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1. Rubbing and
altracting

The stery of electricity begins 2,500 yeais ago near the
westcrn coast of the land we now call “[‘urkey,

In that place there was a city called Magnesia wheve the
people spoke Greek. Near the city a shepherd boy watched
his sheep. J'he story is that he used a stick withan iron tip
o climb over stony places.

®ne day, he touched the top to a stone and it happened
1o stick a little Could the stone have something sticky on
it? He wuched 1t with his finger. It wasn't sticky at all.
Nothing stuck to it except for the iron tip of his stick. The
shepherd boy told others about this odd rock.

A wise man named J'hales lived in that area Today he
would be called ascientist. He heard about this stone from
Magnesia and had such a stone biought to him. It
aftracted iron objects and nothing ¢lse—just iron objects.

Thales called it the ‘‘magnectic stone™ after the name of
the city. W¢ call it a “magnet’’. Thales wondered how a
picce of dead stone sould autract and pull something to
1tself He wondered why it should only atiract iron. Did
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anything ¢lse have this strange ability? Hc tested other
objects. @ne of the matciials he wested was a glassy
substancewith a golden colour. We call it ““amber”, butin
the Greek language it was called “‘clektren”.

The amber didn’t atiract iron. However, amber has a
plcasant odour and this odour bcoemes stronger if it is
rubbed with the fingers Thales probably rubbed the
ambcer and notieed that it attracted some things aler it
had been rubbed. In fact, it attracted tiny bits of many
things—light picces of Nuff, thread, (eathers, and tiny
splinters of weod. This was not at all the way a magnet
acted. Rubbed amber had a difierent kind of attraction.

Thales ceuldn’t figure out why this happened. but he
wrote down what he had donc. Other people read and
thought abeut his experimenwe

[t turned out thiat the magnetic rocks were useful. Il a
steel needle is stroked by a magnetic rock, the ncedle
becomes a magnet toa The needle then attracts iron
objects. Il a magnctic ncedle loats on a cork in water or
turns en a pin, it turns so that one end points notth
Sailors usc such a floating ncedle vo tell in which direction
they are sailing when they can’t see land.

Magnctic ncedles, used to point north, were called
“compasses’’. By 1488 AD, European sailors werce using
them to cross oceans and cxplore distant lands. It would
have been very difficult far Christopher Columbus w
reach America in 1492 if he hadn’t had compasses on
beard his ships.

But what about 1wubbed amber? It didn't seem to be
uselil and very few people bothered with it

About the yecar | 570, an Englishman named William

Gilbert began to work with magnew He also wondcred
about amber. Why should amber attract objecss after
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being rubbed? What was special about amber?

For one thing, amber was such a beautif'ul oelour that it
wasoften used to make jewellery Would other jewels also
show the ability to attiact when thiey were rubbed ? Gil bert
tricd other jewels and feund that they, teo, attracted light
objecw when they were rubbed. Diamonds, sapphires,
and opals behaved like amber, for instance. Some rocky
ctystals that were too common or dull to be jewels also
bchaved that way.

Gilbert knew that amber was called ‘‘elektron™ in
Greck and “clectium™in {.atin. He thercfore called all the
objects that showed the abiiity to attract after being
rubbed “electrics™. He used the word te show that they all
rescmbled ambcr io having this ability.

But what do we call the attraction itself’ What do we
call the strangcr power that makes a small scrap of paper
cling 9 a piece of rubber amber? Abeut 1650, an
Englishman named Walter Charlewon called it “electric-

toy??
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At this time, people in Europe were becoming more and
morc intcrested in nature, Jhey were asking questions
and experimenting to sec what happened when objects
were treated m different ways.

Forinstance, ambcr attracted light objects when it was
tubbed, What il it was rubbed harder? Would the
attraction grow stronger? Would the amber contain more
and more electricity? Someone who tried this particular
experiment was a German named @tte ven Gucericke, He
rubbed a piece ofambcrwith a cloth as hard as he possibly
could. Then, when he pressed it between his fingers, he
could hear it make tiny crackles 1l he pressed it between
his fingers in pitch darkness, he eould make out a very tiny
flash of light with each crackle,
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Maybe the amber ceuid not hold all the clectricity
causcd by the rubbing Maybe some of the electricity
spilled out again, making noises and flashes of light as it
did so.

