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Dear Learner

‘We hoos that your Haritage Day bong weskand was both relamng and productive.
Rememtes that a shamp mind melies o a healthy body and enough slesp (but sight hours
3 night should do you lined, Anather way 1o keep vour mind sarp (5 10 wse this issee of
Sudy Mate to practize your school subjects, Dur Englsh [esson asks you 1o recognise
that these is 8 diffzrence betwean fact and opirson. Being able o distinguish betwaen

the two is @ shill that yau will use for the rest of your life, especially when you watch
tefayision and read newspapsrs - becausa don't be meskad o beliews that the newsis
fillext with hard facts! W also have a substantial Pryscal Sciences esson for you - this

& 8 gocd opporbunity 1o revEe what you ket about efectmstatics. IF wou think that the
Linear Programming mathe leszon looks farmilisr, you'd be spot on. Due bo some technical
probésrms that erept in when we placed this [esson a faw weeks ago, we wanbed to put it
in again =0 that we cousd afl gt it exactly mght. That is something wou'can aim for in wour
axarms « 1o gat all these difficult questions exactly right] Have fun rying

ENGLISH GRADE 11 LESSON NOTES

FACT AND OPINION
OVERVIEW

You need to undarstand
a The difference bebwesn staberents of lack and staterments of epdnlen.

This will hefp you in your rRading and comprehension and will also help you = your
paersuasive and egpasdory wiibng and speaking,

& FACT es a staterment that cen be proved o disprowved. Thae must b2 concrete svidence to
show that the statement & tue or to prove it false

A OPIMION iz a statement that edpresses & belef or an ides, An opinion expreqses
somenre's vigw, aftriude or judgment

To answer (he question, & facl must be suppored by evadencs and an opinion 5 simply o
person's sheas, nob supparted by evidence,

Examples:
X

“Telephones seem inpecent enoagh bt they’re not. AMsEr-consumed lovers whisper
imio them, revenge-fuelled mob bosses bark into them, and gamblers and drog
dealers rely on them for business.”™

{Sundny Times, February 19, 25

Hers, the wnter presents the idea that telephones are not innocent because of the
kind of pasple wha wse tham and the puwrpases for which they are used.  Nofice how
emative ihe fingurge is,

%]

%uﬁm“rmﬂﬂﬁu

The focus shoukd ot only be on the government and e police whes i comes o dealing with
abwzsss of women and chaldien,

I ia our dhuty a5 South Africams o make sure that pepes prevails im our soantry,
Wi muast help stop this growing epidemic of chikl abuss,
We hlame the police and say that they ane not doing their jobs propery, bat we do not belp
theen with inloomation.
e e e
3

Abuse is o nnbirmal issee and we should ask owrsebes by we can make South Afrca o
bt and safer place o Hve in,

Hoe i you knoes if you can accept the facts someone gives wou?

Yo may Kndow from your ganaral keowledge o comman semse, bl nd out iF you are umsune

Lesson

Thare arg cartain Kinds of wiling which we sxpect 1o conlain a ket of Taots, such as you
schodl Physcal Scianca o Lite Sences baxibooks, meipe books, sl Instructon mameals
‘When we tum fo newspapers and magazines, we know we ae goong 1o find a lat of facts in
the news reporis.  Here are some headlines whach include anly facts:

= Tha 34 National Blood Serdcs seeds Blood wently

> Runaway schoolboy returned bo his family

= Hoax e=rmails wiameng

= Film opening on cicus

¥

Male appears in couwrt

T

¥

Coal minng accident

"

Diecfors mmiovsd from the peactifionars regisier

Diust from comet brought o Earth

Mes woman lesdar in Liberia

Zorme arbches cormmend on mewes o Sfler an opinion or ry 1o pesuade the eeader aboul o

o respon 1o news

MNewspaper articles do confae a lot of facts, but it i3 nod possibée that they can present all
of the facty related (o an incldent that = being reparted, fodmalsts have to make decisiong

about which facts 1o include and which 1o lesve o

These choeces may distort the article

53 that a biased picture of the evert is painted and the wiler may subtty convey his or bear
apinion thraugh the way the chasen lacts are prasanted

For example, if a group of keamess is called a “mob”, the wider is hostls fo the kames.
the writer Emply says that thiz “moh” of lamers reluszed 1o go to class, the rmader will hawa
little syrmpathy for the lEamers. Perbaps the learners had a legitimate reascn for refusing o
o o class. By leaving ol the facts the purmali=l memoves the masans [or the leames aclions
ang 20 makes the readens less sympathets,

Activities
Activity 1
Read the article; “Your favaurite paper kesps gafting better”,
Your favourite paper keeps
getting better

The Seminy Thmes has lstemed bresoms  news amd  more  in- .ﬁ.nl:lr-ml.zlmuhltjm.h:l:

In;r:-.lhmltl'.du-ufli
will get maore of &ll
mH:lnp-h:Ind:lng
el colupmniss aml

depth coverpge of  the  week's
evemis. Chr mew News & Ohpinion
seclion inclodes sll owr [voariie
cowmmienimons Lok sul Jor ik
Frod Kiwsmlo Page amd o wedkly
colern by Senday Times ediber
Mol Makbaim,

Ciwen il gets e spuace, and i
joritad by social gun Craig Tacohs,
Hﬂnm:ﬂuimnﬂdrh
codunmey from Mew Yoeks wisien by
Mading Hulvin, Al cair mew Flealih

hul sonething thal's jengonisnt
ix wim ol e new degversal e-inail
kdrivee Gl o s i frees an g
Tim W page two, whine wa
will il wour whan™s hid an (ha
paper and on cur websie,  And
tead our comemeniary o the week
im the ooloen Eish! by Andrew
Daomalidsin,

Thas  week, the newspaper
inclades (he  occnsional  section
Mo & Roview, akach will g

Rl ol fond il ing Ehe wedk aral Technnlogy pages will Keep pon - you e spe quaity srilivg.
: - up o dige with advances. chal ke :
Mnndia Morare, Pretonia (Sowetan, Fridny Oelober 28, 3005) Hﬁﬁmzdm o i Sesied, hmﬁnmﬂmi hﬂu::
zurn Piiso Mosinune. Yo cam enjoy meoee s B telling uswhat you like or hate hows
This wiler wants everyone fa be inwlved in the fght againsl walence against wavman Spont’s pove oil of U Awin 90T b0 8T your views on cur new  the nation's fwouniie newspaper o
and children, The wiiler i presenfing @ paind of wew and Ernang o persuade athers fo ston mewns nwore space o0 Resders” Views pape. AeilusE sunidaviames co s
agree,
iy
Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and
Bam-7am Saturday and Sunday armn
Copn e o Lracnan an n E
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1 Whal &= tha mas idea in the hoadline?

2. What facts are used to suppart thes idea?

Activity 2

Mow look at the arbicle: "Principals face the axa for matric failures.”

Principals face the axe for matric failures

Edueation depastments wil crack the whip after the pass rate declines for e second year

nenning

PREGA (REVENIHE

PROVTMCTAL educalios sutborities se b crack dosn o underperforming prncigals & the retiosal Bdscation
I Fegpuirtivasn Blianmie=s ehei lod cortiilaaimng 1o the secind codgecmtive Seof D e e puiss e,
Flannad punitive niessuies incude denying poy incieses based o senfoily b heads of schooks il
vy fess fules- | e rgels, and demoing sibeis,
A P o] e s paee sbid Ty HE TS i SO Do 65 0 XEM, analysis e deseribing the pesalis
os <t appalling” aind skananing the ediicalion sysiem 43 “sercasly dysfanctional™,

The decline im the pass raie in
s provineds sugeeels thal adc-
cess oy bave heen  promoted
wilthewst dui atkeetim 1o the pres
viskn of qualitstne suppan e
ndmn posilive i oot i
UL

Taang s swapecal bpek: e Toomr
o o e, Fiucstsm Mimisie
Naledy Pandor said the declhme in
s peonances’ puiss goles might
line boen comsed by schools ace
copling Wase mate pagdls with-
oul the necessary suppori.

“Where oo clear lesson o o
deparimenis — we cannol expect
sohienls aid lsichicis wodas fiugie
wilh bess”

Activity 3

Mow ook al the arbehe:

Famador's depury, Enver Sumy,
mail pravinees wiore Bkl with
execmting department policy.

“hey peceive the alicts, they
recene the resources, amd schools
are within their junsdiciion,” he
Eatiil,

Abcat the resulis. Surly snd:
SO woms e sboan o (hird of vous
lzamers mot passang. il should be a
prlter of concern. | con't preeend
o ey o anser-enoiad alvoul il
There's o mensare of disappoins-
el

Mravincial plaes 10 slem the
passraie devline includs
= Im the Wistem Caps, sopioe-

iry-linked salery imcreases will

il b il B Bl panipmle

ar o e cioeuil mamagens anid

dizirict doeosors, who will alsas
Insie vl o pfiormarss: bk
cx The provinee will also roms
ler peicdsbeimn peiiic ijals amd thie
semEm sl to crowil offices
do addemmisiragive works

= In Mpumalangs, primcgalz of
had schools wall be poved o
ot s ly (e bae miesstomed

* Im Gauteng, bad school heads
will ke roowed B other poba and
U imars zors will ba calliod s
AOCCAIR

= The Mol West depanmenl
place 1o move or demcte prob.
lem principats and transfe hal
foachem, The priescipal amd dip-
oty principal o Kgononyans
Fhgh Schesal cutade ¥ryleng
were suspended afier oaly one

How bidew | was AT

Schools still need a lot of help., but
we're getting there

The matic poss rate was down, bt that bald fact conceals some achigvemenss —
inzluding highes enrclments, which strained the system in some provinces, weites Duncan
Hindla

dul theze iz 3850 pood mews in the msults Thie ministe noded with some pride thad we e

confident enough as a

AT THE wdiweinl anmommasement
vl the 2506 marile results on
Thurscleay, the Minkster of Edu-
cathom, Naledl Piider, gpelt omi
the ngendn for the nest period.
Expressing concerm aboai the
dieappeinting seldevemaents of
te maEy af sar children, the

mini=ier imdicwvied thor “nll 143
|.1-|.-_|'|:|II:|I'|'||:r'|I|i. ol |.'.|l1||.':|r||||l —_—
mational and provincial”, would
|l..'-.'.u:H.-uli.-d o glva ranited sl
tembion tovarioes svstenic mot-
ters, and to the shared pareai
vod afrecs] jpational priorinkes.

