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1 Completing the Square
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Fluency Practice

Express each of the following expressions in the form (x+a)"

1. x2+6x+9 5. J:’--Syc*'%i§ 3 ""%’”6
2. a*+da+4 6. bi+3b+g - R
3. pi-10p+25 7. x+%x+ Y 1. xdy
4. s2-125+36 8. a'-a+} 12, ety
13. p?+18p+8I 15. P-%+5% 17, xX*-2cx+¢?
14. a’—ga'l';-s 16. X+ 2bx+ ¥ 1_8. x’-'-‘i:x-t-:,‘:2
Express the following expressions in the form (ax+ b ).

g Ix?+6x+ 1 2=2. Ox?=24x + 16 é Ix?=6x+1
20. 4x'-12v+9 23. ax’-dax+1 26. ax?4+ 2+l
g 100x? = 60x + 9 Zé. 25x7 4+ 20x + 4 g 9:2+?_r+%
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Intelligent Practice

Complete the square on the following expressions:

1)  x? +4x
2) x%+8x
3) x%?+12x
4) x?—4x
5 x?—8x
6) x?—12x
7)  x%+3x
8) «x2+5x
9) «x?%-—7x
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Problem Solving

The missing values a, b, ¢, d, e and f are the digits
1, 2, 3,4, 5and 6 in some order (no repeats!)

X2 +|  |X+

=(X + )  +
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Fluency Practice

6 — X0€ + XS
6 +X0E€ — XS
S —X9T — XY
S+ X91 + X%
S+ X9 + ,X¢
G+ X9 — X¢

()
(®)
(p)
@)
(q)
(e)

']JewJoy) aienbs paja|dwod ul 3

€+ X9 — ,X¢
€ + X9 — X¢C
€+ X8 — X
X8 — ,XT

X8 + ;X¢
XZT + ;XC

()
(®)
(p)
)
(q)
(e)

‘alenbs ayj a39|dwo)

ET + X6 — X
G+ X6 — X
G—X6— X
G — X[+ ,X
X[+ ;X
XG — ;X

()
(®)
(P)
@)
(q)
(e)

'JewJo) aienbs paja|dwod ul 3

€ — X + ,X
€ — X9 — ,X
€+ X9 — ,X
X8 — ;X
X8 + ,X
X0T + X

()
(®)
(p)
)
(@)
(e)

'24enbs ay3 919|dwo)
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Fluency Practice

Al

Express x* + 8x
in the form (x + a)* + b

A2

Express x* + 6x
in the form (x + a)* + b

A3 Express x* —4x
in the form (x + a)* + b

A4

Express x*—12x
in the form (x + a)* + b

B1

Express x” + 3x
in the form (x + p)* + ¢

B2

Express x> — 9x
in the form (x + p)* + ¢

B3 Express X' —Tx
in the form (x + p)* + ¢

B4

Express ¥+ 11x
in the form (x + p)* + ¢

C1

Express x° + 6x + 5
in the form (x + m)2 +n

C2

Express x° — 6x + 5
in the form (x + m)2 +n

C3 Express X+ 10x—11
in the form (x + m)2 +n

C4

Express x> —4x+20
in the form (x + m)2 +n

D1

Express 2x° + 8x
in the form a(x + b)* + ¢

D2

Express 3x° — 9x
in the form a(x + b)* + ¢

D3 Express 3x* + 12x— 6
in the form a(x + b)* + ¢

D4

Express 2x° — 6x + 11
in the form a(x + b)* + ¢
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Fluency Practice

Al

Express Xt —2x
in the form (x + a)* + b

A2

A3 Express x*+ 5x
in the form (x + m)* + n

Express Xt + 14x
in the form (x + 7)* + k

A4

Express x*—13x
in the form (x + p)* + ¢

B1

Express x” + 18x
in the form (x + p)* + ¢

B2

B3 Express x* + 10x
in the form (x + h)* + k

Express x* + 21x
in the form (x + m)* + n

B4

Express X —x
in the form (x + a)* + b

C1

Express x* — 4x + 20
in the form (x + 7)* + k

C2

C3 Expressx’ + 14x+ 6
in the form (x + a)* + b

Express x* — 3x — 10
in the form (x + p)* + ¢

C4

Express x” + 9x + 8
in the form (x + m)* + n

D1

Express 3x° + 12x
in the form a(x + b)* + ¢

D2

Express 5x° + 10x + 20
in the form a(x + b)* + ¢

D3 Express 2x* — 6x + 5
in the form a(x + b)* + ¢

D4

Express 2x° + 9x — 3
in the form a(x + b)* + ¢
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Fluency Practice

Solve the equations:

1.

2.
3.
<.
S.

Solve the equations:

16.
17.
18.
19.

(x+1)=9

(x=2)’=16
(x=3)Y =25
(x+6)* = 100
(x+7)=

(2x—=1)*=16
(3x+2)? =25
(5x—=1)>= 36
(3x—4)y =1

© ®» N @

10.

20.
21.
22.
23.

(x=1y =25
(x+2)2 =49
(x=5P =16
(X-7)2=4
(x+4)Y =16
(7x+2)> =100
(2x+1)2 =36
(3x—4) =49
(5x+2) =25

11

-3

E)

2.
13.
4.
5.

-

(x+3) =25
(x=9) =36
u+1y=%
(x-2)2=%

12 . 25
(x‘i')z—j
(4x=3)Y = |
(=5 =4
(5x+3)P =16
(7x—=5)* =81

Page 16




Fluency Practice

Solve the following €quations by completing the square.

1. x2+4x=5 5. x2_4x+1=0

9. xX2=x+5=90
2. x2—6x =7 6. X2+8x=3 10. x2—x-4=9
3. x2410x = 1] 7. x2—4x=9 11, x249x-3=9
4 X248x+3= 8. X+9x+4=0 12. x24+8x+4=9

Solve the following equations by completing the square.

- - B -3 =10
13. 2x2+6x=9 17. 3x2+12x—-8=0 21. 4x2-7x-3 :
. — — - s _1 =
14. 6x2-12x=5 18. 3x2-5x=1 22. 6x%—5x :
. _ _ 2 -4 =
15. 4x2+8x =3 19. 5x2-5x=4 23. 7x*+7x

= () 24. 3x2—-9x =2
16. 2x2-3x—-4=0 20. 5x2+8x+2 24.
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Fluency Practice

0=T+X,L-,xZ (J) 0=¢€-XS-,xZ (3) 0=6-X0T +,XS (p)
0=T+X9-x¢ (9) 0=02-%9T + ,xz (q) 0=¢€+XZT + XE (B)

‘(exenbs a3 Sunsjdwod asn) suonnenba Suimo[[0] 83 9A[0S  :{ uonsang)

0€ +X0Z - ;XS (3) G -x¢ - X7 (9) G -XZT + . X¥ (p)
Z+XZT - x¢ (9) € -XZT +,xz (q) Z+X8+,%XZ (e)

2+ ,(q +x)e w0y ayy ur suoissardxa SUIMO[[0) Y3 SILIA\ 1€ UonSsany

Xy - X =0€-X0T - .xZ () 0=8+XE+,x () 0=L-%+,x ([)
0=€-XL-,x (1) 0T +XZ=,x () 6T =€ +XZT + X (8)
0=L+X8T + X (J) 0=0T +X0T - X (9) 0=2-%8-.x (p)
0=%-X¥T + X (9) 0=0T -X8+,x (q) 0=T+Xy+ X (&)

‘(axenbs a3 Sunajduiod asn) suonenba SUIMO[[0] 9Y] 9A]OS 7 UOIISIND

SZ -X00T - ;x (0) €+XTT +,x (u) T -X6- X (w)
2-%xL-x (D T+XE+ X (3) g8-x+.x (I)
TT-Xb+.x (1) ST -XZ - X (Y € +XpT + X (8)
E+X2T-.x (3) €T - x¥ - X (3) 0T - X9 - ;X (p)

T -XZ+ X (0) €+X0T + % (q) T +X8+ X (e)

q + ,(e + x) waoy oy ur suoissardxs SUIMO[[0] 9] AILIAL T UOnSaNY
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Fluency Practice

ce+T g ot _ T
¢ 1—uz ) oﬂlmﬁ €))] T-X8+,XZ=%+X9 + X (p)

L+X+,X7 =X (9) X8 -0Z2=5+XZ+,X (q) 0T=T+Xp - X (e)
w0} paAns payidwis ur Jomsue yoes LI

atenbs ay) Sunsjdwoos guisn suorenba SuIMo[[0] 93 JO YOBD SA[0S  :G UOSINY)

0=T+XET +,x (J) 0=0S- x-,x (3 0=6+X.-,X (p)

0=S-XIT+,X (9) 0=T+Xxg-,x (q) 0=L-X+,x (e)

ULI0} pINs payIdwiis Ul Joamsue [oea LA
atenbs ay3 Sunajdwoos Suisn suorenba SuIMo[[0] 83 JO YOB3 SA[0S  :} UOISINY

0=00T -X0€ - zx (1) 0=T+XZT-;x (4 0=L+X0Z + X (8)
0=22-%8-x () 0=¢+ X8+ ,x (9) 0=T+X0T - X (p)
0=5-%XZ-.x(9) 0=0T -X9+ X (q) 0=€-Xp+.X (&)

uLI0j pans payrduwiis ur Jomsue Yoes LI
aJenbs ay3 Sunajdwoos Suisn suorrenba Suimo[[0J 93 JO YOBa SA[0S g UOMSINY
0=0E-XL- X (3) 0=¥%2+ XIT - X () 0=21 +XL - X (P)
0=2T-X+X (9) 0=8T-%x¢£-.,x (q) 0=%+X5+ X (e)

atenbs ay3 Sunajdwoos Suisn suorenba SuImo[[0] 93 JO YOB3 SA[0S  :Z UOISIN]

