DP IB Maths: AIHL

1.1 Number Toolkit

Contents

3 1.1.1Standard Form
3 1.1.2 Approximation & Estimation
3 1.1.3GDC: Solving Equations


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1.1.1 Standard Form

Standard Form

Standard form (sometimes called scientific notation or standard index form) gives us a way of writing very
big and very small numbers using powers of 10.

Why use standard form?

= Some numbers are too big or too small to write easily or for your calculator to display at all
» Imagine the number 5059, the answer would take 84 digits to write out
= Try typing 50°%into your calculator, you will see it displayed in standard form
= Writing very big or very small numbers in standard form allows us to:
= Write them more neatly
= Compare them more easily
= Carry out calculations more easily
= Exam questions could ask for your answer to be written in standard form

How is standard form written?

= |nstandard formnumbers are always written inthe form & X 10K where a and k satisfy the following

conditions:
= 1 £a<10
= Sothereisonenon -zero digit before the decimal point

- k€7

= So kmustbean integer
» k>0 forlarge numbers

= How many times a is multiplied by 10
=k <0 forsmallnumbers

= How manytimes & is divided by 10

How are calculations carried out with standard form?

= Your GDC will display large and small numbers in standard form whenitis in normal mode
= Your GDC may display standard form as aEn

= Forexample, 2.1 X 1073 willbe displayedas2.1E —5
= |fso, be careful to rewrite the answer givenin the correct form, you will not get marks for
copyingdirectly fromyour GDC
= Your GDC will be able to carry out calculations in standard form
= |f you putyour GDC into scientific mode it will automatically convert numbersinto standard form
= Beware that your GDC may have more than one mode whenin scientific mode
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= Thisrelates to the number of significant figures the answer will be displayedin
= Your GDC may add extra zeros to fill spaces if working with a high number of significant figures,
you do not need to write these in your answer
= Toadd orsubtract numbers writteninthe forma X 10K without your GDC you will need to write them

in full form first
= Alternatively you can use 'matching powers of 10', because if the powers of 10 are the same, then
the 'number parts' at the start canjust be added or subtracted normally
= Forexample

(6.3x1014) + (4.9%x1013) = (6.3x10'4) + (0.49% 1014) = 6.79x 1014
= Or
(7.93x 10711) = (5.2%x10712) = (7.93%x 10~11) — (0.52x 10~11) = 7.41 x 10~ 11
= To multiply or divide numbers writtenin the forma X 10k without your GDC you can either write them
in full form first or use the laws of indices
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@ Worked example

Calculate the following, giving your answer in the form & X 10k where1 <a<10 andk €Z.

) 3780 x 200

Usi(\% GOC: (Choose scientific mode.
|r'lPu:E. direcktly into GDC as ardino\(:j

Nnumbers.

3780 x 200 = %56 x10°

n

GDC will aukomadically ojive. onsues in
standard form.

Without G.DC:

Calculote the volue :
37180 x 200 = F56000

Convert o stondord $orm:
356000 = 7.56 x10°

756 x\0°

iy (7 x 105) = (5 x 10%)
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Usin% GOC: Choose. scientific mode.

Input dicectly into GDC

7x10°-5x10* =6.5 x10°
This may bve
displayed as 6.5ES

Without G.DC:

Convect to oro\{no«a numbers:
7x10° = 300000
5x10% = 50000
Carrs out the calculotion:
300000 - 50000 = 650000
Corwert. ko stondard Locm:
650000 = 4.5 x 10>

-

6.5 x 10>

i) (3.6x1073)(1.1x 1075)

For more help, please visit www.exampaperspractice.co.uk
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lnput  divecklny o GOC:
(Choose. scientific mode).

(3.6 x 10°2)(1.1 x107%) = 3.a6x10°°

396 x \0°*

4

Note. :

10°2 x 0> =10"°%

/—\ h
(2.6 x 10 )(1.1 x 107°) = 3.96x10 X

Y o Yl

3.6x\.) =396

For more help, please visit www.exampaperspractice.co.uk
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1.1.2 Approximation & Estimation

Upper & Lower Bounds
What are bounds?

= Bounds are the smallest (lower bound, LB) and largest (upper bound, UB) numbers that arounded
number canlie between
= |tsimply means how low or high the number could have been before it was rounded

= The bounds foranumber, X, canbewrittenas LB < x <UB

= Note that the lower boundisincludedin the range of values X could have taken but the upper
boundis not

How do we find bounds?

