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What’s in your experiment kit:

Checklist: Find - Inspect - Check off

Additional things

v/ No. Description Qty. Item No. you will need:

. . 1.5-volt AA battery, scissors,
8 1 Ring magnets (4) with stand 1 704 443 adhesive tape, glue stick, paper

2 lmdemEmEl 1 704 444 cardboard, permanent marker,
0 3 Ball n.1agn.ets (set of 3) 1 709 255 string, ruler, bowl, saucer,
O 4 Plastic chips (approx. 25) 1 704 446 needle, spoon, water,
O s Horseshoe and bar magnetset 1 704 447 stopwatch, thick paper, various
S HEpRs 1 000276 magnetic and nonmagnetic
O 7 Iron powder in plastic box 1 704 449 objects from around the house
0 s Iron rod 1 011297
O 9  wire 1 000 064
(J 10 Polystyrenedisk 1 702235 X S
i H —

(J 11 Multicolored cardboard strip 1 709 280 Any materials not contained in
Before doing anything else, please check all the parts against the list to make the kit are marked in italic
sure that nothing is missing. If you are missing any parts, please contact script in the “You will need”
Thames & Kosmos customer service. boxes.
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Dear

entS

This experiment kit uses lots of interesting
experiments to give your child a playful intro-
duction to magnets and magnetism. Please
stand by your child’s side during the experi-
ments and offer your support and guidance.
Before starting the experiments, read
through the manual together and be sure to
follow it when performing the experiments.
Please be careful not to let any of the kit
parts getinto the hands of young children.
Have fun with the experiments!

Warning! Do not bring the magnets close
to television sets, computers, computer dis-
kettes, music cassettes, videotapes, or ATM
or credit cards. The data stored in them could
be damaged or lost!

- Forthe experiments, you will need one
1.5-volt AA-type penlight battery, which
could not be included in the kit due to its
limited shelf life.

- Under no circumstances are more or dif-
ferent batteries to be used than whatis
specified here.

- Do notuserechargeable batteries.

- Never try torecharge non-rechargeable
batteries. They could explode!

- Never bring batteries into contact with
other metal objects, such as key rings or
coins.

- Avoid bending or distorting batteries.

- Never throw batteries into flame or store
them near heat sources.

- Do notuseelectrical outlets for any ex-
periments! Never insert wires or other

metal pieces into outlets! The electrical
voltage (110 volts) can kill you!

- When experimenting, avoid connecting
the battery terminals directly to each oth-
er — the battery could explode!

- Avoid short-circuiting the battery or
batteries.

- After the experiments, always completely
disconnect the electrical or electromag-
netic circuit from the battery and store
separately.

- Dead, used-up batteries are to be dis-
posed of properly at collection locations,
not simply thrown into the trash.

- Do not mixold and new batteries.

- Do not mix alkaline, standard (carbon-
zinc), or rechargeable (nickel-cadmium)
batteries.

WARNING! Not suitable for children un-
der 8 years. This product contains small mag-
nets. Swallowed magnets can stick together
across intestines causing serious injuries.
Seek immediate medical attention if magnets
are swallowed.

CAUTION! some parts of this kit have

pointed or sharp corners or edges due to their
function. Do not injure yourself!

CAUTION! Not suitable for children un-

der 3 years of age. There is a risk of choking or
suffocation, since small parts could be swal-
lowed or inhaled.

Save packaging and instructions, as they con-
tain important information.
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- Magnets, Iron
and Poles

Over 2,500 years ago, scientists in ancient Greece made an aston-

ishing discovery: Chunks of certain rocks exert a mysterious
power over things made of iron. Since these rock chunks were
primarily found near the ancient town of Magnesia in Asia Minor,
they were called magnets. Today, magnets play an important
role in many everyday and technical devices. You may know
about magnetic closures on kitchen cupboard doors, for exam-
ple. But you’ll also find magnets in speakers, in bicycle dynamos,

and in multiple locations in cars.

Now it’s time to learn about the mysterious nature of magnets...



Lots of magnets

YOU WILL NEED

- all of the parts inside
this kit

HERE'S HOW

1. Take all the parts except the magnets
out of the experiment kit box and
place themon atable.

2. Now take the bar magnet and watch
what happens when you touch the
objects on the table with it.

What do you notice?

‘ Do the same thing with the horse-
shoe magnet, the block magnet, and
the ball magnet.

- WHAT’S HAPPENING?

There are various types of mag-
nets inyour experiment kit. All of
them will have an effecton the
box withiron powder, the iron
bar, the plastic chips, and the
compass.

Soyou canuse these four items to
check whetheran objectisamag:
net — even whenyou can’t tell by
looking, because the magnetis
hiddeninsidea plastic covering.

