp glass over a burning candle. The latter will go out
quickly, because there is no access of fresh air to it: the hot air
with the combustion products sours upwards and blocks the way
for the fresh air. If you insert a strip of strong paper into the glass
as shown, it will separate the inner space into two halves. The one
with the candle will have hot air with the combustion products that
will still go up. Whereas the fresh (colder) air will come to the can-
die from above, on the other side of the partition.



To see that the partition plays a vital role in supplying fresh air
to the candle and that without it there will be no air circulation,
remove the partition. The candie will immediatelly go out.

On a fresty winter day going out
into the weather you use heat insulation or, put another way, you
have your overcoat on. The air trapped between the fibres of the
wool or fur cannot circulate from the warm to the cold parts, and
air itself, just like any gas, is a poor heat conductor. Therefore in
a bitter frost it would take a lot of time before you felt that your
fur coat had stopped to keep out the cold.

It should be emphasized that a fur coat never heats-iit only helps
retain the heat we give off.

Thus, to protect something from the cold, thermal insulation™is
applied. But excessive heat also requires some protection. When
a manned vehicle returning to Earth re-enters the atmosphere at
enormous speed, its walls are strongly heated by skin friction with
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air. To protect the crew of a vehicle, and the devices of an automa-
tic station travelling near the Moon or another planet, a heat-in-
sulating, heat-resistant hood is used. It consists of layers of mater-
ials that conduct heat pootly, materials that are able to withstand
high temperatures.

It has already been said that gases are poor heat conductors. To
see that this is so, you could perform the following experiment.

Take a toy aluminium dish, put it on a small fire and, after it
has heated sufficiently, pour a half-teaspoon of water on it. The
water will not evaporate immediatelly, as expected. It will roll as
a flat balll-a spheaidi-to the lowest place on the dish and stand
still there on the hot metal. Curiously enough, the water does not
vaporiize at once. Admittedly, water does evapotate, but it is this
very vapour into which the water Is turning, that protects the large
spheroid drop from the hot metal. In this case the vapout appears
te be a splendid imsulation.

This experiment can also be conducted in a simplified version.
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One day, when you are ironing, turn the iron upside down and, if
it is hot enough, sprinkle some water on it. The water will imme-
diately turn into small round balls that will scuttle around the hot
surface of the iron. These small ball-shaped drops, too, do not eva-
porate at once, being protected from the heat by the vapour layer,
the “vapour cushion”. It is on this cushion that the water balls tra-
vel over the hot iron.

Today there are vehicles that travel on an “air cushion” (hover-
craft) staying just above ground or water. Powerful blowers di-
rected downward create such a dense “air cushion” that it swpports
the weight of the vehicle and crew. In our experiment something
analogous takes place. Only here we have not an air cushion but
a “vapour cushion” created by the hot surface of metal.

Perform one more experiment.

Take several pieces of dry ice and put them on the smooth sur-
face of an aluminium plate, as shown. Incline the plate in various
directions and the pieces of dry ice will easily slide over the smooth
surface. The warm surface of the aluminium plate (its tamperature
differs from that of the ice by at least 100° C) helps the carbon
dioxide to evolve violently. Under the pieces of dry ice “carbon
dioxide cushions” will develop that are responsible for the sliding.

EXPANSION IN HEATING. It is common knowledge that bodies
expand in heating. In thermoraeters mercury or stained alcohol is
contained in a small bulb. On heating the mercury or &lcohel
expands and moves up a very thin canal to ferm a growing
column. On reaching a thermal equilibrium, the column stops
growing and the scale indicates the ambient tamperature.

One more example of the expansion of bodies on heating. Some-
times a ground-glass stopper gets stuck in a bottle. It would be
dangerous for you to apply too large a force for fear of breaking
the neck and cutting your hands. Therefore a proven procedure is
used: a burning match is brought near the bottleneck and the bet-
tle is turned to warm the neck uniformly. The flame of a single
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match will be enough for the glass of the neck to expand on heat-
ing and for the stopper, that had no time to heat, to be removed
easily. These are examplles of the use of the physical law in house-
hold. We can carry out experiments showing vividly how metals
change their length in heating and cooling.

Cut a notch in a wooden circle or block, stick a needle into one
edge, and place the eye of the needle on the other side of the notch,
as shown. Into its eye insert another needle and drive it dightly
into the wood. Bring a burning candle near the first needle. The
needle will get hot, elongate a little bit, and move the second needle
inserted into its eye.

