A10: Advanced Linear Graphs, Equations and Inequalities

My mathematical journey

i What do | need to remember A rmﬂlIMMhﬂ-\r Where does this lead?
from before? unitt Quadratic graphs (A12)
Solving problems with graphs Man-linear simultanecus
Sohving linear equations (Ad) Finding lines parallel and equations, non-linear inequalities
Raarranging faroulas (AS) perpendicular to others (A1)
Solving simultaneous Tangents and normal (A15)
y = mx + ¢ (Af) .
. . equations Gradient of a curve (A16)
Linear |ﬂl!fl'l-|!|rtr!! [A'E':I Fbﬂlng |nE1:|ua|H.’lE's. in two Using graphs o represent complex
dimensions problems (A Lewel Maths)
\ AN VAN ,
Key words and symbols: what | need to say and write accurately
Word Explanation
y-intercept where a graph crosses the y-axis
x-intercept o root where a graph crosses the x-axis
satisfy a number satisfies an equation when it sohwes the equation
gradient the steepness of a ine
parallel describing two lines that have the same gradient, so will never intersect
perpendicular describing two lines that meet at right angles to each other
10 intersect to Cross = we say two lines intersect
simultaneoushy at the same time
Il is pavalel to
L is perpendicular fo

region an area on a graph
boundary a line that marks the edge of a region

Fingertip facts: what | need to learn by heart
If a paint (x, ) ies on a line, its coordinates can be substituted for ¥ and x in the equation of the line and they will
satisfy the equation.

The gradient of a line is the amount up/down it moves for every one unit right. We can work this out by calculating

the ratio ﬁ between two points on the kne.

The gradients of paraliel lines are the same.
The gradients of perpendicular lines are the negative reciprocal

of each other: +5 1 -E

O the y-axis, x = 0 On the x-ax5, y = 0,

When we solve simultaneous equations, we find the point of intersection of graphs 4 4
of the twio equations,

AND £



GM4: Congruence and similarity

My mathematical journey

NN/ N\
g What do | need to remember What will | learn about in this é Where does this lead? k
feom 2 2 Trigonometry (GMS)
Muitiplying to scale (NP3, NP10) Congruence and similarity Ares:and ke o ke
Reflective and rotational Congruent transformations: solids (GMB)
symmetry (GM2) translation, refiection, rotation o e
Properties of shapes (GM2) Similar transformations: similarity (GM11)
x )L enlargement I Transforming graphs (A15) y

Key words and symbols: what | need to say and write accurate
Word @lanation

congruent, & identical in size and shape, but not necessardy orientation or direction
transformation a mathematical change, using translation, rotation, reflection or enlargement

image a shape after a transformation has happened

a mathematical object that tells you how far to move and in what direction
it can be shown with an arrow or with column notation

e.g. this arrow and column vector both communicate “one left, two down®
same shape, all angles the same, but one an enlargement of the other (all corresponding sides
in the same ratio)

similar

Fingertip facts: what | need to learn by heart

Congruent transformations Similar transformations
: % 4 ! f E ﬂ T S X
71 ) - N | need a 4
L B~ miecke s
: \ :
B o o o 3 Iransiations  —° \—*‘— Bl
3 T — need a N 4 L e o e
[ : i . . B 3 ) 0 4 r mm
!0 . ] - ] R . .- W —f ¢ —\ m‘
AtoBisareﬂectionintheheyui. need an AN
AtoCisaumslannbythevector(f) direction and 4] I
A to Dis a rotation 90° anticlockwise centre. AtoB’isanenlarg of
around the centre (=1,1). scale factor 2 from (4,5).

e e
GM4 2



GM?1: Drawing, Measuring and Constructing

My mathematical journey

N Ry J B
What do | need to remember What will | leam about in this Where does this lead?
from before? unit?
Powers and roots (NP4) Pythagoras’ Theorem Advancad gt sd arde
Substitution and rearranging a Trigonometry in right-angled (GMS)
formulae (A5) triangles Trigonometric graphs (A13)
Angles in triangles (GM2) Exact values in surd form Aand crintic phivcs
irnilarity (GM4 ineering and
\ Similarity (GM4) JL L engineering and more i

Key words and symbols: what | need to say and write accurately
The trigonametric functions have angles as their input. Their inverse functions are written using .