So how about the stand for the
ring magnet? Is itamagnetor
not?
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EXPERIMENT 2

Mutual
attraction

YOU WILL NEED

- all of the magnets

HERE'S HOW

1. Place two ball magnets aslight distance
aparton the table.
What do you notice?

2. Try to pull the two ball magnets apart.

3. Repeat the experiment with all the oth-

er magnets.
What do you notice?
- h “ ﬁ
TIP
Magnets influence and inter- - WHAT’S [ ——
fere with each other. Soyou : o

B e . Most magnets are hard to keep in
s e one place. The ba|| magnets, in
e ¢ Pparticular, roll toward each other
and stick together, But the others
T - seem to find each other attractive
B as well. They exert a mysterious

e pull on each other, and you really
: needtousesome force to pull

using.
them apart again.
S‘o magnets exert a mutual attrac-
tl.on on each other. Some wil| even
fliparoundin the process.
e ——
\ —




Italldepends .,
on the distance ’1171’, P

i/ 2
YOU W Y s -4 B
ILL NEED S, gl Sy, gl
- horseshoe magnet e ;./ . }/:{#‘: ':/ ",Il;i
- block magnet ,l": ° ,l"; P'/
- ironrod
HERE'S HOW

1. Move theiron rod towards the horse-
shoe magnet and note how strongly
they stick together.

2. Now pull the rod away, gradually in- 0
crease the distance between magnet
and rod, and note the strength of the
magnetic force at different distances.

3. Repeat the experiment with the block
magnet.

What’s the difference?

The force that magnets exerton each :
other is largely a factor of how far apart :
they are.The closer they are, the stron-
gerthe magnetic force that you’ll feel.

But as you move them farther apart, the
force quickly grows weaker.

= WHAT’S HAPPENING? 9

With the block magnet, you will feela
stronger force overall: Itis somewhat
more powerful than the horseshoe

. .
.......................................................
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A o EXPERIMENT 4
Scientific ﬁ;:.;%
expedition i
at home v
YOU WILL NEED %ﬁ
- horseshoe magnet %
- various household items %

\
5
-
AW

WARNING! Make awide
detour around the TV, the computer
(especially diskettes and magnetic
media), video and music cassettes,
and credit and debit cards: The mag-

net would destroy the data stored on
them!

HERE'S HOW

1. Walk around your house or apartment
with the magnet, holding it up to vari-
ous objects to seeiif it attracts them.

2. The following things would be good to
investigate as you make your rounds:
porcelain, glass, cardboard, paper, plas-
tic, coins, furniture, cutlery, nails, nee-
dles, cooking pots, and paper clips.

¥
13
4

%

G? 8, ‘f‘?
you will notice that the magnet only at- , e
tracts certain objects, while others don't %:a:?:-
seem interested in itatall. There’san ex- ?‘:‘-g
planation for that: Magnets only exert R

)
R

their force of attraction on things that
are made of or that contain iron. That

el * "‘
means thatyou can use the magnet to . E—‘I'é
. f -
test whether there’s any iron containe "; :gz:
in an object. e




Iron turns into
magnet

YOU WILL NEED

- block magnet
- ironrod
- plastic chips

HERE'S HOW

1. Lay theironrod flat against the side of
Fhe block magnet, with its end project-
ing out beyond the magnet’s edge.

2. Spread the plastic chips out on the ta-
ble and pass theiron rod over them
What happens? ‘

3. Now separate the iron rod from the
block magnet.

= WHAT’S HAPPENING?

At first, theiron rod will attract
one or more of the chips. So the
magnet doesn’t only attract the
iron rod — it also makes therod
magnetic, sO that the rod in turn
attracts theiron rings around the
plastic chips.

The chips will drop away from the
iron rod, however, once you'vere-
moved it from the block magnet.
The rod only acts likea magnet
whenit’s connected toone.

EXPERIMENT 5
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A new magnet
is born

YOU WILL NEED

- block magnet

- ironrod

-> compass

- long sewing needle

HERE'S HOW

1. Place the needle against the compass.
2. Do the same with theiron rod.

3. Now stroke the iron rod 50 to 70 times

across one of the large surfaces of the
block magnet.

Important! Always stroke in the same di-

rection across the same surface of the
magnet.

4. Now move the block magnet far away
and move theiron rod close to the com-
pass needle again.

5. Now, stroke the sewing needle across
the block magnet as you did in step 3,
and look what happens when you hold
the needle close to the compass.

Keep the magnetized needle in a safe
place — you’ll need it again later.

EXPERIMENT 6

\lunﬂ“" o

/

\IIII’IHI' o

= WHAT’S HAPPENING?

Wwithout the «treatment” with the, block
magnet, the compass needle won’t rea.lct
much to either theiron rod or the sewing :
needle (if itdoes, the sewing neet?le :
must already have had conta.c't with a‘
magnet). With the iron rod, st.|l| nothing
happens after «treatment” with the :
magnet. The sewing needle, f)n the oth?r
hand, astonishingly retains its magnetic
force — the compass needle reacts :
strongly to it. That is due to the fact that :
sewing needles are made of steel. Stee.|
has the property of remaining magnetic
after being stroked with a magnet.




EXPERIMENT 7

Penetrating
force

YOU WILL NEED

- block magnet

-ironrod

- cardboard, paper, knife made o
of steel, plastic wrap, fabric,
aluminum foil

- ruler

HERE'S HOW

1. Place theiron rod on a smooth
table surface and see how close
you can bring the block magnet before
the rod starts to roll toward it. Make a
note of the distance between magnet
and rod when that happens.

2. Now slide a piece of cardboard in front
of the block magnet.
Is there a difference now in the distance .
at which the rod starts to roll toward it? -’

Test the other materials as well by slid-
ing them in front of the block magnet.

= WHAT’S HAPPENING? .

The magnetic force penetrates 3
almost all the materials without e
losing much of its strength atall.

only the steel knife is really ef-

fective at blocking it. That has to

do with the fact that steel con-

tainsiron.