Make a thermal balance by taking a piece of straight copper wire
1-2 millimetres thick and @bout 40 cantimetres long. Then stick eane
end of the wire into a hole drilled in a wooden stick of about the
same length and suspend the resultant weigh beam at the middle
from a string. Balance the stick either by shortening it or, by sus-
pending small weights to it, e.g., pieces of papet. You can also
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achieve the equilibrium by shifting the suspension point on the
beam. Illuminate the beam with a desk lamp so that one end, e.g.,
copper one, casts a shadow on a wall where you should attach
a piece of white paper and mark, in pencil, the position of the sha-
dow when the beam is strictly horizontal.

Next take two burning candles and place them under the wire, as
shown. When the wire warms up enough, it will elongate, thus
upsetting the balance, because of the change in the arm ratio. The
end of the wire will go down by several millimetres and this will be
well seen from the shadow on the wall. If the candles are removed,
the copper wire will cool down, become shorter, i.e., as before the
heating, and the beam of our thermal balance, or rather its shad-
ow, will return to the earlier mark.

REFLECTION AND ABSORPTION OF HEAT. Thermal and
light rays are best reflected by a mirror surface, slightly worse, but
also sufficiently well, by white and, in general, light surfaces.
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Therefore, in summer, especially in southern regions where there is
plenty of sun, people prefer to wear light clothes. Dark clothes,
even if made of a thin fabric, absorb thermal rays better and hence
we feel hotter in them. Note that in spring the snow that is covered
with dust and soot melts much faster than the pure snow in the
fields.

We can perform an experiment to illustrate this. Glue a piece of
strong paper into a cylinder 5-6 centimetres in diameter, then on
the inside paint with India ink a spot the size of a match bex. The
spot can be any shape. Attach two similar coins with melted wax to
the outside of the cylinder at the same level. One €sin fiust be in
the middle of the place where the Ink covers the inside, and the
other, on the oppesite side of the ecylinder. Put the eylindetr over
a burning candle. 1ts flame must be at the cenire of the eylinder on
the level of the €oins:

To allow the cylinder to be slided conveniently over the candle,
fasten onto the candle a cardboard ring with several openings for
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ventilation. The ring must be a tight fit over the candle so as not to
dide down under the weight of the cylimder.

No matter how many times you perform the experiment, the first
to fall down will always be the coin attached to the part of the
cylinder painted black inside. The black surface of the paper
absorbs thermal rays better, hence it gets warm faster,

EXPERIMENTS ON ENERGY CONVERSION. You know that
potential energy is expressed in terms of the work that something
or somebody (e.g., a machine) is able to do.

A clock spring that is not wound can be said to possess no
energy and therefore the clock does not operate. You have only to
wind the spring and the cogs inside the clock begin to rotate, the
hands beginning to travel round the face. The spring will work only
as long as its energy reserve lasts, then the energy will need to be
replenished by winding the clock.

Energy exists etergally, it does not disappear and only changes
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from one form into another. When the clock stopped, this did not
mean that the energy of the spring disappeared complletelly. It was
not wasted, but graduallly transformed into the mechanical energy
of the cogs, which in turn was transformed into thermall energy.
Adnmittedly, the thermall energy here was minute, and it went into
heating the air. The fact that we did not catch it did net imply that
it was nonex|stent.

Now to the experiments on energy conversions.

Onto a long, narrow cardboard strip glue two strips of thick
paper leaving a small gap between them. Bend the cardboatd strip
and put it between two thick books. Roll a metal ball along the
groove. At first, it will move quicklly but, having undergone several
oscillations, will stop in the long run. At the beginning of the
experiment the ball possessed a potential energy, but when you let
It go, the potential energy was transformed into the energy of the
motion along the arch-shaped groove. In fmetioh the energy of the
ball went te evercome the foree of the frictign against the greeve
surface and aif, and this frietion generated heat.

A steel ruler, if bent, acquires some mechanical enetgy and is
capablle of performing mechanical work. When it siraightens
quickly, it can throw, say, an eraser through the room.

In pumping a bicycle tire, the pump gets warm. The mechanical
energy of the air, compiessed in the pump, has spectacullailly been
converted into thermal energy.

Every day you observe energy conversions. The chemical energy
of fuel turns into thermall energy, and further into mechaniical one.
This occurs in the automalbile, diesel locomotiive, and airplane. The
same conversion also takes place during the launch of a spaceship
when the engines are operating.

Here is still another interesting experiment of mechanical-to-light
energy conversion.

