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1.1.1Standard Form

Standard Form

Standard form(sometimes called scientific notationorstandard indexform) gives us awayof
writing very big and very small numbers using powers of 10.

Whyuse standardform?

= Some numbers are too bigortoo smallto write easilyorforyourcalculatorto displayat all
» Imagine the number50%0 ,the answerwould take 84 digits to write out
= Trytyping 50%0 into yourcalculator,youwill see it displayed instandard form
= Writing verybigorvery smallnumbers instandard form allows us to:
= Write themmore neatly
= Compare themmore easily
= Carryoutcalculations more easily
= Examquestions could ask foryouranswerto be writteninstandard form

Howis standard form written?

= Instandard formnumbers are always writteninthe form & X 10K where aand k satisfythe
following conditions:
- 1 £a<10
= Sothereisonenon-zero digitbefore the decimal point
« k €7
= So kmustbean integer
» k>0 forlarge numbers
= How manytimes @ is multiplied by 10
= k<0 forsmallnumbers

= How manytimes dis divided by 10

Howare calculations carried out withstandard form?

= YourGDC willdisplaylarge and smallnumbers instandard formwhenitisinnormalmode
= YourGDC maydisplaystandard formas aEn
= Forexample,2.1 X 1073 willbe displayedas 2.1E — 5
= |fso,be carefulto rewrite the answer giveninthe correct form,youwillnot get marks
forcopyingdirectlyfromyourGDC
= Your GDC willbe able to carryout calculationsinstandard form
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= [fyouputyourGDCinto scientific mode it willautomaticallyconvert numbers into standard
form
= Beware that your GDC mayhave more thanone mode wheninscientific mode
= Thisrelates to the numberof significant figures the answerwill be displayed in
= YourGDC mayadd extrazeros to fillspaces if working with a highnumberof significant
figures,youdo notneed to write theseinyouranswer
» To add orsubtract numbers writteninthe forma X 10K without your GDC you willneed to write
theminfull form first
= Alternativelyyoucanuse 'matchingpowers of 10", because if the powers of 10 are the same,
thenthe 'numberparts'at the start canjustbe added orsubtracted normally
= Forexample
(6.3x10'4) + (4.9x10'3) = (6.3x10'4) + (0.49%x 10'4) = 6.79x 104
= Or
(7.93x 10711) = (5.2x 10712) = (7.93x 107!1) = (0.52x 107!1) = 7.41x 10711

= To multiply ordivide numbers writteninthe form a X IOk withoutyour GDC you can eitherwrite
theminfullformfirst oruse the laws of indices

O Exam Tip

= Your GDC will give verybig orverysmallanswers in standard form and will have a settingwhich
willallow youto carryout calculations in scientific notation

= Make sure you are familiarwith the form that your GDC gives answers in as it may be different
to the formyouarerequired to useinthe exam
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@ Worked example

Calculate the following, giving youranswerinthe form @ X 10k where1 €a<10 andk €Z.

) 3780 x 200
\Asin% GOC: Choose scientific mode.
|npu:£ directly inko GDC os ordinows

Nnumbers.

3380 x 200 = +.56 x10°

GDC will au&nma-Lico.ng ojive. onsues tn
standord form.

Without G.DC:

C&LcuLA’ce the value:
3180 x 200 = F56000

Converrs+o stondod Lorm:
756000 = 7.56 % 10°

756 x\0°

i (7 x 105) = (5 x 104)
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Usin% G.OC: Choose scientific mode.

IY‘IPU:E. directly into GDC

7x10°-5x10% =6.5 x10°
This may be
displayed as 6.9ES

Without G.DC:

Convett to ord{no\(g numbers:
7x10° = 300000
5x10% = 50000
Co.(rg\ out the calculokion:
300000 - 50000 = 650000
Corvest, ko skandord Locm:
650000 = 4.5 x10°

H YNea neah o

6.8 x\10>

i (3.6x1073)(1.1x 1075)
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| npuk d(\reck.\i.s wo GOC:
(Choose. scientific mod.g).

(3.6 x 10°2)(1.1 x10™%) = 3.26x10°°

396 x \0~*

NOh&- -3 -5

to”° x 10" = o~ %

/-\ _
(3.6 x 10 2) (1.1 x10-2) = 3.96x10°°

N

3.6x\.1 =396
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1.1.2 Approximation & Estimation

Upper & Lower Bounds
Whatarebounds?