.
..............
................
.................
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Finding the force

YOU WILL NEED

- horseshoe magnet
- block magnet

- bar magnet o
- ironrod

HERE'S HOW

1. Place the individual magnets far apart
from one another on the table.

2. Take theiron rod and use it to probe all
the parts of the horseshoe magnet.

Where do you feel the strongest force of
attraction?

Now, probe the block magnet and bar
magnet as well.
What do you notice?

= WHAT’S HAPPENING?

You will notice that each of the
magnets has certain locations
where it attracts theiron more
powerfully. With the horseshoe
and bar magnets, it’s the ends
that are the strongest, while with
the block magnetit’s the large
surfaces. Not all parts of amag-
net are uniformly powerful.

EXPERIMENT 8




Exploring the
poles

YOU WILL NEED

- all the magnets

HERE'S HOW

=

. You will see the letters “N” and S” at the
two ends of the bar magnet. These ends
are known as “poles.”

2. Now approach one end of the horseshoe
magnet with one end of the bar magnet.
Then test the other end of the horse-
shoe magnet.

Which ends attract each other, and
which repel each other?

3. Probe all sides of the block magnet with
both ends of the bar magnet.
What do you determine?

4. Do the same thing with the ball mag-
nets. Place them on a smooth surface
for your investigation.

= WHAT’S HAPPENING?

|t’s strange: Sometimes you can

feel the expected force of attrac-

tion, but at other times the two
magnets don’t seem towant Fo
get togetherat all — something
pushes them apart. The ball n.1ag-
nets will even flip around, quick
asaflash, in orderto turn their at-
tracting pole to the bar magnet.
The two ends, or poles, apparent-
ly have different properties.

.
.....
.........
.........
........................

-

EXPERIMENT 9

P

/

/
0,
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EXPERIMENT 10
Hidden poles

YOU WILL NEED (1]

- ball magnets

- bar magnet

- 2 different-colored
permanent markers

&
HERE'S HOW 0

1. Take two balls and let them roll freely on
the table a slight distance apart. They
will quickly click together.

2. Pull them apart again, and mark the
touching point (the point of contact) of
one ball with one color, and that of the
other ball with the other color. L

3. Let all of the balls click togetherin turn, e
and make your marks on them.
Important! Whenever you have used one

color to mark one ball, be sure to use the
other color to mark the other ball. Q
4

. Use the bar magnet to test the marked
locations.
What do you notice?

= WHAT’S HAPPENING? '

The markings reveal the truth —
the balls have two poles too. Itlo
wonder, since each ball contam‘s a
tiny bar magnet inside its plastic

.
.....
.........
.........
........................



Jumping
magnets

YOU WILL NEED

- 2ring magnets

HERE'S HOW
1. Place onering magnet on the table.

2. Push the second ring magnet onto the
first one with their two repelling sides
facing each other. You will notice that
it’s not so easy to do without making
the lower one scoot away.

3. When you finally manage to do it, quick-
ly let go.

The magnet will really jump up
into the air.

= WHAT’S HAPPENING?
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EXPERIMENT 12
Hovering

magnets

YOU WILL NEED

- all the ring magnets °
- ring magnet stand

f
HERE'S HOW \'
1. Stack the ring magnets one on top of y’

one another on the stand. Be sure that
all therepelling sides are facing each
other, so all the magnets end up hover-
inginthe air.

A P b 4P

2. Push down on the top magnet a little.
What do you observe?

3. Now carefully remove the top ring
magnet.
What happens now?

= WHAT’S HAPPENING?

Even the very firstring magnet

will hover freely a few centime:

tersupintheair. All of them will :

end up hovering above one anoth- e
er,as if held up by an invisible

hand.

When you push downon the top.
ring, the lower ones will also shift

down alittle, even though there’s \ 4

no direct contact. Conversely, the
lower ones will riseup 2 little :

when you remove the top ring

magnet.




Magical forces
explained

YOU WILL NEED

- all the ring magnets
- ironrod

HERE'S HOW

1. Stack the four ring magnets with their
attracting poles facing one another.

2. Carefully insert the iron rod through the
hole in the center.

3. Holding the “ring tower” together tight-
ly, tip it so that you’d think the iron rod
would fall.

Does it fall?

= WHAT’S HAPPENING?

When you start to insert theiron

rod into the hole, you will feel a
little resistance at first, but then
the rod will practically get pulled
inside. The rings hold it so tightly
that even its own weight won’t
pullitout again.There’sa pOW‘el‘—
ful magnetic force inside therings
that holds therodin place.

EXPERIMENT 13
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Disappearing
poles

YOU WILL NEED

- bar magnet
- horseshoe magnet
- ironrod

HERE'S HOW

1. Let your bar magnet stick to one end of
the horseshoe magnet.

2. Now use theironrod to test the magnet-

ic force, particularly at the place where
the poles meet.

3. Pull the magnets apart again. Now test
all four ends with the iron rod.

= WHAT’S HAPPENING?

The horseshoe magnet and the
bar magnet became oné single
magnet when they were stuck to-
gether. That’s why you hardly de-
tected any magnetic force atthe
place where they met. But the
two outer poles were still there.

After the magnetsare pulled
apartagain, the previously at-
tached poles regain their former
strength.

EXPERIMENT 14




MAGNETS

The magnets that people discovered thousands of
years ago in nature were made of the mineral magne-
tite. This mineral, which forms grayish-brown crystals,
is composed of iron and oxygen in a very specific ratio.
Magnetite is created naturally through volcanic
activity.