Take a lump of sugar (but not quick dissolving) and a pair of
pincers usuallly used to pull out nails. The experiment is conducted
in the dark, when your eyes have become accommodated. Cut
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sugar with the pincers and observe what takes place in the process.
At the instant the pincers cut the sugar at the fracture a bluish
glow can be seen, This is a flush of cold light. This cold glow

appears in the fracturing of crystals and is ormatelly dubbed
triboluminescence.

LIGHT-TO-ELECTRICITY CONVERSION. W comnweitt electiic-
ity inte light habituallly. We enly need tura en the switeh. But
there is a phenomenon in which light is converted into eectricity.
This phenomenon is knewn as the photodiectiic effect. It was stu-
died late in the 19th eentury by the emineat Russian physicist
Alexander Grigoiyevieh Steletev. He found that if a zine plate Is
expoesed to the Bright light of an elestrie are, then an elestrie eur-
Fept will flew ihfeuglh the eireuit in which the plate is ineiudretl:
This diseavery underiies the use ef the pheteeiectrie effest these
days. It is widely used Beth in industry and everyday life, the sound
in the cinema, and ielevision beth ewe theifr existenee t8 the phe-
teelestric effest:

Sun’s rays

Solar cell

—

Solar cell panel

“Nalmiya-1" satellite
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But the photoelectric effect is not just an amplification of electric
current through the exposure of some metals connected to an elec-
tric circuit. This effect can also manifest itself in another way. In
certain semiconductors, when exposed, an electric current appears
which was not observed before. The energy of light in them turns
into electrical energy.

One of the applications of this phenomenon is in the photographic
exposure meter used to determine the exposure in taking pictures.
You may observe, holding a meter in your hands, how its pointer
swings when the device is directed at bright objects.

Solar batteries on spaceships, satellites, lunar roving vehicles, and
orbital stations provide the required electric energy. You have often
seen them on photographs and drawings. These are mnormally
several panels on which semiconductor elements are arranged.
Solar light that is incident on these elements produces in them an
electric current.

THE SPACE EXPERIMENT OF JULES VERNE. The heroes of
the nevel Heelwr Cervadae By Jules Verne got 6n an astereid. They
named it Gallia.

The asteroid travelled through space, farther and farther from
the Earth. On it there were several peoplle. We will retell one epi-
sode from the life of these colonists.

The colonists lived on an island surrounded by water that did
not freeze, though the temperature was well below freezing point.
The water was still, not a sign of motion. The captain asked
a small girl, one of the crew, to throw a piece of ice into the sem.
The instant it touched the still water of the sea the water turned
inte iee with a deafening crack.

Only the scale is fantastic here, but the essence of the phemomena
is real and scientific.

Crystallline substances melt and solidify at one and the same tem-
perature that is constant for a given substance (provided the pres-
sure is constant).
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So, ice melts at 0°C.

For ice to melt, it is necessary to heat it to 0° € and eentinue to
supply heat. This additional heat goes into breaking the bonds
between molecules forming the ice crystals. But in the course of
melting the temperature will maintain at a constant level, at 0° C.

Water changes into ice at the same temperature of 0° C, and this
temperature does not change until a given amount of water freezes.

But water, just as other liquids that solidify into crystalline struc-
tures, has an impressive property-iit can be supercooled down to
a temperature much below zero. In the process the water should
not be subjected to jerks.

We will carry out the experiment described by Jules Verne, not
with water but with a substance that is more convenient to experi-
ment with, and also in a much more modest scale. We will experi-
ment with hyposulphite, a crystalline substance used in photogra-
phy as a fixer. The hyposulphite should have large crystals and be
dry,
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Fill a glass phial with hyposulphite crystals. Next place it I
a saucepan with warm water and begin to warm the pan. What is
required is that all the hyposulphite should melt to turf inte
a transparent liquid. To this end, tilt the phial from side to side but
so that water does not get into ii.

Make a stopper of paper and pass the glass tube of a pipette
through it. When the phial is stoppered, the nartow end of the tube
must dip into the melted hyposulphite. The tube has its outer end
plugged with cotton woel to keep away foreign materialls. Put the
phial in a place where it will be protected from shoeks.

After a time, about 2-3 houts, the phial will cooll dewn 6 ¥66m
temperature. Carefully remove the cotton weel and drep inte the
tube a crystal of the hyposulphite, big enough te stick in the nar-
row end of the tube.