But the crackles were so small and the flashesoftighuse
tiny that Gucricke grew impatient. Il he was going to
carry this experiment further, he neoded to pack more
clectricity into the amber For this he needed a bigger
piece of amber which would bold more electricity. Since
big picocs of amber were expensive, Guericke used, in
1672, a yellow substance called sulphur 1t was an
“electric” that attracted light objects when it was rubbed,
but it was cheaper than amber

0

He broke a large quantity ol sulphur into pieces and put
thero into a large, vound glass Ilask. He heated the flask
and thesulphurmelted. He added nore and more sulphur
until the Nask was filled. Then he put the end of a wooden
handl inte the melted sulphyr and let it coal. The sulphur
hardened inw a yellow solid again, lilling the Mask,

Carefully, Guerickc broke the flask and removed the
picces of glass. He had a yellow ball of sulphur larger than
his head, with a handlec. He placed this bail in a weaden
holder. He could turn the ball of sulphut by using the
handle. If he placod his other hand on the sulphur as it
turned, the rubbing, or friction, lilled the sulphur with
electticity.
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Guericke's suiphut ball experiment
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Nobedy had ever befare collected so much elecairicity in
one place The sulphur ball made loud cracklesonce it was
jilled, or “charged™, with clectricity, When the electricity
spilled out. or was "*discharged™, it made sparksthat were
so bright they were even visible in daylight.

Guerickewas the firstio invent a “friction machine™ jor
producing electricity.
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2. Conductors and
non-conductors

Pcople became more and more inwerested in studying
electricity after reading about Guericke’s cxperiments.

An Englishman named Stephen Gray decided to try
some expcriments of his own, He used glas; as an electric
bocause it was cheap enough ¥ usc in large pieces.

If Guerickc had known that glass was a good clectric
when he was doing his experiments ycars befere, he
wouldn’t have had to crack away the pieces of glass
around the sulphur. He would have uscdjusi the glass and
skipped the sulphur altogether.

Gray rubbed a hollow glass tLube abeut | metre long
ffom cnd to end. It attracted feathers, showing that
electricity had been rubbed into 1t

Since the glass tubc was open at both ends, Gray
thought dust might get in and spoil his experiment. He
put esrks in beth ¢ends Then he noticed a strange thiog.
The (cathers were also attracted tu the corks. Yet he
hadn't rubbed the corks: he had rubbed only the glass.
Gray decided that when he rubbed electricity into the
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glass tubc, the clectricity travelled into the cork also.

Could this be true? Could eloctricity travel? Gray tried
other expetiments that would test this possibility. He took
a stick about 19 centimetres long andstuck itinto the cork
atone end of the tube. At the other end of the stick he put
an vory ball.

Next he rubbed only the glass. He was vcry careful
about thatand didn'ttouch the cork or the stick or the ivory
ball. Yecu feathers ¢lung 1@ the ivory ball aiter he bad
rubbed the glass There scemed no mistake albout it:
clectricity travelled.

Water and air can be made to travel through a hollow
rube, Such travel is called “flowing™. Any liquid or gas
ean flow. Ariverisa flowingliquid and a wind is a flowing
gas. Liquids and gascs arc called '‘fluids™ from a Latin
word meaning ‘‘1o0 jlow™.

What Gray had shown, thercfore, was that electricity
eeuld flow through objects. It was also a {luid. From this
time on, people began to spcak of “electric Muid™.

Next Gray tried 1o sec how far he oould make the
electricity travel, He let the ivory ball dangle from some
string attached w the cork at the end ofhis glass tube The
ivory ball still attracted leathers when he cubbed the glass
tube. He used longer and longer stretches of string till he
had the ivory ball danglingat the end of 9 metresofstring
It suill antracted feathers.

Gray wanted to try still longer distanecs, but by the
time he was using 9 metresof string, he had tostandon the
reef of his house. He had another idea. He would stretch
string across the ceiling of his workshop He would awcach
the string to the eciling by nails.

He stretched over 108 metres of string back aind forth,
back and forth. The twe ends dangled down from the
ceiling '1'o one end he attached his glass tube, 10 the other
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Gray's experiment with silk \hread and twine

cnd his ivory ball.

But now the wory hall weuld met attract feather's, no
mattcr hew long he rubbed the glass tube. Suddenly the
electricity scemod to have stopped travelling. Was it
because the string was too long? Had he fmally found a
length teo great for the electricity to flow through?

No, that couldn’t be it, because cven the glass tube
stopped attracting [cathers alter being rubbed. It wasn't
that the electricity wasn't lewing, The clectricity wasn't
thece at all. Something he was doing was spoiling the
expcriment—somcthing that he hadn't been deing before.
What could il be?

-~
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Up until now he had simply let the string dangle. Now,
however, he had nailed the string to the ceiling Could 1t
be the nails? Maybe the clectric fluid escaped through the
nailsand went into the ceiling and then out into the opcn
air. Perhaps it did this because the nails were so thick that
it was easy for the electricity to pass through them
Perhaps he should use something thinner?