Mg funcnon Trgg fancson

rodt ingie) Qitps ot aeg) Cusut ot Lange) L Oupu
sin~1(a) cos ' (a) tan~'(a)

The hypotenuse i the longest side in a right-angled triangle, opposite the right angle.
The other two sides are called the adjacent and opposite. They change depending on the angle you look at.

9 ‘ ;A..
| 4
2 a
"' B coooste. O
Fingertip facts: what | need to learn by heart
Pythagoras’ Theorem Trigonometry
For any right-angled triangle, Three equations:
omlu uE-m M
az + bz i cz sin(O) - hypotenuse 005(9) - hypotenuse m(o) - adjacent

A mnemonic 1o help you remember the equations:

o} A O
S H CHTA
; - The exact values of sine, cosine and tangent for key angles:
Angle, @ 60*

30° 45°
sin@ ‘j-l E ﬁ
R7= 2 2
cos @ ."E _\_f__Z_ ﬁ_.'.
2 2 2 .2
1 /3
ma 3 l —i-;'ﬁ

GM5



GMe6: Circles

My mathematical journey

y hAY i AV
What do | need to remember What will | leamn about in this unit? Where does this lead?
frem before? _ - .
Marming the parts of a circle Surface area and volurme
} ¥
Angle facts (GM2) Finding -he area and perimeter of aMe]
Area and perimeer [(Gh3} circles and sectors of drckes Advanced lengtn and area
GMY
Rearrarg ng formulae (43 Findirg angles in cirches using circle (o=
theoramnms
\, FAN AN >
Key words and symbeols: what | need to say and write accurately
The circurnferance € We use d for ‘diameter’ and r for radius’. Semicirdle
the perirnater of a A half < 'Eb A quarter W"‘!
cirche.
We uge ¢ for
‘circumnference’.

@

Concentric circles share the same centre

Fingertip facts: what | need to learn by heart

Sector forrmulae
Cirele nrmulae We use | for ‘arc length’.
o= 314 Circumbereree: £ =md oo £ = 2nr Are length i
Tl

Area; A=nr" ¥
Sectar areal A= e T

The angle at the centre is
twice the angle at the
circurmference (subtendec
oy the same ard).

f \\ A radius and a tangent are

| perpendioular,

Angles at the
circurmference subtanded

The angle in & semicirde &
i by the same arc are equal

i [angles in the same
segment are equal).

Opposite angles n a oydlic The Alternate Segrrent

guadnlateral are surm o Theores.

180~

GEMb F



NP13: Advanced Proportion and Rates of Change

My mathematical journey

o Y4 hYZd N
What do | need to remember What will | learn about in this Where does this lead?
frow bages? i Compound interest (NP16)
PercentageNmnpm) liers (NP8, Reverse percentages Pro0N ion St SaUSES; Gubies
Simple interest and roots (NP16)
Proportional reasoning (NP10) Direct and inverse proportion Gaacesin and saioe
Cartesian graphs (A6, A9, A10) Compound units rates of change (A16)
; : Combining ratios
Manipulating a AS, Al Areas under gra 16,
% ipulating algebra ( O)JL L gphS(A)J
Key words and symbols: what | need to say and write accurately
pa. per annurn, Latin for “every year*
direct proportion as one amount increases, the other increases at the same rate
K the constant of proporionality, which is the rate of change
x is proportional to
inverse proportion as one amount increases, the other decreases at the same rate
density a measure of how spread out particles in an object are
pressure a measure of how spread out a force is
speed a measure of distance per unit of time
compound units a measure combining two other measures

Fingertip facts: what | need to learn by heart

To calculate a pemm oﬂ‘inal x mu'up“ef = new To return to the mlnﬂ whole: m"n‘l = ﬂll:ﬂ.:uﬂ

Direct Proportion

As one increases, the other As one increases, the other
incregses at the same rate. decreases at the same rate.
y is proportional to x y is proportional to the
reciprocal of x
? y X X ’ y P l
NAR.: x I
"Er y ,/y = kx y 2z, i
) y = s

Density-ﬂl Pnssuresﬂ Speed =

NP13 2



GM7: Advanced Drawing, Measuring and Constructing

My mathematical journey

4 N aYd ™
YWhat do | nead to remember WWhat will | l=arn about I this unit? Where does this lead?
fram beforat
Infeigrr arwd exieror angles o pokeoons Surtace arca and volume
frgge Tarls onlines, parallel lines {GRAE]