Under your very eyes a fast crystallization will develop through
the whole contents of the phial. The hyposulphite will solidify at
once, turping into crystals,

But the most curious thing is that the phial that a while age was
cold will now be hot. You know that the fusion and selidification
of crystalline substances always occurs at the same tempersture.
Here the thermal energy is liberated as a result of the fast resirue-
turing of the hyposulphite mollecules in transforming frem the
liquid into the solid state.



Inertia Around Us

INERTIA AROUND US. We often hear and use the word iextia.
It is even used by those who do net know or have forgotten New-
ton’s first law of motion,

Inertia is a Latin word. It means languor, laziness, and sluggish-
ness. People say of alazy, inactive man: “He is very inert.” This is
the literal meaning of the word.

But in physics it is employed when
they want to describe a definite prop-
erty of a body; when they want to say

Experiments with that a body, be it a stone filying

ngg Bi Mation through the air or a railway carriage
rolling along rails, moves on its own
even when not subjected to a driving
force.

On the contrary, if a body is at rest,

it will not move and for it to do so, a force is required.

Thus, each body possesses an ability to retain its initial state,
either rest or rectilinear uniform motion, unless a force makes it
either stop or divert.

Consider household appliances illustrating the phenomenon of
inertia. When, after cleaning, you shake out a dusty rag, observe
the way in which dust flies out of it. The dust leaves the rag ade-
quatelly when you strike it hard, say, on a pole. In the sirike the
rag stops abruptlly, and dust flies off by Inertia, as shown.

When you empty a glass, you can jerk it with your hand. The
water, by inertia, moves on, splashing out of the glass.

When we prepare a medical thermoreter for measurement, we
shake it hard several times. Then the mercury column, by imertia,
descends into the bulb.

Observing attentiively the world around you, you yourselves can
furnish scores of examples of inertia. For instance, when you ride
in a bus, tram, and other vehicle, and the vehicle stops abruptly,
you experience a jerk as if pushed forward by some unknown force.

Inertia is widely used in industry and transport. When a boat

5—230
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approaches a pier, the propelllers usually are not operating and the
boat moves by inertia to its berth.

Sometimes inertia must be fought with. For instance, a landing
plane flies by inertia but its velocity is still too large and must be
reduced using special brakes.

When astronauts return to Earth speed must also be reduced
before the parachute is deployed.

P.N. Nes-
terev was a brilliaat Russian military airman, the founder of aere-
baties. He was the first to perform, in his aeroplane, a stunt later
called after him, “Nesterov’s loop”. AR aeroplane accelerates,
dives, elimbs sharply, rolls on Its “baek”™ to complete a closed 166p
In the vertical plane. Inertia in this manoeuvre plays a significent
part.

Decades ago a circus number with a cyclist who travelled a part
of his route “wheels up” was a great success with the public. The
track, along which the cyclist travelled at great speed, having
zoomed down from a height, was formed into a loop in the vertical
plane. It was within this plane that the cyclist spiralled. On the
upper curve he was moving upside down, thereafter rolling safely
down; the public sighed with relief.

The trick just described resembles Nesterov's loop. For the
number to be a success, the bicycle must develop a high speed,
e.g., by rolling down from a height, the starting point being much
higher than the top of the loop. The cyclist moves in a vertical ring
like a stone whirled on the end of some string. Thus the stone pull-
ing at the string when at the top of the orbit does not fall down. In
much the same way, the cyclist is pressed to the ring track and
does not fall when travelling upside down.

In our householid experiment there will be neither pilot nor cyc-
list, instead we will use their modest subsitiitee-a steel ball (a ball
bearing).
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A track with a vertical loop can be manufactured to suit the size
of an available ball. Suppose you have a steel ball 9 millimetres in
diameter. Take some strong drawing paper or thin cardboard and
cut out a strip 2.5 cm wide and 120 cm long (if such a length of
paper is not available, two or three pieces can be glued together).
Along the entire length of the paper strip bend the edge surfaces up
7 millimetres high, to obtain a long groove. Now, at one end make
a loop 8 centimetres in diameter. In order to be able to bend the
loep, along a length of 26 centimeties cut V-shaped notches in the
edges with seissors at 3-4 millimetees intervals. Then you bend this
part of the greove inte a regular circle. 1A so doing, slightly twist
the ends of the loep and glue them to a pieee of cardbeard to
fasten them, as Shown.

Now assemble the model. If you have worked accurately, you
will have a beautiful structure that could be taken to the school
physics lab to be used as a visual aid.

