o MR

VMAGNETISM | YRiERR

[#] Graham Bateman %
E F
Fh &

B E S Rk

P( )\I\\'Illl(()'\llkl\\

\\\‘\\\\



o NIRRT

DPHYSICS
57 A fE 17

MAGNETISM YiE PR

[#] Graham Bateman
Hh=F
Fw

B ¥ o

N B HR L R 4L
&



EHERSE (C1P) &R

X LR MERRES 0 SGER / (39 KR
(Bateman, G.) 4% ; #hFEE. — dbat : AN RHBHEH AL
, 2013.12

ISBN 978-7-115-32970-7

[. ©F- 1. Q- @F-- 1. ORfEFIR—E
PR — D QWldn— % REY— . & N. ©
7228@0441. 4-49

rh [ A P B C TP BE A% - (2013) 552063175
e AL W

Magnetism (Facts at Your Fingertips) by Graham Bateman  ISBN: 978-1936333080

Copyright: © 2010 Brown Bear Book LTD

4% A Brown Bear Book

Devised and produced by BROWN LTD,First Floor, 9-17 St Albans Place, London,N1 ONX, United Kingdom. This edition arranged with
Windmill Books through BIG APPLE AGENCY, LABUAN, MALAYSIA.Simplified Chinese edition copyright: 2013 POSTS &
TELECOMMUNICATIONS PRESS .

All rights reserved.

AHE A A E BIG APPLE AGENCY X Brown Bear Book LTD ¥ A RMR#E HARFT £ R EE A HARA1T. KEHIEE S
HFA, TEUEAAREFHTHREL FHEFERS-

FRALERA ., RILR.

* i [4%] Graham Bateman
%5 o F

Cil T &
VA EmE T
AT BT R
THALENH  EEH B
o NRHBHLHAREE I ARRAT Atk G s 11
% 100164 HFRE 315@ptpress.com.cn
[k hitp://www.ptpress.com.cn

AR I RS £ BRI A7 B 22 w5 EfA
& R4 889x1194 1/20

Engk: 6.4
FH: 187 FF 2013 4 12 A% 11|
EN#: 1-4 000 2013 4= 12 HJb5T58 1 KB

FERERZILS BT 01-2012-9111 &
SEMT: 39.80 I

EERS ML (010)81055311 ENEFREHLZ: (010)81055316
B (010)81055315
IELEFAHE: REI/ FE 0021 S




RERE

(Z ERE) RIFBEEMNT YA 2E A 7RZ2ANRFERE, CUsErIs
F. ASHNERNER, SABNE IS ER. NAEEEDEBIIHR
&, SISMEFEEASINER, HIRERIE, [FRE ol AR+ 2]
JUBEC . 4RlsnBME. ABEEME ., ¥, AV, BEEAEXANRY.
TG W BRI AR Z i & 1.

AT EYHEARIIPN—A . WERIIBEREAIRIE T WEFATR R E A RE,
B EYT R R VT EANIMBE R B R & AR . AT HIEGAES
HIIE S RAEEIIRS, 5IREENMEZIMNERNRR, RNEEFE6E
HIIEE/NSESG o

ABMNEHEEEFAHBOB ISR, SRS R R, F
B R R T A IR A rE AR P R 2 g . BPaa "B =28, 12
EEEHEMANC. FANEE “H—iA" 25, 888880 ENE, A



A BRES

({ZYEEREEIF )

ks
FhE
bastk
kR
I
Jil XL
e
el
(I 2
R
% B

ERFEESHEESD, EEHOFEE | EHEOFERIERIEE
R ERE DERIERORTE HK
JER B AR EYE Bl
EEHEE KRS E DERFERARE HiK
N EHE X F D EHEPORIEE . R
T PEIS XA MR B A . R U
JEH ARIIX 523 D ERSARORTE 1B
AP EH D ERFRORE HEK
JEEHREX FDERFREARE HiK
JERURIE RlEK

JEE MR X & D Emshd D EE



C: ‘

XRE— MR, FIMTEEVNERTT AR, NZESERINTS 11,
RREEANEELATIER “2012, HARHE" |, SEFESAM T SE Rt
Bk, MMENEREBEREEPM2S5: - X BARIZERER T IRHIARG . IR,
IERE, ZER, IERNBEREYTSRERARIA S