. Rezsoning with angle probems
gt in paabenens (G g MR Advanced langth and arez
Beznos (GMZ Types and properties of palvhiedra (GhAG)
Representing 300 shapes dravang,
isamelri drawing, plars acd elesatione,

l‘:|:,-r'r'||'“|'||-e"||'_:,- [f;".-'l.-:"'_, ress

Salving goometric probloms
[GWIT)

Constructon: ard loc (G

Coestroctiors and loc problers

. AN AN y

Key words and symbeols: what | need to say and write accurately

Wwiord Explanation edzrior angle  aredor angle
A -

palyhecron 3 30 solid witn f at. polegon faces ino cursed faces) P
s 3 polvhedron witn a constant cross-secticn o
pryramid 3 polyhedron witn & decreasing cross-secion to the apes
EAan Lre v whien you look cowm al a 30 swape o abowe
e i o wou ook Al a 30 dhape o Lhe Tanl o The
elevation e ! [  wErE
ret what you see when gou undold a 30 shepe (ol vertices]
| hizart means ot e hE® A bsectorn 15 a line that cuts gncther
n hat. face =

perpendicular  oeroordicuar Ines meot at a righn ang'c.
equidistant Squic stant mears an equal o sanos from tao ooints ar lines.

loous (Pl loc)  The path ol all soinks al il e cordilion

Fingertip facts: what | nead to learn by haart
A bearing is measured dockwise from Morth and repoeted with three figures, eg 070"

Cormesponding angles are egual Allerrale angles bre equal Cominler angles sum Lo 183"

/ - l'lI -
» o (/ B
/I N

Thie sum of the exterion angles in The surm of the interior angles inany  An adjacent interion and exerior
any polvgon [an a-gonp & 3607 pokygarn (an m-qon) is 1800 — 23°.  angke surm o 1807
L %

SR

=10 2




My mathematical journey

SP4: Continuous Data

Y4 N
What do | need to What will | learn about in this unit? Where cees this lead?
remember from before? : : .
Median (N¥", SPT) Preserting and anaysing sets of Acvanced data analysis from
Mean (NP3 'SP’I‘ zontinucus data. histograms and freguency
Maode (SP1) Estirrate measures of location and Polygons (SPS)
R P2, SP1 pre: i al:
arge (NP2, SP1) spread for continaous data adnood stk analiss
Types of data (SP1) e : : S
Comparing summary Comparing continuous data sets (GCSE Statstks; A Level
statistics (SP1) theouch charts and summary statistics Statistes; Core Maths)
. > 5 VAN y,
Key words and symbois: what | need to say and write accurately
Types of data T Sympols
7 Ouantative ™ X - ‘tha meary
N purercay _/ ¥ - 'the sum of (this  the capital Greek letter ‘sgma’;
et reonsmd vievy

--------------

ldcasures of spread (capturnng how wige the data set is)

(capturing uhere the data set is)

Qe """'mg

e way tHrcugn.
_ thedstaset
Interquartile Range
epread of the pairts
Cetween @, end Q,
Aclass interval sagroapof dala, 2y 2 € x <5
Fingertip facts: what | need to leam by heart
1 - 1 ~

Crurmuliive Fregueny

Hoaw ta find the prosition of the median ard quartles

For cscrele dato.

Q, is ir position !‘:—‘
+H1

Q. Is I position —~

Q4 I& in position @

(where 1t is the size ot the

For conlruous data:
¢ 5in pesition %
Qz 15 in pesitior 3
Q4 75 In positior 37"

Mot al the evcponds |
of the daut J

data set)

H find :

T
x—sl,

SP4

where x is a vaue ir a vzla sel {or the midpoint of 2 class) and £ its frequercy.