Install the paper loop vertically. Secure the end of the 90-cm

Loop section
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groove at a height of 40 centimetres (from the base of the loop).
Descending steeply and smoothly, the groove should equally
smoothlly pass into the loop. To the other end of the loop, so to
speak, the outlet, glue a similar groove, but only 20 centimetres
long. At its end make a paper “pocket™ (trap) for the ball so that
after each run you should not need to hunt for the ball all over the
room.

See to it that the structure is sufficiently rigid and does not yield
under the weight of a ball, and that the track is smooth, having no
indentions and burrs.

When the arrangement is ready, you can launch the ball from the
top of the groove. The ball begins to roll, gains adequate speed and
inertia, passes the top of the loop, rolls down, and ends up in the
trap.

When performing the experiment, try changing the height from
which you launch the ball and observe its behaviour. Note the criti-
cal height, i.e., the one at which the ball will not be able to go all
the way along the loop.

The experiment can be improved by adding one more, smaller
loop for the ball to run through the two loops before being

trapped.

LUNAR EXPERIMENT. We often use the word mass but do not
always coneeive the netion corfectly. Given below is a passage
frem the beok Foundations of Elemeniaiyy Physes by Yu.A. Selez-
fiev:

“Umffortumatielly, obscurity and looseness of imtroduction and
usage of the notion of mass is a frequent occurrence. Sometimes
one hears of the overflow of a mass of liquid from one vessel imto
another, of a mass suspended from a piece of string or lying on
a table, and so on. Such phrases are absolutely devoid of physical
meaning and to a great extent make the essence of the notion of
mass being obscured.

The mass of a body is, above all, its propentyy to respond with



73 Experimemt with
Inertness

a definite acceleration to the action of a force. The statement that
the mass of a body is a measur of its inertia means just the same.”

Further, “If mass is a certain property of a body, then, just like
any other property, it cannot “hang”, “lie”, “flow™, be touched or
put in a pocket. It would occur to nobody to suspend from a string
the whiteness of snow or transpatency of water, but mass is for
some reason sasgaentied!”

Weight is determined using a spring or beam balance. The unit
of weight is, as you know, the kilogramme. Mass is also deter-
mined using a beam balance, but here the mass being measured is
compared with the standard mass of one kilogramme.

Let us carry out a thought experiment. We are on the Moon and
have brought along a packet containing six kilogrammes of sugar.
Weighing this sugar on the Moon with a spring balance shows that
the package contains only... one kilogramme. But if we were to
weigh the sugar not on a spring, but on a beam balance, the sugar
in one pan and a six-kilogramme balance mass on the other, we
woulld see that everything is all rigi-tihe sugar is here. It is the
weight that decreased, the sugar becoming six times lighter because
the Moon is smaller than the Earth and its attraction foree is six
times weaker. As to the property of the sugar packet to accelerate
under a force, it Is exactly the same as on Earth.

Weight can decrease, it can even vanish (when the sugar packet
was travelling in the rocket to the Moon, it weighed nothing at all),
but mass does not wamisth-ever!

EXPERIMENT WITH INERTMWESS. You have already seen what
an interesting phenomenon inertia s, and every material thing in
nature possesses the propetty of inertia.

Doing several experiments, we will observe the ability of several
bodies to react or respond by accelerating to a force applied to
it.

Suspend from strings two similar cardboard boxes: one empty
and the other filled with sand or clay. To the bottom of each box
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tie some more string. If you tug sharply at the lower siring on the
empty box, then any one of the two strings would break: either the
one from which the box is suspended, or the one at which you have
pulled. The inertness of the empty box being negligible, the pull
was felt by the both strings equallly. But the filled box behaves
othenwiise. When the lower string is jerked, it alone breaks. The filled
box is very inert, it is not able to transmit the pull te the upper
string, and therefore the lower siring will of necessity break.

Have you ever fixed an axe on an axe-helve? This is done as fol-
lows: you take the axe-helve in your left hand and slide the axe as
far as it will go. Then with a hammer you strike the other end of
the axe-helve. The steel axe has a larger mass, and hence larger in-
ertia, than the wooden axe-helve, therefore the axe reaets but
weaklly to the strikes. Being less inert, the axe-helve Is driven heme
mote and more by each siroke despite the sirong frietien.

For our next experiments we will need a stack of draughts or
coins of the same size. With coins, the stack should be placed on

i
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a large coin lying on a smooth surface. You will also need rulers:
a wooden one with draughts and metal one with coins.