Today, magnets can be produced artificially from com-
pounds of the metals iron, nickel, and aluminum. But
there are also some magnets that contain noiron atall.

Alot of materials and material mixtures have been test-
ed for their magnetic properties, and mixtures of rela-
tively rare metals have been discovered that can make
much stronger magnets than those found in nature.

attract the rarer metals nickel and cobalt almost
as strongly.

Those magnets don’t just attractiron, but will also '

PERMANENT MAGNETS possess a magnetic force all on
their own, and they retain it permanently. This experi-
ment kit has numerous permanent magnets in differ-
ent shapes, some with plastic coverings. These, too, are
produced artificially, so they are stronger than natural
magnetic rocks.

DI C -
PERMANENT MAGNETS possess a
magnetic force all on their own, and they
retain it permanently. This experiment kit
has numerous permanent magnets in dif-
ferent shapes, some with plastic coverings.
These, too, are produced artificially, so they

are stronger than natural magnetic rocks.
DI C -

POLES

The locations where a
magnet’s magnetic
forceis strongest are
called its poles. Every
magnet has two of
them. In other loca-
tions, its magnetic
force is much weaker.

One poleis
called the south pole,
while the other is
known as the north
pole. You will find the
corresponding letters
— for and
for — writ-

ten on the magnets.
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CHECK IT OUT

BAR MAGNETS...
MAGNETIC CUSHIONS:

..are composed of a huge number of
tiny magnets lined up in such a way
that their magnetic effect is com-
pounded. Iron also contains micro-mag-
nets of this type, but they are all jum-
bled up togetherin a way that cancels
out theirindividual magnetic forces. If
amagnet touches theiron, it lines up
the micro-magnets so that the iron
also turns into a magnet, at least
temporarily. As soon as you take

the magnet away, though, dis-
organization quickly returns.

Magnets can be stacked up with their re-
pelling poles facing one another, as long
as you make sure that they can’t slip to
the side. The advantage of this kind of
magnetic cushion lies in the fact that it
lets you bring objects to-
getherin a practically
friction-free
manner.

Magnets of this
kind are used
for sensitive
technical instru-
ments. The “Tran-
\ : srapid” magnetic
Iron, steel, and related materials lose e levitation train also
their magnetic property at a certain h B floats on a magnetic
temperature. This temperature is known cushion, which enables it to
as the Curie temperature after its discov- reach speeds of up to 500 kilometers per
erer, the French physicist Pierre Curie. hour without making very much noise at
Each material has its own unique Curie all.
temperature. For pure iron, it is 766 de-

grees Celsius. If you heat iron above that

point, it will no longer be attracted by a

magnet, although it will regain its mag-

Curie temperature‘

repel each other.

»
netism once you let it cool down below R IR
that temperature again.
Note!
¢ T Unlike poles attract
™y ' 1 each other. Like poles




You must have noticed how a compass needle will move, and

sometimes even dance wildly, when a magnet gets close to it.
The compass needle is a very sensitive indicator of magnetic _

force.

Now it’s time to investigate the reason for this...
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EXPERIMENT 15
Bloodhound for

magnets

YOU WILL NEED

- all the magnets

- compass ’

- jronrod
e —
HERE'S HOW
\IIIIIIIIII“'“" (1]

1. Place the compass on the tableinsuch a
way that its needle can move freely.

Set theiron rod against the block mag-
netand position all the magnets as far
away from the compass as possible.

2. Move the block magnet near the com-
pass. Then, test all the other magnets as
well.

3. Now move the iron rod, which had been
lying alongside the block magnet, to-
ward the compass.

= WHAT’S HAPPENING?

gven when the magnetis pretty. f;:r it
the needle moves and points

e nse relatively weak mag-

s high mobility :

uch :

|t can even se "
netic forces.Thanks to |. e
itis mounted on athinsupp

jily —itre-

away thatit moves very easily ;
yeals these forces quite clearly. o =‘HII

i ironrod, : \ :
It even reacts readily to the wo:ﬂer . .: Im"l“mll“

t. 1

. 1 et actually @ magne
whichisn’tac

"Ig p\aced togethel \Nlth the poWel‘u\ 9
ho .
b‘OCk "'ag“et: t Ugh: the |0d leta“ls a e

trace of magnetism within itself.




EXPERIMENT 16

The needle
points to the
pole

YOU WILL NEED

- all the magnets

———
- compass \““"““IIINIl

HERE'S HOW

1. Place the compass on the tableinsuch a
way that its needle can move freely. _

2. Now hold the bar magnet close to the |||||||III|““|
compass and pay special attention to
which end of the needle points toward
the magnet.

3. Now, turn the magnet around. ‘%@_‘ﬁ
4. Perform the experiment with the other \"."“nll”‘
magnets as well. Hold the horseshoe
magnet so that first the north pole and

then the south poleis closer to the
needle.

*

) WHAT'S HAPPENING?

le recognizes
ed toward it. \f
itturnsitsred
ifit’s the

The compass need
which poleisturn
it’s the south pole, !
end toward the magnet; !

north pole, it’s the white end. o

: .ose ——————
2 eesssssssececct
©4eesssssesseet® \ ||||| ’“N'




Magnetona
string

YOU WILL NEED

- all the magnets
- string
- scissors

HERE'S HOW

1.Tie a piece of string to the horseshoe
magnet and hold the string so that both
poles of the magnet are pointed down.