SP5: Set Theory and Logic

My mathematical journey

4 aYd AY4 ™
What do | need to remember What will | learn abaut in this Where does this lead?
fromn before? it?
* o Advanced probability problems
Frobability, Wenn diagrams and Thinking logicalky with irdependent or depondent
rii lly [5P5
working systematially BP3) Sets, subsets and set ngtaian svents (5PT)
' ; ry
Limear incqualtes (A8) Sets on Vern degraims Algebraic proof (AT
Types of nurnber (MP4) Probasilty of 4 AND/CR B Slatstics in Core Maths and A-
Lewve bdaths
. AN AN y,

Key words and symbaols: what | need to say and write accurately

§
£ The universal set. All elements being considered. ‘ GD’
. g
A=(.} SetA C P

A The complement of A. Elements not in A. CD'

ANE The intersection of A and B. . -f'j ;
Elements in both A AND B.

£
The wrion of A and B. (_ O
L Elernents in either A OR B. _G_j
'E N |
e Ais a subset of B. :_

Every element in A is also in B.

Tne solution st ta an inequality can be written in set notation. =ar instance, (x : x > 3} reads “the et of all x 2uch
that x is greater than 3.

Fingertip facts: what I need to leam by heart
[everits A and B are mutually exdisive, PIA U H) = P{A) + P(R)

leverits A amd B are incegendent, P(A 0 H) = P(A) X P(H).

I evenits A and B are nol molualy exclusive PIAUR) = P(A) 4 P(H) - P{ANA).

s |
iP5 4



NP14: Number Theory and Error

My mathematical journey

' Y
What do | need ta remember
from before?

Product of prime factors (NP4
HiZ= and LTM (NP3}

Equivalent fractions and
decimals (M=R)

Bounds ard error (MPY)
AN

™
What will | leamn about in this

urit?

Uzes of the product of prime
factors

Tynes of rational number

Srroyr in roeasurament arcd
caloulatiors

Where does this lead?
Mumber theony [after &-| evel)
Rationalisirg fractions (M5

Understandir'g acouracy in
aclvanced maths, enginesring
and soienre (A-level ard
beyonc)

Key words and symbols: what | need to say and write accurately

highwast common factor
(HCF}

oW st COmran
mftiple (LCR)

radonal nurber

terrminating decimal

recurring decmal

trancats

k2 biggest rumber that is 3 factor o all the numbers in question

e.0. HL-(16,20) = 4

the smallzst number that s a multipte of all the rumbers in question

e.q. LCM(16, 20) = BO

ary number that can be writter as a fractior, Including irtagers, termirating amd
recurring decmals

a number whose dedimal places stop, eg. 02 or 181423

a rumber whose dacimzl places continue forever in 2 repeating pattam, e g 0.2 =
0222222 ... or 0.5608 = 0.5608608608608 ...
alwarys rourd cowr

An ermor irferval uses inequzlities 1o show the range of values a number could be within, We can show it with
nequalties and an a rurmker ine.

— oo ‘ '
{ FET ]
a<x<b~
|
\
e wanahls we e
thinding shoat
Il vl '
Fingertip facts: what | need to learn by heart
The fraction and decimal 2gua’ents for ninths and thirds.
1 2 3 1 4 5 6 2 ) B ]
Fraction — - - == - - —== - - —=
g 3 5°3| 3§ g g=1
Decimal 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9=1

The primne numbers less tham 100

2035 AT 13,7609, 23, 29, 3, 34, 41, 43, 44, 53, 54, 81, 64, 1, A3, f4 83, 84, B

L ———————
M4 P4



A11: Advanced Manipulating and Simplifying Expressions

My mathematical journey

what do | need to remermber
from before?

Adding and subtracting

EXpIressions (A7)

hultiphying and diviging
sxpressions (4]

Factorising expressons (A3)
simplifyng fractions (M=7)

Rearranging fommulas (A3)

\,

~

NS

.

What will | lears about inthis hTd
unity

Sules of ingwes. muloglicaticn.
division ard exponentiation

kA altiphying mufiole brackets
Factonsirg quadratics
simplifying akyebeaic fractions

Fearranging more ramales
tormulaes

AN

Where does this lead?

Cuadrate graphs and
equations (A2, A4
Wioarking with all Types af non-
lim=ar fundtiors (415)

Cperatirg with algebraic
fracions (AT

Algetiraic proad by deduction
(AT

A-Lewel mathematics
>,

Key words and symbaols: what | need to say and write accurately

I I

palynomial ar expression contanirg onby numbers and non-regative powers of x.
oo 12y + 7, 12 + 56x — x%, 12 + S6x — x° + 11x?.
binomial ar expression with two terms,  eg x— 1, 5x+6 .12x% + Tz

s identical to*. Lsed 10 shone an igentity — when two expressions are inentical for every value of

Ox*+5x+6=

Constant, x?, na brackets

x, perhaps jush written in a different wasy.