With a dliding slash knock the lower draught (or coin) out, as
shown. The stack will remain in place due to its inertness. The
knocked-out draught “had no time” to transfer to the rest of the
stack the velocity imparted to it.

This attraction has amuzed the public as early as the turn of the
century. Here is one more entertaining experiment of those days,
but it requires some preliminary training.

On the edge of a smooth table place a narrow strip of paper (2-3
centimetres wide), one end of the strip dangling. On the other end
put a large coin, as shown. The coin must have a milled edge and
should be balanced perfectly upright. Now snatch the paper strip
from under the coin. With some experience your coin will not so
much as stir. The coin, just as any other material body, possesses
some inertness and the jerk could not impart acceleration to it and
set it in motion. In carrying out the experiment, obsetve the be-




haviour of the coin as you vary the speed with which you smatch
the strip.

EXPERIMENTS WITH THREE BRICKS. These experiments
somewhat resemble the trial with the twe bexes:

Suspend from a crossbar at a string both a single brick and tweo
bricks tied as shown. We thus have two “physical bodies”, the in-
ertness of one being twice that of the other. With your little finger,
which is the weakest one, try to push first the single brick and then
the doublled bricks. The same effort will not displace them at the
same distance.

To see this better, tie to both pendants a similar piece of thin
rubber. When you pull at the rubbers in turn you will see that the
bricks are dislodged the same distance by different extensions ef
the rubbers. With the two bricks the extension is larger, and hence
the applied force is larger, too.

Admittedly, there is nothing special here. Clearly, two bricks are
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heavier than one, and to dislodge them requires more effort. What
matters here, however, is not weight, but the fact that the two
bricks have more inertia than the single one, and for the same acce-
leration to be imparted to them requires a larger force.

But the suspended bricks were not onlly displaced, but also raised
a bit. Scientists say in such cases that the experiment is staged not
correctly. Let's perform this experiment mentally: in an orbital
station where everything is under no-gravity conditions. Our bricks
are floating in mid-air, just as the objects often shown on television
during transmissions from manned spaceships. Although the bricks
now weigh nothing, the two bricks for the same acceleration will
still require twice as much a force as the single brick. There is no
weight, but mass did not vanish and inertia remained.

The powerful pull of the Earth retains
on its surface everything that belongs here. Not only are people
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and living things retained here, but so are the stones, rocks, sands,
water of the ocean, seas and rivers, and the atmosphere.

Isaac Newton formulated a very important law, the law of gravi-
tation. He proved that gravity exists not only on the Earth, but in
the boundlless wastes of the Uniiverse. All the bodies of the Uniiwerse -
the Sun, planets with their satellites, stars, and constslbaitans-
are attracted by and to each other. The force of the attraction
varies with the size of celestial bodies and the distances between
them. The larger the distance, the weaker the attraction.

The Earth and the other companion planets of the Solar system,
having been set in motion by some powerful force of nature, con-
tinue their motion in their respective constant, unchanged orbits.

Consider a stone spun around at the end of a rope. It cannot fly
along a straight line, being retained in its circular orbit by the rope.
But if the rope breaks or you let it go on purpose, the stone, seek-
ing to move by inertia, will fly in a straight line that is called the
tangent to the circular orbit.

Like the stone, each planet rotates on a “lead”. Whereas with
the stone the lead was the rope, with planets the lead is the power-
ful attraction of the Sun. The velocities with which the planets trav-
el through space are enormous, and if it were not for the solar
attraction pulling them from a straight path and making them
move in elliptical orbits, not a single planet would stay with the
Sun.

And the Earth in turn holds the Moon in its circular orbit with
an invisible force and also makes it rotate about its axis.

But what would happen if the invisible “attraction ropes” were
severed between the Earth and the Moon, the Sun and the planets?
Suppose we switched off the attraction, just as we switch off a TV
set, radio, or electric lamp?

The answer to this question comes from the following experi-
ments.
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EXPERIMENT WITH SWITCHED-OFF ATTRACTION. Before
we proeeed to the maif experiment, we will perform twe auxiliary
trials. The first ene illustrates the ease where a planet is Stationary
and is enlly subjest ie selar attraction. The second is where a planet
feves in an erbit under atiraction of the Suh.

Finally, in the major experiment gravity is “turned off” abruptly
and inertia alone acts.

These experiments serve to demonstrate the great significance in
nature of an interplay between seemingly conflicting phenomena.