2. Now bring the bar magnet toward the
horseshoe magnet, and move it so that
first one poleis pointed toward the
horseshoe magnet and then the other
pole.

Also try the same thing with the other
magnets.

= WHAT’S HAPPENING?

t's hanging from the string,
the horseshoe magnet respon;.i‘Se
by turning like a compass nee é.
That shows that the compass ne
dleisalsoa magnet.

esse
...........
...........
..........
.......

whilei

------
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EXPERIMENT 17



EXPERIMENT 18

The sewing
needle shows
the direction

YOU WILL NEED

- polystyrene disk

- bar magnet

- compass

- tape

- magnetic needle from
Experiment 6

- bowl

- water

HERE'S HOW

=

. Tape the needle to the center of the
polystyrene disk. Fill the bowl with wa-
ter and float the disk on the water. Be
careful not to let the disk touch the
sides of the bowl.

2. Now move first the north pole and then
the south pole of the bar magnet toward
the needle, and note when the pointed
tip and when the eye of the needle is
attracted.

3. Then place the bar magnet faraway and
pay attention to the direction the nee-

dle points after a few minutes. —5 WHAT’S HAPPENI

4. Where does the needle point when the

o point
. ing? Theneedlealwaysturnst p
isk stops moving:

in the same direction — evc'enklio

you turn the polystyre.ne dis o
point the needleina dlffere'n
rection. It’s the same dlrecu.or‘\:s
that the compass needle pomim.-
soyou have built yourself as

ple compass.

Compare its position with that of the
compass needle.




Still got it.

Despite the existence of satellite navigation sys-
tems, the magnetic compass is still in use. GPS
(Global Position Systems) can augment naviga-
tion with map and compass, but by no means re-
place it.

In addition toitsindependence from any energy
supply or electronics, determining your heading
with a compassisalot fasterand more precise
than using a GPS device.

The compass needle...

..isamagnet mounted in a way that lets it move
easily. Its red end is the north pole, as you can see
from the fact thatitis attracted to the south pole
of the bar magnet. So its white end must be the
south pole.

Apart from the traditional needle shape, the point-
er can also take the shape of a complete disk or, in a

Around the needle, you usually find an
angle scale with cor}pa\ss points indi-
cating cardinal direction3 such as
north and south. You can rot\a'ee\
this scale so that the north pole
of the compass needle actually
points to “N” (north). That way,
it’s easy to see exactly where
the other directions lie.

~
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CHECK IT OUT

History

The compass is one of those
inventions whose original cre-
atoris lostin the mists of
time. Around 100 AD, the Chi-
nese had a magnetic ladle
with a handle that always
pointed to the south. But it
wasn’t until 900 years later
that they used a compass nee-
dle to find their direction on
the sea.

In Europe, the ship’s compass
with needle and compass rose
was only introduced about
600 years ago — with far-
reaching consequences. This
iswhat enabled brave Europe-
an seafarers to venture out
onto the open ocean.The age
of exploration had begun, and
Christopher Columbus
crossed the Atlantic and
sailed to America.



gen asking yourself what thei /
s or. You will be amazed. You cai

d e "gf"(fh agnet’s force visible, since
lates w ever the magnetic force is str

= l-u:} . Wﬁg‘t’s'gomg on with the pretty iro
stheir lines of force mean, and w

< with Earth? You will learn about

this chapter.
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EXPERIMENT 19

Hidden forces
made visible

YOU WILL NEED

- bar magnet

- block magnet

- ball magnet

- ring magnet

- horseshoe magnet

- box with iron powder

HERE'S HOW

1. Take all the magnetsin turn and hold
them under the box with the iron

powder.
What do you observe? Can you recog-

nize different patterns?

The different magnets produce different
iron powder patterns. You can use the
iron powder to render the magnetic :
forcevisible. At the poles, which is where
the magnetic force is strongest, the fine
iron filings will even stand erect. You can
see that particularly clearly with the bar
magnet and the horseshoe magnet.
Since the block magnet has the stron-
gest magnetic force, you can even use jt
to move the powder back and forth in-
side the box.

=> WHAT’S HAPPENING?




Who is stronger?

YOU WILL NEED

- all the magnets
-> compass

- polystyrene disk
- ruler

HERE'S HOW

=

. Set the compass on the polystyrene disk.

Place a bar magnet a few centimeters
away, with its north pole pointing to the
left side of the compass.

.Now use the horseshoe magnet to check

which side of the block magnet is the
north pole.

. Hold the bar magnet tight, and approach

the compass with the block magnet from
the top until the compass needle points
in the middle between the two. It takes a
little skill to get the two magnets in just
the right position.

. Exchange the block magnet for each of

the other magnetsin turn.
How close does each of the other mag-

nets have to be for the needle to bein the
middle?