These seniments are driven

nation b sat high standands, and 1o strve fo achieve them

v a decline 1m the covernll mai
e puess e, in e musibser of
camdliclites passing maths and
iwdunine oa Uhe highéer drade,
e (ewer endorsemenis. This
is despile wvariome Imerven
phie, s wall as sdditional re-
solrees, that have supporied

mamtment safl 4o schbools repy

larly fo menitor problems: and
= The Meorthern Cape will intm

duce pass-rege targets for every

rralric suhjecl

Westem Cape Educmion MEC
Cameron  Dugmore smd  bagh
sthools hed 1o st targets for their
aversdl pass mile. universiy en-
trance endorsensems mmd scores
lesi sl dimd sfence By Bhe cnd
ol Bty

SShasild g schioal T I TEs [
Tnil w peach pap g, e prceedires
liid] o in ehe Eangday e ol
Faducakrs Acl will b applicd,
el il lesil B denaiiom, fe-
wheprbo il arl cven disemssal fol
el

Dhon Piegalhe, dipaty  gen-
wral mevretary of e Soarh Almdam
D rwicratin: Tosw haars” 1Mo, amial
This i Wil i Bhe prood -
inces” pedeployment plans anly il
they were nol done punitively et
a5 1 YComectve meLsre .

Mpurmalinga's Educairm
MEC, Siphaserwe Masamgo. saidt
“Vdow't thmk 115 cormect thal m bl
porimcipl omest be kepl al 2 schwood
o keep bds or her job when leam-
ers’ fwtures are being doomsed”
Lranieng Fiuesion MBC Angie
Motshekpa salid she kpew ol dhiree
priecipals whie had g be removed
fromy thewr posis =1 visiled one
of the principals mare than five
tlmses, Hes ok e g0 hack o the
chassrmenim,™ shae aasd

Limguoyge's  Fducason  MEC
Aarom Molsoaledi, Blamed B

oA IR e )
perforrmanace the
lowest i the coam [0
v al S54% i1
the lorge mumber of

_ PROVINCIAL MATRIC DNAM RESULTS

Pawt  Faiiigle Escorsemasl isie

ropils  who  wrole [,
suhiccts  on higher

erade. Kwafule-Na

tal had the highest [ Fiodfen Caps
mumber of schools
that mcored o rece

Pass mi Fuss Tl
The national edo

cation  deporimen’s

Semior Centificage | /00
Technical  Raport,
released s weck,

listed 33 povensmen|
anil privake schools

tha could do me
we iwo e
than lsst year. O the

worsi schials, 14 are
m  KwaduloMatal,
qix. m the Weslem

Cape and five i the o
Fasiem Cape.
Hespdes  schools

al which all matrics | Faen
failed, 173 msiie
tiens cbtamed pass

rales of lesa than
205 thas yeor — up
from ksl year's 145
Sabim Yally, the el research
er of the University of tse Witwa
tereraned s Education Policy LUnit,
spad the departinmem had poor
sulis coming. Early childhoml de
*nt had heen meplected for
oo long, which was “no exoume”,
and thart ressarch revealed seackers
10 ke disdllusiomed, overburdened
by sdemmisiration aesd mod recery

ing amy Cprofessional  develop-
s

Frodizsnr Mary Melealle, hewd
ol the Wils Schiond of Eicalion,
sl The salution lay in the low
prades, Wi et e Bkl parken
at quality impravenaen in the pri
mary o jEmior secomdary schoal.
Laomg-term mproy ement is based
am whal heppens in the primary
il Adklitioawil  repratng
Ty Theabar Mkhize

Look at the table of stabrstics.

2 Mow read the aticle gself, What facts s the jowsmalist reperting® Who s blarmed far the

What is #s funcbon?

croclem that is eported? What action will B2 tas=n? |5 the headline aocusate?

lerner pebivvamenis bn o mnny of
thess areas. Extensive worl will
theredfore be peeded to klentify
afid T I|||_'\1'|.' ih‘ll“‘-l.‘ll'n.
But ibere s nlso goad mews
i the mesolie The mimisor
noted with some pride that
we gre confident enough as &
natiny tis sal Wigh srandawds,
mand o sirlve to achleve them
ik, an ndegrencken® gual-
ity asswrer, confirmed thar the
mavirie exmminatlons have be
wdiHe T <||:r'|'|:|||i||1'|il_
Despite this, »e have wel
ampesl more than S50HE pew
stisdenis i Girsde 12 over the
post five years == o significoni
|,:I|:-'|||'I|| Il access amd folei-
tiomn rafes. More tluan 3400 050 o
thesn have passes] matrie — a
vulunhle addition e oonr skils.
Im 30w plons, #0600 mors
paesead mtrde than in 2008
And this im s year i which
some W% ol learmers wroda
nagkinad popers, schnimdedged
by nll o have been much more
i].l:lh:uldlﬁu
There §s much more anahy.
ale alill v Iso choess, baat whoat
stands ant s thot the owo
provipees whose matrie classes
e el fiics 2003 — Lian-
e (SN amd  Bwadwlo
Malal {ZEIEN — hiave had the
greafest difffculty in mecting
the meed=s of learners. and qual
Ity lige apparently Teos comm-
promitsed when nputs have noi
nadohed this growth, By oon
trust, Western Cope and Narth
West were shle o susiplm or
i thedi pase Falei
Following vhis, 2007 will be
an eeiling year For adossilion
In Bouth Adrkca. Schools, Far

ther Edweation sl Teadnin g
(FET} calleges and aniversitles
will all benelt rom signiticant
jiew pdley directione, a5 well
ms makr mslditlonnl fumding.
The Depariment of Ecusitdon
will acrive 1o ensure thiur thess
policles and resonrces  serve
the rwig gouls of goverminen:
pevclemied growth and shoared
crosat hi

The Department of Edwea-
tiom will comirfbale o growih
thimoniigd i G geted fiverventions
In kev nrens where we hme &
ahortafe of haosdadge  and
slills, Ir iz often said thar for
sustnlmed =ocinl and economic
devedipment “rha o valis
alle slill is 0 gooad echicaebon”.
Our  desdopmsmt  process
theredore starts In Grade | | the
Beception year Belore Grade
II. i R g 1]|||||||‘j_1| gi.'lll.'r:lJ
and fwrther edoeaiion bevels,
and i exnmphotas] Ia samse lonm
al tertiary edacal lon.

It i acknewledoed that the
ot itk of aiwp schools
o evanomiie growth b below
atpnadard, snd srepa are s
Ing tuken st differémt levels
to erode this highly resilient
|u|§_.1.t‘_-'1|r:|ihlllll"|||] AL i adlie &
and & we run regalar Svsiemie
Binlantlong — nessve  [ogl-
ing of lHeracy, numeracy and
lide =kills, bmalving a sample
ol e than MHEHY clilldrei
In 20607 we will repeadt this =
Gz 3 bl , wich the Temotii
al a baseline o see I we are
Indeed getting better followin g
Wik bieE nreiveilome.

In Ciracle 9 all children now
coqmpbrte the Commom Tashs
for Assessment, which are na-

Homalbe sl jnel nxslerstecd, ancd
which schoods can uxe to wrack
the dewlopment of |earners
aiid rlie gpaaliny of tewchiag

The inersdsetiom of the wow
Mationa]  Carrkonbom Blale-
ment I Grade 10 fasi vesr
glearty caught some by osup
priee, despite repeated war-
Imgs thot this wus 0 mech more
demunnding  Gurtlcalan, with
higher demands than previous
Grode 14 syllabuses, Teachers
aiiid L.'.l.ﬂll. I8 W b |',\|l|.|1 ik fiil
Im mire effort nnd, whaere they
il thew s dvmie sl

Cnhers hove fell the conse-
guenee of not dolng =0, and will
now meed o di soeme |.':|I|.'|I.:|Ilt
up. Im 207, the new currice-
Jena will b csllerasl bn grades &,
“oandd 11, andd wlih machs now
a compalsory sufiject through
aHEl |-|.'hl-ul-1. Wb o @Xpact o
see sonbe fopclass maircs as
Iremm 20HKG,

With the passage of the FET
Colleges At im 200, the new
LT il mene the @ifects of this
legislstion, including  proni.
slems ke eadl-gokernarsse, FET
oalleges will be expected Lo of-
ler comrses In direct response
Ld# 1|L|.|I.|.'\I|].' necds, @8 '||||..'|| =
high-spaslity, thresyear pro-
grommes To sl The demand
for mitermedinte snd high-level
alulls,

Iiv mapgpsiiie o
grosvth, the country also needs
ligh-lewad ekills, researchy anc
iemoantlan. n 2000, adcizianal
funcls were nllocoied 0 se
lectad anversitles to Hiceskse
atpEt in specialised] oreas ke
andiveering, ol in 2087 ajd-
nificamt resoarces will agoin be

scelepaned

E.I'I'III'I
channedL.

Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and
Bam-7am Saturday and Sunday

Doecrmm - Aot
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dhven to Institetions thoe hae
demonstrared the ciguscity o
moreass enmalmenis and sue-
s males, eepeciofh among
Afrlean sudenis,

The Depariment of Educa
i st help eoshare thee ben-
efits af this aceelersied growih
I dinim & s aiCembiom o @
gpualiny of education that we of-
ter poor, mosthy roral, comma
mitis. The coitipuing absenee
of water and sanbsiion In more
than 1000 gchiads s mmssspl-
alda, amd decisiva staps will
b tnbeen an ol indrosirocoure
s o,

Mure than 340K poor sehioods
will engow in 2007 their now
wlat A a8 i fea sclignds”, This
will umdembiedly benetit mony
Ferieso holids et have sriagghad
o fimd school fees Some $07%
ol ehilchren will amend ne-fee
wchisole, thanks do ficreisssl
provinelsl alloentlans o these
s e Thise messaroes mmsl
maw e well used by the schools
Lo amenre Lhal “mo-fee sohonls”
Iz melicenls of elolew, of
terimg ke best educotion o
Tha poriret, whio i {0 et

Paremis will also be assisied
I the Gaoidelmes om Solosal

Uniformma, pablished in 2004,
which Edas thiit  schiols
adops simple uniiems, suit-
alsle for amar saltropiond Alrioam
climale. They also preseribe
thini n child who denuinely can
wol affard a umiform sleeld e
assisted v the school

The Darther proviesm of e
soprees o poor schoals will be
given  attention through the
s [Duality lgosensnt
amd Developmient  Sirategy]
apliftment programme, which
Fume adready psen the delivery
od rending booles b0 more than
JiNE  mohools. with  anctha
WK} targeied for 2007,

Buzanries nre om oller L
futaie tssichars, wha will s
comiracted to the Depantment
ol Edacation on |.'|:-|"|1|‘l1|ll|||||
of their studles, Soademis will
I mebsdond aeoording o Chair
tsching subjects, with prafe-
eoee folng in students from
roral aress, Fon atodents will
alsa be consldersd dor thelr
commmitmsent, g their audr-
ability for the prodessiom — we
want the hrightest mnd the besn
ol o vomilhy,

A mufor expansion of the =l
woaliom svatem b alas needsl.

b vastly increasing sccess b
Btk brning.