= Bounds are the smallest (lowerbound,LB)and largest (upperbound, UB)numbers that a
rounded number canlie between
= |tsimplymeans howlow orhighthe numbercould have beenbeforeitwas rounded

= The bounds foranumber, X,canbe writtenas LB < x <UB

= Notethatthelowerboundisincludedinthe range of values X could have taken but the upper
boundisnot

Howdo we find bounds?

= The basicruleis “half up, half down”
= To find the upperbound add on half the degree of accuracy
= To find the lowerbound take off half the degree of accuracy

= Rememberthat the upperbound is the cut off point forthe greatest value that the numbercould
have beenrounded frombut willnot actuallyround to the numberitself

Howdo we calculateusingbounds?

= Find bounds before carrying out the calculationand thenuse the rules:
= ToaddUB=UB+UBandLB=LB +LB
= To multiplyUB =UB x UB and LB =LB x LB
= TodivideUB=UB/LBandLB=LB/UB
= To subtractUB=UB-LBandLB =LB-UB
= Uselogic to decide whichbound to use within the calculation
= Forexample if you are finding the maximumvolume of a sphere with the radius givencorrect
to Tdecimal place substitute the upperbound of the radius into yourcalculationforthe
volume

O ExamTip

= Wheninanexamenvironmentit canbe easyto make sillyerrors inquestions like this,read the
question carefullyto determine which parts bounds need to be found for
= This willnormallybe any partinthe questionthathas beenrounded
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@ Worked example

Arectangularfield has length, L, 0f 14.3 mcorrect to 1decimal place and width, W,0f9.61m
correctto 2decimal places.

a) Calculate the lowerand upperbound for L and W.

L=143m (ld.p) the degree of occuracy
s |ck.P (O.l)

Find  half  £he degree of occwmer
0.1 _
T = Q.08

The upper bound s
1.3 + 0.08
The lLoweer bound s

1.3 - 0.05 = 14.25
\¢.25¢ L< %35 |

W =96im (‘Zd.p.) the degree of occurach
s 2d.p (0.01)

14.3S

Find holf  the desre,e of o.ccwfocd:

0.01 _
2 - 0.00S

The upper bound (s

9.61 + 0.00s = 9.619
The. lower Yound s

9.61 - 0.008 =9.405

9.605 < W < 9.615

b) Calculate the lowerand upperbound forthe perimeter, P, and area, A, of the field.
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'Fm- the lower Yound wuse :

L=I425 W= 9.605
P=2(14.25) +2(9.408)
P= 43.3) ™m

A= (4.25)(9.605)
A = 136.83\125

For tne upper Yound use :
L =14.35 W= 9.618
P =2(14.35) + 2(3.615)

P=4+a3 m

A = (Ix.35)(9.615)
A = 13%.93525

433m S P< 4?*9m (3s.F)

N e o o =ma N aa -
I o= I El=mmE w--— I E -

13Fm2€ Ac 138 m? (3s.€) |
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Approximating Values
Howdo lknowwhattoround myanswerto?

= Unless otherwise told, always round youranswers to 3 significant figures (3 s.f.)
= Thefirstnon-zero digitis the first significant digit

= The firstdigit afterthe third significant digit determines whetherto 'round up'( 2 5) or'leave
italone'(<5)
= where the ‘it’we are rounding up orleaving alone is the third significant figure
= Yourfinalanswerwill have three significant digits and the rest willbe zero
= Anyzero after the first significant digitis still significant
= Forlarge numbers be carefulnotto change the place value of the significant digits, you
willhave to fillinanyzeros afterthe third significant figure
= |fyourGDCisinscientific mode it maydisplayunnecessaryzeros afterthe decimal point,
youdo notneedto copythese
= Lookoutforanyquestions thataskyouto round youranswerinadifferent way
= Questionsoftenaskfor2 decimalplaces (2d.p.)
= Yourfinalanswerwill onlyhave 2 digits afterthe decimal point
= For2d.p.itis the third digit afterthe decimal place that determines whetherto 'round up'
(5) or'leaveitalone’(<5)
= |fyouareworkingwithacurrency youmustchoose the appropriate degree of accuracy
= Formostthis willbe awhole number
= E.g.yen,yuan,peso
= Forothers this willbe to 2 decimal places
= E.g.dollars,euro,pounds
= |twillbe clearfromthe questionwhich currencyyouare usingand how you should round your
answer
= The questionwill state the name ofthe currencyand the symbolyoushould use as aunit
= Eg.YEN, ¥

Are therecases whenlalways havetoroundup?