— WHAT’S HAPPENING?
has to decide which ma
point toward.The greater .
e from which the top magne

om the bar mag:
gnet

net
The needle g
it’s going to
the distanc o
P Lhe I:'(::uer the force of thema '
ity i se this expert-
y°“"'t‘-' ltzi?u way to compare
menta

the strengths of different magnets.

ng.Youcanu
pasan easy

EXPERIMENT 20
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P

Adding and
subtracting
forces

YOU WILL NEED

- bar magnet / = 2ol
-2 ball magnets '*Q S0
- 2ring magnets 4
- polystyrene disk

-> compass

‘w1l Set the compass on the polystyrene disk
4 and position the bar magnet as in Exper-
_ iment20.

l:d;i_)k-for the north pole of the ball mag- e

~ net.Hold the ball magnet at the dis- [ e ,f’o
tance that will make the compass nee- &{‘“

dle remain halfway betweenthetwo
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Adding and
subtracting
forces ”

,’ 3. Now hold the ball tight and let the sec-
“ondball magnet click to the first one, so
they stick together by magnetic attrac
tlon ) :

———

vil iII have to move the two balls
'L I|ttIe before the needle returns

6. Now take the two ring magnets.

¥ What happens when the second ring

maghet turns its repelling pole toward
the first ring magnet?

x (Yeu will have to hold the two magnets ﬁ

tightly together to try this!) a2

=

- WHAT’S HAPPENING?

intensify one another’s
heir mutually attracting :

gether. The two ball or 3
stronger together than

eitheroneon its own. But if the:dr?j::
ally repelling poles meet, that rrently
their strength quited bit. Appa . Oth,er
the two poles’ forces cancel eac

outtosome extent.

Magnets can!
strength when t
polesare joined to
ring magnets are

o.oo--------o------o-o------o--------oo--------oo----.o
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EXPERIMENT 22
Muted magnetic
force

YOU WILL NEED

- bar magnet c

- horseshoe magnet

- compass
- jron rod
A
‘W I'
\IIIIII""“
HERE'S HOW

1. Set the bar magnet a little distance
away from the compass.

2. Push the horseshoe magnet toward the
compass from the top, and adjust the
distance between magnets and com-
pass so that the compass needleisin
the middle again.

3. What happens to the compass needle
when you slide the iron rod in front of
the horseshoe magnet?

AT'S HAPPENING?

the magnet is sO fond : ; :

; ntly, : :
ﬁ?:t?;?ronyrod that less of |ts'rtnig- W
netic force spreads o'ut fromi

therefore, its effectis weaker.

: sowhena piece of ironisat it 1
tached to the poles ofa ma\gtnhe it
appears much weaker from

outside than when its poles are

free.

..........
...........
...........
.........
.......



Compass needle
as bloodhound

YOU WILL NEED (1)

&

- bar magnet

- compass
# [E
\“lﬂ"“’" \;\\H\\\I\IIIIIIIHI‘
HERE'S HOW ;..
1 sptlz:f;;;t::,r- magnet on the table and \IHIIII“‘“
ly around itiLnag:ir;(:ltccc)in:cﬁ:.ss veryslow ﬁ
2. Then continue moving it around the 4 \|||||||||||“|II

5
5
s
5
N

com i
con passin larger and larger circles

: p -your eye on where the needle ;'s
pointing as you do this.

© \%uumulll“" ! L%,,,,,..l

h

With each round, the needle be-
haves according to the same prin-
ciple. ltacts asif the magnet
were surrounded by lots of lines
coming out of one pole, which
pass through the space around it
and then return back to the other
pole. These lines are known as
magnetic lines of force.

Amagnet, such as the compass
needle, will always try to orient
itself such thatitis aligned with
these lines of force.
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Lines of force
made visible

YOU WILL NEED

- all the magnets
- box with iron powder

——

.Place ( irc
. e:a" __ ;fhteh.t?oﬂ_x w on powder on top of
e magnetsin turn, as you did
periment 19. |

',% T

e s S
2. This tim,
?ﬁj’gfo«th : e, though, pay special attention
e 2 ke patterns that form after shaking
_and knocking the box holdi
5 olding theii
- iron
Bale 7.0 e box asyou do thi
may have to tryi i
tryitafewti
geta pretty pattern. & beforeyou" ’
' 2

-> WHAT’S HAPPENING?

~ & Inamagnetic field, each individu-
i+ particle turns into atiny

; that behaves similarly to

s needle. These magnets

eir mutually

aliron

= magnet

% acompa
stick together by th
attracting poles, and form chains
inthe magnetic field running par

i alleltothe lines of force.

These chains are particularly easy
the horseshoe mag-
the shape of an
poleto the other.
especial-

to see with
net, running in
Y arch from one
% Withtheother magnets,
ly the block magnet, you can
clearly see how the lines of force

emergefromthepoles. o &

......................



The magnetic
force of Earth

YOU WILL NEED

- all the magnets

- polystyrene disk

-> compass

- bow!

- saucer

- water

- magnetized needle from
Experiment 6

1. Fill a bowl with water/as you didin/Ex-
periment 28, place the' bar magneton*
the polystyrene diskjand let the disk %"
float in the bowl\Chégk the orientation
of the maghetiwith the.compass:

Carry out this experiment with-the-oth-
ermagnets as well ifthey are tod'he_avy
for the poly'styrene disk, simply use'an-
other floating base,.such as-a saucer.

- WHAT’S HAPPENING?

quickly turns 3]

that the end marked with a‘\‘r'\‘e\\:he

inti rth, whi

is pointing to theno

ot‘l:er end points to the south.The
other magnets, and of course ’
your magnetized needle as well,

also orientt
south directio
magnetic field

The bar magnet

hemselvesina north-
ninresponse toa
covering Earth.
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CHECK IT OUT V

EARTH’S MAGNETIC FIELD

For centuries, it was a complete mystery why a magnetic needle point-
ed to the north or south. Scientists rightly asked what the rotation
of Earth might have to do with magnetism. Were there, for exam-
ple, gigantic magnetic mountains at Earth’s poles? Or might the
North Star, which could be seen above the North Pole, be
responsible?