Edsesilon cumilmues o be
a cenitral pillar of our desal-
cpment, and the department
will condinue to eliminnee bod
proactice, okl replicate the
dood, O the 114 schoals that
parlmmesd Pebow 20% fn 3005,
S improved this year, Some
moved jusi above H¥% ond
soivie Cos aroiend SO%, b seven
of them myoved v above S0% in
20006 — p remarhalse sohbove-
e,

Thi=z I= ke evidence that cur
childron are imdocd capahle,
thui more of them can do well,
aml that sohoals can makie a
differvees proviled thiy o
cebve the mecessary sapport
amd hasic resotiroes for tech.
Ing smd learning.

O appeal s that a5 0 na
piinn, we should emdeivons i
previde nll nar schools with the
aflirmetion. the swpport amil
thie resources they need, sowe
vam in Burm demand of them
laittarr parforimanes. Thar i
cir paith tee the futire.

Dnicsn Himdde is Direouor
Ciemerul of the Department of

Educaiion

1, This arscle sppears on pape 25 whemeas the prevous arbsle appeared on sage 4. 15 this

significand?

2. What is the functon of the cartoon?

Whe weole the arbicle? B this significant? Wirle a response to the arbcle and compas

wilh & friend

Activity 3

1. We axpact the earlier addicles in the tewspaper o b news reports with mosily facts. We
sxpect the |ater articles to be under the hesdirg: Naws and Opinion, so we expect these
artiches b be gving us the jourmalist's point of vies, tagsther with the factual evidence to
suppart that poert of wiew,

ud

Tha cardoon at the Sop of the article akarts us 1o the fact thal this section of the
newspaper will include opimeon, You should descuss what poent the caroenist (= making
and wihether or not you agree with it

Uher Gotoon introduces the idea of discipline and what disciplioe in schools should be,
| thes focus continued in the arcle el

3. Lok at who wrote the ariclke: Duncan Hind%e. Lock at the end of the article where this
parsen s entified: ba g the Director-Genesal of the Departrment of BEdwcabon

If this par=an iz a [5G, are you expecting the arbcle &= & whole to praise o cnbciss the
Education Depastrmeant? We would expect bem 1o be fair and batanced in bes opinions
but we would ot empect open critcism of his own department = =0 public a forem!

Read the aiche and decsde what opinken i3 presented and what facts ae used 1o
suppart that opreon. Then decide whether ar nat you agree with Duncan Hindle. Plan
your responses makie sure you hiws a few main points to make {wour opinion, Then
wite down all the lacts o eddence you will wse o seppor thal opman,

Helpful tips

One way of conveying bias i= through the choess of Facks. Al the infoermation that is reparted
can be tue, bt the suthor can deliberately chocse to aport only the information that suits his
or her pueposas

Cpinion or bas js often quite difficed o see, The more subtis kinds of bias often go
undatected. Look owt for arfickes whare faots have bean sefected bo create & cerfain mpressson
about an incident that ooocurred.

For exmampde, & Sunday Tirmes arhicle stated that a white school pancspal was racist because
she refused & black child accommadatson in her boanding school.  This needs lots of thaught.
What might be reasons OTHER THAN racism? What questons would you like 1o ask the
principad, the chikd or the child’s parents BEFZRE dieciding that thes principal is racs=t? Sha
rreghl wy el b racisl, butl cae wa maske thal decision based soéely on bar refusal 1o allow

Answers and Assessment
Acti\ritr 1

The headline declaras two things:
That Sunday Times s the readers favousite newspaper,
That Sunday Times is gstting betizr,

In the asticle dself, thers are no facts whatsoeer to proyve that thes nesspaper &
any partculsr reader’s favounts or fo prove thet this nevispaper is the most popular
nenwspaper pimed on & Sunday. You might argue that there are facls o show the
cinculation figures but the arbcle itzalf does not provids these facks

Ax for the claim thal the newspapes is geffing bates: you would have fo read e vanioes
articles and decide for youese®, All you lnow friom the arliciz is that the newspaper has
made wancous changes which the editor hopss will prove exciting to the readers.

A:':Hwty 2

The statesfics previde one King of svidence; these statstics gve the rsults of thres years
of matnic examinations in terms of the pass rete and the endosement rate ([those who
can abend tertiary education]. This kind of factwal evidenca helps o0 make the arbcla
move authontative and raliabde. The reader feefs she can judge for harsalf by koking at
fhe aidence,

The jourmalist focuses on schools whose matnc pass rates are sppalling.
The govesnmant is Harming princigals of sshools where oo many kamees fail matnc
The action that will be taken-
= Principgals will be removed and given admsrestrative jobs
= Principals will be sanl to good schocls and mestored.
= Principals will have thelr salanes decreased
Howeser, it is alsy eported that:

= Govermnment officials @ change of these schoals will alse be financally penalised o
demncted or given a differznt job.
= Poar teachers will alsc ba dealt with.

Thesefore, the headline 5 mostly aocwste but does not coves svanone whaim the
degartment will tangst as being responsdtle for pooe education,

Communication: Listen up and make yourself heard

Good communication means others easily undarstand your messages and you listen
to others with understandsng. Foor comamunecation can lead o misundesstandings,
frustration, resentment and even bmken relationshaps.

How do we communicate?
Messages aren't just sent wsing woeds, 'We alsa commurecate i a number of pther ways:

= [Body language — the wsa of eye contact, facial espressions, stance and gestunes can t=d peapke if
wi'ne pucibed, seased, bamed, amised or neroUE

= Woice — ihetans, pilch, wéume and expression of woice halps io express humour, smolions and
sarCasm,

= [Dress - aur clothas and appearance send messages about our status, profession and permonalily,

Think aaut your body langusge, wooe and oeess in differsnd Stuations, Whal messapes were yoi
sending aul? Wens [ess e messapss you mear o ssnd?

Tips to communicate betber

o Uss *" statements

Saing. | am not swee | completaly wdartand” insead of. “You aren't making youmssf cear®,
communicates wour cancem withcis Baming samecne

#  Listen fo heas and understar

Lat peaple ko you ae bekaning by masing sye comact, asking guestions and encowaging them &
conbanoe speaking, When 1he person has Snished speafong, check thal yow undesshood by recapping
the main pols in yor can waids.

& Handla conflicl with gace

When dealing wagh a bully, agpmssion or unfalr eeiticem, respond Ina calm and polits manner
Shotting back will crily make e situaiion womse and @ kowers you Io the ofher persan's level

& Acknowledpe other pecple's emobons

Every sfory has two sades, Listen 1o tha otheer peesons views and realise that sveryone has the nght
b their opdrisn. Ones he aiher persan has finished speaking, pressnl yoir side wilhoul eriticising or
Ignaeing the obhest person's dies),

& [on'l make asaumpons

the Black child into her boarding school? I yau deen sure, ASK! IF 2amething is bobfeiing you, don assome I will g2l belisr - asi for help oo
; : ; gapiess your concem before & small problam bepomes bipge:
You nesd to start lockeng carefully at what s provided in fsxts but a%=s0 at what is 1eft out!
il
Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and
Bam-7am Saturday and Sunday arm n
Lo wrwr o Coacnam an n E



ISSUE 13 SEPTEMBER 2007

STUDY MATE Grades 8-12 5

Linear Programming

1. Historical background

Proflems sasking fo maximize {or minimize) a numearical function of a number of variables,
subject fo cortaan constrarts, form o general class known as aplimazateon poblams. Theses
problems were first encountersd in the physical sciences and led 1o the development of

such techmesgues &= differential cakoulus and the calculus of variations. More recantly new
optimization pobéams have emesged in the fisld of economics Tor which the above techniques
wara found o be of lim#ed use. These problems am known as progamming problerres

ard are concerried with deterrmineg apfimal Slecatons of limited resources to moet gwan
obpectives, More spacifically, thay are cancermed with situatons wheme a aumber of esouces
{eLg. parsannel, materials, land, etc.] are combined to yield one or mome products, Thare

am, howewar, restrictions on the fofa! amount of each rescurce, the total amaurt of products
required, the guality of the products, ste. The pobéam is fo determana that allocation of
resowecas which will ethes rinemize h cosls invoiwed, or dffeenatively maadmise the peelil

Lireas programiming problems are programmang problems inwhich 88 refatsonships betwesn
wanables are linear. The ganeral linear prograrmming problem was first formulated and sclved
by Geopa B, Dantag s 1947, His mathod of solutan Is Krown as the asmplex algonthm

2. Example of a Linear Programming problem

Cansider a factoey which has three types of machines, Machines A, B and C, and whach tumns
ot fowr products, Poducts 1, 2, 3 and 4. Each of the products has fo undargo some sort of
precmssang an sach maching (in the same ssquence of activity),

The tabée below shows the processing time par product per machine, the unit profi par
product and the total ime availabls par machine per weskh. For eample. Maching tyoe &
recuires 1.6 hours b produse 1 unit of Prodect 1. We wish o delerning the weelly oulpol
for mach product In ordar fo maimeage profils,

Wachica e LT T
: 1 2 | 3 4
A 1,5 1 2.4 a 2000
B 1 5 E 35 8 000
R 15 3 35 u 5 000
Unitproft | 624 | 730 | B34 | ais | |

Suppose 1, represents the number of units produced of product j. The value of x cannot be
increased arbefranky, because machine time &= limited.

3.1 Examples
1.1 Maxirmse o = Br + 3y subpeit o the following constrasnls:
Ar+ Bp<cib
By + 2y =10
¥yl
x20
Thase conslraints become, respectnly-

'r-i—gr-fl

'|i-::-,.|: +5
yz0
rz0

The feasibke region d.e, the sef of poings = the plane satishang the constraints

and the nomenegativity msinctons) is tha shaded mgion in the figure balow. In
v glassoorn you wodd probably basa a membar ol delferantly shaded mapons,
represanbing the diferent corstraints, The inequality v < g'r 305 represenbedd by
shading #| points on o balow he line y < -%1‘ + 3; similarly The Inequatity

¥= -E-.J.' B 15 repeeried by shading all maints an or below the ke v < -§.'r + 5,
Thar inequaldy v = 0I5 represented by shading all points on o above The vaais; the
inequiatily v = 0 15 mopetanled by shademg all paints an or 19 the nght ol the y-agis,
Faar s it weculd b quite dilfcull 1o sse which regscn 15 shaded in Tour dildgrent
ways Uor B four imegualities] and s thaes shade anly the feasible mpion in
Figure 3.1, If would b a good siea to practise shading the dfferand regions, as
chesenibae] abowe, 50 hal you can sem how he Sasbie region wins debemined,

Faasildn regin

Thasm, the machines of type A are 0 e o

{L5r, + Le, + 2.4x, + Lz} hours per week,
e thiat we st noye:

1By +a,+ 240, +3, 52000 ... 131}

1t weiild beowiong b use anly an = g n the above nequality, because them might not be
any combenatson of production rates which would wse each mechine type to capacity, and we
dio mot wash b predict whach machines are o be usad to capacity.)