Gray had some silk thread. It was thin but strong. He
tied a picce of silk thread to cach nail. Then he tied the
otherend of cach piece of'silk thread to the string, Now the
electric 1luid passing through the string couldn’t reach the
nails unless it passed through the very thin silk thread
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first If the silk was teo thin to pass through, the cicctric
(luid would have to stay in the string and the experiment
would work again.

He tried and it did work. The electric fluid passed
thiough 30 metres of string from end to end. 1fhe rubbed
the glass at one end of the string, the ivory ballat the other
end attracted [eathers.

He kept using morc and more string and finally the
string grew so heavy that the silk thread holding it up
broke. Gray decided to usc brass wire instead of sitk to
hold up the string But now the electric lluid was gone
again. The lluid must have escaped through the brass
wire. Gray decided that what the wirc was made of must
bc more important than how thin it was

Hec tricd further experiments and found that clectricity
flowed betier or could be “conducted’”’ more easily
through mctal than threugh anything clse. For that
reason metal or any other material that electricity can
pass through casily is called a ““cenductor’’. Something
that electricity can pass through with difficulty 1s a
*non~conductor” like silk.

Gray oould now understand why amber, glass, sulphur,
and other mawcrials weie electrifled by rubbing. They were
all non-conductors @nec they were rubbed, they filled up
with electricity that couldn’t go anywhere.

Il a conductor like a piece of metal was rubbed.
electric fluild would travel into almost anything that
touched it | t would travel so Quickily and easily that nonc
would be left in the metal. If metal touched a
nen-eenductor, it would take away any electric fluid the
non-conductor might contain.

In 1731, Gray tested his theory by placing pieses of
metal on blocks of resin. This ts a substance much like
amber and is a non-eonductor [nstead of rubbing

the metal by hand, he rubbed it with a silk handkerchicf.
Silk is aiso a non-conductor Only resin, silk, and air
touched the metal and these were all non-conductors

The rubbing preduced electricity in the metal which
couldn’c escape threugh the nonconductors It stayed in
the metal which then attracted feathers,

Grayeven tied a bey te the ceilingby stiongsilk threads
and rubbed hisaim withs:1k. Alter a while, feathers clung
to the boy and his clothing,

Gray was able to show that anpthing can be filled with
electric 1luid if it is rubbed.



3. Fluids and jars

News of Gray's experiments seon reached other parts of
Europe In France, a man named Charles I'rancis Du Iay
started some cxperiments of his ewn.

In 1733, he w00k a tiny picoe of cork and covered it with
a very thin laycr of gold. Then hc hung it from the ceiling
by asilk thread. I(he clectrified the bitofcork by touching
it with an clectrilicd red. the electricity spread evenly 10
the gold on the surface since cork was a geod cenducter.
As the cork and gold were only touched by the silken
thrcad and by air, the electricity could not cscape.

IfDu Fay wanted the electricity te cscape alter the bitef
cork was electrified, all he had to do was touch it with a
piece of metal, The clcctric fluid would instantly pass into
the piece of metal and the cork weuld be discharged.

Du Fay then took anether piece of cork, treated it the
same way and hung it from thc ceiling near by, Now there
werc two pieces of cork side by side, dangling just a (cw
centimetees aparct. He made sure there were no draughts
in the room. so that the two picces of cock hung straight
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down. He thought one picce o f cork, if electrified, might
attract the other.

He rubbed a glass rod with silk unul it was filled with
electricfluid. He touched it to onc of the picces of cork and
somc of the fluid travelled inte thc gold-cevered cork.

What happened was exactly what he expected. There
was an attraction between the electrificd cork and the onc
that hadn 't been touched. Instead of the two pieces of cork
hanging straight down they icancd towards cach other.
The electrical attraction was pulling them togethec

But supposc #et): picces of cork wcre clectrified. Then
cach onc would be attracting It seemed to Du Fay that
this would make the attraction twice as strong, so that the
pieces of cork would pull more closely to each other and
hang at a greater angle,

Du Fay tried that. He started with two pieces of cock
hanging straight down. Then he rubbed his glass rod and
touched first one piece of cork and then the other. To bis
astonishment, the atiraction between the picces. of cork
was rof stronger. The picoes of cork were hanging at an
angle but wcre pushing awgy, or “rcpelling”, each other.