Today we know that Earth acts as if there were a giant bar magnet hid-
deninsideit. But Earth’s magnetic poles don’t exactly match the rotational
poles. Instead, they are a few thousand kilometers away. Between these magnetic poles,
thereis a powerful magnetic field stretching across the entire globe. This is what your
magnets and all magnetic compasses react to. Earth’s magnetic field isn’t actually pro-
duced by a permanent magnet, but by enormous electric currents circulating deep be-
neath the surface in its metallic core.

MAGNETIC MOUNTAINS — In fact, you can’t detect any particu-
larly strong magnetic field at Earth’s magnetic poles. And there’s noth-
ing very unusual about the landscape there. The supposed magnetic
mountains — in the Middle Ages, people believed in the existence of a
magnetic mountain that could pull the iron nails out of ships that
passed by it — belong to the realm of fairy tales. What is interesting is
that the magnetic field’s lines of force enter the magnetic polesin a ver-
tical direction, so the needle of an appropriately designed compass will
point straight down.
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CHECK IT OUT

Earth’s axis of rotation

MAGNETIC
FIELD

%
)
e
-
5
%
A
[=
%

The lines depicted here are
justa model. But you can
picture a magnet as pro-
ducing a countless number
of lines arranged tightly to-
gether. This invisible force
of amagnet is known as its
magnetic field.

We can neither see nor feel
amagnetic field, butiron
and other magnets will re-
acttoit by being attracted,
repelled, or rotated.

Geographic south pole

The field is especially
strong close to the poles,
but as you move away from
the magnet it quickly gets
WEELGTS

Earth’s axis of rotation

WHICH POLE IS NORTH? — Thisis how you can
picture Earth’s magnetic field. Compass needles orient
themselves relative to the magnetic lines of force and

thus pointin anorth-south direction. And in the draw-
ing above, the artists didn’t make an error in putting
the magnetic south pole next to the geographic north
] sod @ pole! The compass needle, remember, is a little mag-
‘ net.The end pointing to Earth’s north pole has long
Note . been called the north magnetic pole. That applies to
Thelines stretching | allmagnets — even your bar magnet will rotate such
from pole to poleare i that the N side is turned toward the north. But since,
called magnetic | asyouknow, north and south poles always attract
lines of force. \ each other, the magnetic pole near the geographic
| northpoleislogically a magnetic south pole.

\




Electromagnetism | 37

Do electric current and magnets have something in com-
mon? As you know, a compass needle reacts to magnetic
fields. Will it also react to electricity? You can use the
wire included in the kit to assemble a small
electromagnet, with its magnetic force sup-
plied by electric current. Then you can test its
powers...

ectro-

magnetism

o




Magnetism from
electricity

YOU WILL NEED

- wire

-> compass

- 1.5-volt battery

- scissors

- tape

- sheet of letter-size paper

HERE'S HOW

1. Place the compass on the paper and
wait for the needle to orient itself.

2. Guide the wire across the compassin
such a way that it runs parallel to the
needle. Secure itin this position with
tape.

3. Hold the ends of the wire by their plastic

insulation and briefly touch their ex-
posed parts to the battery contacts.
Watch the compass needle as you do
this.

CAUTION! only connect the wire to the bat-

tery very briefly, for just about one second. The power-

ful current will heat up the wire and the battery. You

could burn yourself with the hot wire, and the battery

could get damaged by the heat or quickly run out.

EXPERIMENT 26

\Hmﬂm

| —

CIII\I\II“‘N]
.

) WHAT'S HAPPENING?

nasthe electricity starts
e wire, the com-

the side.

As 500
to flow through th

pass needle jerks to
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EXPERIMENT 27
Electromagnet

with intensified
effect

YOU WILL NEED e
- wire
- compass 5x

- horseshoe magnet

- 1.5-volt battery (AA)

- scissors

- tape

- sheet of letter-size paper

HERE'S HOW

1. Wrap the center part of the wire five
times around one arm of the horseshoe
magnet and carefully pull the magnet
out of the coil of wire.

Fd
» .
2. Position the coil above the compass.
Tape the wire to the paper as shown in

theillustration. Then, as you did in the =
last experiment, tap the wire ends

against the battery terminals. Keep

your eye on the needle.

AT’S HAPPENING?

The needle really moves this t.::‘:
The more wire you have n'ex‘t( °! "
the more dramatically |.t jerks e
the side.The coil, with its ler%en-
quantity of wire, seems toin
sify the effect of the
electromagnet.




Intensifying the
magnetic force
even more

YOU WILL NEED

-ironrod

- wire

- compass

- 1.5-volt battery (AA)

- tape

- sheet of letter-size paper

HERE'S HOW

1. Disassemble the wire again and create a
narrow coil out of it by winding it about
15 times around the iron rod.

2. Tape the coil to the paper and set the
compass in front of it. Let the current
flow briefly.

How does the compass react?