The first experiment is very simple. Take a wooden or metal ball,
or a round stone. It is at rest in your hand and you are standing on
the floor. Now let the ball go and it drops on the floor. The experi-
ment is over. Let's ponder the significance of the experiment. Imag-
ine the ball that you held in your hand was a stationary planet, the
floor on which you stand was the Sun, and the Earth’s gravity act-
ing on the ball was the Sun’s attraction. It happens thus that a sta-
tionary “planet” attracted by the “Sun™ falls to the latter.
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The second experiment is more complicated. First of all we will
have to make a device that will also be necessary for other
experiments.

Take a heavy circle 15-20 centimetres in diameter (e.g., the foun-
dation of an old desk lamp or several rings from a cooking stove),
slide through a hole at the centre two strong ropes I-L.5 metres
long and knot them. The circle should hang horiizontally at this
knot. If you have stove rings, you should cut from plywood two
circles and clamp between them the assembled stove rings. The
knot supporting the plywood circles should be tacked on small
nails. It is necessary that the ropes cannot turn spontameously in
the hole as the discs are rotated.

Close to the central hole drive a small nail and tie a thin string
to it. Pull the string to the edge of the circle and tie to its end
a small metal ball or stone. The roles here are as follows: the ball
is a planet, the centre of the disc is the Sun, the string is the solar
attraction that keeps this “planet” in orbit. Make the disc rotate
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quickly. This will be a model of the motion of one of the planets
round the Sun.

We now turn to the third, major experiment. When the disc has
gathered speed, swiftly cut with a razor blade the string to which
the ball, or stone, is tied, the closer the ball the better. This
“switches offf’ the attraction of the planet to the Sun and the ball-
planet flies by inertia in a straight line into “oute space”, i.e.,
somewhere into the grass of bush. It is not recommended to do this
experiment indoots lest you damage something. A simplified ver-
slon of this experiment can be observed when knives are sherpened
using a grinding wheel. A peneil of sparks flies off the wheel By in-
ertia at a tangent to the rotating wheel. These are hot metall partie-
les that cannot stay in the erbit where they are produeed. Neo feree
attraets thern te the eentre of the wheel and the sparks are free 8"
fly as they please, so they meve in siraight lines. Their metion
beifig very fast; we de net see each spark separately but enly their
lumineus tracks resembling the glewing tracks ef metesrs flying
through a night sky.

EXPERIMENT WITH THREE BALLS. A force acting on a body
makes it travel ever faster, i.e., accelerates it. It is common know-
ledge that acceleration varies with mass and applied force. The
larger the mass, i.e., the bigger the inertness of a body, the larger
the force needed to produce a desired @ccekaration.

In launching, a satellite or spaceship is accelerated to the
required space velocity (if the spacecraft is to be launched imto
a near-earth orbit, then, as mentioned above, the circular velocity
of about 7.9 kilometres per second is required). Once the desired
velocity has been attained, engines are shut down and the vehicle
travels by inertia at a uniform speed.

But a force can also be applied to a body during a very short
time, e.g., in a push or kick. After this the body moves by imertia
only.

We will now carry out some illustrative experiments.
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Buy three similar rubber balls about 6 centimetres in diameter.
Using a sharp pen-knife, cut a small slit no more than one centi-
metre in length in one of them. Into the slit insert a small funnel
and fill the ball to capacity with dry, clean sand. Glue the slit flush
with rubber cement. The cement will find its way into the slit if the
ball is squeezed slightly.

Find a piece of not very strong, but sufficiently elastic, card-
board and cut out a strip 40 centimetres long and 4-5 centimetres
wide. Puncture the middle of one end of the strip by a needle with
a thread, tie the thread in a knot and, having bent the strip (see to
it that it does not crack), put the thread through the other end of
the strip and fasten it.

You will end up with a bow-like structure. But our bow is bent
more severely and the ends are paralllel to each other, then curving
into an arch.

As for our experiment, put this cardboard spring on the smooth
floor of a room, and on either side of it near the ends place similar

—

|




83 From Balls to
a Rocket

balls, putting them right up to the ends. Light a match and bring it
under the midpoint of the thread. The thread will burn through im-
mediatelly, the strip will straighten and kick each balll away with an
equal force that only acts for a very short time. The ballls will roll
away in opposite directions to an equal distance.

After this experiment load your cardboard spring again in the
same way. Again place it on the floor, at the same place, but
now use dissimilar balls: on one side, a conventional ball, on the
other, a filled ball. Check that the balls touch the strip as before
and burn the thread. The cardboard spring straightens again,
pushing the balls in the opposite directions. The balls rolll aside,
but now to different distances. The filled ball has a larger mass,
therefore it will travel a shorter distance.