Lingar, 2", up to one bracket ax + b 4 +10 = 2(2x + 5)
Quadratic, =2, up to twa brackets ax? + bx + ¢ 2x? 4+ Tx 4+ 3= 2x+ 1)(x +3)
Cubic, x*, up to three brackets ar’ + b + oz +d 3 b — A= (10— 2+ 4)

Fingertip facts: what | need to learn by heart

The index laws
1

Whian we multiphy powers with the

same base, we can add their sxponents. x7 - xd = g0

2. When we dhade powers with the same base, we car subtrad ther exponents. ;—: =x

3 When we find a power of 3 power we can multiply e exponents together. (23

Factarsing & quadratic, ax® + bx + ¢
Lok Tar two nurrbers wiose sum = B and whose producl is ae.

coxt—dx—-12=(x—-6)(x+2) eg 227 —x-10=(2x-5}x +2)
a x| x X x | 2 = o w| e | 2
xt 'l EEki | & | 2x a2t d” ot | 4x  pe|axt | ax
=2 —6x =12 =h|-dr |-12 <10 -5r|-10  —§|-5x|-10
Eurr ol o pocfes ks B mnnli_rwl'—'u--:l.l
Prossal =1 P A 0
Difference of two squares g #® —9= (¥ -3+ 3) or  16x% —49 = (42 - T4z + 7)

- ____________________________________|
Al



My mathematical journey

A12: Quadratic Graphs and Equations

4 ™ Y Y
What do | nead to remember what will | leam zbout in this Where does this lead?
from before? rit?
. Ouadratic sequences (A13)
>Hostiiion (A lbc.w ngﬁﬁiﬁiﬁ:m&i Avanced quanratic equations
linear and quadratic grapns NG grap L 4 The [A14y
(AB) quadratic farmuls and
carpleting the square Ouadrabc inequalities (214
Fachonising guadratics (&7
flsing quacratics (AT) Sketcning graphs of guadratics A-Level Mathemsatics
usirg their key features
. VAN AN v,

Key words and symbols: what | need to say and write accurately

ord—plmaon

4 parabola The shape of 2 quadratic graph.
_-roots The poirts on the graph n1':,.'=a::3+i|u+r:w.hen=j.r=ﬂ.
These gre tne soutions Lo the equation ax® +éx+c=10
) and are the points where the graph crosses the x-auis
__ yeinterceat | ‘Where a graph crosses the y-axis.
Ths = i aoint wherse x = 0, s0 on @ quadratic graph with
aquation y = ax® 4 bx + ¢ its value it ¢.
_ - et The miniFrum or max mum aoint on a quadratic graph.
turning point | |t x-coorc nate is the rdpo at of the roots, The vertical

lire through the vertex is the graph's line of symmeatry.

Fingertip facts: what | need to leam by heart
The quadratic formulz
Bvery quadratc equation of the orm ax? + bx + ¢ = 0 can be soved using the quadratic forrula;

—h+bE = dar
2n

r=

Completing the squars

Fvery quadratic expression of the form
x° + bx + ¢ can be witten as an
adjustmert to a perfect square,
(x+pE+a

eg. %% —dx + 115 3 less than the perfect square (x — 265,

(x-2F -3

E=dr+1 =

Deciding how to sobe 3 quadratic
If the guadratic can be factarised, da sa to zalve.

If the quadratic canrar ke factorsed, wou should either complete the square (whick is easier when a = 1) or use the
qQuadratic formula

Al £



GME:

Surface Area and Volume

My mathematical journey

AYd 4
What da | nead to remember What will | leam about in this h Where does thic lead?
from before? unit? .
Pythagoras anc Trigonamely in
Wegsurng lengtn, area and furface zrea znd volume of A0 {GhAT)
e i cubes nd cboids s | g geemeic procies
Area of shapes (GM3) =Y - P including censity ard pressure
cones and frustums P
Types af sol ds anc their nete c +ina b R
[GRAT) arverting b= square & Level Mathematics
and oubs urits
Curtace area snd volume of Ennswmml—mgmeemg ane
o ardhitectures
sirmilar soods
\ VAN VAN /