= Yes -there are cases whenit makes sense to always round up (ordown)
= These normallyinvolve finding the minimum ormaximumnumber of objects
= Forexample considerthe scenario:There are 26 people and 5 people canfitinasingle
vehicle,how manyvehicles are needed?

26

» — =15.2 and normallywe'd round to 5

5

= However5 vehicles wouldn't be enoughas there would onlybe roomfor25 people
= [nthis case we would round up to find the minimumnumberneeded
= Thesekind of problems canbe solved byinequalities
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= ForX >ktakethesmallestvalueofxattheappropriatedegreeofaccuracythatis greater
than k
= Forexample:Using 3sf the smallest solutionto x>2.5731...is x=2.58

= ForX <K take the biggest value of xat the appropriate degree of accuracythatis less than k
= Forexample:The biggestintegersolutionto x<10.901...is x=10

O Exam Tip

= Inthe examyoushould always give nonexactanswers correctto 3 significant figures unless
otherwise told
= This means youmustround using ahigherdegree of accuracywithinyourworkingto
ensure thatyourfinalansweris rounded correctly
= Where possible always use exact values within yourworking ratherthanrounding mid way
throughaquestion
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@ Worked example

bsin(3a) .
Let T=T,wherea=15 and b=20.
a) Calculate the exactvalue of T.

Substibube oo and b ko T

T = 20sin(3%15)

b) Give youranswerfromparta)correctto two decimalplaces.

25 so vround wP

A
257 = 2.82[842...

27 diait ofter
decimg) pount

T=2.83 (2dp)

c) Give youranswerfromparta)correctto two significant figures.

Page 11 of 25
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

'e(s‘c. significont -Q'ssux'e.
L <8 %0 dont round we

257 = 2.8|2342...
X

2"'* S sn’.e{c.omt -Qigure

T=2.8 (2s%.) .
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Percentage Error

What is percentage error?

= Percentage erroris how farawayfromthe actual value anestimated orrounded answeris

= Percentage errorcanbe calculated usingthe formula
| Va™ VE|
A E
e=|———|x100%
| Ve |

= where VEis the exactvalue and VA is the approximate value of V

= The||is the absolute value meaningif you get a negative value within these straight
brackets,youshould take the positive value

= Thisformulaisinthe formulabooklet so youdo notneed to rememberit
The furtherawaythe estimated answeris fromthe true answer the greaterthe percentage error

If the exactvalue is givenas a surd oramultiple of tmake sure you enteritinto the formula exactly
asyouseeit

= Percentage errorshould always be apositive number

O Exam Tip

Inthe exam percentage errorwillusually be a part of abiggerquestiononanothertopic, make

sure youknow how to find the formula foritinthe formulabook so that you are prepared to
answerthese questions
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@ Worked example

Let P=xcos(2y) where y=15%and x =4.

a) Calculate the exact value of P.

x=4
P=2cos 23 = 4cos(2x \".S'L)_:3 g
¢ cos (30°)

2J3 &« leove oanswer
oS exoact volue

P=213

b) Calculate the percentage errorif an estimate for Pwas 3 5.
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Peccent o«be ercor —Cvarm-.uko\'.

€ = | VYa-Ve

Ve

X 100/

Va = 3.5 (opproximated value)
Ve = 2J3 (exoack value )

Sub Vo ond Vg tnke bre Lormula :

€ = |35-23 x 1007
23
= 1.03624... /.
y 4

€ =104/ (3sf£)
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Accuracy & Estimation
What are exact values?