0=T+%xZ-,x (1) 0=9T - x9-,x (y) 0=TS-XbT + X (3)
0=¢-%x2-,x () 0=SE+ XZT - ,X (9) 0=S%-xp-,x (p)
0=0¥%+X%T + X (9) 0=%Z+X0T +,x (q) 0=8+%9+,X (e)

atenbs ay3 Sunsjdwos duisn mofaq suonenbs ay3 Jo Yoea sA[0S T UORSINY
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Fluency Practice

bg

Iy — AN T q— -

x

e[nuLIOoj
oneapenb ay3 ysI[qeiss 03 ( = 3 + Xq + ,Xe uo arenbs ay3 Suna[dwod Suisn £g 9 uonsanY
q pue e puly
LTN =€~ =X pUB LT\ + €~ =X 31 SUONN[OS SIH
0 = q + Xe + ,X uonienba ay) paA[os sey sawe[ g uonsany
04V d[3ueLI] Jo BaIE 9Y) pUl]
(S Q) st utod ayy,
g pue y sjutod a3 Je SIXe-X 9] S}99W [ — X + ,X = £9AIND Y], :f uonsanp
suonnjos ([eal) ou ale a1ay) Aym urejdxa ‘aaenbs ay3 Sunajdwoos guisn £g
0=ST +X¥ + ,X 3ajos 03 Sulkn st Aqqy :g uonsand
"ULIOJ PINS UI SIOMSUE IN0A 9AIN)
*9[8ue10a1 93 JO YASUS] pUE YIPIM S} PUI]
,WO000T SI 9[3ur1dal Y JO BAIE A,
"YIPIM S31 UeY} Jo8uo] Wz SI o[dueidal e jo Yadus[ay, :Z uonsany)
sixe-x a3 (q)
sixe-£ a3 (e)
1S199W € + X(T + ,X = A 9AIND 8] a19ym sjutod ay) purf T uonsang
Addy
0=1-XZ-.X01 (3) 0=8- XZ+ X5 () 0=,-%g~-.xZ (p)
0=2-%ZT +xg (9) 0=€+XL+.xz (q) 0=0T - X0 + X5 (e)
atenbs a3 Sunajdwoos Suisn suonenba Suimo[[o} ay3 JO Yoed 9A[0S  :9 UonsanQ)
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Fluency Practice

0=¢€—XIT —¢X¢
0=¢€—XG—,X¢
0=T1-—XG+ ,XC
0=1—XE+ XC

(P)
)
(@)
(e)

‘alenbs ayj bunajdwod
AQ suoinenba onijedpenb asayl aA|0S

=9 —X0C + XS
=C—X91 + X¥
¢ — X81 — X¢€
=€+ XCT + X€
=€ — Xy — XC
=€+ X8 — X¢C

© ©o o o
Il

o O

@)
(®)
(P)
(9)
C)
(e)

‘aJenbs ay3 bunajdwod
AQ suonenbs oijeapenb asayy anjo0s

0=€—X—,X
0=€—XG—
0=€—XG+ ;%
0=6—XIT + X
0=T—XIT+ X

(®)
(P)
(9)
C)
(e)

‘aJenbs ayj bunajdwod
AQ suonenba onjedpenb asayl aA|0S

0=G—XZT + X
0=2C+X0T + X
0=2C—Xp+ %
0=2C+2XF+
0=T1—X)— X
0=T1—XZ— %

()
(®)
(P)
(9)
C)
(e)

*aJenbs ayj bunajdwod
AQ suonenbs oijeapenb asayy anjos
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Fluency Practice

Create 14 groups of 3 by matching up one card from each table

Quadratic Equations

x°+6x+7=0 [x*°4+14x+21=0

Exact Answers

x2—10x+19=0| x2—-10x—-3=0

Rounded Answers

x> —4x+2=0 x*—-2x—-5=0

x> -3x+1=0 x*°4+4x—-6=0

x*+5x—-8=0 x*4+8x+6=0

x2—-20x+53=0| x2—-2x—-9=0

x°+6x4+3=0 | x2+18x—2=0

-4 + V10 %i?
2 ++2 | 10 + V47
-9 ++/83 | =7 £ 27
—;ig -2 £ V10
-3++V6 | -3++2
1++V10 | 5+ 2V7
5+ 6 1++6

(2 d.p.)

1.27 16.86
—6.27 3.14
10.29 0.11
—0.29 —18.11
—-1.71 7.45
—12.29 2.55
—0.84 1.16
—-7.16 —5.16
2.62 —0.55
0.38 —5.45
3.45 3.41
—1.45 0.59
4.16 —1.59
—2.16 —4.41
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Fluency Practice

(a)

(b)

(c)

(d)

Solve x2 =9

Solve x2 —7x+10=0

Solve x2 —5x+6=0

Solve x2 +8x+12=0

(e)

(f)

(9)

(h)

Solve x2+2x—8=0

Solve x2 +10x+21=0

Solve x2 —3x—18=0

Solvex?—1=x+5

()

@)

(k)

O]

Solve 3x2 —7x+2=0

Solve x? + 5x + 2 = 0, giving
your solutions to 3 significant
figures.

Solve x2 + 3x — 8 = 0, giving
your solutions to 3 significant
figures.

Solve 3x2 +2x—9=0,
giving your solutions in surd
form.

Page 28




Fluency Practice

There are three algebraic methods for solving quadratic equations:

(a) By factorising

(b) Using the quadratic formula

(c) By completing the square

Solve each of the following quadratic equations using each of the three methods, remembering that sometimes it is not possible to solve by factorising. When using

the quadratic formula, give your answers to 2 decimal places.

By Completing

By Completing

Equation By Factorising By Formula the Square Equation By Factorising By Formula the Square
a=1b=dc=3 (x+2)?%2-4+3=0
x+3)x+1)=0 (x+2)2=1
2 _ —4++16-12 2 _
x“+4x+3=0 = -3 x:f x=—24++1 3x—=12x =0
orx =-1
x=-30rx=-1 x=-3orx=-1

x> —6x+8=0

2x2—-9x—-5=0

x?—x—-12=0

2x2+8x—1=0

x*+4x—-2=0

x?>+3x =18

x>+2x—-5=0

2x?=4x+1
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Fluency Practice

Complete the square then solve...

1.x2+6x+7=0
2.x°4+10x+25=0
3.2x+8x+5=0
4.2x*+6x+6=>5
5. x(2x+5)+10=3

Factorise and solve...

1.x2+7x+12=0
2.3x24+10x+7=0
3.4x> —17x—15=10
4.100x%+60x+10=1
5.x(15x — 4) = 4

Quadratic formula to solve..

1.x2+6x—5=0
2.4x% —12x+9=0
3.3x2+9%x + 6 =0
4.x(x—2)=2
5.2x* —4x +5=2
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Problem Solving

In each row, explain which equation is the odd one out.

(x+5)> +10=0

x> +10x+35=0

x% +10x + 25 =10

(x+5)?2—-25+35=0

5x% + 10x = 10 (x2 +2x) =2 (x+1)2=3 (x+1)%>-2=2
2x2+12x—20=0 2(x% + 6x) = 20 (x +3)2 =19 x=3+Vv19
6x% + 36x = 18 x?+6x=3 (x+3)2+9=3 (x +3)2=12

* Challenge *

How many equations can you write that are equivalent to : (x + 3)? = 30

Can you write some equations that are equivalent to x* + 20x = 26 ?
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2 Advanced Functions
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Intelligent Practice

f(x)=2x g(x)=3x f(x)=3x gkx)=x+1 f(x)=2x—1 g(x) =3x+2
Evaluate: Evaluate: Evaluate:

fa(1) fa(1) fa(1)

fg(2) fg(2) f9(2)

fg(3) fg9(3) fg9(3)

fg(4) fg(4) fg(4)

fa(5) fa(5) fa(5)

f(x)=2x glx)=3x f(x)=3x gkx)=x+1 f(x)=2x—1 g(x) =3x+2
Evaluate: Evaluate: Evaluate:

gf (1) gf(1) gf(1)

9f (2) 9f(2) 9f(2)

gf(3) gf(3) 9f(3)

gf(4) gf(4) gf(4)

gf () gf(5) gf ()

Describe any patterns you find in your answers.

Can you explain the patterns?
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Fluency Practice

[ a(x) =3x+1 ][ b(x) = 2x — 3 ][ C(x)=§+2 ][ d(x)=;—4 ][ e(x)=3"3+5 ][ f(x)=2x2_3 ]

[ 900 =243 ][ h(x)=x;6—1 ][ m(x) = 3(x — 4) ][ n(x) = 3(2x +3) ][0(x)=4x3—_5+4 ][p(x)=3x+2—3 ]

4 4
Inverse Functions Composite Functions
a~1(10) = b~1(5) = ab(2) = aa(2) =
C—l(ll) — d—1(3) — ba(g) = bb(4) =
e1(4) = £1(5) = ca(l) = db(0) =
ac(9) = bd(-2) =
g2 = h(0) =
ea(3) = fd(®) =
m~1(5) = n~1(-9) =
ah(6) = hm(=2) =
071(7) = RO
eo(2) = op(10) =

You can check your answers by reversing the input & output.
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Fluency Practice

()44 W
(1-)fyb  (p)
&-)JSy (@

(Myby  (3)
96y ©)
()6 (e)

:931enjeas

c+Xx

— = (Y
xg — 07 = ()6

H+RN+NRHQOk

(L1)66  (P) (8Z-)yy (9
(o1)by  (a) (yb (o)
:9)enjeA]

Z+xs=@y 1-—xp= ()b
@66 ®  (3-)Jf ©
(M6 @ (DS (@)
:93en|eA]

G-1=(F  pxe=(9)
(e-)b66  (p) @ TG
M6 (@ (s-)b6S (®)
:93en|eA]

=@ x-y=®/
F-)66 (P  (90)ff ©)
a-)J6 (@ ()6 (&)
:93en|eA]

I—Xx=)b g+xz=(x)]
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Fluency Practice

[ a(x) =2x +3 ][ b(x) = 3x — 4 ][ @ =2+1 ][ ) =35 ][ e(x)=2x3+3 ][ f(x)=3x2_1

[ 0= +2 ][ heo =222 4 ][ m(x) = 2(x - 3) ][ n(x) = 2(3x +5) ][0(x)=3x_1+2 ][p(x)=4x+5_1

3 2 2 3
Inverse Functions Composite Functions

al(x) = b~ l(x) = ab(x) = aa(x) =
cHx) = d1(x) = ba(x) = bb(x) =
e1(x) = F100 = ca(x) = db(x) =

ac(x) = bd(x) =
g0 = B =

ea(x) = fd(x) =
m1(x) = nl(x) =

cd(x) = fe(x) =
07 (x) = p~i() =

eb(x) = og(x) =

You can check your answers by substituting inputs & outputs.
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Intelligent Practice

For each pair of functions, find:

a) fg(2) b) g/ (3) c) fg(x) d) gf (x)

Use your answers to parts a and b to check your answers to parts c and d.