Zamilarly, we must have for type B and G machenes, respectivehy:
X, + B, + x, + 3,6, 28000 . [3.2)
l,5x + 3r, + 3.5x, + 5, 5000 .., (3.3
Zarce, furthesmore, we cannat produce negative guantifies of any peoduct, we must hawve:
xe0i=1.234, 134
Thaa total profit par week fo be mamized 15 7. where-
r=5024r + 7 30x, + B34 + 4, 18Bx, .. (3.5)

The above is clearly a prograsmming problem, and furthermaore it is linsas, since adl
ralaticnships (310 10 (3,50 am braas,

Inequafties (3.1} to [3.3] are known a= the constraints.
Ireruatly (3.4] a0 known a4 tha non-negativity restriction
Equation {3, 5} = known &= the abjective functien.

It 15 worth noting thal evan ko the above very simpio case tha problen is non-irivial Land
hence will not be solved hers) and the optimal produect mix s fas from oliviges

3. Graphical methods

Simphe Lingas Programming probiems (LPPs) imealving only twe variables can easily be sohed
by a praphic mathod, The geomedricsd (praphecall interpretation of LPPs wilh bwo variables
o5 fuite impodtant and provides o gieat deal of insight ina the structwe of poblams with mose
vanabées, The Tollowing examples are given to devedop a greater understanding of the graghs
af inequalites, and the relavant aptimization technigues.

Ay paind in the leasiblo regon is Known as a feasible solution,
The feasitle region is Bourded by
[y the bwo co-ardinate asas {the non-negabvity restnclions ensure hal a8
Teasibhe solutkens must lie in the first guadrant)
L) the lme 3v + By = 15 {the first constraint 3x + Sv 5 15 ersures
tiat the feasible region (5 on or Bakew the line ¥ = —i; £ 3 the bne
b + 2y = 10 (he =2cond constraint by + 29 £ 10 ensues that the
feasible region = onor below the liney = —gr + 5}

Mow, for each walue of 2, the line 2 = Sx + 3y &= a straight Ene. Bt can be rawvitten
a5 = —gr 4 g Allzwing = to vary gererates a st of parallel straight lines

{2 increazes when these lines are shifted to the upper fght as indicated by the
bro&en lines in Figure 3.2).

It iz now immadiataly cbyvious that the optimed sofution to the problem i given by
the upper right corner of the feasibda region. This is the point whese the two lines
3x + Gy < 16 and Bx + 2y £ 10 intersect. Using 8 cadzulator we fird that thes poant
has the coordinates v = 1,063 and x = 2,368, The associated walue of z is 12,37,

Flgure 3.2

3.1.2  The=ame prablem as 3.1.1, but with the objechive funchon changed to
o= by + 2v. gives the illowing [only the feasible region has been shaded):

Wilth acknowledgament 1o The South Alrican Maths Foundation,
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G+ 2y =10, 4
\31 14 R

[masstie repim

TR

Figure 3.3

The lines mpresanting 2 = Hx + 2y are now paralial fo one of the adgss of the
feasible rpan, since both the ohjecfive funclion and ore of the constraints hawve the

same shope. Thes means that there iz no longer a uregue =olution, but that the entire Figare 3.4

line segment fram tha poimt of intersection of the two constraing lines o @ gives

optimal salutions. Mote however that as in 3.1.1 at least one corner of the feasitla In this case the feasibla region is unbounded i.e. there are many feasible sclulions
region gives an optimal solution. This is indscated by the shaded area.

04 Madmize = = 3x - 2y subgect to the follawng constraints:
The two examples abowe illustrase normal (we®-bahaved] LPPs. The nest two will

; +¥=1
illustrate two possibie exceptonal cases. *r.)
2r+ 2yz4
213 Maxmge ;= 2+ 2y subject o the following constraints: ved
I=y =] xzd
—]-EJ: Fyse Thesa constraints become:
yzl yE—k + 1
tz0 yiz-x+ 2
y=il
x =i
The feazible region thus consists of all poents
3
on o below the liney = - £+ 1, Fresn these few exampias we can make the following gereralizations:
e e AL iy The feasbis {if there is onel is al [i8. for any 1
e AL e sRE i camba megion i5 onel is always a convvax sed [Le, for any o
&0 o 10 the night of the y-axis. paintz in the feesible region, the entire Bre segment joening these poants lies
Im Figure 3.5 only the first two insgualities are represented, and from these it is Trigne feasiie mglon),
ATHC MY CMAF AL T 2 T Pl R e U R onanitl, fii) Whenever the optimal valus of £ is firite, @ comer of the feasible region will
e the optimal solubian,
¥
'I-'ﬂ'fl It can e proved that thess two chservations are in generad frue.
o4 Tha above examples ato illustrate important facts concarming lingar
s programming protlems, These facks can be summarizaed as foSows:
14 f
£ fin=—x+2 iy A linear programming (LR} protdem is the problem of maximizing o
5 fix) = -+ 2 minimizing & linear funchon subjest 1o a finite nember of linear constrans
g =—g 40 (1) The linsar function that (5 to e magimaeed or minimized in g LP groflem g
o called the chjective function.
et ] m i) Mumbers that satisfy all the constraings of 3 LP problem conatitee a

: - faasible scéution of that pobéam

‘ ‘\é‘\{ (iv) A feasible solution that rmasimizes of miremizes the obpective function

i5 called an optimal sslutien, The comesponding value of he objective
functicn is called the optimal value of the probéem

-
—
L |

Figere 3,5

" i ) i b ek T [vh Mot every LF problern has s unigue ogtimal soluton, Some problems have
ince there are no points salisfying the canstraints we say the pobiem is infeasible. {This is } : ; .
indicated by the fact that the shaded arsas on the graph do not overlap), many different solutions and others have no optimal sclution at all.

ROTE: The ocourrence of unbownded regons and infeasible solutions is in practos wsweally [vi) Problems that have no feasible solutions are called infeasibée.

due 1o mconact formulation of the problem.

(v} Problems that have many feasibie solutions are called unboundsd

vilil A LP peobdsm is said 1o be in stindard Tom when a8 the constraints am
linzar inequalities and all varables are non-negative.

h ack I h ' F i,
With acknowledgement to The South African Maths Foundation EITHH
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4. Prior knowledge required for Linear Programming

(al  Knowledps of linear squatons:

il
il
iy

L

solution of linear equations
standend formn of linear equations
graphs of linear eguations

algetrae solutons of simafanenis linsss efuations

(b Knowledgs of linsar inequalities:

il

salition ol lnesar inegualibes

5. Revision Exercises

5.1 Graphs of linear equations and inegualities

(] Hawse linear equabons and shalch grapis of These lunclions (starl wilh P
exjuation m neestandasd foern; wnle In standard lorm and then painl ol
praciant, y-inteoepl and y-orfercegd; ose inbencepl matbod b draw praghs
indicaling poslive and negative skopes; lind the pomt of infarsecton of line
graphs using the alpetrai method)

Example 1

Winite e following equatons in standad foom and then draw the graph thal represents ench
Equation:

(3} 4=Z2y=x= [} (negalive sk

(by 2%-3y + & = 0 |postive slops)
Salutson

(a}l w —%l.' L 2

fhy ¥= gt £

The point of intersaection of the twa lines, i.e. the simultanacus solubon of (ad and (B), isx =0
armd vy = 2.

{d] The graph of v = 1 +

Then shade in your diagram to show The regions representing
(dl y¥—1 23

e v=2rg]

ifl yz-4
Solutsons
Lal, thl, 1s)

Jixl r+ 1

¥
Figure 5.1

lil Revise linear inegualites and shetch praphs of inequalities:

Example 2

Diraw the graphs of:
8l »—1=x
bl v+2x=1
cl y o= =4

dia I.-Plr
o0

+ B B 7 & 9 1

¥

flgh = =4 _

i Figure 5.3

ME: The line ¥ = x + 1 15 shown as a dotled line since onty paints that satisfy vy =5 + 1 e
rejLined,
L ]
Figura 5.2
b
h Wilth acknowledgament o The South African Maths Foundation, A
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el Thegrapholy+ 2v=1:

B =2+1

2 5 4 6 & 7 & 9 10"

Figura 5.4

Example 3
araph the sohufion set of the Soliowing systermn of lingar inequalites;

yz-1

r+2y-8<0
Salutian

ye-1

I
¥= + 4
5 ¥

i Thegraphof y 2=4:

& ool - -4

Figure 5.5

5.2 Graphs of simultaneous lingar inequalities
(id I the fellowing examgle one of the insgualities invabvas a ling paraBal 1o
one of the aes,

Example 4
Graph the solution set of the following system of inagualites.

¥-2y+ 420
Zy—x+ 220

Solution
Tha inagualities may be rewnttan as fllows:

}'i-}@:+ 2
yz%:—l

X
Figura 5.6
The sclution sat iz whara the shaded areas overlap. .
In e Tolowing axamphe the two lines ane paralled, :
The solution set is where the shaded areas overtap.
With acknowledgement to The South African Maths Foundation, amm
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In the lofswing examphs we have thres inequalitees,

Example 5
Graph the sefution sef aof the Sollowing negualities
yz-B
v+ 2y-Bs50
fx—-v—-6Bs{
Salution
The inequalfies can be rewntten, J'rl
respectively, as follows: a5,
yz-B |
}-5—‘5__,1.' L4 o
yzd1-46 i Ix-y-6=10
154
r+ 2y-8=10
10
- T PR T -5 g i 5 1 an it
|/ solutien sst
y==h 7 HH‘"‘M,
|'|_
15
SR
¥
Figure 5.8

(bd The gaofit on moded X s RSO0 and on model Y it = R250, Defermene,

(i1 the member of sets of sach modal o be manufachired wesakly for 5
rnairmusm profit.

Wl She masmum profd

Solutson

Wiz must choose the vanables of the objective funchon first, Winal we wand 1o do s o
ranufacture & certaln number of 22t 10 maximize the profit. Hence the nember of ssts g
what will datarmine the maxirmem. Therefore we kat

number of T4 sels of micdel X prociuced -
number of TV =at= of model ¥ produced = %
profid = P
The objective function in this case 15 given by P = B00r + 250y,
W row niesd b lind the corstraints (pay parlicadar attenton to the words in bald &t
f1 AT keast ane sat of both models must be produced:
gl andyz ]
M B: At least one’ means ‘oneor moe than one’, and we thas use z
fiiny At most & sets of moded X must be produced:
i=h
MNB: M most &' means 'S or less han &' and we this use <
diiy AL mcst 5 sets of moded Y must be produced:
¥55
MB: Bt most 5 means 'S or less than &', 50 we e =

It takes & howrs {0 produce model X and 4 hours for moded Y, whele a
woeking weak comprises of 20 hows. It follows that:

By + 4y = 4]

MB: & working wesk of 40 howrs means that the nember of available hours (s 40 o less,
50 we use 5 nobe also that iF 1§ takes 5 bodrs o produce §osst of model X, if takes 10
howrs (e, 2 « 5 hours to produce 2 sets, 15 hours fie. 3 = 5 hours) to produce 3
sets, eto,, 50 thal it takes S < xhours, La, By hows, fo produce xosets of Modal X, Tha
tarm 4y is obtained in 4 simibar way,

il

Tha solulion sel s given by the shaded area

6. Linear Programming Exercises

B.1 Hints on sclving LP problems using the graphical methed
Uy Always chooss the vanables of the objective function first 0.e, fiest fing what
must be magmized o minimized and then assign vanables fo these). All
the constraints must then be writien in tenns of these varables
(i) Like corefraints most be gouped G2, money with money, massas with
massas, B4 bo essign the vanables.