This was puzzling Was this the way electricity acted?
@r was there somcthing wrong with theglass he wasusing?
Maybc he should use a differemt material altogethec He
began with a resin rod and rubbcd it with woel because
wool works better on resin than silk does @nce the cesin
was electrified, he touched it wo the two bits of cork. At
once they pushed away firent each ethec JThey wcre
repelling each other.

‘There was one more thing Du Fay could try. He rubbed
aglass rod with silk and touched one piece of cork with it.
Then hc rubbed a resin rod with wool and touched the
other piece of cock with it, This time there was an
attraction. The twe pieces of cerk, cach fitied with electric
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Elecirified cork attracling non-electrified cork
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fluid, *pullcd towards cach other

Du Fay decided there were twe kinds of electric fluid.
One was thc kind ol fluid that lilled glass when it was
cubbed. Suppese we call that glass-electric lluid. The
other was the kind of lluid that filled resin—resin.-electric
fluid. If two pieces of cork were each lilled with the same
fluid, thcy 1epelled each other. If they were each lilled
with a different Jluid, ihey atcracted each other

Du ¥ay experimented further to sec if this was 3. He
touched an electrilied glasscod to a bit of cork and {et the
cock fill with glass-clectric fluid. ‘Then he wok the glass
red away and brought it back very slowly. making it come
closer and closer te the cork. Sure enough the glass rod
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Electrified corb_a_s repelling each other
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and the cork, which were now lilled with the same flud,
repelled each other, The bit of cork pulled away from the
glass rod.

If he brought over an clcctrilied resin cod, however, the
cork was attracted. It 1¢aned towards the resin rod.

If he filled a piece of cork with cleciric fluid f om a cesin
rod in the lirst place, everything was the opposite. The
resin rod repelled the cork and the glass rod attracted it

DuTaywenton to try other materials. He found that
whene ver he electrified an object, thatobject always acted
as though it was filled with glass-electric fluid or with
resin-electric fluid. There were only those two kinds of
electric flud. There was no thind kind.
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Meanwhile some experimenters were discovering ways
of packing largc amounts ot clectricity into small objects.

About 1743, fer instance, people began to work with
glass jars partly coatcd inside and outside with a thin
coating of metal. There was a cork in the open mouth of
the jar A brassrod with a brass chain at the bettom was
struck threugh the cork. The brass chain made contact
with the metal which coated the glass at the bsttom ol the
Jar.

if an electrilicd glass red was 1ouched te the brass rod
sticking eut of the jar, some of the cicetric lluid would pass
into the metal inside the jar Once it was there it couldn’t
escape because the cork and the glass were non-
oconductors.

Ilthe glass rod was clcctrified again, more electric 1luid
oould be passed ime the jar. Eventually, enough clectric
fluid could be passed into the jar to make it very highly
charged with electricity.

®ne of the inventors ol this kind of jar was a Dutch
proftssor named Peter van Musschenbrock. He worked at
the University of Ievden in the Netherlands, so the new
dcvice came to be called a ““Leyden jar™.

The more electric 1luid vou squeeze into a I.eyden jar,
the more it is likely w be pushed out again. It is like
Ppacking more and more clothes ime a trunk The mere
you put in, the greater is the push ol thosc clothes against
the trunk -hd. 1f the latch flies open some of the clethes
tumble out. The same thing happens in the Leyden jar.
The more you charge it with electricity, the more easily
semcthing might happen to discharge 1 and Ict the
clecanie fluid come pouring eut.

The first peeple who worked with the Leydenjar tound
that once it was lully charged, it could be dangerous A
carcicss touch to the brass rod en top weuld allow all the
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Receiving an electric shock from a Leyden jar
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electricity to ceme out and pass into the hand that
touched it.

Musschenbrock tested his Icyden jar when he [irst
built it without reabising how large a charge he could fill it
with. When he touched the brass rod. he received an
“electric shock’”. It knecked him down and he stayed in
bed lor two days. After that he handled a Leyden jar very
carcfully.

When the Leyden jar was discharged in other ways,
poeplc were able tosce what happened when a great deal
of electric Iluid poured out. Ifa Leydenjar was discharged
into thin wircs, the clectric tluid, pouring through the
wires, heated them up and melted them.

Again,supposealcydenjarisheld sothatthe brassred
on top comes near something like a piece of metal that
would discharge it ifit was touched. Ifthe jar isn't allowed
to touch, there is a layer of air between the jar and the
mcial. The air 1s a non-conductor so the jar cannot
discharge

[fyou bring the jar cioser and cioser. the layer ofair in
between is thinner and thinner The thinner the layer of
air, the lcss of' a non<conductor it is. Finally, there tsn't
enough air present to prevent discharge.