1) f(x) =4x g(x) = 5x 5)f(x)=§ g(x) = 4x
2)fx)=x+3 glx)=x—%4 |6 fx)=x2 g(x)=2x+2
3) f(x) =2x g(x)=x-—3 7)f) =x2—1 g(x)=x—3

4 f(x) =3x—4 g(x) =2x+1 8) f(x) = x2 g(x) = 3

For some of these pairs of functions, fg(x) = gf (x)

Explain why this happens for these pairs of functions.
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Fluency Practice

‘X JO san|eA
syl puy ‘(X)yJb = (x)feyy usain

z—x=y
pue §1 — ,x = (¥)6
x—¢=(x)f

Jeyl yons ade y pue b6 ‘J suonoung

(¢)bbb pud (q)
X

= (x)bb 1eyy anoud (e)

1 # X JoJ ﬁ” (x)b
1eyl yons si 6 uonouny ayg

(x)Jb = (x)bf anjos (q)

() J6 () ()6 (1) puid (e)
Xx+Gg=(X)p pue ,x=(x)/f

Jeyy yons aJde b pue J suoiound

x = (x)JJ uonenbas ayy anjos (1)

() ffpus ()

¢ — x7 = (x)/ 1eya yons si j uonouny ayL

X

1—xz=(x)b pue = (%)) (q)
c+xp=(x)b puel+x7=(x)](e)

:suoIloUN) 9say)
Jo yoes 4oy (x) fb 40y uoissaidxs ue puld

e+x=(06 pue ,xz=(0)/ @)
xz—G=(0F pue T—x=(x)/ ()

:SU0I30UNJ 3SaY)
Jo yoes Joy (x)b f 40} uoissaidxa ue puid
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Fluency Practice

(€) Boy) ]!
(%) (y j) 6

(g) (B of) ‘8

‘puly x/9 = (x)y pun xg | = (x)6[x] = (x)} uani9
*X Jo an|nA ay} Huipaairxa jou 1abajul §soynaih ays sunaw|x] uoinjou ayj

¢uonpisodwod jnogn |
noA |13} uoyDWLIOUI SIYE SIOP JDYM £IWDS Y} SIOMSUD OM} asayj aly L

(x)(3 - B) -9

(x)(6 o ) S

‘pul v + Xyl = (x)6 pun ;x9 = (x)j buisn

((x)3)6 i
((2)53 >
((9-)3)6 T
((5)B)3 ‘1

‘puy’g - x = (x)6 pun g + xy = (x)} buisn
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Fluency Practice

(%) (3o 4) oL
(%) (4 of) ‘6

(9) (6 o) '8

:puty x/g = (X)y pup xg | = (x)6[x] = (x)j uan1g " jo
an|nA 3y} buipaaixa jou sabajul ysognalb ayj sunaw[x] uoinjou ayj

¢ uorjisodwod ynogn noA w_ﬁ .
UOLDWLIOJUT SIU} S30D JDUM iowns aul S1omsun omy osous iy £

()6 o ) 9

(x)(6 o §) S

puyy 8 + xg = (x)b pup ;xg = (x)} buisn

((x)3)6 i/
((8)8) ‘€
((£-)3)6 T
((9)6)) ‘1

‘puly’e - X = (x)B pun § + xg = (x)} buisp
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Fluency Practice

(x) (3o 4) oL
(Z) (4 o3) 6

(¥) (6 o) ‘8

‘puly x/§= (x)y pun xg= (x)6’[x] = (x)j uanig
*X Jo an|nA 3y} Huipaadxa jou sabajul Jsajnalb ayy sunaw[x] uoynjou ayj

i¢uonisodwod nogn
NOA [[9} UOIIDULIOJUI SIY} SIOP JDYA ;OWDS Y} SIIMSUD OM} asayy aly £

(€)(B o) -9

()3 o B) S

puy p+xg= (x)b pun ;xg=(x)j buisn

((x)6)6 ‘b
((Z)5)3 ‘g
((g))6 T
((£)6)} ‘1

‘puy’g-x =(x)6 pun g4+x9=(x)j buisn
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Fluency Practice

(T) 3o y) oL
(%) (4 o3) 6

(%) (6 of) ‘S

‘puy X/ = (x)y pup xy = (x)6’[x] = (x)j uanig
*X Jo an|pA 3y Huipaadxa jou 1ahajul §sajnalb ays sunaw|x] uoiniou ayj

¢uonpisodwod jnogn .
NoA |19} uolpULIOUI SIY} SIOP JDYM £OWIDS dY} SIIMSUD OM} 3say} aly L

(x)(3 - §) ‘9

(x)(6 o B) S

:puly g + Xy = (x)b pun xg = (x)} buisn

((5)6)6 3/
((€)) "¢
((y))B T
((€)6)) "L

puly’y - xg = (x)6 pun y + x/ = (x)} buisq
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Fluency Practice

(€) 3o 4)

(S) (y o3)

(€) (B o)

‘6

‘puy xz/9 = (x)y pum ;x9 = (x)b6’[x] = (x)} usaig
*X Jo an|pA 3y} Huipaadrxa jou sabajul §soinalb ayj sunaw[x] uoyniou ayj

¢uonisodwod jnogn .
noA |13} uolDWLIOUI SIY} SIOP JDYA\ £ WDS Y} SIIMSUD OM} 3SaY} aly L

(@) 4)

(Z)(6 o B)
puyy | + Xg = (x)B pun ;x/

((z)6)6

(€

((9)3)B

()63

puy’y - x£ = (x)b pun ¢ + xg

9

'S
= (x)} buisq

4

= (x)} buisq
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Fluency Practice

Work out the value of each of these functions.

FunC'Hong in+o FUﬂC‘HOnQ Match them to the jumbled answers at the bottom.

aix)-% y(x) - 2X - 3 p(X) = 10 - X fx) = 5%
G(3) ¥(3) i) flt)
G(-9) y(-3) P() f(12)
f(-6)
G(%) y(?) - -3 o2
d) f(2x)
el Eind f(L:X)
T y(x=3) D
S i P(x-3) f(z)
G(ox) Y(:) — fx2)
Jumbled answersS el 16 | | 18-x |3 [2¢| [ex=a = |
2
0 |[2X-9| [10-(x+2)| [x+4|/2x + 3|| -9 72| [975|| 1 x-8
3
12 || 17-X 1 ox:2| |18 x | | 3x3 8 e 5
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Fluency Practice

Using the five functions at the top, work out the

COmpOQH-e 'F Unc-l-iong: composite functions.

Match them to the answers at the bottom.

fG(3) py(2) tG(1) GG(6)
Gf(3) PY(5) tG(6) GG(8)
tf(-1) pt(81) PG(-11) tP(300)
yt(25) yt(100) yy(2) ff(10) :
Jumbled answers S = e R
—[1 _ 3 |3 L |5 || 67| 8] 9] 10
14 24 | | 25 75 | |300| (432
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Fluency Practice

Using the four functions at the top, work out the

Compogi'l'e F UnC'Hong: composite functions.

Match them to the jumbled expressions on the side.

6 GK(x) ~ Jumbled answers
Gf(X) KG(X) Lx + 18 bx +12yx + 9
GH(X) HK(X) [2e-s -3
J8x + 24 X

Halx) KH(X) LX2 + 24 + 36| [4x2 + 36X + 81
fK(X) Hf(X) 2X2 + 12X + 24

I 2X 2Wux) 6| =
KF(X) fH(X) NI 2
ff(X) HH(X) 2% +3) | |X++6X2+9 %

: 2
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Problem Solving

Match the cards into groups of three:

flx) =x?
gx)=2x+2

x—3
2

f&x) =

gx)=2x+3

f(x)=4x+6
g(x) = 3x2

flx)=x% +4
gx) =2x

(g+f)(3) =26

(f+9)(3) =114

(f*9)x) = (g * %)

(f*g)(x) =4x>+8x+4

(gxg)(x)=4x+9

(g*f)(x) =2x*+8

(g*f)(x) =2x*+2

(9*f)(B) =972

*Challenge*

1. If f(g(x)) = 4x? — 8x and f(x) = x? — 4, then what is g(x)?

2. Ifg(x) =3x+2and g(f(x)) = x, what is f(2)?

3. If gq(x) = 4x — 6 and q(a) = 0, then what is a?

4. Can you create two functions such that(f * g)(x) = (g * f)(x) ?




Game

f 7S
b(x) =x+1 i(x) =5x—-10 p(x) =3x—-4
c(x) =2x+1 w(x)= x—2 d(x) = 0.5x > > > LAP
A chb(x) =? iw(x) =? pd(x) =? FINISH
A N - L /4 ’ - N -
h(x) = 4x r(x) =2x J&X) =2x+ 2 s(x) =4 —0.0x
nkx) =x-13 q(x) =x—-1 <<< Ga= 5 — x dx) = x+3
nh(x) =7? rq(x) =? ki(x) =? ds(x) =7
7N
v(x) = 2x d(x) =5—x tx) =7—-x
x)=2x-3
cx)=x-1 wkx) = x+2 o "~ y(x) = 2x
ve(x) =7 > > > wd(x) =2 2@ =? ty(x) =7
7N
_ ix)=x+4 t(x) = —x y(x)=-2x+1
f(x)_2£:7 b(x) =2x-1 U= x+5 <<< flx) =x+1
ff(x) =7 ib(x) =? ut(x) =7 yf(x) =7 A
7N
f(x)=x-3 ) ¥ I(x)=x-2 o(x) =3x—-15
d(x) = 3x i X<+t t(x) = 05x > > > p(x) = 2x
df (x) =? G (=1 tl(x) =? op(x) =?
4
dlx)=-x+3 v(x) =x—-9 d(x) = 0.5x nx)=x+1
r(x) =2x < < < b(x) = 4x —2 qx) =2x+1 m(x) = 3x
rd(x) =7 vb(x) =7 qd (=N mn(x) =7
A
t(x) =05x+2 k(x) =2x-5 yx)=x-1 d(x)=2x+3
e(x) = x-3 1(x) =308 > > > z(x) = 3x h(x) = x-2
A et(x) =7 lk(x) =2 zy(x) =7 dh(x) =7
7S
fx)=x-4 tx) =x+2 c(x)=x+1 h(x) =05x+1
d(x) = x+1 wx) =2x—-1 a(x) = 3x—6 <<< g(x) =2x
df (x) =7 tw(x) =7 ca(x) =7 hg(x) =7 A
7S
f)=x+1 tx)=x-1 y(x)=2x-3 ax)=x+1
START glx) =2x > > > r(x) = 3x k(x) = x—-2 b(x) = 3x
A fglx) =7 rt(x) =7 yk(x) =7 ba(x) =7