The slope of the objsctive funchon is used to draw the seanch ling, The
seanch lna &= tha fine used bo find the maxkimum or minirmum of the
oibjectrve function when it is wrthen in standard form, that is, v is the
subject of the formula. Mot that for grade 11 the mesimum ar merimum
iz found by a memerical search along the boundary of the feasible region.

fiiil

(vl The minimum or masmum 8ways occurs al o verfes of the feasible region
or on 2 boundary lima if there 15 ro umgue solulion o the protlem, 30
when you wank 80 maximaee you ans kooking for a vertex as fae 25 possible
from the odgin, IF you wand to minimae you ane looking For a verbax as

Gloss A% passbla o tha angn

The =earch line must not go tough the feasible rrgon bat must shll
touch it {this Wil happen al one of the vestices),

v

Example &

A cartain manwtaciurer of television ssts operates o a weeklly bass and produces two
modeds, ie a moded X feolourd and a model ¥ (black and whitel. At least one et of both
modeds and 3 mosd & sels of model X and 5 sels of model ¥, must be manufaciuresd weekly

It tabiss 5 howirg to producs moded 3 and & hedrs for mocdel ¥ while o workong wesk
comprises of 40 howrs. Twice &= many woehers are nacessany to produce model X than model
Y. while at least 2ight workers are constantly occupied in the manufacturing process.

{a)  Represent the data slgebeaically and graphicafly, Use your graph o determing the
faasible regicn for the rember of each moded which can be menufactured weebdy,
taking into accoundt the restictiors mertioned.

MNE: 'Twce ag many &5 meeng the nurmber we ae comparnng with, mufliplied by 2', and we
thus have &« 2, ie 2o ‘sl last B' mears ‘exactly 8 or more than 2 and wea thus use 2

In crgher o draw fha graph we use the fllowsrg atle:

INTERCEPTS
CONSTRAINTS x )
W ov=1 1 -
il v=1 - 1
lill x=6 o =
(Wl v=58 - 5
wl Sy + 4y = 40 b= 10
|_I;'.IIJ x+yv==8 4 B
Fﬂ ot £
|_|
AN
N
r -\ P nifl o iegdinn
&4
- I"'.B 1 =0
: [~
4 ><
3 o
i \\ -
' % o TN
b ':'t-:-yiey. B oo |
! I
L drtw=H Er 4+ dy = di
Figure 5.9

The fea=dble region is the shaded sea.

el Tweow a5 mary workars ae necassary to poduce model £ tran medel B From the méormatson glven we know that the profil (P) can be stated as Tolkows:
Y, while af least B workiers ang constantly occupssd o the manufagtunng P = 500 + 250y
process, We thus hawe: - g
2y +yzxH Thes is the obssctne funchon thal needs 1o be maximized subject b the above consiraints,
1d
armn Wilth acknowledgament 1o The South Alrican Maths Foundation,
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(i1 For grade 1] we do the following

The grade 11 metmad = based on & nurnencal search aleng the boundary of the feasibia
regeon. This requines us to find the vertices A, B, C, D, and £ To find vertces &, 8, C, 0 and
E. respectivmly, wee mrast i tha painks of irfersecion of he lines

v=landy =-25+ 8 ()
y = § and y 25 + 8 (8}
y=Sandy=-3¢+10  (C]
v=Gandy=-3r+ 10 (@
X = Gandy = 1 {E}
The co-mrdineses of the vertteg ag wieldl a8 the comesponding values 1or e abpctive function

are given in the following table

Mertex Coordinates Profit P
X ¥ P = BOQr + 250w

H 3 ANgEE o & | & 250

g J * change k= 2 ] 2 250

= 4 5 3250

] b 29" cHar o 2 3 500

E f I 3250

® Sinca fractions of Eelewsion sste afe not allowed these valuss have 1o change to whole
numiess. The new value rmest howaver still ba in the feasible region.

Fom the above tabke i i chear that magiormem poolit oecurs at vedex

Hance & stz of mode! X and 2 ssts of moded ¥ should be manufactuered for maximaen profit.
For grade 12 we do the following

Wa make v the subyect of the farmula P = B00x + 250w and we obtain v = 21 + :'.;,:l
e draw & seanch lime wsing the -;I'I lor slope. The saanch ling 1S hen

maved paratsl 1o itself im order 1o find a vertex where the search line fowches the feasibie area
withaul passing through 4. From ha graph e find thal the coomdinates of this varles T am

local SABC radio station
and

Learning Channel
fnr free extra

=3, For mamimum prolif, & sels of model X and 2 sets of modal ¥ shouwld be mamafaciiimd (we
CAaNnGl uEe 2z 20 we choose the furthest appropnate gaint in the feasitde regaon, which g )

i) Max P = B0{KE} + 25042 = 3 500
Tha followsrg axarcizes can now be altemebed
{a) & carpanter makes two types of tables, X and ¥ He hes 600 m® floor space
avmlable. Tabke ¥ requires 50 m® floor space and table ¥ 60 mr. He can only &ford
to invest A1 600 in equipment that amounts to R160 per table X and R100 pe
tatale ¥, Hi doas nol have ancugh skiled Babourers 1o make more than & aS5les of
fype X
Ly Write down the snegualities 10 IDustrate the data above
(i) Represent the inequalites graphically and ceedly shade the feasibe egion
fiiil The prafit on each type of table is the same, and tha time fo make
gach one, is the sama. How many tabiss of each type can be mads
simuSanecusly 1o enswe maximum profit?

{01 The owner of & chabhing Tactory infends 0 manufaciune shorls and trousars, &
rmaximuem of B0 gairs of sharts and 40 gairs of roesens San be manuiactiuied per
day. Mo mone than 70 items can be mads PeEr U.:n It takes 5§ hours to manufacture
a pair of shorts, and 10 hows for a pair of trowsers. A fotal of 500 working bours &
avasaie

Cid Write diowwn 3 sef ol inegualiies b ustzabs the msinclions

L) Diraw fhe necessary @raphs o enabie yod 10 shade fhe feasible region

Ll I each paer of Shorts viekds g profit of K15 each and each pair of trousarns
25, wribe down an obpesbive Tunchon which will enable you o determine
e prcdit

(v} Determine the maxmum profit
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ELECTROSTATICS

Electrical charge, force between charges
and capacitance

OVERVIEW

This kesson |5 aboul charpe and the behaviour of charpe urdar vatious circumstinces
Remember that phwsics is & study of the inferactans of inaremate matier in the userss
That's a fancy way of saying “how bodies intzract.” We aren't immediatety interested heare in
tha orgamic causes of motion, e.g. what makes the muscles wark. {Muscle physkclogy is about
the chamistiy of living systerns and chemistey s simply phesics on o micrascopic scak 5o

I's all physics in the e = evan though biologests and chamists may nol agresl]. Wihal we

are misrested in here s foices — the agency of mosement — amd the onging of foces, In thas
leszon we will deal, in particular, with efectostatic chasge, how it behaves, the natwe of fieflds
ard what forces arise whan charges interact.

FORCES

You hawe bearmd aboul foroes and the effect of foroes, Dne must mmembar that regandiess
of the source of the force on g bedy with mass (any body with mass can be efered o ag
“messive” without meaning “huge” or “large in size™)

= My force has the abelity b make sometbing mode: keep (| moging, o change os motion,
= Blotion can be in g ling, along a curve, or 3 combenation of thase tao

CHARGE: A PROPERTY OF MATTER

= Charge can be described as a fundamental propery of matter, just as mass .

= I this beszon we will ook at the forcs imechved whan charge interacts with charpe.

> In the sarme way that rmatler inbaracts with other matter because of its mass {the
gravitatonal mierachond, matkar con also mieracl with oltar matter because al s chage

When chaigas interact, we can et ether repuison o atiraction because two kinds of
charge exist. By contrast, there is only one kind of mass, which is why theme = only 5
gravitational attraction and no gravtational repulsicn

¥

Pelichael Faraday (1791-1867) did muuch
tessinch o I.'B."i.'l.l'il.l.l.':,'. Tu -'.‘Rphun hs
vinderstanding of charge 0 the regula
|lectures be gave (o the !‘H.Ihﬁl: and o
chaldren, Farsday used special diagrams

to dlustrate electric Aelds. The e of an
clectrical Beld aross 'H'I.r-lwh el work of
Faraday amwd other scientists, A ebecmic
Fedd was defimed a5 & re-gjnn ora "ﬁl'h'li'.:'_:l
m which electrscal efbects can be observed
or felt. The words “region” or “space” are
iisee] mighier then "irea™ becaise an ana
refers b0 fhat surfaces enly. Faraday also
dr'.-'clnpfﬂ rules for his d:i.gr.um bos shioy
muagnetic helds. These mlbes are now also
used to dnwrt?n.-wntt'l:inm ot electrical
Aelds aroiaid sketie clectibcal clorpes.