The clectric Aluid then ferces its way out of the Leyden
Jjar through the air and into the metal. Asit passes through
theair, it heatsitso thatitglows, The heated airexpands,
then comes back together again, and makes a sound as it
does so. When the Leyden jar discharges, there is a strong
spark and a sharp crackle.
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4. Positive and
negative

The news abeut clectrical experiments crossed the
Atantic Occan and rcached Pennsylvania, one of the
British oolontes in America. In Pennsylvania, an
Amcrican named Benjamin Frankhin received a Leyden
jarfromEngland in 1 747. He wondered where the electric
fluid came rom Ifsomcone rubbed a glass rod and filled
it with electricity, did the fluid come fiom thc hand that
rubbed it? Where did the hand get ot from? From the
ground?

Frankiin decided to test this. He had a man standon a
large block of wax. The wax was a non-conductor, so that
as long as thc man didn't touch anything except the wax
and the air around him, no electricity could get into him,

The man standing on the wax held a glass rod He
rubbed the glass rod in the usual way and the glass red
became clectrified. It attracted light objects. Where did
the electricity come from?

It must have come from the man himsell. He must have
had electricity in him all the time but for some reason it
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Benjamin Frankiin's experimeni wilh men on wax blocks
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Wax block
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didn’tshow up W hen he rubbed the glass rod, some ofthe
electricity entered the rod. But then what about the man
himself’ He had lost the electric 1luid that had entered the
rod, What was the result of that?

To test the matter further, t'ranklin had another man
s.tand on asccond bleck of wax, The Jirst man touched the
second man with the electrilied giass rod. The electric
fluid pourcd into the second man. The sccond man was
clectrilied. Feathers stuck te him, If he placed a finger
ncar a conductor, there was a spark and then he wasn’t
electriticd any longer He was discharged.

But what abeut the IGtst man who had lost the clectric
N uid to the second? He was clectrified also He. too, could
aturace feathers. He, tee, could be discharged, forming a
spark when this happened.

What's morc, the two mecn had difl’'erent electric
charges. The setond man who had beern clectrified by the
glass rod had what Du Fay would have considered
glass—clectric Jluid. Jhe first man had resin-efcctric fluid.
("This could be checked by prepearing little pieces of cork,
some of which were electrilied by aglassrod and some by a
resin 1od. Jhen you ocould see which ones would be
attracted to which man and which would be repelled.)

it seemed to Franklin this was whae happcned: every
object alieady oentains a ceitain amount of electrjc luid
hut behaves as though it is unclectyified. It doesn't attract
anything.

Through the act of rubhing, some clectric jluid is
rubbed away from anob ject er rubbed into it. The object
then has cithcr mor¢ than the noumal amount of electiic
1 uid, or fess than the normal amount. [n either case, itacty
asthough it hasan electric chaige. Ifit had more than the
notmal amount of electric flud, Franklin said it was
“positivaly charged™. If 1t had less than the normal
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amount, it was ‘‘negatively’ charged”. If two ob jects cach
have a positive charge, they repel each other. Eachob ject
already has more than enough clectricity and has no use
{or the electricity in the othec 1f two objects cach have a
negative charge, they iepcl cach other. Each object has
less than enough clectricity and neither will give upany to
the other,

If one object has a pesitive charge, however, and
another a negative charge, then things are different. The
objectwith the pesitive charge has extra clectric fluid that
it can give up, wwhile the other has some missing electric
iluid which it needs. T he two objects thereforc attract
cach other and when they touch, electric luid goes filom
the positively charged ofyect into the negatively charged
object. After that, each object has the proper amount ol
clectricity and neither onc is charged. The two oppesite
charges have “neutraliscd™ cach othec

Franklin checked this, He had one man rub a glass red
and touch the other man with it. Now one man had too
much electric fluid and one tee [itde. Both were
clectrically charged—onc with a pesitive chaige and one
with a negative charge.

He had the two men hold out their hands and place
their lingecs close together When they did that, electric
1luid jumped f::om onc o the othec There was a bright
spark between the two fingers. Both men felt their lingers
tingle. Then ncither man was electrified any more.

The question now was: which type of electric charge
was pesitive and which type was negauve? When glass
was rubbed with silk, did theglass end up with more than
the normalamoun tofelectric fiuid or less than the normal
amount? There was no way Franklin could tell, so he
guessed.