Youngest goes first. Move the amount of Rolledalor2:x =2

FUNCTION gest g ” . _ Use x again if you get a double-boost!
80081 spaces on the dice. If you land on a function, Rolled a3 or4:x = 4 Hirst to complete 1, 2, 3or 4 Japs Wins)
calculate your FUNCTION BOOST... Rolleda50r6:x =6 r ’

J
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Intelligent Practice

1) f(x)=10-3x
g(x) = x?
Solve: f(x) = g(x)

2) f(x)=10-3x
g(x) = x?
Solve: f(2x) = g(2x)

3) f(x)=10-3x

g(x) = x*
Solve: f(3x) = g(3x)

4) f(x)=10-3x
gx)=x%2+10
Solve: f(3x) = g(3x)

5 f(x)=10-3x
gx)=x%2+10
Solve: f(x) = g(x)

6) f(x)=3x+10
gx)=x*+10
Solve: f(x) = g(x)

7) f(x) =3x+10
g(x) = x?
Solve: f(x) = g(x)

8) f(x)=3x+10
g(x) = x?
Solve: fg(x) = f(x)

9) f(x)=3x+10
g(x) = 2x*
Solve: fg(x) = f(x)

10) f(x) =3x+ 10
g(x) = 2x*
Solve: gf (x) = g(x)

11) f(x) = 6x + 10
g(x) = x*
Solve: gf (x) = fg(x)

12) f(x) =6x + 10
g(x) = x*
h(x)=2x-3

Solve: gh(x) = gf (x)




Fluency Practice

Linear Quadratic factorise Quadratic formula Quadratic
complete the square

f(x) = 4x - 3, f(x) = x% + 3x f(x)=x2-2,9(x) = 4x + 10 f(x) = x% + 8x

Solve f(x) =7 Solve f(x) = 18 Solve f(x) = g(x) Solve f(x) = 30

f(x)=5x+1, g(x) = 2x - 10
Solve f(x) = g(x)

f(x)=x2-1,9g(x) = 2x + 23
Solve f(x) = g(x)

f(x) = x2 + 6x , g(x) = 4x + 35
Solve f(x) = g(x)

f(x) = x? + 6x
Solve f(x) = -4

f(x)=5x+1,g9(x)=2x-1
3f(x) = 29(x)

f(x) = 6x2+8x,g(x)=x+3
Solve f(x) = g(x)

f(x)=2x2+x+7 ,g9(x)=7x+4
Solve f(x) = g(x)

f(x)=2x2-7x,9(x)=x -3
Solve f(x) = g(x)
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Fluency Practice

() J6 = (x)6J 3njos ()

T+ X =00 pue g—xz=(x)/

“w0y 3s9|dwis sy ul uoissaldxa unoA Suinig ¢ (x) /6 suiwisiaq (q)

2+ = (06 pue g-xz=(x)/

(1-)// puy

T+
X

ad JeRY

1eY3 Yyans uonouny a3y st f

I— = (x) 6 3n0s
0T — zX = (x)6 1ey3 yons uonouny ayy si 6

G — xz = (x)/1eyiyans uonouny ayy si J

(¥—)6/ puid
0T — zX = (x)6 3ey1 yans uonduny sy si o

S — x7 = (X)/1eyiyons uonduny ayy st J

9=0+x)f+ (1 —-x)/3n0s

X+ ,x=(x)/18

Xq + ,xp wioyayrul (Z + x)J ssaidx3

8 — X7 —xg = (%)J

L=
U3ym X JO an|eA 3yl pul4
1+x9=(x)/
1By} UBAID
(¥—=)6 pury

2+ x=(X)0 pue ¢—x7=(x)f

X JO San|eA ||e Jo4
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Fluency Practice

Pz
* X J0 sanjea 3|qissod ay3 puly

¥ = (x)/1eyruann

€ - N +X
% = =®J
9l
‘Sunjiom d1eagasdie Jeajd moys 0 = (x)/ ydiym 4oy X Jo anjeA ay) pul4
+x
A S Y}
T € Gl
‘pauyap Jou st (X) ./ YdIym Joj X JO IN|eA B UMOP LM
€ - N + X
=— =)/
(x);_J puy
H -
Xz €l
(¥);-0 puy
S
T+z=@)0bpue (y-x¢g=(x)/f
18yl yons ase B pue Jsuonounyayl
Zl
‘uoissaidxa unoA SuiAydwis ‘ (x) J/ puly
[+2=()bFpue (y—x)g=(x)/
12yl yons ase B pue Jsuonounyayl LL

3 Jo anjeaayiinojiom ‘ z1 = (z)6 / 1eyi uanin
"JUBISUOD B'SI ) dIBYM Xy = (X)0
1eY3 yans si H uonduny ayy

T-xp=(x)J

ey yons st fuonaunyayy

ol
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Fluency Practice

4 )

(s)6=(L01), 4 pue 19 = (6)0 1oy} vanig
"SJUBJSU0D aJE q
pue & aJaym q+4xe=(x)b pue |} +xg=(x)}

/ 16y yons aie b pue 4 jo voijouny 2_.—\
4 )

(€)= (bg1) 4 pue Lz = (b)6 seys uamg
"SHUB}SU0D 9JE q pue
& aJaym q4xe=(X)b pue z4+x9=(x)}

1ey4 yons aJe b pue 4 jo uorjouny ay)
\ /
4 N

(N6=(92) .4 pue gb = (5)6 4yt vamg
"SJUBJSU0D U q pue
B 9Jaym q4-xe=(X)b pue g4 xg=(x)}

f JEY} yans ase b pue 4 jo uorjouny a_ﬁk

4 N

(2)6={(s8),4 pue 22 = (£)b ey} vamg
*SJUBJSU0D aUE q
pue & asaym q+xe=(X)b pue L 4x9 = (x)}

f 1eY} Yans aJe b pue 4 jo uorjouny 2;\
4 )

(2)6=(sz), 4 pue 1z = (£)0 1oy} vamg
"SJUE}SU0D 9JE
q pue & aJaym q4xe=(x)b pue |-xz = (x)}

1ey} yans aue b pue § jo uorjouny ayp
N %
4 N

:;HQ&L pue 0z = (g)b teys ueniy
"SJUBJSU02 9JE q pue
& aJaym q4xe=(X)b pue g +xg=(x)}

f 1EY} yans aJe b pue 4 jo uorjouny 2:\

*SWa)qoid U0ljouNy Y4 JO YOBA UL G PUE B SHUBLSUOD BY} JO ANEA Y4 puly
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Fluency Practice

) Jo anjea ay} jno yop (e)
sz = (g]0} 4oyt vamg
“JUB§su0D € 51 alaym ¢-.x) = (x)b

1ey4 yons s1 b uoryouny ay)
L+Xp=(X)} {6yt yans s\ } o vorjouny ay)

) J0 anjeA ayj jno ylopy (e)
Lz = (¢)6} teyt vanig
“JUB§su09 € 51 ) adaym Xy = (x)b

1eys yons s1 b uorjouny ay)
$1-X9 = (X)$ JeYs Yans si  Jo uolouny ay)

) J0 anjen ay} no yaop (e)
Ll = (£)0y sey4 veng
*JuB§su0d & 1) asaym Xy = (x)b

Jey} yans s1 b uorjouny ay)
£-X5=(X)} 84} yons s1 § Jo uoljouny ay)

*Swa|qoad uoljouny Ay} o YI&a U1 )} JUB4SUD Y4 JO ANJEA Y4 puly

) 0 anjen ayj yno yiom (e)
sl = ()04 seys vanrg
“JUB§su09 € 51 ) adaym Xy = (x)b

1ey4 yons s1 b uorjouny ay)
Z+X6=x)} eyt yons s\ } jo uoljoun} ay|

) J0 anjea ay} fno ylop (e)
6 = (2)6} teyt vanig
*JUB}SU0D & 51 ) adaym X = (x)b

18y} yons 51 b uoiyouny ay)
€+ Xp=(X)} 1644 Yans s1 } Jo uoljouny ay)

) J0 anjea ay} fno ylop (e)
21 = (254 seyt vomg
"JUBSU0D & 51 ) adaym X = (X)b

Jey} yans s b uoyouny ay)
1-Xb=(X)} $ey# Yyans s1 § Jo uorjouny ay)
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Fluency Practice

Functions Revision

(a) (b) (c) (d)
f(x)=x*+6 g(x) = flx) =2(x—1)2 flx)=3x—-1
Find £(4) xS Find f(1.5) Given f(a) = 11, find the value
Find g(—1) of a
(e) (f) (9) (h)
) =5 f)=x> gx)=x+6 9(x) = 3_x f(x)=2x_2 gx)=x-5
x—4 Solve f(x) = g(x) x—4 Find fg(8)
Solve f(x) =1 Find the value of x that cannot
be included in any domain of g.
(i) () (k)
fx)=4-3x gk)= 2x1+1 gx) =4x -7 Flx) = 2x3i -

, L Find the inverse function g~!(x
Find gf (x), simplifying your answer. 9 Find the inverse function f~(x)

m (m) (n)
f@=55 g0)=5-x f0) = ChFEs
Solve fg(x) = -1 Solve f(x) = f~1(x) Find gg(x)
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Fluency Practice

(Q)yby W  ()fby B (B O (g)ff ©

(@)fy ®» (61—)yb © (¥)f6 @ (1)6f (®

:JO an[ea a3 a3e[noe)

G

7T
re — ¢l

= (7)y LT = (z)b = (x)f

e

:Suimorpoj a3 £q uaaIg aae AHVQ pue Aavm ‘ A&VK suonouny 3y, :QT uonsany

(0%)yy W (})66 3) (Wff ®  (@EDuf @

(c—)f6 ®»  (02)yb o (©)fy @ (e)6)

1JO an[ea ay3 ae[noe)

|4

~ = (o)
Q—xg = (x)b
L+ U= AHV,\.