(Z LFl) RIFEABRE—ES[HRATIFREMAF, % H s EARB R
FEEEF5 (BROWN BEAR BOOKS) AFRAGHRIIZEZRIIFIE K (Facts
At Your Fingertips) , HHEFFRIRIABIEMA . AsIRSER . fiERIEE
i, BEI TRINEERIEK, JTTHESEE] T RIS DERIRARMNGE ., AR5
SR T BN GURAI R R A AR AR S, DS ER . @ERHXE .,
AFNRETENRFE, MRS ONEMFIIIR A, BURRIEFREE S IR

MPSPRFEMIER . fbF . AW, BB SEPEIYARRY . YIERIERAIGHE T
RN E A R, YIRSV 2 EE R B A I K & A ITEE R
HINAE. (PRI EEEREIAE A REARS:, RSP RE. AYULs., £vk
F. 2R, AR, 2F. BT USEEGENE. BRI EEEREMRFR
HAMS, FHRTAREMFNSNITH, SEENT . e, sSMFIAZ, 3
&% AT EmERE. SRR EE AR R ARG
KR, EERLAOUE, GIEEF, 2d, EY B RELNESITRSE, 1555
FNHRIE S SRR, $aIeEr, 58S, RA-GETRE LIS R IR,

AR BA T RRBGERHRERZ LT, LB R RSO, fExd R pY 0T
B, At R SR SUSRY s B R AE IR R 2 s iR 0t TR
SIS .

MEehief “H—i" 2H, ZEEAS T EEGBRNIRE/NLE, NAKE
AT SL I PG IE R A AR ER I T B 22 HUMeRE

FIoIbR, LR Rz BRI



MAGNETIC MATERIALS 2 AT AL S 4
MAGNETIC POLES AND FIELDS 6 R S i7 8
EARTH’'S MAGNETISM 14 hiutiz37) 16
MEASURIGN AND DETECTING MAGNETIC FIELDS22 iz E SN 24
MAKING MAGNETS 26 BARBIFINE 28
USES OF MAGNETS 30 B AR 32
ELECTRICITY AND MAGNETISM 38 B5H# 40
ELECTROMAGNETS 42 221373 44
ELECTROMAGNETIC DEVICES 50 IR 52
MOTOR EFFECT 58 ER N 60
ELECTRIC MOTORS 62 ERENH 64
USING ELECTRIC MOTORS 70 ERENHAIRL A 72
ELECTRICITY FROM MACHINES 78 HEsREB 80
ELECTRIC VEHICLES 94 EBEN R 96
BATTERIES 106 Hith 108
GLOSSARY 118 BT 120

FURTHER RESEARCH REIiE 122




(Z LRlY—mai s ) — BN 7 E AR R E AT ENSEIRR . RALSE, AT “#ak
B WISGAFEER, BRE2AN, MEFRAWRE T X-IRIORFEEE, EABT, RTSERN Gk
M SHIR, ZEBRIMNEREESHMANEYTICR, NEmaES =k, MR ] ae =R, X
—IRIRIIN TS5 RIETEEICEHE, NBIHE, KETCISRIVEINNE, PSSR EHEHE] T HE .
FAVTE AR REE AR _EERZARI T s MR E N DR BN RN, &5, ABIEfA T AN E
{2 Unnl A S F FAERY

APRE T RERER ., B IS8R HET, A THFSEGINEY R “REFELT BUE
N, XEEAKRHGRE TABNERGE. il S0 T -8, XSG AL N H S SLER
HIsE—2 .




A magnetic rock called lodestone has a power
that seemed magical to early people. It can
point to the north and guide a traveler even
when all landmarks are hidden by night or in
bad weather. Early explorers used this “magic”
on sea voyages.

Among the earth’s many types of rock is a very unusual
one, first recognized as early as 2700 B.C. by Chinese scholars.
This rock, called lodestone (or magnetite, to give it its modern
name), contains iron. It attracts other metals, and pieces of it will
either attract or repel each other depending on how they are
oriented.

Lodestone demonstrates another amazing property when

itis set up so that it can turn freely. It will then turn until it is
pointing roughly north-south. This magnetic “‘compass” may
have been used by navigators as early as the 3rd century a.d. in
China. Certainly it was in widespread use by European sailors in
the 12th century.