= The basicruleis “half up, half down”
= To find the upperbound add on half the degree of accuracy
= To find the lower bound take off half the degree of accuracy
= Rememberthat the upperboundis the cut off point for the greatest value that the number could have
beenrounded from but will not actually round to the numberitself

How do we calculate using bounds?

= Find bounds before carrying out the calculation and then use the rules:
= ToaddUB=UB+UBandLB=LB+LB
= TomultiplyUB=UB x UBandLB=LB x LB
= TodivideUB=UB/LBandLB=LB/UB
= TosubtractUB=UB-LBandLB=LB-UB
= Uselogic to decide which bound to use within the calculation
= Forexample if you are finding the maximum volume of a sphere with the radius given correct to 1
decimal place substitute the upper bound of the radius into your calculation for the volume
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@ Worked example

Arectangularfield has length, L, of 14.3m correct to 1decimal place and width, W, of 9.61m correct
to 2 decimal places.

a) Calculate the lower and upperbound for L and W.

L=143m (ld.p) the degree of occurac
s lap (00)
Fad ha@  the degree of occumaey

0] ..
5 = 0.05

The upper bound s
4.3 + 0.0
The. Lower Yound s

143 - 0.08 = 14.25

\¢.25 ¢ L <\ 23S

14395

W =96lm ('Zd?) the degree of occur
s 2d.p (0.01)

Find nalf  the desre.e of or.cwcwé:

0.01

2
The upper bound s
9.6 + 0.008 = 9.615

The lower Yound s

= 0.00s8

9.605 < W < 9,615

b) Calculate the lower and upper bound for the perimeter, P, and area, A, of the field.
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For the lower bYound wse :
L=I14&.25 W= 9.60s
P=2(14.25)+2(4.408)
P= 4331 m
A= (14.25)(9.608)

A = 136.83125

For the upper Yound wuse :
L = 14.35 W= 9.6IS
P =2(14.35) + 2(3.615)

P=4%a3 m

A = (1&.3s8)(9.615)
A = 13%.93525

433 m S P< 439m (3s.)
12Fmi<Ac 138 m? (3s.F)

For more help, please visit www.exampaperspractice.co.uk
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Approximating Values
How do | know what to round my answer to?

= Unless otherwise told, always round your answers to 3 significant figures (3 s.f.)
= The first non-zero digitis the first significant digit
= The first digit after the third significant digit determines whether to 'round up' ( 2 5) or 'leave it
alone'(<5)
= where the ‘it’ we are rounding up or leaving alone is the third significant figure
= Your final answer will have three significant digits and the rest will be zero
= Any zero after the first significant digit is still significant
= Forlarge numbers be careful not to change the place value of the significant digits, you will
have to fillin any zeros after the third significant figure
= |fyour GDCisin scientific mode it may display unnecessary zeros after the decimal point, you
donotneedto copy these
= |Lookoutforany questions that ask you to round your answerin a different way
= Questions often ask for 2 decimal places (2 d.p.)
= Your final answer will only have 2 digits after the decimal point
= For2d.p.itisthe third digit after the decimal place that determines whether to 'round up' (5) or
'leave it alone' (<5)
= |f youare working with a currency you must choose the appropriate degree of accuracy
= Formost this will be a whole number
= E.g.yen,yuan, peso
= Forothers this will be to 2 decimal places
= E.g.dollars, euro, pounds
= |twillbe clear from the question which currency you are using and how you should round your
answer

= The question will state the name of the currency and the symbol you should use as a unit
= Eg.YEN, ¥

Are there cases when | always have to round up?

= Yes-there are cases whenit makes sense to always round up (or down)
= These normally involve finding the minimum or maximum number of objects

= Forexample considerthe scenario: There are 26 people and 5 people canfitin a single vehicle,
how many vehicles are needed?

26

= = 5.2 andnormally we'droundto 5

5

= However 5 vehicles wouldn't be enough as there would only be room for 25 people
= |nthis case we would round up to find the minimum number needed
= These kind of problems can be solved by inequalities

= For X > Kk take the smallest value of x at the appropriate degree of accuracy thatis greater than k
= Forexample: Using 3sf the smallest solutionto x> 2.5731...isx=2.58

= For X < k take the biggest value of x at the appropriate degree of accuracy thatisless than k

= Forexample: The biggestintegersolutiontox <10.901...isx=10
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@ Worked example

bsin(3a) o
Let T=T,Wherea= 15°and b=20.
a) Calculate the exact value of 1.

Substibute oo and b ko T

T = 20sn(3%15)
5

T= 232

b) Give your answer from part a) correct to two decimal places.

>5 S0 round wP

4
2§17 = 2.‘3%|‘8‘|—2...