= Exactvalues are forms thatrepresent the fulland precise value of anumber

= Forexample, Tl is anexactvalue and 3.14is an approximation using 3 significant figures
= |f anumberhas aninfinite numberofnon-zero digits afterthe decimal pointthenyoucanuse
three dots to signal that the decimalrepresentationgoes onforexample
= Forexample,V2=1414...
= Exactvaluescaninvolve

2

= Fractions: =

7

Roots:ﬁ,w

Logarithms: ln2,10g105

= Mathematicalconstants: T(, €

Your GDC might automatically give youransweras an exact answer
= |fyourGDC does notdo this thenyoumayneed to evaluate parts of the expression separately
and use algebra

= Forexample:If f(X) = eX(2 +./ X) thenyour GDC will probablynot give you the exact value
of f(2)

= Youwouldinsistevaluate it without a GDC to get the exactvalue: f(2) = 62(2 + 4/ 2)

Whyuse estimation?

= We estimate to find approximate answers to difficult sums
= Ortocheckouranswers are about therightsize (orderof magnitude)
= Forexample,if the questionis to find alengththe answercannotbe negative
= orifwe arelookingforthe meanage of some people ananswerof150 mustbeincorrect
= Estimatingananswerbefore carryingoutacalculationwillhelpyouknow whatyouare lookingfor
and determineif youransweris likelyto be correctornot
= |nreallife estimationskills are used everydayin manyactivities

Howdolchoosethecorrectanswer?

= Sometimes amathematical argument willlead to more thanone answer
= Thisis commonwith problems involving quadratics, youwillusually have two solutions
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= |fyouhave more thanone solutionafteryouhave solved aproblem, always check to seeif
theyare bothvalid
= Mostofthetimeyoucansimplyuselogicto choosethe correctanswer
= |fthe probleminvolveslengthorareaand one of the answers is negative, the true solution will
be the positive answer
= Occasionallyyouwillneed to seeifananswercanbe valid

= Ifoneofyouranswersis COS X > lforexample,XWiII notgive atrue solution

O ExamTip

= Be aware thatyour GDC will not always give you anansweras an exact value, this means that
youwillneed to find the exact value byhand
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@ Worked example

Arectangularfloorhas anareaof 40 m2to the nearest square metre. Itis goingto be tiled using
square tiles with side length 39.8 cm.

a) Use estimationto find the numberoftiles needed to coverthe whole area.

Each ktile s approximately:
40 x 40 cn = |600 cm?®
Acrea of the recbo.nate cs opproximately:

Lom™ = %00 000 e

%00 000 e®* + 600 e™> = Q—OO_CW
16 26

B:OOO

16
=290 %bHiles
~ 250 tiles
b) Giventhat there are 15 more tiles places length-wise than width-wise, find the

approximate length and width of the floor.
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Let the number of &les cover: the
width  of the floor be o, then tHhe

rnumvover of tiles c:oven'ns the \.e,r\ﬁ’ch
wlll be = « 19

nuvber of tiles )
pPloced  widtnwans Nurvo :(r of t,\ s
~ P\CACQ X.eﬂs\' WO

o¢ (< +15) = 2580
x%+ \5X -250 =0

X =10 or oc=-295

T

ot possible s =X Cownng
ve. O nesah\'ve Nambex

width  of -?Loor ~ 10 x40 cm

= 400ce = 4 m

Lens\-k of -?l.oor x 25*x 40 cm

= IOOOQW\ — lOfY\

i Le.na{:h. 2 10m , Width = &m
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1.1.3GDC: Solving Equations

Systems of Linear Equations
What aresystems of linearequations?

= Alinearequationis anequationofthe firstorder(degree)
= [tisusuallywritteninthe form ax+by+c=0where a, b,and care constants
= Asystemoflinearequationsis where two ormore linearequations work together
= Usuallythere willbe two equations with the variables xand y
= Thevariables xand ywill satisfyallequations
= Theyare usuallyknown as simultaneous equations
= Occasionallythere maybe three equations with the variables x, yand z
= Theycanbe complicated to solve butyour GDC has a functionallowingyouto solve them
= The questionmaysay ‘usingtechnology, solve..
= Thismeansyoudo notneed to showamethod of solvingthe systemof equations,you
canuseyourGDC

HowdolusemyGDCto solve asystem of linearequations?

= Your GDC will have afunctionwithinthe algebramenuto solve asystem of linearequations
= Youwillneed to choose the numberofequations
= Fortwo equations the variables willbe xand y
= Forthree equations the variables will be x, yand z
= Enterthe equationsinto yourcalculatoras yousee themwritten
= Your GDC willdisplaythe values of xand y(orx, y,and 2

Howdolsetup asystemoflinearequations?