-
A magnetic needle enabled this portable sundial to be aligned

north-south to take a correct reading. The instrument doubled as a
Lmagnetic compass.

saturated when all the
domains have their
magnetism lined up.

MAGNETIC DOMAINS
Tiny areas in a piece of — _
iron, called domains, are /
— - .
like individual magnets. = Sl l T —e l gl - / .
—_— — —
Applying a magnetic field l .| —F l T T = . — .
lines up these magnets. = t <\
The metal is said to be l — | — -— AR (S \{_ My |l e

Unmagnetized sample

Magnetic field applied

Saturated sample
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SCIENCE WORDS

® Atom: The smallest part of a chemical element that

can exist on its own. It has a central nucleus, surrounded
by electrons.
® Domain: A small region in a magnetic material in

which the magnetic fields of individual atoms all
point in the same direction, making the domain into
a single small magnet. In the unmagnetized material,
fields of different domains béint in different directions,
canceling one another out.

® Lodestone: A naturally magn;fic iron ore, formerly

used to make magnetic compasses. It is one of only two
minerals that is naturally magnetic; the other, pyrrhotite,

k has only weak magnetism. j

Supplies of lodestone were limited. But it was possible to use

a piece of lodestone to make a large number of magnetic
needles for use in compasses. By stroking an iron needle with
the lodestone many times, always in the same direction, the

iron became magnetized.

In the 20th century, this effect was explained by the French
physicist Pierre-Ernest Weiss (1865-1940). Individual atoms of
iron and other elements present in a piece of metal are like
miniature magnets. The metal is divided into regions called
domains in which all the atoms line up. The magnetism of
the atoms adds together, making each domain into a tiny
magnet. But the atoms in different domains point in different
directions, so that overall the piece of metal does not behave
like a magnet. Repeated stroking with a piece of lodestone
causes the atoms to turn. Eventually they all point in the same
direction, and their magnetism adds up to make the whole
piece of metal a strong magnet. When all the atoms are lined
up and the magnetism cannot become any greater, the piece of

metal is said to be saturated.

@ : oy

How much pull?

Magnets vary in strength, usually depending on how large
they are. One way to measure the strength of a magnet is
to see how much it will lift up.

What to do

Using masking tape, tape down a bar magnet near the
edge of a table, with one end sticking out over the edge.
Add paper clips to the end, building up a chain of clips
hanging down. What is the maximum number of clips the
magnet will hold up? Repeat the procedure, this time using
a horseshoe magnet. How many clips will this magnet '
hold up? i

The first clip is held by magnetism. The clip is made of
steel, which is a magnetic material. When it is in contact
with the magnet, this clip also becornes a magnet. The
new paper-clip magnet holds up the second clip. That also
becomes a magnet, and so on, all along the chain of paper
clips. The number of clips held up is a measure of the
strength of the magnet. Generally, a horseshoe magnet is
stronger than a bar magnet of the same overall length.

Cst the strength of a magnet by seeing how

many paper clips it will hold up. j
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Surrounding a magnet and extending into
nearby space is a “sphere of influence” called a
magnetic field.

How another magnet is affected by the first
magnet depends both on this magnetic field
and on the second magnet’s own properties.

A piece of lodestone or other magnet will attract small metal
objeéts to itself. The way they arrange themselves around the
magnet reveals to us important facts about magnetism. lron
filings—tiny metal grains produced when a block of iron is filed
or machined—show this especially clearly. They cluster around
the two ends of a bar magnet, but not toward its middle.

If the magnet is in the shape of a horseshoe, the filings cluster
at the ends of the two “legs,” but not around its middle. Every
magnet has these two “attractive ends," called its poles.

Iron filings scattered around the poles of a bar magnet reveal the
magnetic field around them. Each filing orients itself in the direction
of the field at its location, and together they trace a dramatic picture
of the whole magnetic field.

One of the poles of a magnet is attracted to the north and the
other to the south. This is the reason why a compass needle

swings until it is pointing north—south. The north-seeking pole
is called the magnet's north, or N, pole; the south-seeking pole

is the south, or S, pole.

Attraction of opposites

When the two north poles of a magnet are brought close to
each other, they can be felt to repel each other. The closer
together they are, the harder is the mutual push. The same
happens if the two south poles are brought close to each

ONE OR TWO POLES

These fields are produced by one or two magnetic poles.
Such poles always occur in linked pairs; but if they are
widely separated, they can be regarded as single poles.