:Suimorioy oy £q uaaig axe ()y pue ()6 « (x)[ suomdunjayl :e uonsend)

(c—)b @  (o1)bb ® (F—)ff O (@) ff ©
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Fluency Practice

ANV HI,H Jo anfea a aemae) (q)

(), f pud (e)
¢ — X7 = AHVN USAIY) :GT UORSan)

Am. Hv ﬂ\ﬁ Jo anfea ayz ayemoe) (q)

(%), y pu (e)

A‘N — U9AIY) uonsan

~ = (7)y uear T uonsany
% =@f w %m =@f @ 1+25=(2)f B
m —(x)f O g—z=(2)f @ 2z = (z)f ©

:8urmor(oJ a1 Jo yoea 10j A.&v ﬂ\\ puiq :¢£T uonsany)
(@)fby @  (@)ybf @  (2)yb ()Y G

()uf ®  (2)fy ®  ()ff @ (2)6f @
putd
L= (z)y 9+ xg = (x)b ¢—xp=(x)f
:Suimor[oy a3 Aq uaaig aae A&vc pue AHVQ ‘ ARV& suonounj Ay ], :ZT uonsany
(@66 ®»  (@)ff @  (@)fF @ (2)6f (@
:purg

G—x=(x)b
I+ 2g=(2)f

:3uimorioy ayy Aq uaaid axe ()b pue (x)[ suondunyeyy, :TT uonsenp
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Fluency Practice

(e+zp)f O (1—2g)f @ (zg)f @

(zg)f © (1—2)f @ (g+x)f @&

2+ xq + m&@ uLIoj ay ut Surmor[oy ay3 ssaadxy

I — 2y + m.& = AHV«\ UaAl) i uonsanQ)
Aﬁvm — Aﬁvu\ Jey3 Yyons e Jo sanjea ayl puly

¢t — A&vm pue 8 — AHVK UdAID) ¢ UOnsany

C I+
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(), 6 pud (e)
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Fluency Practice

P+ ag=(2)f — (T +x)f wwmous

g+ ¢+ == (x)f

(2)f6 = (2)5] s
7 —x=(x)b
¢+ 7= (2)f

X JO sanjea [[e 104

3 JO anjea ay3 IN0 JIOA

Gz 6— = ()0 3ew vonto

G+ X7 = A&vm. 1e3 Yyons SI Yy uonounj ayy,
%

——— = (x)/ ey yons s13 uonouny ay,
G+ Ty

3 JO anjea ay3 IN0 JIOA\

pe = (1)f6 e

¢ — xg = ()b reyryons s1 8 uonduny oy

L+ xy = (x)) vew yons sty uonduny oy

:g uonsan))

1/ uonsang)

19 uonsang

:G uonsanQ
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Fluency Practice

"(%),_ 8 uonouny as1aAul oy} pury (p)

(933 demored  (9)

"D JO aN[eA Y puy ‘G = (V)] 18 WALD  (q)

(73 dremore) ()

X4 1 = (X)3 pue ¢ — xg = (X)J ey yons suonouny a1e 3 pue J

(%),-8 = (%)3y uonenba ay) 9A]0S ‘9 — x = (X)3 pur X = (X)J 1By} USAID)
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"X JO suId) Ul (x)33 umop LM d0udy (1In)
....... = (x),_ 8 w0y oy} ur ,_ 3 uonouny AsIdAUI Y ssaxdxyg (1) (9)

7’1 = (x)3 uonenba o) 9A[0S ()
[—X

e (x)3 yey yons s1 3 uonouny Ay J,

(8)3 purg (e)
1 —X) = (x)3 1ey) yons s1 J uondUNJ oY,

"(%),_ 8 = (x)138 uonenba ay) aA[0S  (0)
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" = (X),- 8 wI0J 9y} UI | 3 UOIOUNJ ISIDAUL A} ssaxdxyg (9)

Jomsue Inok Ajrdurg
()3 purd (q)
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X X
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(¢)333 pury (q)

X
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2x + 3 find (fully simplified):

1. If f(x)

(c) flz+1),

(d) f(1—=3a).

222 — x + 1 find (fully simplified):

2. If g(z)

(e) g(=* - 1),

find (fully simplified):

2
3+

3. If h(z) =

).

azr
4—bx

() A(

(c) h(z—3),

%
a
=
z
@]
2 S
& I
- . ©
SN
—~ a‘+ \‘\ - B
—8 8 8|8 ) g
~— ~— ~— >
~ ~ ~ — (=
—~ —~ — 8 —~
o) O )
~~ ~— ~— — ~—
|—<‘+
8
I
—
8
~
=
= =
& <
.i 8
g +
= ~
n 8
= I
= —~
= B
o} ()
& o5
88 - | o
B . — E
— | on
I TR S G
5/ ~—~ — — gl —
~ < o) [3) S~ <
] — ~—~ Gy ~—
— —
<t S

(b) flz+3) =38,
(c) f1f(=z)

(f) fh(z) = -1,

2 — 1,

(8) fg(z) = -3,

(d) hf(z) =1,

solve the following;:

1
x

2?2 and h(z) =

6. If f(z) =z +1, g(x)

(e) hf(z) =z,

(f) gf(z) =1,

(b) flz+3)=—3,
(c) ff(z)
(d) 11f(=z)

() fh(z) =0,

2¢ — 1,

(b) fg(z) =2,

2x + 6,

find fully simplified expressions for:

(e) ff(x).

z? +z and h(z) = L,

2z +1, g(x) =

7. If f(x)

(a) fg(x).

) fff().
(8) gg(x).

(b) gf(x).
(c) hf(x).
(d) hfg(x).

(h) hh(z).
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e =@ Tt = (@)
1e1[} USALX)
2= (@)f (@) b= (2)f (¥)

1911} 9 0 ST} I0J SIUBISUOD dY} UO SUOI}
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PETD Tl

qtzo — A v,\. Avd % — AHV.\ va
T+ = (@) () r—g/=(2)f (P)
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AL - @) @
T H1=(@)f (W -2z =(x)f (e)
:SUOI}OUNJ SUIMO[[O] O} JO SOSIOAUL O3 PUL]

A= (@)f () [+ 3g) = (2)f (0)
B = (@) (1) Loy

e = (04 ) g o= @0 @
ap— N = (2)f (3) La—=(x)f (v)

:SUOI)OUNJ SUIMO[[O] O} JO UIRWIOP [RINJRU O} PUI]
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Fluency Practice

Al
f(x)=2x-3
gx)=x"—4

Solve gf(x) =21

A2
f(x)=2x-3
gx)=x"—4

Solve fg(x) =21

A3
f(x)=2x-9
g(x)=x"-3

Solve fg(x) =x

A4
f(x)=2x+3
gx) =x"

Solve gf(x) = X

B1
f(x)=x+2
g =x"+3

Solve gf(x) = g(x)

B2
f(x)=2x+1
gx) = x=2

Solve fg(x) = f(x)

B3
fx)=2x+1
g(x) = ¥ -2

Solve gf(x) = g(x)

B4
f(x) = x*
gx)=3x-2

Solve fg (x) = gf(x)

C1
f(x) = x*
gx)=x-3

Solve fg(x) = g '(x)

C2
f(x) = x*
gx)=x-3

Solve gf(x) = g '(x)

C3
fx)=x— 1

glx) =x*

Solve ff(x) = g '(x)

C4
f(x)=3x-2

gx)=~v2-x

Solve ff(x) =g '(x)

D1
X 14
f(x)==+3, g(x)= ——
()=2+3, g)=5—

Solve gf(x) = f(x)

D2
x+1

f(x)zT, g(x)=x-5

Solve fg(x) = f(x)

D3
x+1
3x-2

Solve fg(x) = f'(x)

f(x)=——, g(x)=x-5

D4

£ =107% g(r)=x-5
x—3

Solve fg(x) = f(x)
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Al A2 A3
1
f(x)=2x-5, g(x)=x"-10 f(x)=x+2, g(x)=—3 f(x)=2x+5, gx)=x>-25
x —
Find fg(4) Find fg(x) Solve gf(x) =0
B1 B2 B3
1 x+1
f(x)==x+4, =— f(x)=x+4, = f =—, =—
(x)=2x g(x) -~ (x)=x g(x) — (x) g(x)
work out fg(-3) Find gf(x) Solve gf(a) =3
C1 C2 C3
2
F(x)=x— g(x)—j fix i 2x2 +1 g:xH—xl f(x)=x* , g(x)=2+x
x —
Calculate gf(10) Express the composite function gf in the form Solve the equation fg(x) = g(x)
gfix > ...
D1 D2 D3
x—6

farbs 203, g l+x f()="75=, g)=Vx-4 fx)=x", gx)=x-3

Calculate fg(6) Express the function gf in the form gf(x) = ... Solve the equation gf(x) = g’l(x)

Give your answer as simply as possible.
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Fluency Practice

Al
f(x) = x" + 4x

Solve f(x) =12

A2
f(x) = x* - 12

Solve f(x) =x

A3
f(x)="7x-10

Solve f(x) = x*

A4
fx)=x+4)(x+2)

Solve f(x) =3

B1
fx)=x"—6

Solve f'(x) = x

B2

f(x)= vx+3

Solve f'(x) =6

B3
f(x)=2x-15

Solve f'(x) = x*

Solve f'(x) =x+ 1

C1
fx)=x"—6
gx)=3x+4

Solve f(x) = g(x)