THE COMSERVATION OF CHARGE

“Charge can naither be created ner destroyad. ™ Thes statament &5 known as the principhe of
conservation of charge. Nobe the simalarity of thes principle to the prnciple of consarvation
ol energy. Bolh are so-called Yeonservabon laws®. In physics (hem ane seearal consarvadion
lzwis including enesgy-matter, charge and angular merentunm

When a single postive charge and a single negative changs combine, we pet a ret charga of
2ern, Bl this does nol masn that chasge has boen destroped! Thase charges ans s4ill presant
i the ahbject

When an elecirically neutmal body becomes positively charged, it does so becauss some
riegative chivge has kel ik Thal negatiee change shill exists, 8. i1 has mol been desirowed,
T the negative charge returms i the positively charged body, the body becormes neural once

AR

The basic smount ol negalive charge is the chargie Caeried by one eleciron,

e =16« 1050, Tha means thal when an electon leaves a body, the body has a positive
change equal to + 1,6 = 1. Ba the changs an an jon s =16 = 100 for every electron
that 2 added ar + 1.6 = 100 for every alection thal has been emoved, Therefore, althoagh
wa writz Fer* for the iron (1) o (when two electrons are rermoved from a newtral iron siom),
we know thet the charge resting on it is actually 2 = (+1,6 = 10P®Chor +3,.2 = 10-"°C.

called “electricity ", These doys we call it “elecinical chame”. Although

electrical charge is difficnlt to deseribe, we can say that (a) it & an _

accamulation of efectrical matter and (b) when this “electrical matter” II'J
) aceunulntes it can give rise to electrical effects that soe can obseree.,

i )

SOME FACTS ABOUT CHARGE

Chasge comes in two vaniehes. poedtive charge and negative charge

5 1
a In the early 17005, in the towm of Cegden in Holland, a dewvice called a &
Lewilen far was invented. The Leyden jar was used o store wiat was l,
j )
\
{

> Chesge is megswred in wnis of coulombs (C1. (1C s a very lasge chargel)

= A body can have both ds gravifational mass iml and an elecirostatic chargs caused by an
aoess of dalicsency of sactmans,

= Lnhke [Sffemenl 0 each olher) charges (+ and =} attract and ke (he sarme as aach
cther) charges (+ & + or — & =) repel

> Chasge can flow from cne place o ancther in matenals cefed conducionrs.
Flowing chargs i= refamad bo as cument (g - 1l

= Movingflowing electrcal chazas (i.e, curant} causes magnatic effects: a curent in a wirs
will Canss o miagnelic needle on a compass 16 dallec]

T

Atorm= ane eectically neutral but are known to consist of a pasitively charged nuclews
swrounded by moving, negative chasges called electrons

> lons are atoms of groups of atoms thet have had one or more electrons rermoved o an
which ona or more additional elecirons have been added. (lons can exist in solutionz, in
the air or in @ wacuum. )

= The charge on a negadive ion is =16 < 100 for avery electmon that has bean added
o + 16« VPG for every electron that has been removed. S0, athough we write Fe™
for the inan {I} ion, we know that the charge resting on that iom is actualy
(2% +16 = 1090l or+ 3.2 = 1IHHC

DIAGRAMS OF ELECTROSTATIC FIELDS

Winen we use field disgrams to represant elecing fiekss, we follow cefan rules

= Fuald Bnes have a direction.

= The direction of & feld Ene i= given by the path a poestive chage would mowe along in
that fiekd, 1.2 towards a negative charge and away from a positive charga. [Mabe: this iz
aln the dimclan of the fors that wauld act an that posileée charge. |

= Fupkl Bnes ame alwioys deown perpendiculis (e, at 3O b & charged surfaca

= Fuald Bres an drnem closar opether whanmn (he liedd 15 sirongarn, 8.5, closest e the changed
by, [ Meoba- thae negalivaly charged body abowe has a grester chasga on il than the
pesitively changed body, Mote the difference in dersdy of the fiesd lines a5 a result, |

= The strength of the field decreases wih the distance seay fom the charged body

TASK

Apply Tha neds and drow lings argund sach of these e gairs ol chages, & useld bint is
fo place an imagnary positive 1t charge st points acund e charges. limagene the dectan
and magreude of the resuftart force an the test charge, That will be the dirzction of the field
line at that pain

ﬁ Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and et
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L)
(h}

e = )

{Fiald dimgrams for the pairs of charges can be found in ANSWERE AND ASSESSMENT
&l ihe ahd of (hese essan noles, [

THE FORCE BETWEEN TWO CHARGED BODIES

Coulomb's Law states that: The farce af attraction or repwision between two paint charges /s

divectly propartional ta the product of the charges and inversely propariional to the sguam
of the dislance bedween them

held
Wi write Coulomby's Low as: | .
The law spaaks of "point charges" and the way we uss the formula when we apply the law iz

b assurme thal all of the charge an a bady acts as though # weme concentrabed al the canire of
fhe body, So the distance “r* is taken ag the distonee between the canfres

Thie vakuee of the proparfionaity conatant is taken as 9 x 107 Nm*C2, The units of k can
be seen from the formula. We have s=en a similar formula before: when we studied the
gravitatanad force

PROBLEM
Twa identical, charged bodies are brought imto contact {i.e. they touch) and are then

mowed apart b a distancs of 20.am., f the bodsss have initial charges of + 10uC and
«2ul, whal is the size of the fora on each bady after thay have teuched and bean

saparated?

Answer. I pmbéems like this, we must first determine the charges on the two bodies
AFTER they hawe touched. Whan they touch the electrons from the negatively charged
body will move onto the postively charged body. Because this bodies an dertical, the
negative charge will conbinue 1o flow until the ehasges an the twa bodies s equal.

To calculate how much chargs is on each body when they are saparated we o two simpls
caltulations: (a) How mich charge i availabla altopsther? (b What is hall of the total
charge?

Q. — +10uC + -2uC
= +&ul
Ha¥ of this charge will be left on each body ie +4uC = +4 « 10°C

When the fwo bodies holding thes amount of charge are separated by 20cm, the force
cetween them i:

F=”ﬁg

=36N
(This force is squal to the grawtational force, (6. the waipht of @ 360g mass. |

N T T e L T [
= f20 = 10-F

THE STRENGTH OF A FIELD

& fizld's strength can be fourd by measuning the siee of the force acting at that point. This
could be done by measwing the forcs on a mass pleced al & poent ina gravitational fiesd of @
chargz at a paint in an electric fisld, To measure aithar of thesa forges in a consistant way, we
miest measure the force on ene unit of either mass or charge.

B owe Kncew, o umed of mass i the kilogram, Therefare, o comamant way fo measwe the
strength of the field at 8 point @ that gravitabonad fisld = by measuring the force per unit
mass, i-e the force of gravity per kilogram at that poird

The prnciphs is acactly the sarme when we measue electric Held streagth (alss called
electrle fleld intensity! at & point in an ekctee figdd. The syimbal s E and obascusly this s
“the force par unit change” or the force per cowlom

it electrostatic and the grasitational lorces are both "rvesss squade laws” Invesa
sauare lawsg behave in the following way as we get further from the matter causing the
field, the strength of the fizld gats smaller and smafler by a fixed rato relsted to distance
For evary doubling of the distance from the change {or mass], the foms is reduced in
strength by the sguare of one half, i.e. the strength is guartered. o, if we move two
charpes 10 feee Limes the distance agart, The larce will beccene ane-ninth the stranglh,
and 50 o0

COMPARING G AND k

The difference betwesan the strengths of the electreatatic feld and the gravitational field
cian ke seen in the size of G and k, and in partscular by examining the powars of ten
inwalwed in the canstants. i we ignore the undts foe the moment, we ses thet whila

G =547 < 10 Mmkg* | the valus of k has a factor of 107 in it 10 is @ weny, very
small membwee {one divided by ene hundred thousand million, fo be ewact!) whareas 105
i5 & pilien. The difference betwesn the two faciors gives us a clue 1o the redative strengihs
of the electrostatic and gravitatonal fooces.

The rensons we usually see the gravitational force as being so Impressive (tha weaight of
a heawy obesct makes it difficult to [} while static electricity ceuses & tiny spark 2nd just
a brigf moment of discomfort is this: the Earth bas a mass of approimately & = 10°'&g
and this rcea than makes up foe the fact that the gravitational Torce 15 50 weak. Th
chigrge on an alectron, on the cther hand, 15 incredshly tiny 1.6 < 10-500 550 evan
though the value og k is large and there are a few billion glectrons in @ spark of static
elactricity, we are still dealing with a vary small force indsed,

USING COULOME'S LAW TO CALCULATE ELECTROSTATIC FORCE

Cine coulomb is @ wvery farge charpe. Prablems of this kind. thesafore, uswally speak of
nanecoulombs (0] or 10 coulombs or mierccuelomEs (UC) or 10-°C because these
charpes are more realestic, {One o0 af charge sH represents many, many elecions
if the charge on @ single efectnan @ 1 8 = [0FI°C can you show that, when there fa
ane nL of pegative charge on a body there must be an excess of about sfy bitllon
alpctrans?)

-, -
t’_rdd_jﬂ—'/—‘_’ X 1
Q i To find e fiskd strength
: at the painf X, we place &
T chavge

q, = 1Cal that poind.

Having placed the LT charge at X, we define the strength of the field &t thiat point as:

g

But we know, from Cowlormb's Law, the force that both @ and q, will expenience. {Remember
that the force of repulsion or attractson — we dont Enow which because we have not specifed

Ihz signs on thi bwo chargies = 5 the same ot both charpes as wa have an sction-nsaction
pair ) S0 we know that the electng field strength at X is

LT}

e N

g, r

Mo, a5 vou can readkly ses the electric fiekd strength (B &8 paint X (which can be a pon
anywhee in the fiekl at a distance o ffiom &) depends ondy on the size of @, the chargs
whiosa field we ame inferested in, and ¢, the squeee of the distance from the chags @. Sgain
we note that thane = an imverse square relationship =o the electric fiedd stremgth o inenesty
chac st ragidly 35 Fincroases,

ELECTRIC POTENTIAL AT A POINT IMN AN ELECTRIC FIELD

Winen we hear the word “pobental” meamioned in physics we a2 immediately on the alert for
sarmething to do with woek and ensgy. Here is the test: Was waork done in arder to move
something from ena point to anothar? | the answer is "yes" then we have a field. IfFit is a
grivatafional leld than somewhere tham s a moss thal s causing the fald, And 11l is an
lechnic liedd han somewhere (ke = a8 charge cauming ha held, (5 we place 2 "es] mass"
oF & “test charge" at a point, thesy if there s o grasiftational aF an electric fiekd thens, fhe fest
chjects will expenience 8 fonee .}

Mere if we are dealing with an eectne field and we mose & charge from ane paint % anothes
i the fiesd like this

Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and
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Study tha following talble and make sure you undarstand the information it gives and how 1he
conclusions are amived at The three important facts wou must rermamber are-

1, I cutsicker agenl Cike you) does work an a charge By eserting 3 foice on the
charge ad maving it some distancs (d), then tha work dors i5 stored 1IN or BY THE

ELECTRIC FIELD a= electrical paterdial ensny,

if & charge moves in a fiesd withowt an cutsade agent appiying a force, then WORK
15 DOME OM the chamgs BY THE FIELD fard the charnge will probably gasn in kinetic
erergy |E, | because it will increasa s welocityl.

i tha field dioes work on a chasga then the feld koses an amount of snergy equal fo
fhe wark il has done,

Q goes from ¥ io X
q positive | g expedencas § force away from & (in -H_Ej}hm ‘ON q against tha
0 pesitive | 1he direetson X e ¥) o work = done n#dll'hq hﬂ!ﬁn tﬂﬂ]fd:teh'rl
BY the field on q as #s kinetic anergy aﬁﬂ:mﬂﬂrh’ﬁ
I s,
q psitive | 'Work must b2 done QN g fo move it
Qi negatwa |10 the diection X to Y, and the work

dare is stored IN thi Reld a5 polentisl
ENErTy,

= We zay that if two paints in the field are at different potentals then thers i a polentiat
difference befwesn them,

= Wlork rmiust be dons bo move chieegs from a aw potential o a high pobartial — in obher

words, If we do work an a charge {as m a battery) we will incresse s poterdial,
= When & chamged body has had work done on it we say that potertial enengy has besn
stored in the field.

i O
F

W o= For = I -

The potanlial energy of 8 chasge (g) becawse of other charges (Q) can be given as