He decided thatglass had less than the normal amount
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ofclectric 1luid after it wasrubbed and thatit was carrying
a negative charge This meant that a resin rod, which had
the other kimnd of charge, carried a pesitive charge, Ail
otber electric charges were compared with those on resin
and on glass and were described as either positive or
negative, depending on whether they behaved like one or
the other. (Many years later, when scientists were able te
go deeper into the matter using new facts and methods
Franklin did not have, they discovered that Franklin had
guesscd wrongly. It was the glass that had moie than
normal amounts of the jluid and the resin that had less
than normal amounts However, that did not spoil
F'ranklin’s basic thes1y.)

Once Franklin had worked out the behaviour of the
electric fluid, he eould explain how a I.eyden jar worked.
Anordinary rod ofsome particular kind ofmaterial would
pi-k up only a positive or negative charge when it was
rubbed The more electric charge was squeezed into it, the
haider it became L0 squeeac in any more. After a while, it
held all it could.

Ina [eyden jar, however, the metal coat on one side of
theglass wasnegatively charged and the metal ¢oat on the
other side was positively charged. The glass i1y between
kept them (rom coming together and neutialising each
other. The negative charge of one mectal coat kept
attracting the positive charge from the otber metal coat,
and vice versa. As a 1esult the total charge on the metal
coawe oould be greater than that in a picoc of material of
the same size

Next Franklin considered the sparkand thecrackle that
came when a Leyden jar was discharged. [t ceminded him
of lightning in a thunderstosm.

How aboutreal Iightning and thunder? Perhaps when a
thunderstorm was brewing, the clouds and the Earth
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acted like a huge Icyden jar. Pechaps the clouds
develepcd a ncgative charge and thc Earth a positive
chargce (ev vice versa) with the air be:ilween acting as a
nen-conductor, \Ahen enough charge was piled up io the
clouds aed air, the push todischarge became se great that
the electric uid forced its way threugh the air, There was
a gigantic spark we call lightning and then a gigantic
cracklc we cail thunder

The amount of chaige piled up betore discharge took
place was enormeus. For 1hat reason, the discharge was
enotmous, also. If a house discharged thai quanaty of
electiic Nluid, the heat would sel it en lire. If a human
being discharged it. the efiect might kill him or her.

In June 1732, Franklin thought he would test his tdca
by ilving a kite during a thundcrstorm. e tivd a pointed
metal red 10 thc wooden framewerk of the kite and
attached a legth of siring te the metal rod. He attached a
piece of cord to the twinc that held the kite and at the
bottorm of the cord he attached a metal kev

If there was clecteicity in the cleuds it would cnter the
mctal vod en the kite and be conducted down the wet
string to thc cord and down the cord to the kev. He didn’t
want w have it conducted into himsclf, sinoe the electric
shock mighukilt him. He therefore attached a sitken stiing
10 the ennd ef the cord holding the kite and he held the sitk
string. The clectricity weuld net pass throwgh the silk as
lang as e kept it dry. Hewas carctul to stand under a shed
whilc he was fying the kite. (Actually, flying a kite in a
thunderstorm is verv dangerous, and people have been
killed dairig i 1—se don't_yew try!)

The storm clouds gathered. Aficr a while, Franklin
noted that the libres of the kite cord werc standing apartas
though all had gained ithe same electric charge and were
rcpelling each other.
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Carefuly, Frank.in placed hislinger near the key at the
bottom of'the string There was a spark from the key to his
linger and he fi:lt the tingle. It looked just like the spark
and felt just like the tingle when clectric fluid was
dischaiged in the laboratory.

He had brought an uncharged Leydenjar with him. He
touched the brass rod to the key and then tcsted the jar It
was chatged with electricity and behaved just as though
the electricity had been produced by an clectrified glass
red.

Franklin had prevtd that lightning was an electric
spark. He had proved that the clectricity fermed in the
clouds was the same eleciricity (@rmed in the laboratory.

Franklin had done somcthing clse. In 1747, he had
experimented with the lrst Leyden jar he had reccived.
Butirstead ol using a brass rod with a bluntend, he used a
rod with a poiot.

He found that this made it casier for the Leyden jar to
be discharged. In (act, a very sharp ncedle point made it
se easy for the Leydenjar to discharge that it couldn’t be
charged in the first place. You could pump charge into a
Leyden jar, but that charge would leak away through the
nocdle peint as fast as it was put in,

Oncc Franklin had showed that the clouds and Earth
frmed a huge Leyden jar during a thunderstoim, he
thought a sharp peint might discharge the clouds and
Earth, also

Supposc a peinted metal rod was put oo the roof of a
building and wiresjoined it to the ground. Ifthat was the
case, the bouse and the aiea around 1t would never p:le up
much charge. The chargewould leak away as fast as it was
built up and therc would never be any need for a vielent
discharge. In other words, a house would never be struck
by lightning.
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Lighining rod on a chimney stack
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In 1753, the year after his kitc experinient, I'ranklin
aonneunced te the werld how to install a “lightning rod”
en a house. All ever th American colonies and Furepe
people began o put lightning rods en buildings.