PLOTTING THE FIELD

Trails of dots marking successive positions of the head and
tail of the compass needle trace out field lines.

Plotting compass

Weak magnetic field

x Strong magnetic field
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other. But when a north pole is brought close to a south pole,
a force of attraction can be felt. Again, the force is stronger the

closer the poles are to each other.

The field can be "mapped” with the aid of a small compass.

If it is brought close to a magnet, the needle of the compass
points toward or away from the nearest pole of the magnet. If
the nearest pole is a south pole, the north-seeking end of the
needle points toward it.

If the compass is moved toward the other end of the magnet,
the effect of the north pole gradually increases, and the needle
turns until its south-seeking end points toward the north pole.

To map the field, put the magnet on a piece of paper and place

the compass anywhere on the paper. Mark the two ends of the
need|e with pencil dots. Then move the compass until the tail of
the needle is just over the dot that marks the previous position
of the head of the needle. Mark the new position of the head

of the needle, and again move the compass until the tail of the

needle is at that position. Continue repeating this process.

The result is a chain of dots that can be joined up smoothly to
make a curved line. At every point along this line the direction
of the line is the direction of the compass at that point, which
is the direction of the force that would be experienced by any
magnetic object at that point. The curved line is called a line
of force or a field line. The region in which magnetic forces
are experienced is the magnetic field. Field lines indicate the
north—south direction.

Picturing the field

The magnetic field can also be made visible in a striking ay
with the aid of iron filings. If a sheet of paper is placed over a
magnet and iron filings are shaken over the paper, many cluster
directly over the poles. But some lie scattered over the rest of

s ////, ; jl'\‘ N N
) LA A b RN A

FORCES BETWEEN MAGNETS

Two bar magnets suspended on strings will push each
other apart or pull each other together depending on
whether like poles (two N or two S) or unlike poles (N and S)

are closest to each other.

Repulsion

— Attraction <+—

S
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Field of force

The region around a magnet in which it attracts metal
objects is called its magnetic field. The field is invisible, yet
it can be shown. This project shows you how to reveal the
existence of a magnetic field and discover its shape.

What to do

Put some iron filings in a cup and sprinkle them thinly
onto a piece of writing paper. Carefully slide the paper
into a clear plastic pocket, and tape closed the open
edge of the pocket (this keeps the filings from spilling
and possibly sticking to the magnet). Put the magnet on

a table, and place the pocket on top of it. The filings will
arrange themselves in a pattern that corresponds to the
magnetic field of the magnet. Repeat the procedure with
another shape of magnet if you have one. You can even
use the same method to find the shape of the magnetic
field between two mag'nets.

The iron filings line themselves up along the lines of
force that make up the magnetic field. The

field is strongest near the poles (ends) of
the magnet, which is why the filings
concentrate at these points. If

you use two magnets, you can
see how their magnetic fields
combine.

The iron filings inside the plastic pocket
will reveal the magnetic field.

SoococococcsSES

Field lines, or lines of force, are imaginary lines showing the
force that the magnet would exert on an imaginary north magnetic
pole. At each point the direction of the field line shows the direction of
the force.

the area around the magnet and arrange themselves in curved
lines. The lines run from one pole to the other. They are formed
as each individual grain lines up in a certain direction. Each
grain acts like a tiny magnetic compass and points in a definite
direction. Together they give a vivid picture of the form of the
field, and even of its strength, for the lines crowd together near
poles, where the field is strongest. The more the field lines
spread out, the weaker the field is.

The direction of the field at a point is defined as the direction
of the force that would be experienced by the north pole of
another magnet at that point. According to this definition, the
field lines run outside the magnet from its north pole toward
its south pole. Entering the magnet near the south pole, they
return toward the north pole, each forming a closed loop. Field

lines do not normally meet or cross one another.

Poles apart

Every magnet has two opposite poles: no isolated pole is
known to exist. (Physicists have made searches for subatomic
particles that are single magnetic poles, but such “monopoles”
have never been discovered.) This makes working out the

laws of the magnetic field difficult. It is easier to see what is
happening with a very long bar magnet, with the poles far
apart. The magnetic effects of each pole can then be studied
while the influence of the other one is ignored.