- h?:' ared can be used 1o calculale the polenfia! sragy of a charge becaisa of ofhar

chiarges. Wi cin dlss say thal *the aleciric potertial al @ point is the aleciical pobetial arargy
per unt chage®, e, the potential energy a pasitive test charge would kave IF il wena
placed at that point,

UNIFORM FIELDS

Bo far wie have anly looked af fields around single chaiges o pairs of changes, Those fields are
called “radial g™ Eesme the fied lines “radiate” oubwards from the chorge, I we DoE at
the field batween changed, pasallel plates, we get a differert and =eprising pictwe, Instead of
the field getting weaker a= we gat further from the chasge, we gt o fiefdd of unifomm strength.
This mueans that whareas wa 2o in the Rald belweaen (b plates, The Tiekd stoength i b

same. {The exception i that when we are close 1o the edges of the plates, the fieid becomes
“nan-urdomm® )

iWate thal we wse e word “cansfant” fo dencle something that does nof vary wath me, Le,
a5 e alapses e quanhly or charackersbc rermains anchanging and invarabiie. The ward
Lt i Bather used whet we g ol dealig with free aiansiag, A andern B i ome e
vt fhe il Stanglty i i sarmae al every paind in [hat Sofd, A conglan! feld & ane thal
i% e sane Mo malter wiben pou messure e The nesd issson pod vl 3es that ransformers
work bacauss of changlng efectrics and magretic fields, La feld that a= nailher corstant
noy o [

S

4 nisgalive
[ poaitive

q expariences a force towards @ (in
the direction ¥ te X1 5o work is done
OM g and this i slored [N the feld a5
porartal enengy,

q axparknces 3 force sway from @ (in
e direction X be Y] so work (s done
BY the fiekt on g &5 it kretic erengy
increazes.

£ negative
0 nagative

Mlake suna thad wou can Toller the lagic in sach case and wdesstand the SMamnog beleaen
work done O the feld nowhech case, ensrgy 1s stored [N the feld as polential energyl and
vinrk dong BY the fisld, in wihich cass the field boses potartial energy énd the change gains

kinetic energy.

gpostve [ Work mist be done OM g (o mowe i

@ negative |In the direction X o ¥, ard the work
done (g storad IN the fieid as potential
ENEEY.

O negative |g expariences a fonce towards @ (n

1 casinee | e direction ¥ o X1 so work s done

OMN g and this is stored IN the fisld as
poisntial ensegy,

Fead the twe shaded biocks sgain, The wording |s different. A they sayeg the same o
differart things? Winich wording oo yow thar is prefarabile?

POTEMTIAL DIFFERENCE IN AN ELECTRIC FIELD

The fam “potentiad difsrence” in physics is just os simple as i sesma IF work (3 donson &
charge to move it from X 10 Y then the work dore per unit change in getting it fom X Y is
the petential differenca. In fact, this = bow we define patertial difference.

Pid = "'l'.'l:5’!1:.':!'3!".Eh

W
V=-x

ELECTRIC FIELD STREMNGTH IN A UNIFORM FIELD

Itiz a litte more difficult to darive an equation for the strength of a uniform electric fisld, Bt
fhe equafion is & simgle one

E=Y whereV isthe porential difersnce acnss a palr of pargiel plates and d s the
separation of the plates (the distance batween tham), as ane s2es in the diagram above. The
umit of essctnc field sirength when calculated i thes way is *volis per metre® o Wime', This i=
the officzal, 5l unit bug NC' iz sl acceptable. especially when using E = Fig.

CAPACITANCE

As wie know, teo pamallel, conduching plates can store charga. We represant thes in the
familiar way

¥ou know from experiznce that we can get smafl efectne shooks dwing dry weather. Static
charge builds wp on youwr body from the friction of cloth on ciobh or clath on plastic surfaces,
gt When one gets close enough to a conductor {say a door handlel. the static chargs will
el The body suddenly @ 2 spark,

The snportant thing to mealise here 12 that the spad |wnps when Thee s 8 combinaton of
two factors: a sufficient amound of changs and a small enough gap to spark [or ®aac™) across.
It iz afz0 important to remember that whan two plates hoid chargs (as in the diagram above),
there will b2 a measwable potardial differenca acroes the plates. Thes also means that by
applying a potential diference aomss the plates i is possibie fo maintain chivge on the plales

Gseation: I we comy an increasing the potential difference acress 1o parallel plales, wil the
charge build ug just kesp on Increasing and Incieasing?

The answes ta the question bssn .

Learning Channel SABC1 broadcast 10am-12pm Monday to Friday and
bam-7am Saturday and Sunday
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CAPACITANCE

Capacitance s a measure of the amount of electic chamge that can b2 stored o kept sepaiate
{without sparking or acang aoroes the separating g@apd for a given electric pobartial for
potenbal diffarencel. [Obwiously, the word “capacitancs” ik ralsted fo “capacily™.)

Charge non plafes

+ 4+ + ++ + + + +

Gap (a} aad poteshal
aiiferance (V)

When the polential difierence (V) increases, the strength of the field increases, This mases
it easies for the charga 4q) to mowve. Similady, if W remains constant and the separation (d)
decreases, ehectic field sirengih increases and charge will move.

+ + + + +0

it is also obwicus that any non-conducting matesial [ cousd be an insulai) behyeen the
plates will affect the amaunt of charge that can be held on the plates. We call any matesial
that 1= placed betwesn twio charged plates a diebectric. The typs of material can be anything
fram @i b0 carbon 1o kathar 0 pagen. Every bype of malesal will Rase @ differant effect on
capaciiance because the rmolecwlar struciure of evary bype of matedal s diffesent and hence
its effect on change is different, W ol nod place & mefal batwaen tha plafes, Why nal?)

A set of paraBal plales which ¢ slore elecincal chamge is called o capacibor. |0 capacilars
there are ted dectrodes of canducion which are insulated fram one another, The charge an
the conductors (they could be plates of concenbic cylinders, for example) s +0 and -0

V represents the potertial difference between the electrodes/conducions.

The relatiorshep betwesn capacilance (C), change (Q) and potential difference (V) is gven
as:

4
c-

The switch is chosed and posites charge begins to flow from the battery fowards the poaitive
plate of the capacitor.

fz chasge ualds up on the red plate, opposite charge will build v on the blue plata. As this
hiaggpens, the potential dilfenance acmss Lhe capacilon fred and Blue plales] bulds up, 8
changs buskds up on the red plate, it becomes more and mose difficult for positaee charge to
leave the positive terminal of the batiery and currant decreaszes,

o
II

'

A% zome poenl, the capacity of the capacitance o hold cheegs = resched and the capacitor
dischaspes, releasing a large amount of charga vary suddenly. This can ba measured by an
ammales a5 & surge of cument,

+ =
||
|

A graph of petential difference acress the capacitor plates vs time can be drawn, (Make
sure that wou can match the parts of the gragh wath he bulld wp of chage.)

L)

Cagacitange, lheefom, an be dafined 2= the charge stoned pes voll. The unil of cagacitance
5 ame farad [1F), 1 famad = 1 coulamby par 1 volt

Resmiermioes that capacitance 15 telling us about the amount of electneat enargy that can b=
shoved] hecalsa that = e amount of enargy that (s reeaser] when we hive a discharge of
chargg.

Capacitance tells ws the mazimum charge that can e comtained on two plates for 8 gven
pobartial differenca. @ = CY (from ihe formula for the defintion of capacitance) talls us that if
the capacitance of a pair of plates is C, then for a potential differenge \, the masmum chargs
iz plates can bold is 0,

CAPACITORS

The capacitance of the marnity of capaciton used In elscironic circults 1= mach smalles than
one farad, mainly because the size of one coulomb of changz s ENORMOUS. (It works o
to 6,26 « 10" electrons, e & 250 000 CO0 000 000 CO0%, The most commaon units of
capacilance in wka in the electonics industry are tha millifared (mF}, micolacad (pFl, the
nanciarad (AF) and the pieofarad (pF), A capacitor’s capacitance can be calgulated if the
cdelectric propertes of the insulator betwesn the conductons are known,

A CAPACITOR IN A CIRCUIT

As we have sesn, a capaciir in a cireuit will store erergy and when a capacitor s wed 35 a
cirzuit desdce that will be itz main functon. When the value of G0 for 3 capacibor i excsaded,
it discharges, That means thee = a suddan surgs of charge in the circuit, 8. a sudden of
Gurmend, You will see that as the chargs Builds up dnd discharges wa gel o cumend (had pulses,
Thaz armaunt of resistance in the circed] (R and the sape of tho capacfanceiCl can be used fo
detedrring the [Ength of fime |F fakes for the capactor to diecharge (8 = RC), By adyusting BYC
1o bhe desired value, ans can build & ssmple circuit that “poetzes® 8t very regula intareats,

Sty these diagrams o get a picture of the flaw ol charge n a capacitive eireuil

o o 4 -

T

SOMETHING INTERESTING ABOUT MECHANICAL FORCES

Winen you 58 ona charn, wivy don't you fall thicugh i Alter all, Earth's gravity attracts you
towards its centre so there is a contact force acting downwards on the chair s2at. The simple
answer iz that the chair is abée to exert an equal and opposse eaction o the achon 1hat you
aart an b chair, The mason the chair can eserl an action is that it has the strength o do o,

Meeew 10 of this is presty oiwicus 20 fae. Bat an we look at the contact farces acting downwaids
on the chair's seat {ard upwards on the sitter’s seatl), we coime 1o a startling =atisation. All
the corfact forcas are electrostatic in naturs! What we efer fo as the strength of the chair
oo dawn 1o the strength of the bards bebwesn molecules 0 tha wood or the plasts of tha
chalr =as8, (Think about this statement; AN chamistry (s abauf the forces befween changed
badhas. )

MILLIKAN'S OIL DROP EXPERIMENT

Thes work, sometimas jokingly =fared 1o as *Millidiop's oil can”, is not included in the Grade
11 Phymical Sciences curriculum, Yed il is an inlen=sting and important application of he
alectrogtat: theory that you have been studying, Robert Milllkan is regasded a3 one of the
finest expanmental physicists of the 20° century, He made contributions in many areas of
physics but iz most famows for his sxperimeantation that gave us the accurate value of the
charge on an ekectran. As far as we can &Il about the accuracy of the expanmental mathods
ek, the charge on decirons and prolons ame kdandical
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CHARGED PARTICLES

By the end «f the 197 cerfury, the Englsh scientist, L Thompsen, had propesad a model of
the atorm involving negative charge stuck inlo a positresly chasged mass. This was his famous
“plum pudding model® of the stom. Early in the 20% century, Ermest Rutherford had advanced
tha moded bo that of a tiny, positive nucleus swrowended by negative chasga. The negatively
charged parbchk, called an sechon, was Kncwn lom se-called cathade rgs: negalivaly
changed partcies that Nowed from 3 regalively eharged electrode, It was guessed Fhat the
negative particles in the atom were esectrons, bt it remained for Robert Milliken o measwe
treir chargg.