This was the lirst time electrical knowledge was made
usef'ul 1@ people generally.

36

d. Baltteries and
generators

[n 1771, electrical experiments teek a new turn. An
Italian biologist namcd L uigi Galvani was expecimenting
with Leyden jars. He also happened to be working with
some [reg legs in an experiment that had nothing te do
with electricity.

A spark from the I cydenjar siruckene ofthese legsand
it wwitched. Galvani was astonished because erdinary
muscles oontract enly while they ace alive. Electricity
made dead muscles act as though they were alive Could
eiectriciy have something to de with life:?

@lcourse, Galvani knew el Franklin's experiments and
he knew that lightning was a huge clectric spark. Suppesc
he placed some frog legs outside the window when theie
was a thunderstorm in progress. With the stoem lilling the
clouds and the air and the earth with electricity, weuld the
dead musclcs twitch?

When a thunderslorm came, he teok some of the freg
legs he was werking with and placed them en brass hecks
te keep them frem being blewn outinto the street. Then he
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laid them across the irongrill-work outside his window.

Surc enough the muscles twitched and kept on
twitching for quite a while.

But then he tried it again when there was no
thunderstorm and when the weather was pcricctly cleas.
The muscles sull twitched. In fact, they twitched
whencver they made contact with two dilfierent metals,
such as brass and iron, at the same time.

Galvani decided that there must be a connecction
between electricity and life. Living things were full of
clectricity He felu that this ““animal electricity” didn"t
disappear all at once after death, so that muscles could
still twitch when they touched two diflerent mctals.

Thea another ltalian scientist named .Allcssandro
Volta began to wonder about this muscle twitching. He
bad worked quite a bit with electricity and he wasn’t
convinced that muscles had unusual amounts of
clectric.ty.

W'hen muscles made contact with two diflerent mctals,
maybe the electricity was produced by the metals, not by
the muscles. If that was the case, perhaps the metals could
be used t0 pProduce electricity without the muscles.
Instcad of putting a moist muscle acress two dilferent
metals, suppose a piece of moist cardboard was put across
them?

In 1794, Volta bound that he could produce electricity
without rubbing and without any kind of muscile tissue.
Suppose two different metals were placed in salty water,
which is a conductor. Suppose the mctals underwent
chemical change. JThese chemical changes somchow
involved electriciity. @ne of thc metals would gain electric
lluid and become positively chasged, while the other
would lose it and become negatively charged.
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Volta continued to experiment, tiying to build up as
lasge a charge as possible. In 1888, he prepared a whole
serics of bewls of salty water. He bent a strip of copper
from onc bowl into a second bew! so that each end was in
the salty water. This copper steip was connected %0 a tin
staip in the second bowl. The strip of tin [rom the scoond
bowl was bent over to a third, then a strip of copper Irom
the third to a lourth, then a strip of tin, and so on. Each
strip was connected to the steip in the next bowil.

All the copperstrips developed a positive chaige and all
the tin strips a negative charge. All the charges scemed to
add to each other so that the total charge 1or all the bowls
togcther was much larger than it would have been if only
one bowl was used.

Then Volta connected the tinstrip atone end of the line
of bowls to the copper strip at the other end with a metal
wirc. The excess electric uid at one end ran through the
metal wire to the other end where there was a shottage of
clectric fiuid.

Becausc the chemical change involving the tin and
copper continued to take place. a positive charge
continued to be foimed at onc end and a negative charge
atthe sther. The clectricity keptrunning through the wire
for as long as the chemical change continucd.

Whenever you have a wholc serics of similar objects,
you can call them a “battesy’” of objects. Volta had a
wholc serics of metal strips in bewls of salty water that
produced an electric charge. This was therefore called an
“‘elcctric battery”, and Volta had invented the first onc.

Undl Vola's time, all the clectricity that had been
expceimented with had been electricity that stayed in a
particular object The clectricity hardly moved. It was
thesebore called “swatic’ clectricity iom a Latin word
meaning ‘‘to stand still™".

39



Volta’s battery, howcver, produced electricity that ran
through a wire steadily for a long time. He bad produced
the flirst “ellect:ic current’’.

At once people began to experiment with this new
electric device. They constructed ncw and better
bauteries. Theyr found that if chemical changes produced
an rlectric current, an electric current could also be used
te produce chemical changcs.

in 1300, thc very vear in which the battcry was
invented, an Enghishman named William Nicholson used
an clectric cucrent to split water into two gases, hydrogen
and oxvgen. He showed that water was a chemical
combination of those two gases.