C2
flx)=x"—6
g =x"+6

Solve f(x) = g(2)

C3
flx)=x>—4
g(x)=4x—1

Solve f(x) = g(x) + 2

C4
f(x)=9x -2
g(x) =’

Solve f(x) = g(x + 2)

D1
f(x)=x-3
gx)=x"-3

Solve f (x) = g '(x)

D2

f(x) = Vx+4

gx)=x-8

Solve f'(x) =g '(x)

D3

f(x) = V3x+4

gx) =2(x+2)

Solve f'(x) = g(x)

D4
fx) =3x>+ 1
g)=x+4

Solve f'(x) =g '(x + 3)
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Al A2 A3
1
f(x)=2x-5, g(x)=x>-10 f(x)=x+2, g(x)=m f(x)=2x+5, g(x)=x>-25
Find fg(4) Find fg(x) Solve gf(x) =0
B1 B2 B3
1 2 2 1
f(r)=Sx+4, gx)=—" f()=x+4, g(x)=>—— (o)==, ="
2 x+1 2x-5 X x
work out fg(-3) Find gf(x) Solve gf(a) =3
C1 C2 C3
2
f(x)=vx— g(x)—j fx > 2x2 +1 ng—xl f(x)=x>, g(x)=2+x
X
Calculate gf(10) Express the composite function gf in the form Solve the equation fg(x) = g(x)
gfixi> ...
D1 D2 D3
fixrs 2x—3 , gt l+/x f)="", gx)=+x- f(x)=x", g(x)=x-3
Calculate fg(6) Express the function gf in the form gf(x) = Solve the equation gf(x) = g '(x)

Give your answer as simply as possible.
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Composite Functions (1)
1.1f f(x) = 4x — 5 and g(x) = 3x + 10, evaluate

Q) fg(2) = b) gf(2) = c) ff(2) =

2. If f(x) = 3x% — 4x and h(x) = 4(x — 2), evaluate
a) fh(5) = b) hf(=5) = ¢) (1) =

3.1f f(x) = i—fz and g(x) = 10 — 2x, evaluate

Q) fg(4) = b) gf(=2)= <) 4’3) =

4. Given that f(x) = 5x + 2x? and g(x) = 3x — 4
evaluate,
a) fg(1) = b) gf (1) = c) f3(2) =

5. Given that f(x) = 3x+ 7 and g(x) = 2x — 5, write in
simplest form

a) gf(x) = b) fg(x) =

Clgf(x) —fg(x) =

6.1f f(x) =10 — 4x and g(x) = 3x + 5, write in simplest
form

a) gf(x) =

C) gf(x) — fg(x) =

b) fg(x) =

7.0f, f(x) = 5x — 4 and g(x) = 3 — 2x, write in simplest
form

a) fglx) =

C) fg(x) —gf(x) =

b) gf (x) =

8. If, f(x) = 3x and g(x) = x? + 5x, write in simplest form
a) fglx) = b) gf (x) =
C)gf(x) —fg(x) =

9.1f, f(x) = x — 2 and g(x) = x? — 4x, write in simplest
form

a) fg(x) =

C) fg(x) —gf(x) =
Extension

10.If f(x)=3x—4
a) f3(x) =

b) gf(x) =

b) £3(x) =
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Fluency Practice

Composite Functions (2)
I. Iff(x)=4x—-5and g(x) =3x + 10,
a) Write as a simplified expression, fg(x)

b) Write as a simplified expression gf (x)
c) Solve fg(x) =10
d) Show that fg(x) — gf(x) = 40

2.1f f(x) =5x+2and g(x) =10 — 3x

a) Write as a simplified expression, fg(x)
b) Write as a simplified expression gf (x)
c) Solve gf(x) =1

d) Show that fg(x) — gf(x) = 48

3.ff(x)=x*—4and g(x) =x+5
a) Show that fg(x) = x? + 10x + 21
b) Show that gf(x) =x%+1

c) Forwhat values does gf(x) = 10
d) Solve fg(x) —gf(x) =0

4.If f(x) =x% +3xand g(x) = x —8,

a) Show that fg(x) = x? — 13x + 40

b) Write fg(x) — gf(x) as an expression in simplest form
c) Solve fg(x) —gf(x) =0

d) Solve fg(x) =10

5. Itis given that, f(x) = 3kx — 10 and g(x) = 5x + 9.
a) Find the value of k if fg(—1) = 50
b) Find the value of k if gf(2) = 64

6. Itis given that, f(x) = ax+ b and g(x) = 3ax — 2b.
Given that f(4) = 10 and g(4) = 40, find the value of a
and b

7.0 f(x) = é and g(x) =4x + 5

a) Write in simplified form, fg(x)

b) Show that gf (x) = =22

c) Solve gf(x) =10
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combined functions show that fg(x) = gf(x) for each of these
(1) 2)
f(x) =3x+2 f(x) =4x +1
g(x)=6x+5 gx)=13x+4
(4) )
f(x) =7x-3 f(x) =1%x+6
g(x)=5x-2 gx)=1%x+3
in general,
f(x) =ax+b where ‘a’, 'b’, ‘c’ what relationship is there
g(x)=cx +d and ‘d’ are between the four
constants constants if fg(x) = gf(x)?

)

f(x) =7x+3
gx)=9x+4
fx) = 7x-2
gx)=-8x+3

make up some further
examples and test that
your rule works
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combined linear functions

find the difference between fg(x)) and gf(x):

(1) f(x)=3x+5
g(x)=2x+3

(2) f(x)=4x+5
gx)=3x+4

(3) f(x)=4x+9
gx)=3x+7

(4)

f(x)=3x+ 2
gx)=2x+3

f(x)=5x+ 1%
g(x)=3x-2

f(x)=2x + 3
g(x)=3x + 12
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combined linear functions

choose any four of these and find the difference between fg(x) and gf(x):

(1)

(4)

()

f(x) =3x + 1
g(x) =4x +2

f(x)=4x + 2
g(x)=5x+3

f(x)=7x+1
g(x)=6x+1

f(x)=8x+5
g(x)=5x+3

f(x)=9x +5
g(x) =4x + 2

(6)

(9)

(10)

f(x) =2x -1
glx)=4x-2
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combined functions

(1)

(2)

(4)

fx)=2x+ 3
gx)=3x-2

show that gf(x) — fg(x) =
f(x) =9 —4x
gx)=2x-7

show that fg(x) — gf(x) = 26

f(x)=3x + Kk
g(x) = a(x — 4)

for what value of k is fg(x) —

f(x) =x2—2x + 1
glx)=1-3x

(a) solve fg(x) =1
(b) solve gf(x) = x2

f(x)=2x -3

(a) solve ff(x) = x
(b) solve f3(x) = x
(c) solve f4(x) = x

© fory= 22

X

4
g(x) = 2 _x
(a) work out fg(x)
(b) work out gf(x)

xX+2
7 =
7)) g(x) 2
2x +2
f(x) =
x-1
(a) work out fg(x)
(b) work out gf(x)
8 _ 1
® )= T3
find 2(x)
(x)
f(x)
etc.

what do you notice?
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combined functions

(1
f(x) =2x +a
glx)=ax+3

fg(x) = 10x + b

where ‘a’ and ‘b’ are
constants

work out the values of
‘a’and ‘b’

f(x) =mx—-n
gx)=nx+m

gf(x) = 12x — 13

where ‘m’ and ‘n’ are
constants

work out the values of
‘ml and (3

(2)

®)

f(x) =dx-e
gx)=ex-1

fg(x) = 18x — 11

where ‘d’ and ‘e’ are
constants

work out the values of
‘d’and ‘e’

fx) = ww+w
g(x) = 2vx + 2w

gf(x) = 18x + 16

work out two values
for each of ‘v’ and ‘W’

©)

f(x) =hx +Kk
g(x)=kx +h

fg(x) = 20x + 14

where ‘k’ and ‘h’ are
constants

work out the values of
‘k’ and ‘h’

f(x) =2x +p
glx)=px+3

gf(x)=2px +5p -1

work out two values
for ‘p’
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f(7) means substitute 7 in place of x
2(7) means work out f(7) and then use this value as a new input value
(i.e. do ‘f’ then do ‘f’ again)

rational functions

(1) 2x + 1 2) L 3x+1
flx) = x-2 flx) = x-3
(i) work out: (i) work out:
(a) f(7)  (d) f(3) (a) f(4) (d) f(13)
(b) f(1)  (e) f(=3) (b) f(5)  (e) f(8)
(c) f(12) (f) f(2.5) (¢) f(1) () f(=2)
(ii) work out and simplify: (ii) work out and simplify:
(a) f27) () f(2.2) (a) f(23) (d) f(103)
(b) f(52) (e) f(2.1) (b) f(28) (e) f(3.5)
(c) f(17) (f) f(2%) (c) f(53) (f) f(3.4)
3) (4)
_ 2x+2 _ 4x+2
)= —— W=
(i) work out: (i) work out:
(@) f(3) (d) f(8) (@) f(5) (d) f(10)
(b) f(4)  (e) f(3) (b) f(6)  (e) f(13)
(c) f(1) () f(=4) () f(7) () f(22)
(i) work out and simplify: (i) work out and simplify:
(a) f(6) (e) f(17) (a) f(14) (e) f(34) (i) f(?)=4.2
(b) f(7)  (f) f(22) (b) f(16) () f@40) () f(?)=4.1
(c) f(12) (g) f(32) (c) f(19) (g) 2(49) (k) f(?)=4
(d) f(14) (h) f%(62) (d) f(24) (h) f%(64)
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c¢— = (x);_J @nl0s (q)

"= (X)_f wioy
ay3 ut (x),_J uonouny asiaAul dy3 puld (e)

7— S xameUm z — xz1 + ,x¢ = (%) f
se pauyap si (x)f uonouny syl

G = (x);_b anj0s (q)
"= (x);_b wioy
ays ul (x),_b uonpuny asiaAul 3y3 puld (e)

€2 XYM € + x9 — ,x = (X)b
se paulap si (x)b uonouny ayL

STS X404 €+ X0T — X2 = (X)f (P)
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Intelligent Practice

Find the coordinates of the turning point of the following graphs:

y=x>+10x + 4
y=x%+10x+3
y =x%+10x + 2
y=x%2+10x+1
y=x%2+10x—1
y=x%+10x — 2
y=x%2+10x—3

y=x>+10x — 4

y =2x%+4x+4
y=2x*>+4x+3
y =2x%+4x + 2
y=2x>+4x+1
y=2x>+4x—-1
y =2x%+4x — 2
y=2x*>+4x—3

y =2x%+4x — 4
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Intelligent Practice

Quadratic

Completed the Square

Min/Max Point

y = x?

y=x%2-11

y=x%+6

y = x?+ 6x

y = x?—6x

y=x%—6x—11

y=x%+6x+11

y=x%+7x+11

y=x%+8x+11
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Intelligent Practice

Quadratic

Completed the Square

Min/Max Point

y=x?+8x+11

y=x%+8x+16

y = x2+10x + 25

y = —x%—10x — 25

y = —x% 4+ 10x — 25

y=—x%+10x

y =x?—10x

y =x%—2x
2

=x2——x
Y 3
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Fluency Practice

5. (i) Sketch the graph of f(x) = x> — 6x + 10, showing the coordinates of the turning point and
the coordinates of any intercepts with the coordinate axes.