3. Now push theiron rod into the coil
and briefly let the current flow again.

At first, the needle doesn’t reac‘r
particularly strongly - after a.fa,r
most of the wire s still pret.tyten.
away from it. Theiron corein _
sifies the power of the electn:ow
magnet quitea bit, though: tan,ce
evenwitha considerable d|she
between coiland compass, t
needle reactsvery strongly.

d‘iﬂﬁﬂﬂ

6&.‘@&"

EXPERIMENT 28
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EXPERIMENT 29
Exchanging poles

YOU WILL NEED

- setup from Experiment 28

HERE'S HOW

1. Repeat the last experiment. Pay atten-
tion to which end of the compass needle
points to the coil.

N
2.Then place the compass at the other \l"u’lilii"”'“
end of the coil, and briefly switch on
the current.
Which end of the compass needle points
to the coil now?

3. Repeat this experiment, but first reverse
the battery terminals so the current
flows the opposite direction through
the wire.

What are the positions of the needle
this time?

= WHAT’S HAPPENlNG?
ow really does trans-

The current fl ot

rm the coil into 2 magne
gnethasa north
abar
sneedle

fo
this electromagh® ‘
and asouth pole just like

magnet —as the compas

clearly shows. An
rent flows the op
through the coil, the magn
poles of the electromagnet

d when the cur-
posite direction
etic

switch as well.




glectromagnet at the nuclear research center in Geneva, Switzerland

Electromagnetism

The relationship between magnetism and electricity was first discov-
ered around 1820, using the very same experiment with wire and com-
pass that you tried on page 39. Scientists, who had previously thought
of these two things as being completely different, were highly sur-
prised. But there had already been a few clues before then. People had
often noticed that a compass needle could become reversed after
lightning struck a ship. Today we know that the lightning’s power-
ful magnetic field reversed its magnetization..




ELECTROMAGNETS —

Electromagnetism |

Galvanometers

A coil of wire wound
around a compass (along
with more coils of a thin-
ner wire) is called a galva-
nometer, a device long
used as a sensitive gauge
for electric current.

« Historic mirror
galvanometer

icaslongas cur-
rent is flowing
through them.
When that hap-
pens, it creates a magnetic field around the
wire. When you turn off the flow of current,
the magnetic field disappears — so electro-
magnets can be switched on and off.

43
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with magnets is a classic game, 1:\
many parts of the world.

It’s most fun if you play the games toge
can teach them everything you know about m




Every ball in
its place

YOU WILL NEED

- all the ball magnets

- multicolored paper strip
- paper

- pen

HERE'S HOW
1. Place the paper strip flat on the table.

2. Position the ball magnets as shown in
theillustration. The winner of the round is the last one to
have set a ball into a hole without making it
3. Now, taking turns, each player moves ei- clack together with the ball in the center.
ther thered or the green ball one holeat That player can assign himself or herself the
atime toward the center of the strip. At point total written next to the corresponding

first, of course, it will be easy, but soon- hole.

eror later the balls will start sensing

one another’s magnetic force, with a After about ten rounds, each player adds up
growing risk that they might clack his or her points. Whoever ends up with the

together. most points is the winner.



Magnetic
fishing

YOU WILL NEED

- bar magnet or
horseshoe magnet

- plastic chips

- tape

- string

-> wooden cooking spoon

- colored felt-tip pens

- tall box

- paper

- glue stick

- permanent marker

HERE'S HOW

1. Decorate the box with sheets of paper
with pictures of fish drawn on them.

2. Tape the bar magnet to the string and tie
the other end of the string to the end of
the cooking spoon.

3. Spread the plastic chips across the
bottom of the box.

4. Now you can start your fishing competi-
tion. Taking turns, each player lowers the
magnetinto the box (without looking
into it, of course), and fishes out one or
more chips.

The winner is the one who catches the
most chips. Or, you could use the perma-
nent marker to write different point to-
tals on each of the chips, and the angler
with the highest point total wins.

EXPERIMENT 31



Invisible
attraction

YOU WILL NEED

- block magnet

- ball magnet

- large sheet of paper

- thick felt-tip markers

- heavy cardboard

- scissors

- glue stick

- watch with second hand or
stopwatch

- heavy book

EXPERIMENT 32

HERE'S HOW

1. Use the felt-tip markers to draw a thick,
winding line with lots of loops on the pa-
per. Mark a starting point and a finishing
point. Glue the paper to the cardboard.

2. Set the ball magnet on the starting point
and guide it along the curving line toward
the finishing point by moving the block
magnet against the underside of the
cardboard.

Variations

a) Along with a few friends, see who can nav-
igate the “race track” the fastest. Deduct
points for errors.

b) Youcanincrease the level of difficulty by
increasing the distance between card-
board and magnet, for example by using a
thick book. That will make it harder to
keep the ball from rolling off in its own
direction.




Magnetic snake

EXPERIMENT 33
and magnetic

axle ‘%
YOU WILL NEED

- all the ball magnets
- block magnet

- all the ring magnets
- ironrod

HERE'S HOW

1. Arrange the ball magnets into a colorful
line and set them on the table.

2. By holding the block magnet a slight dis-
tance away, you can make your “snake”
move. Alternate the ends of the bar mag-
net to pull the snake or push it away,
and to make it move its “head” (the ball
at the front).

3. For the magnetic axle, stick two pairs of
ring magnets together and arrange the
pairs with their mutually repelling poles
facing each other. Insert the iron rod
through their center holes. Now pull the
pairs away from each other until they
are at the ends of the rod.

4. Now you can use the block magnet
again to move your wheeled axle.
Who can make it go the fastest?
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