27 diait olter
decimol point

T=12.83 (2dp)

c) Give your answer from part a) correct to two significant figures.
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firsh sigmiticont Qigure
£<5 8o don't vound we

252 = 2.8|23%4%2...
T

2nd significont Qigure

T=2.8 (2s£.)

For more help, please visit www.exampaperspractice.co.uk



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

Percentage Error

What is percentage error?

= Percentage erroris how faraway from the actual value an estimated orrounded answeris

= Percentage error canbe calculated using the formula

| Va™ VE|
A E
e=|—|%x100%
| Ve |
= where VEis the exact value and VA is the approximate value of vV

= The||is the absolute value meaning if you get a negative value within these straight brackets,
you should take the positive value

= Thisformulaisin the formula booklet so you do not need to rememberit
The further away the estimated answer is from the true answer the greater the percentage error

If the exact value is given as a surd or a multiple of mtmake sure you enteritinto the formula exactly as
youseeit

= Percentage error should always be a positive number
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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
= = 2x\ 7
o ::c.cosz.b bcos S) 5:!5’

= 4 cos (30"

2J3 &« leove answer
oS exoackt wvolue

P=213

o) Calculate the percentage errorif an estimate for P was 3.5.
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Peccent o ercor -Formu.km F
3&

€ = |Va-Ve

Ve

X 1007

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

Sub Vpo ond Ve (ke bre formula :

3.5- 283
23

X 100/

= 1.0%424... 7

£ =104/ (3sf)

For more help, please visit www.exampaperspractice.co.uk
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Accuracy & Estimation
What are exact values?

= Exactvalues are formsthatrepresent the full and precise value of a number

= Forexample, TT isanexactvalue and 3.14is an approximation using 3 significant figures
= |f anumberhas aninfinite number of non-zero digits after the decimal point thenyou can use three
dots to signal that the decimal representation goes on for example
= Forexample,vV2=1.414...
= Exactvaluescaninvolve

2

= Fractions: —

7

Roots:ﬁ,w

Logarithms: In2, 10g105

= Mathematical constants: T(, €

= Your GDC might automatically give your answer as an exact answer
= |f your GDC does not do this then you may need to evaluate parts of the expression separately and use
algebra

= Forexample: If f(X) = eX(2 +.Xx ) thenyour GDC will probably not give you the exact value of
A2)

= Youwouldinsist evaluate it without a GDC to get the exact value: f(2) = 62(2 +./ 2)
Why use estimation?

= \We estimate to find approximate answers to difficult sums
= Ortocheckouranswers are about the right size (order of magnitude)
= Forexample, if the questionis to find alength the answer cannot be negative
= orif we arelooking forthe mean age of some people an answer of 150 must be incorrect
= Estimating an answer before carrying out a calculation will help you know what you are looking for and
determineif youransweris likely to be correct or not
= |nreallife estimation skills are used every day in many activities

How do | choose the correct answer?

= Sometimes a mathematical argument will lead to more than one answer
= Thisis common with problems involving quadratics, you will usually have two solutions
= |f you have more than one solution afteryou have solved a problem, always check to see if they are
bothvalid
= Most of the time you can simply use logic to choose the correct answer


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

= |[fthe probleminvolveslength orarea and one of the answers is negative, the true solution will be
the positive answer
= Occasionally you willneed to see if an answer can be valid

= If one of youranswersis COS X > 1 for example, X will not give a true solution
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@ Worked example

Arectangularfloorhas anarea of 40 m tothe nearest square metre. Itis going to be tiled using square
tiles with side length 39.8 cm.

a) Use estimation to find the number of tiles needed to cover the whole area.

Eocw tile s opproximately:
40 » 40 cn = |600em?®
Area of the Y'E.cbmn,sle Cs opproximately:

Lom™ = +00 000 cm*

%00 02D
1626

= ‘_-tOOO

16

%00 000 c* + 600 ™ =

=280 biles

«~ 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 £lles cove.r'm% the
width  of the floor be x, then the

numbver of tiles c.ove.n'ns the Lergth
will be == + 15-

nuvber of tile y
9&2&0\ ngidhhqus nuvber of  tiles

~ Ploced Lgna%‘l\umbs
o¢ (¢ +18) = 250
x4+ 195X -250 =0

2 = |0 or . =-295

T

vt possible oS =t Cowng
be. & negabive wamber

widthn o Lloor = 10 x40 cm
= 400cen = bt m

Lenath of floor = 25*40cm

= 1000¢cm. = [0

Luﬁ{:h x 10m , Width 2 &m

For more help, please visit www.exampaperspractice.co.uk
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1.1.3 GDC: Solving Equations

Systems of Linear Equations
What are systems of linear equations?