Fingertip facts: what | need to learm by heart
The concepts of surface zrea 2nd wolume are the same for all solds, but some have soecific formulze o lezme

Salid Surface area (surm of the Volume (space insde the
area of all the faces) solicl) Linit conversians
Cuhaid Whean canverdng between suare
i length = wicth = height | ynits we square the lengrh
|- S— = lwh camversan factor.
_ eg 1m® = 100° em? = 10 000 em?
Prismi
0 \'.\. - 1
ral _s’r " ared of ':m“::m“" When convering between gubiz
P e lengm units, we cube the length
L camversian factor.
Cylinder +3£E:' :;T:J:;;:ma area of erece-saction e gI', Tm' = 100" e - 1000 000
i T L] Uy £
1 1] = 2nr? + 2arh il 14
L = Inr” 4 wdh B
Lphere
P curved surface area 4:1?1'3 Slrodlar “?‘Hs _
S = 4nr2 3 The relationshio between scale
o’ factors of length (10, 2rea (200
e and valume (20
P :-vclurne of a prism with B
/11> sarre base and height I K | — l K |
- / = |
':Ur":' } 'n"l:-hJIT'E" I:If i f}d"""dﬂ .""iﬂ-l L-- T '.'IH /Er! . |'IlrJ u.l:'
base + curved surfare area sarme base and height fackon. & et I
=nmr® +nrl 2p
= 3111-'
Frustum curvad surface area ilange walume of lame core -
f cane = ezl cone) wialurne of small cone
# two croles I P
= rRL = mrl + AR? + mr? _E“RH 3:1:-2.&

GME




A13: Advanced Sequences

My mathematical journey

4 N\ NN/ ] N
What do | need to remember What will | learn about in this Where does this lead?
7
from before: unit? A-Level Maths (advanced work
Substitution (AS) The n™ term of quadratic and with arithmetic and geometric
Linear seauences and geometric sequences progressions)

their n'" term (A7) Recurrence relations Exponential growth and decay

NP6

Mon-linear sequences (A7) Solving problems with { )

sequences

Quadratic expressions (AT1
? AN J\ Y,

Key words and symbols: what | need to say and write accurately
Uy, The n™ term of a sequence
linear sequence A sequence where the difference between terms is constant {doesn't change).
e.g. 5 7,9 1, .. (the difference is 2) or 10, 7, 4, 1, ... (the difference is —3).
quadratic sequence A sequence where the differences between terms form a linear sequence.
eq 1, 4,916, 25, . (the differences are 3, 5, 7, 9, _, which is itself a linear sequence}.
geometric sequence A sequence where there is a constant multiplier between terms.
eq. 1 2,4, 8, 16, . (each term is multiplied by 2 to get the next)

Fibonacci-style A sequence where each term is the sum of the previous two.

sequence eg. 14,5914, 23 ..

recurrence relation A formula that defines a term or terms of a sequence in relation to a previous term or
terms.

B.0. Upe1 = 2U,; Uy = 5 mean that each term is double the previous and you start at 5

Fingertip facts: what | need to learn by heart
The sequence of square numbers: 1, 4, 9,16, 25, 36, 49, 64, 87, 100, 127, 144, 169, 196, 225, ...

The sequence of cube numbers: 1, 8, 27, 64, 125, 216, 343, 512, 729, 1000, ...
The triangular (or triangle) numbers: 1, 3, 6,10, 15, 21, 28, 36, 45, 55, ..
The Fibonacci sequence: 1,1, 2, 3,5, 8,13, 21, 34, 55, ...

The nth term of a quadratic sequence is made up of an? (where a is half the second difference) and bn + ¢ which is a
linear sequence. To find this nth term, subtract an® from the terms in the quadratic sequence to get a linear
sequence, then find the nth term of what you get.

eg. For the sequence 6, 19, 38, 63, 94, . we get 3n? + 4n — 1 like this:

Position, n 1 2 3 4
Sequence, u, | | 6 |[[19]][38]][63]
an? (a=3) | /3\|/12\]|/27\ | 48\

Difference K j \7" } \11/ HS

n
3n2+4n—1|
/3!;2‘\\
R

L8]
1]

A13 2



GM9 Knowledge Organiser — not released yet
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