In these experiments handle fire with caution. Of coutse, the
thread can also be severed using scissors, but this may produce an
additionall push that through the strip will be transferred to the
balls, which is to be avoided.

FROM BALLS TO A ROCKET. You have just performed experi-
ments to illustrate a very important law that lies at the feundatien
of the launching of artificial satellites, spacecraft, and rockets. This
is the law of conservation of mementum.

All textbooks on physics have a section called “Mechanies”,
which contains the notion of the momeniwm that is graphiicallly de-
rived from Newtons second law of motion.

Symbollicallly, the notion is mv. In words, it is the product of the
mass of a body, m, by the velocity, v.

When experimenting with similar balls, i.e., ones with equal
masses, we saw that when subjected to the same force the balls
rolled through the same distance, thus suggesting that their initial
velocities were equal. If we multiplly the velocities of the ballls by
their masses, we will obtain equal products. The only distinction
was the opposite directions of motion.

In the other experiment, with different masses, we also atrived at
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the same product of masses and velocities. For one ball the mass
was larger but the velocity smaller, and for the other the mass was
smaller but the velocity higher.

When forces act in a closed system (and our balls and the spring
can be viewed as such, ignoring the friction with the floor and air)
then the law of the conservation of momentum works.

A starting rocket, too, is a closed system. It will move by using
its internal reserves. Nobody is pushing it from the outside and
when it is about to start, its momentum is zero. But when its jet
engines fire, very hot gases shoot out of the nozzles at emormous
speed and the rocket sours up.

If we multiiplly the total mass of these gases by their velocity,
then the product will exactly equal the product of the mass of the
rocket’s body by its velocity. Only the directions will be opposite:
the hot gases strike in the direction of the Earth whilst the rocket
flies away from the Earth.



Reactive Eloat

REACTIVE FLOAT. We begin with an experiment that will
enablle us to observe reaction motion, so to speak, in nature. The
experiment is rather simple but for the best results it must be well
prepared.

Cut out a rectangular piece of wood L5 centimetres thick, 5 cen-
timetres wide and 10 centimetres long. This is to be a small float

and the key element of our rig. At the

middle of an end face glue a halved

. . bottle cork, as shown, using a camemnt

Mﬁﬁ\@ﬁﬁ Wlth insolublle in water, and then fasten it

Reasetion Motion  with a small nail. One end of this half-

cork must be flush with the board, and

the other should protrude by about

2 centimetres. Next cut two narrow

strips (0.5 x 10 cm) from cardboard

and glue them along the length of the float from the cork, as
shown, 5 millimetres apart.

Bend a razor blade (have several at hand, just in case) as far as it
will go and tie the ends with a string in the same way as you did
when you “charged” the cardboard spring in the ball experiment.
The blade here is going to be the spring. Turn the bent blade “ends
up” and attach one end to the cork with a string. In addition, press
the end to the cork fast with a thin wire.

For this experiment we will also need a wooden or plastic ball
about 3 centimetres in diameter. The ball must weigh not more
than 10 grammes. A wooden ball has the advantage that it will
float and will be much easier to find if the experiment is performed
on a pond or lake. Admiitttedlly, the experiment can also be per-
formed well in a large pan or bath. The basic requirement is that
water is still and there are neither waves, not currents, nor wind.

Place the float with the “charged” spring-blade on water. Place
the wooden ball on the cardboard track, placing the ball flush with
the blade end. The latter should touch the ball at the middle or
a bit higher. Once the float has settled and ceased rocking, put



a burning match under the string. See to it that the match does not
actually touch the string or blade. The string will burn and the end
of the blade will strike the ball so hard that the latter runs down
into the water, our float moving in the opposite direction.

Remember the experiment with a cardboard spring striking two
balls to send them in the opposite directions. Here we have the
same thing only the second ball is the float itself. In both cases the
principle of reaction motion was responsible.

The ball that ran down from the float can be likened to the fuel
combustion products shooting out from rocket nozzles. On straigh-
tening, the spring pushed the ball and also the "wall of the com-
bustion chamber"-the cork-to which it was fastened. As a result,
the ball was thrown out of our floating "rocket", and pressure on
the opposite wall of the "combustion chamber" made it recoil in
the opposite direction.

In a starting spececraft fuel burns continuously during a short
period of time. From a narrow, ever expanding opening-the noz-