THE EXPERIMENT

Millikan parformed this in 1909 1o defermine the se of ha charge ot & singhe alecion

What he did was o changs finy drops of of and imeasure how strong an applied lectic fiald
hiad to ke in order 1o stop the oil drog from falling. Milkkan was able to detesmine the mass
of the ol drog,. From thes he cowid cakoulate the force of gravity on the drop and harce the
efectic charge that the diop must hawe. By varying the chasgs on dfferent dmops, he nobced
thal the charge was always & multiple of about =1.6 = 1050, He comectly deduced that this
was he charge &n a singe electron, We now realise what this meant; electrons carwng This
uriit of changge.

MILLIKAN'S OIL DROP APPARATUS
Henz's bow the spparalus worked:

cavar
L b
L] '..
.- ‘I N
.
&l spray o

T Ik
N

T efechic feeld

MaC asCone

saveral thousand --—“ﬂd_Fﬂl

{The diagram is taken from wikipedia)

qrxE=m:xg
- q =
..I:|-E-
L
s 0=

Uizing this equaton, Millikan determined the chasge on a dwop of cil, He repeated the
capegirrenl many firnes. By varying the strength of the -riygs used fo @nise tha air, differing
numses of electrans would arive on e oll dioplets, But, athough he obtained differens
walues for g, the value was always very cioses o a multipe of -1.6 = 10-"C, He deduced
that thes was the charge on & singe electon.

Activities
QUESTIONS
1.1  Wiuch of the foliowing s 5 veetar quanibity?
1)  Charge =] Fieded strangth
icl Poterthal deferancea i) Cumemn
1,2 The slecirgstahc force oy @ chayge belwesn fwo charged, paatal plates, where fhe
syTnbals have their mommal meanings and aits, & @ by
8) ma 1 I oy % )
1.3

DOUL —g

If thrae idenhcal charged spheres, X, ¥ and I, are placed togsther o a fangear
arraigarmanl (e sRch sphare louchas e olfes et and s than saparated, e
chatps on pach sphare, i coufombs, afler cantact furs bean broken s

1a) -1 el +1 ich -2 idl -3

[10]

| An atomiser spraws a fing misl of liny @l droplels inlo a chamber,

Some of the ting dioplets fall theowgh a bole in e upper of two, paraliel, charged
plates which were a destanca (d}.

A5 the droplets fall, they reach fesmenal velocity. Using a microscope, thesr terminal
vedngity ks mgasured and By using o suitabke formula, the mass fmd of an ol drog con
b alcadates,

Mest, Milllkan zpplied & changs 1o the falling drops by illurmenabng the space
between the parallel plates with #-rays. ¥-rays can knise the alr and elsctons attach
thamselves to the oil dmps,

By alfacheng a batbory to the poradkel plates, he was able o apply an aleciric palential
differance (W,

The slectric fiskd produced bebtwsen the plates by the pd actad on the charged ol
drops. When the pd was just right, the electmmagnetic force just balanced the foce
of gravity on a drop, and the drop would remain stationary,

HOW MILLIKAN CALCULATED THE ELECTROMIC CHARGE

‘When a drop is suspended (2erc velocityd or moving with a constant velocity, the vesght (gl
of tha il drioplet iz exactly equal fo the applied alectnc foca (gE).

-
O

|

Tha walue of E, the applied elociric ek, can by coiculated becauss the uniform Tieki strergth
between two paradiel plates s E = Wid ard both W oand d cen be mensured accurtaly; m,
the mass of the oil dropdet, can be calculated by measurng ds densty and it dismetar (and
rence itz yolumel; and g, the acceleration caused by grawdy st the lotaton of the [aboratory,
can be determined vary accurately. Thus ane can solve, fior g, the chargs on the drop:

CRT vkl o' irians mh i
g A chage q

F = mg

¥ ¥ Z

X, ¥ and & are three idendical charge sphares, as shawn Hest X and ¥ are broaghf
inta conbset and then separsted. Thar ¥V and £ are brought ints contaet and
saparaled. The charga an ¥ il now be:

(@} iby @O c) +1 iy +2

The electrostalic fvce, in newlons, an & posifvely chavged particle (0 = +5 ml)
wiEn placsd in @ field wath an alcinc fald stremath of 20 V! 15

0.1 by 0,25 (c) 100 20

An a-parhicle (He] 3 5 Halium afom with fwe slectrans remaved, Le i /& a0 o,
The rapulstve forcs hetwsen dwo o-partices & F when they sre st 5 disfance ¢ metas
apart. Whsn an w-parbiche and an electron ae 0,5 rapat, the magnituds of the
farce belwoan e &

(ak -“&F iy 4F 2F e} 1F

Whan an sfectran and' a prodon as 3t 3 distance § matrss apart, the force betwean
therm is F. Wher the distanca babwasn the hwo parficles is mcregsad do 2 r, the
mapailude of e Torce Datwaen U is;

4 F fhy 2F

-1
1.5

(al
16

(c)
1.7

1 EH 1F el

D25 F
1.8

500 v

---------- T

10 cm

Twio parallel metsl plates {shown as gark lines) ae eeactly 10em apart, If the poterifial
differznce across the plates s a steady SO0V which of the fofowing statements
coresrming electric fiskd stength is the most accusate?
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1.9

1.10

E. /n appropnate unis, 3t ..
1a) pent O has 3 lower yale than 8l S
ol point B 15 2500m!
ci poant S 1 & Qomdinn!
1d] poits O, B and 5 has the same magnduds
O om
F
T L T b = [
T ) SO - Bkt st 4 cm
—————————————— -5—————————-5 Cim
T 8 cm

fwe pavaiel meats! plsdes (shown 55 dark Mres) are exschly dom apad f the pofesfial
differanca across dhe plates it a sfasdy SO0 which of the folowing sfatementy
cancermung stectrie field strenghh &5 e most securafs?

la) E al point P less than E 88 poinl T
ol Ealpoint Bis 12 500Ym!

et Eal ponl 35 6 333, 33Vm!

id] E at points P and T ks & 250!

s il el = = -+ =+ s il il ; 1+
=

in this disgram, hwo charged parbicles, X and ¥ are piofuved Datwesn bwa chavged

paralie! plafes. X i sfationary and ¥ mowves wpwards af a consiant veiocify Wihst s

1.17

1.18

1.15

tha charges on X and ¥ respeciraly?

‘What iz tha average sipe of the eleciricad current bebwesan the clowd snd Earth
during the strike?

Bl I the palential differance batwaen the cioud bBase and Earlb is estimaled Bo ba
L Jone millon wolts), what (3 the approasmate avernge electie fisld strengih
in the space betwean the cloud base and the ground?

(4] How muckh enigy & rideased a5 a rsull of the lighining sirika?

BalloG 4 x 10070

20om

Twe emall, idenhical metalic spheres sre placed 20 cm apart. They are than chargsd
with + 81l and' —InC of charge, respectivaly

Al Calzilate the magnitude and direction of the force eseifted by X an Y,

ol il Calculate the magretude and direction of the esectc field intensay at K.
i1 What s the origin of the eectic feid at X7

) Calculate the magndude of tha fore betwesn the sphanas # they ame brought

inla contact and than removed 19 3 distaice of B0 cm apan

A capacitor dischavges wien 5 charge of 2.4 - 100 secumuwlates on one of it
piatss at a poientis! oifevance of 36 ¥

Winat is the capacitance of the capacing?

A 15 A currant i1 3 capacibive circunt fows for 2ms bafore the [2uF capacitor in ihe
chrGll avscierpes. Assurmiig Sal el e chage that Maved 0 e cleauil 15 an aoe of
the capacifar phates when (f discharges;

al

b

How much changs accumulates on the plates?
Wihat |2 the pd across the plates of the cagacitor when it dischasgas?

]

izl
icl

iy
d}

poslive, negalive

neg. neg

S, P
neg. pes

1.11 The pafanfial diffarencs betwser two conduching pates. A (al a pasitive pafantial)
and O {al a negabive podenhiall, s 2 valts, I an afeclran (chage = =16 < IFC1 s
nmaved frm A fo B 8t o constant speed, (s pateniial emengy will:,

(gl remain unchangsd by  decrease oy 24
icl imcrease by 16 < 105 (e increase by 3,2 < 10T

1.12 The pofental diffarenos between twa charged plafes, A (positivel sad 8 (negative),
g 2 walts, I & profan {change = + 1.6 « [0H%) s moved from A fo B, its podeshizl
enangy Wil
[B.1] resmain unchangasd (bl decreasg (£} imere s

1.13  Two verties) pavaie plifes are 20 mm seant The elecine feld sirengih hetween e
plades (s 2.5 « 10-Wart
Calculate tha horizontal and vertcad forces acting om the proton.

114  Tao palf changes of + & = MHpd and -4 = J0-pl are glaced 120 min ans,
(@} ‘What is the rsultant fiekd inkznsity at a point midway bebesen the two

charpes?
by W2 chags of 4wl is placed al the midpaind, what Faroe will il experienca?

1.1% Tao pasiel chargea plates hawe a sepsration of 40 mm and 3 pHenbs' dferance of
400 ¥ betwsen tham
(al Whal is the eleciric okd strangth bobwean tha two plabes?

(b an glecton starts from rest at the megative plate. What is s speed when it
reaches the positive plate? {Uss the formula for kinetic energy gained.)
[m, =520 % 107"kg ; g, = 1.6 = 10-™C]

1.16 The fat base of o fhunder ciend 5 150 o above the ground. L@hiaimg angimaling
fram the cloud' base sinkes the ground. The change being discharged fram the cliowd
15 gefimated fo be 200 and the duration of the sirike (1.8, the ime fsken far aif the
charge o move from the efowd o Earth) 1= measwsd b L 5

Answers and assessment

L1 b L.14 &l 3« 1V ! for NG towards Tha

1.2 ¢ —AC charge

L3 a b} 1,ZM

1.4 [§] 1.15 2l 10!

1.5 & b} L2« MW¥Pms?

1.6 ¢ 1.1& a) 408

1.7 4 i} B,6F = 107 !

1.8 d E:I &= 10

1.9 d 1.17 al 7.2 = 1IN towards X

110 ¢ BE ) SOONC towands ¥

LI1 3 bk iy Charge at ¥

LIZ & 1.18 667

1.13  horizonts ON 119 al  30=107%
vertical 0,0126N bb 2,5« 10V

TEACHER TIPS

Formulae for electrostatics
k10

F-—i [k=9x1Nmict) | v-%
o ;A

E a W= QEs
E="2 k=9 x IPNmLC-) £=4
~_.'0 -
L=9 =1t

Make sure that lkeamens undestand the meaning and condext in wieeh The equations are
wEed, In genaral, kaamers will benedit from knowing how equetions ase derived even though

they are not requied to do those dervabons
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