In 1807, anether Englishman named Humphry Davy
used an clectric cucrent to break up certam rocky
substances that no one had cver been able to break up
before He obtained new metals thatne one hadever scen
before.

Then, in 1819, a Danish scientist, Hans Christian
Oersted bound that when a wire was carrying an electric
current it acted lke a magnet. The two attractions,
electricity and magnetism, apparently had somc
conncecton after all.

Atonce, cxperimentecs began to study the new fact. in
1829, an American scientist, Joscph Henry, showed thatif
wire canying clectric curcent was wound into coils, the
magnetic attraction became stronger. Each <oil of wire
secmed to ceinforce the next. It wasimportant to wrap all
the wirc in silk, howcver, so that the ¢urrent could not
jump f:om one oeil to the next but had to travel through
the full length of the wire.

If the coils ot wire were wrap ped about a piece of iron,
the mageeric pull became even stronger [t was far
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“Eleciromagynat’’
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sttonger than thatolany ordinary magnet. What's more,
this “‘electromagnet’ could be easily rirned on and of1 1
the wires were attached o a battery, the magnetic pull
ctarted. If the wires were pulled away from the battery.
the magnetic pull stopped.

Henry used a small electromagnet to lifl. more than a
tonnc of iren. He could move ihe iren to where it was
wanted and then he could release 1t

An English scientist, Michael Faraday. showed that
just as electiicity sould produce magnetisth, magnetism
sould be uscd to preduce electricity. Io 1831, he showed
that when a copper plate was inade to turn round and
round ncar a magnet, an electric current was produced in
the copper

If you use a stecam engine to keecp the copper plate
turning, electric current can be led away from it fer as long
as the stcam engine keeps working. [Faraday produced, or
‘“‘generated”, electricity in this wayand had invented the
“electric generator™.

This was an improvement en the electric battery. The
batte1y produced electricity only while ¢ertain expensive
metals like copper. tin, and zitac were being used up in
chemical reactions. The electric generalor worked on the
burning coal that powered a steam engine and that was
much cheape-r.

Beginning with Faraday's discovery, 1t was pessible to
have cheap electricity in as large amounts as people could
use. In that same year, Joseph Henry reversed Faraday’s
discovery. Faraday had made a wning copper plate
producc clectricity, Henry showed hew an electric current
could ke made te turn a wheel. He had imvented 1he
“‘electric motor”.

T he electric motor could be started and stopped in a
moment. A tny electric motor could keep small obJects
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Alexander Bell's “‘telephone’”
(ransmitted fitstspeech 1876)
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Morse code
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moving. A gigantic electric meter ceuld keep enormous
ebjocts moving. It was possible to make cleciricity de
most ef the work that human and animal muscles had
been doing all through history.

Liutle by little, invreniors made usc of the electriccurient
te do amazing things.

‘The American invcnotwor, Samuel F. B. Morse. built the
lirst 1mportant clecric “telegraph™ in 1844. [he electric
currentin a long wirccould be started and sto pped soasto
send very short signals (dots) or somewhat longer encs
(dashes). The dets and dashes were arranged in difl'erent
ways |or cach ictter of the alphabct.

This ““Morse code” madec is possible te send messages
long distances at ihe speed of elcctricity, which is nearly
300,000 kilometres a seccond. A telegraph message can
pass from New York to San Francisco in less than# of a
second,

In 1878, a Scowush-American inventor, Alexander
Graham Bell, vworked out a method for making an electric
currentget weaker or stronger in such away as to produce
sound waves. He invented the “‘telephone™. _

In 1879, the American myeentor, ) homas Alva Ed'son,
feund a way to run an electric current threugh a carhon
thread in a ciesed gas container that held no air. The
electric current heated the thread till itglowed whitchot.
Since there was ne air, it esuldn’t burn but just kept en
glowing. Edion had invented the “electric Iighe”.

Many other inventions were madc. Nowadays, we all
usc the electric current. ¥We can use 1t for ceoking. heating,
coeling, fireezing, lighting, VAt usc it to run our record
pla¥cr. our radie, eur television set. We use it for electric
carving-knives, electric toaster; and electric bairdryers.

There i1s no cnd te the many uscs ol electricity. Every

45



Thomas Ediscn's lirst electric light bulb 1879

year pcople are using more and more electricity. ‘L'his
makes our lives coropletely different from those of our
ancestors,

The isalithe result of the curiosity of maoy peeple who
over manY centurics kewt wondering why things behaved
as they did.
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