= Alinearequationis anequation of the first order (degree 1)
= [tisusually writteninthe formax + by + ¢ = O where a, b, and c are constants
= Asystem of linearequations is where two or more linear equations work together
= Usually there will be two equations with the variables xand y
= The variables x and y will satisfy all equations
= They are usually known as simultaneous equations
= Occasionally there may be three equations with the variables x, y and z
= Theycanbe complicated to solve but your GDC has a function allowing you to solve them
= The question may say ‘using technology, solve...’
= This means you do not need to show a method of solving the system of equations, you can use
your GDC

How do luse my GDC to solve a system of linear equations?

= Your GDC will have a function within the algebra menu to solve a system of linear equations
= Youwillneedto choose the number of equations
= Fortwo equations the variables willbe xandy
= Forthree equations the variables willbe x, y and z
= Enterthe equationsinto your calculator as you see them written
= Your GDC will display the values of xand y (orx, y, and z)

How do I set up a system of linear equations?

= Not all questions will have the equations written out foryou

= There will be two bits of information given about two variables
= Lookoutforcluessuchas ‘assuming a linear relationship’

= Choose to assign xto one of the given variables and y to the other
= Oryou canchoose to use more meaningful variables if you prefer
= Suchascforcatsanddfordogs

= Write your system of equationsin the form

ax+by=e
cx+dy=f
= Useyour GDC to solve the system of equations

= Thisfunction onthe GDC can also be used to find the points of intersection of two straight line graphs
= Youmay wish to use the graphing section onyour GDC to see the points of intersection
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@ Worked example

Atheme park has set ticket prices for adults and children. A group of three adults and nine children
costs $153 and a group of five adults and eleven children costs $211.

i) Setup a system of linear equations for the cost of adult and child tickets.

Se}c. ue Voariobles :

Let the cost 0f on oduls kicker be ‘ol

etl e cost of o childdBicker Balc’

Sek up equakions : QAa. + 93¢ =153
So. & Jl & = 211

2a. + ¢ = 153
So. + Jle = 21)

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

Enter tnko G.OC:

Let o ke = and c be y, then GOC gives
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Polynomial Equations

What is a polynomial equation?

= Apolynomialis an algebraic expression consisting of a finite number of terms, with non-negative
integerindices only

ltisinthe form ax®+ bx?~ 1+ cx?=2+ ... n €N

= Apolynomial equationis an equation where a polynomialis equal to zero
= The number of solutions (roots or zeros) depend on the order of the polynomial equation

A polynomial equation of order two can have up to two solutions
A polynomial equation of order five can have up to five solutions

= Apolynomial equation of an odd degree will always have at least one solution
= Apolynomial equation of an even degree could have no solutions

How do | use my GDC to solve polynomial equations?

= Youshould use your GDC’s graphing mode to look at the shape of the polynomial

You will be able to see the number of solutions
This will be the number of times the graph cuts through or touches the x-axis
When entering a function into the graphing section you may need to adjust your zoom settings to
be able to see the full graph onyour display
Whilst in this mode you can then choose to analyse the graph
This will give you the option to see the solutions of the polynomial equation
= This may be written as the zeros (points where the graph meets the x-axis)

= Your GDC will also have a function within the algebra menu to solve polynomial equations

You will need to enter the order (highest degree) of the polynomial
Thisis the highest power (or exponent) in the equation
Enter the equationinto your calculator
Your GDC will display the solutions (roots) of the equation
= Beaware that your GDC may either show all solutions or only the first solution, it is always worth
plotting a graph of the function to check how many solutions there should be
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@ Worked example

Forthe polynomial equation 2x3-2x2-3x+4=0:

i) Use your GDC's graphing function to sketch the graph of y = 2x3-2x2-3x+4and
determine the number of solutions to the polynomial equation.

Enber the equakion Y = 20c3 =22 -3 ¢+ &
tnko Your CDC’s 3‘"‘9‘“;"5 Software :

= I /\ o
this s lthe onl
ploce the ampk cauks Lhe oc-~axis,

The polynomual equakion
2% -2x* -3% +4 =0
hos | solukion

ii) Use your GDC to find the solution(s) of the polynomial equation.
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Use  uour GOCs  grapnh analusis ool
to find e “zeros' .

2. B 1AV

x =-1.31" @3sf)

Alternokive mMekhod :
Enter the equation 223 -2x* -3¢ +4 =0

tnko Your QDC;'. equakion SoLviQﬁ mode. .

For more help, please visit www.exampaperspractice.co.uk
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