= Notallquestions willhave the equations writtenout foryou

= There willbe two bits of information given about two variables
= Lookoutforcluessuchas ‘assumingalinearrelationship’

= Chooseto assign xto one of the givenvariables and yto the other
= Oryoucanchoose to use more meaningful variables if you prefer
= Suchas cforcats and dfordogs

= Write yoursystemofequationsinthe form

ax+by=e
cx+dy=f
= UseyourGDCto solve the systemofequations

= This functiononthe GDC canalso be used to find the points of intersection of two straight line
graphs
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= Youmaywishto use the graphingsectiononyourGDC to see the points of intersection

O ExamTip

= Be sure to write downwhat youare puttinginto your GDC
= |fyouhave had to setupthe systemofequations as wellmake sure youwrite themdown
clearlybefore typinginto your GDC
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@ Worked example

Atheme park has set ticket prices foradults and children. Agroup of three adults and nine
childrencosts $153 and a group of five adults and eleven childrencosts $211.

i) Setupasystemoflinearequations forthe cost of adult and child tickets.

Se’c. U NVoavriobles

Let ‘ve cost 0f on oduls kicker be ‘ol

Let wWJBEEUNETH . B

Se’c up e%uabicvxs : 2a. + 9¢ =153
Sa + Jle = 21)

2Aa. + 9¢c =153

ii) Find the price of one adult and one child ticket.

Evter” tnkto G OC:
Let & be == and ¢ \9&&, then GOC gives

x = \38
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Polynomial Equations
Whatis apolynomialequation?

= Apolynomialis analgebraic expressionconsisting of a finite numberofterms, withnon-negative
integerindices only
= Itisintheformax?+ bx?~l+cx? =2+ ... n€EN
= Apolynomialequationis anequationwhere apolynomialis equalto zero
= The numberofsolutions (rootsorzeros)depend onthe order of the polynomial equation
= Apolynomialequationofordertwo canhave up to two solutions
= Apolynomialequationoforderfive canhave up to five solutions
= Apolynomialequationofanodd degree will always have atleast one solution
= Apolynomialequationofanevendegree could have no solutions

Howdo luse my GDC to solve polynomialequations?

= Youshould use yourGDC’s graphingmode to look at the shape of the polynomial
= Youwillbe able to see the numberof solutions
= This willbe the numberoftimes the graph cuts through ortouches the x-axis
= Whenenteringafunctioninto the graphingsectionyoumayneed to adjustyourzoom
settings to be able to see the fullgraphonyourdisplay
= Whilstinthis mode youcanthenchoose to analyse the graph
= This will give youthe optionto see the solutions of the polynomial equation
= This maybe writtenas the zeros (points where the graph meets the x-axis)
= Your GDC will also have a function within the algebramenuto solve polynomial equations
= Youwillneed to enterthe order (highest degree)of the polynomial
= Thisis the highest power(orexponent)inthe equation
= Enterthe equationinto yourcalculator
= YourGDC willdisplaythe solutions (roots) of the equation
= Beaware thatyour GDC mayeithershow all solutions oronlythe first solution, itis always
worthplottinga graph of the functionto check how manysolutions there should be

O Exam Tip

= Be sure to write downwhat you are puttinginto your GDC
= |fyouare usingagraphicalmethoditis oftenagoodideato sketchthe graphthatyourGDC
displayshows
= Don'tspendtoo muchtime onthis,averyquick sketchis fine
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@ Worked example

Forthe polynomial equation2X3 -2x2-3x+4=0:

f) Use your GDC'’s graphing functionto sketchthe graphof y = 2x3 -2x2-3x+4and
determine the numberof solutions to the polynomial equation.

Enker the equakion Y = 203 -2 -3¢ + 4
tnko Yo GDC’s srmpkle Coftware

-7 /\ °
this s lthe onl
place  the gmph cubs the ¢ ~axis.

The polynomual equakion
203 -2x* -3¢ + 4 =0
hos (| solukion |

i) Use your GDC to find the solution(s) of the polynomial equation.
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Use  uour GOCs  graph analusis ool
to find the ‘zeres' .

2 = -13101...

x =-1.3" (3sf)

Alternotive  ™Method :
Enker the eqlwxhion 7_9:.3 —2x* =3 + 4% =0

(ko your GDCs equokion Solving mode.
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