(i1) Hence, or otherwise, determine whether f(x) — 3= 0 has any real roots.
Give reasons for your answer.

*6. The minimum point of a quadratic curve is (1, —4). The curve cuts the y-axis at —1.
Show that the equation of the curve is y = 3x? — 6x —1

*7. The maximum point of a quadratic curve is (—2, —5). The curve cuts the y-axis at —13.
Find the equation of the curve. Give your answer in the form ax? + bx + c.

* = extension
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Fluency Practice

Express each of the following expressions in the form (x—a)2 —b, where a and b are constants to

be found.

(a) x*+2x+5 (b) x> —4x+1 (c) X¥*+6x—1 (d) x*—12x+8

(e) x*—4x—-60 (f) x*+12x+32 (g x*+3x+1 (h) x*+8x-2

(i) x*+22x+57 () x*+10x k) x(x=2)+1 M) (x+2)(x-3)
Solve each of the quadratic equations below using completing the square.

(a) X*+5x+6=0 (b) x*+9x-10=0 (c) x*—8x+12=0 (d) x*+5x=14

(e) X’ +6x-59=0 (f) x*-12x+23=0 (g 2x+3=x" (h) x*—10x+26=8

The quadratic curve C has the equation y = (x— a)2 +b.

(a) Explain why the curve has a minimum point when x = a.
(b) Write down the y coordinate of the minimum point on C.
(c) Find the coordinates of the point where C crosses the y axis.
The curve C meets the x axis provided —b = 0.

(d) Explain the restriction —b = 0.

Find the real solutions to the quadratic equations below or prove that no real solutions exist.
(a) ¥*+8x-10=0 (b) x*=5x-10=0 () x*=5x+20=0 (d) ¥*+1=0
(e) x*+11x-2=0 (f) x*+3x+4=0 (g) x*=11x—60=0 (h) x¥*+10x-13=0

The curve is defined such that y = f(x), where
f(x)=x"+ax+5
and a is a constant.
(a) Given that the curve passes through the point (1, 12), find the value of a.
(b) Find the coordinates of the point where the curve crosses the y axis.
(c) Find the coordinates of the point where the curve crosses the x axis.
(d) (i) Find the coordinates of the turning point on the curve.

(ii) Is the turning point a minimum point or a maximum point? Justify your answer.
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Fluency Practice

(a) Sketch the graph of y = x%2 —2x — 3

Shape - Is it u-shaped or n-
shaped?

Y-Axis - Find out where it
crosses the y-axis by putting
x=0.

Turning Point- Complete the 12

square into the format (x — p)? +
q where the turning point is
® )

. X-Axis - Find out where it
crosses the x-axis by putting

y =0, then solving the quadratic
equation.
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Fluency Practice

(b) Sketch the graph of y = x? — 6x — 16

Shape - Is it u-shaped or n- Y-Axis - Find out where it

shaped? n crosses the y-axis by putting
16 x = 0.
14
12
10

Turning Point- Complete the r
square into the format (x —p)? + ¥

q where the turning point is

® ) 2 1 —1 - X-Axis - Find out where it

4 crosses the x-axis by putting

y =0, then solving the quadratic
equation.
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Fluency Practice

Shape - Is it u-shaped or n-
shaped?

Turning Point- Complete the
square into the format
q — (x — p)? where the turning

point is (p,q)

(c) Sketch the graph of y = 12 + 4x — x?

Y-Axis - Find out where it

, crosses the y-axis by putting
A x=0.

X-Axis - Find out where it
crosses the x-axis by putting
" y =0, then solving the
quadratic equation.
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Fluency Practice

Shape - Is it u-shaped or n-
shaped?

Turning Point- Complete the
square into the format a(x —
p)? + q where the turning point

is (p,9)

(d) Sketch the graph of y = 2x% —4x + 7
Y-Axis - Find out where it

18 crosses the y-axis by putting
16 x =0.
14
12
10
4

s A A R L . AN S A S o X-Axis - Find out where it

crosses the x-axis by putting
y =0, then solving the
quadratic equation.
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C+xp+ ,x=4» F—2)(z+x)=4«

F-0(@-x)=4
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<
<

N

I+x)(x-9)=4« [(e+x)=« S+ (z+x)=(

A

- (1-n=« (r+x)(c-x)=( (b +x)x = €

A

(E-0)(1—-x7) =4« (I-0VF+x)=4« ¢—.(c+0)=«

A
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Fluency Practice

Factorise each quadratic expression. Use this factorisation to sketch the x-intercepts.

DGDI:I
ooo)|
50|

Every quadratic graph is symmetrical. Use this fact to find the turning point of each graph & its coordinates.

How can we calculate the y-intercept?

A) y=x%—4x B) y=x%+8x € y=x?+6x+8

y y y

\ \ A

> X > X > X

E)  y=x%2-2x-3 F) y=x?>-9 G) y=x2-5x+6

y y y

N \ N

X X rd

D)  y=x2-8x+12
y
> X
H  y=x?2+x-20
y
N
> X
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More-Same-Less

Instructions: Calculate the turning point in the middle box. Then complete the remaining boxes trying to make the minimal
change possible.

Value of the y coordinate of the turning point

Less Same More
)
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o
2 o
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-
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()]
=
- 2
G —_
S y=x“+8x+5
9
© (O]
= &
Bl &
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<]
(8]
x
Q
L
)
[T
)
Q
3 A
o
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4 Quadratic Inequalities
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Fluency Practice
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Fluency Practice

Question 5:

Question 6:

Question 7:

Find the set of values of x that satisfy both
2X-6>6-6X and x*-6x+2<42

The set of values for x that satisfies a quadratic inequality is x < -0.5 or x> 1.5
Write down a possible quadratic inequality.

The width of a rectangular field is x metres.

The length of the field is 30m longer than the width.
The perimeter of the field is less than 500m.

The area of the field is greater than 4000m?.

By writing suitable inequalities, find the possible values of x.
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Fluency Practice

Instructions 1. x24+x—-12>0 2. x2—x-12<0 3. 12—x—-x%2>0

Factorise to find the roots

Sketch to find the section or sections
needed

State the range of solutions

4. 12 —4x—x%<0 5. x243x—-10>0 6. 8+2x—x%<0 7. 2x*—6x—8>0
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Purposeful Practice
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Fluency Practice

/Quadratic Inequalities

~
—+~ —+~ -~
) T ) -o©
—+ ©
1 n 4
o 1 n -
v —+ < < —+ < <
M_Hu ” — o -T- o — o
= @ — T -~ -
T} . -T- N
Qo S - - o T B
€ c© -To T —+o -
S o 4o 2 @ o
c c - < 3 T
S i N : + B
< 1 o 1
G %5 N ' I T« s B
% [ wn — o A - = ! ™ h
c8 _ 3 —m N T° A "
cm V - < < ' I -+ ~ <
52 9 S _ -+ o % ]
Q = : b i Al Al
=B N —+ in = ' '
29 = o = ' —+o© -
c g€ O ' N = T - ©
o = o T
o [TH
v O
<
= o
<
U S
3
v ©
-
=%
£ <
o ©
o €&
T o
S5
Wh 4~ a4~ —+~ -~
2
£ 3 PN 4o —+ o o
>
35 1 1 1 |
T X O o n 1 n
e ] T —+ < —+ < l &
= £
-5 Jl Y d — o - on
o
® 3 T 4~ T+~ -~
v >
— i E— -1 -~
25 o < o Sy o
o © -1 T o T B
A 3 4. o I- 2 I L
3 ; ; : N :
T T \V 4~ + 1~ = -~
LN = ! = ' O !
& -+ 3 4o & ‘o -
N T + -+ < + T % i
o~ ~ N
Y O-—w & -+ R T -
. —“+o© -+ -To -
g @ _ ™ ¢ T .~ ?
c
S
S0
©
o
o
2o
g 2 4
g 2 = )
m - o . f
T o) 0 ‘»
o £ 1] =
L& 1 Q ~ IS
c o ~ 2 4~ O 4~ £ | ~
g = © o © ®
o -T- € € |
oS 2 © 5 =) © - ©
=5 T 3 —+un 9 Il -+Tw 5 -
ud —+< < z — 95
S = —+< * —+< o -
g o o 9 + o
(7] 9 T™ € = - g )
4~ B 1 1, w
N o ~N € -~
o 4 £ 2 ©
[ AN T 8 o o T & B
4 1 2 1 |
% 8 @®1° S A °ee28c e
—_ Y- () . G
o © =R T 2 v B
da 8 y 1 dea =T 4 & ° 4~
A - BN Y3 + | N Y X =t B
o @173 &® Josile e@fnifd o
" <¥ = Y c | \
\4 -1 + — +
o S € + << + X + < o = - <
(Y] = v (o) I N y
® +w 2 % .’ 1o ;N R 4o = R H Lo
—_ T @ — T+ o© —_ R T © —_ -©
< o ! (G2 T = % T

Page 197



Fluency Practice

Al Solve A2 Solve A3 Solve A4
x+5>11 4x+11<29 7—-x>15 Work out the integer values of x that
satisfy both the inequalities
3x-4<11 and 2x+3>9
B1 Solve B2 Solve B3 Solve B4
2%+5 6x+3<2x+19 3x+9<4x+5 Work out the lowest integer which
3 > satisfies the inequality
Sx-2>23x+7
C1 C2 C3 C4
List the integer values for x if: List the integer values for x if: List the integer values for x if: List the integer values for x if:
3<x<4 -5<5x <15 4<3x+1<12 2x<3x+1<13
D1 Solve D2  Solve D3 Solve D4
X —7<42 3x*—17<31 5% -13<32 List the integer values for x if:

2x+3<4x+5<3x+7
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Fluency Practice

Solving Quadratic Inequalities in Context

(a)

(b)

A rectangle has sides of length x cm

A cuboid has dimensions of 3 cm,

~ (j’((\ /Q
and width (x — 3) cm, as shown. If T (x—1)cm and (x —3) cm, as "b/ |
the area of the rectangle is greater w shown. If the volume of the cuboid is @
than 10 cm?: § greater than 45 cm3: s
(i) Show that x> —3x — 10 > 0 < > (i) Show that x? —4x — 12 > 0

xcm (x—1)cm
(i) Find the range of possible values of x. (i) Find the range of possible values of x.
(c) (d)
Given that the area of the rectangle is greater than the area of A rectangular lawn has a length of
the triangle, find the range of possible values of x. (2x + 1) m and a width of (x + 4) m, E
as shown. Given that the area of the :"_

£ lawn is less than 49 m?, find the range  »

= § of possible values of x. <

+ © 2x+1)m

&

4x cm g (x+5)cm g
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5 Real Life Graphs
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Fluency Practice

Reading Conversion Graphs Use the conversion graphs to complete the tables. h
Remember! Readings from conversion graphs are estimates. Petrol Price Conversion Chart (USD)
Conversion Graph for 25 I ‘ M
10 Litres & Gallons (US) Family Car Miles per Gallon (MPG) //
' HEH 2001 20 fassraasi e
/ 7 - z A
o dnaun: @ ‘ >
8 - Q@ n
FHAHHH s 150 mas Eaae: 5 15 T : /
@ : 9 14 = A
> 6 e 5% S e
@ ‘ g 100 S 0 : /
9 T o 1]
=4 I a A
S i S0 5 / :
/ T / |
2 A
bé 0 0
0 1 2 3 4 5 10 20 30 40 50
0 Petrol (Gallons, US) usD ()
0 10 20 30 40
Litres
it Gall Petrol | Distance Dele Petrol GBP£) | USD($) British Pound (£) to US Dollar ($)
itres allons
(Gallons) | (Miles) (%) | (Gallons) 30 100 Exchange Rate
f /
20
3 30 250 i / }
35 FHHA
4.5 42 70 20 v //
3 I
150 11 9%
12 —~ 60
300 55 250 @ /
o
a) In the USA, a family drives 140 miles. How many gallons of petrol did they use? 3 40 /
How many litres is this? How much did this cost? S A
b) A family from the UK goes on holiday to the US. How much petrol can they buy with £35? 20 A
(They must exchange pounds for dollars first.) ,/
¢) In the UK you can buy 25 litres of petrol for £14. Is this cheaper or more expensive than in the USA? 0
20 40 60 80 100
d) From San Francisco to Yellowstone is 550 miles. How much would this cost a British holidaymaker in GBP? GBP (£) )
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Fluency Practice

20

Bags of
Corn

Metres of Rope 50

Barrels

8

Metres of Silk 12

Iron
Bars

Ancient TRADERS “

Pots

Bags of
Wheat

Bags of Cotton 10

i
™~

N
=N

30

10

Bags of
Cotton

Spice Packets

25 A

Metres
of Rope

Silver Coins 12

10

Silver
Coins

&

10

Metres of Silk 10

28
Jade

Pieces

Iron Bars

4

Trex has
6 bags of wheat.

How many spice

packets can they buy?

Ati has
15 bags of corn.

How many silver
coins can they buy?

Mitith has 20 barrels.

How many silver
coins can they buy?

Dares has 15 pots.

How many jade
pieces can they buy?

Metres
of Chain

Honey

20

£

Gems 30

30

Jars

¢

20
Wood Planks

30+
Gold
Coins
80
Silver Coins
Approximately...

30
Oil
Lamps

20

Metres of Chain

Maize
Bags

Wood Planks

Silver
Coins

8__

80

Pieces of Bronze 40

Arish has 25 oil lamps.

How many gems
can they buy?

Oliz has 40 jars
of honey.

How many bags of
maize can they buy?

Poli has 25 pieces
of bronze.

How many gold
coins can they buy?

How many metres of rope can you buy with 15 gold coins?

How many pieces of bronze can you buy with 40 metres of silk?

Hegarth has 240 barrels. They will convert half to pieces of bronze and
half into bags of corn. How much will they get of each?
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Fluency Practice

Ships enter port and unload their goods to the market.
For each ship, approximately how many gold coins will they get for their cargo? 104
MARISS HADDOCK BADGER IV 9
8_
500 bags of wheat 110 oranges 7
THE ST. JULES 500 kg of salt & Townes of salt
26 kg of red splce 40 kg of red spice Gold 67
&0 bags of wheat ° .
22 kg of red spice ( 6) ( e Coins "
e [ 3-
2_
THE VICTORY .
CORNWALL TRADERS T 220 oranges BETSY ROSS 0 | | | |
250 bags of wheat 250 kg of salt ) 650 bags of wheat 0 200 400 600 800
65 oranges 15 kg of ved spice 420 kg of salt Salt (kg)
C £ 900 kg of red spice
( 6) 1000 oranges
C c 160
80+ 1404
70+ 74 120
60+ 6 100+
50+ cold 5+ Oranges gp-
Bags of o | i
Wheat 407 Coins 60
30+ 3 40-
20+ 2 204
10+ 14 0 T T T T
0 0 1 2 3 4
O T T T T T T 1 1 1 1 1 T T T T T .
0 2 4 6 8 10 0 4 8 12 16 20 24 28 32 36 40 44 Gold Coins
Gold Coins Red Spice (kg)
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Fluency Practice

5;‘} Xeta 5
cold

704
60

Power 50+
Used 40
(kwWh)

204
10+
0

COLORADO XT 1 kWh = 1 kilowatt hour = 1000 watts of electricity for an hour
a cold  normal C N . ,
704 Migani
60+ 30
normal 50
Power |
Used 407 power 20
(kwh) 307 Used
201 (kWh) 10-
104
C 1 T T O T T
0 100 200 300 0 40 80
Distance (kilometres) Distance (kilometres)

0

40
35
30
Power 257

Used 20
(kwh)

10+

T T T
100 200 300
Distance (kilometres)

M WaspC

0

T 1
100 200
Distance (kilometres)

Automax Magazine tests four electric vehicles by driving them and recording how much battery power
has been used. Cold temperatures affect the rate the battery is used. How? Why?

a) How much battery power does the Xeta 5 use to travel 300 km in normal conditions?

b) How much power does the Xeta 5 use to travel 300 km in cold conditions?

c) How far can the Colorado XT travel using 50 kWh in normal conditions?

d) How much less is this distance in cold conditions?

e) The Migani has a 90 kWh battery. What is the furthest it can travel on a full charge?

f) In the same conditions, how much power would the Wasp use to travel the same distance?

g) The Xeta 5 has a battery with a capacity of 40 kWh.
i) Estimate how far it can travel in cold conditions on two charges of the battery.
ii) With a battery capacity of 60 kWh, how much further can the Colorado XT travel?
i) In the same test the Wasp travels 320 km. Estimate the size of its battery.

h) With a full charge, estimate how many km are lost in cold conditions for each vehicle.

i) By comparing percentage losses, which vehicle does best in cold conditions?
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Fluency Practice
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Fluency Practice

In February, Jax Jewels Ltd bought 13 kg of copper for $80. MINERAL
164 In March they bought 9 kg for the same price. MARKET
144 Plot 2 conversion graphs for the 2 different prices.
124 The company will buy another 20 kg of copper in March.
| . L 5
Copper 10 Approximately how much will it cost?
(kg) 8- .
Krystal Designs Ltd buy $50 of copper every month.
61 How much less copper did they receive in March compared to February?
44
In April the price of copper doubles.
2 . . . .
Draw a third conversion graph for this new price.

O T T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Price (S)

50

45

40

35

Aluminium 30

(ke) 25
20

15

10

0 10 20 30 40 50 60 70 80 90 100
Price (S)

How much would 30 kg of copper cost in April?

In 2022 Maltrex Industries buys 300 kg of aluminium for $900.
In 2024 they bought 240 kg of aluminium for $420.

Plot these conversion graphs.

Tech-Nox buy 150 kg of aluminium every year.
Approximately how much did the price decrease between 2022 and 2024?
Industri-Corp bought $40,000 of aluminium in 2022.

How much is the aluminium worth now?

‘Low-Grade Aluminium’ is not as pure, but it is 20% cheaper.
Plot a conversion graph for the price of
low-grade aluminium in 2024.

How much does 120 kg of low-grade aluminium cost in 2024?
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Fluency Practice

Taxis charge a price per mile. But they also charge a fixed-charge to collect you. Luxury Point-to-Point
p mm On-Time Taxis Meena travelled 10 km for £40.
SO0 Francis travelled 20 km for £35. For £70 Frey travelled 25 km.
Jay travelled 30 km for £45. 707 .
60- Plot a conversion graph for
504 Use these two data points to plot a 50 this taxi company.
conversion graph for On-Time Taxis.
40+ ) i o 404 How much is the fixed-charge?
) How much is the fixed-charge? 2
Price 307 . ‘= 301 How far can you travel for £50?
) 204 How much would it e
cost to travel 15 km? 20 Describe the gradient of the line
10+ . . 10- as the price-per-kilometre.
0 After the fixed-charge, what is the
T T T T T T T 1 H ')
0 5 10 15 20 25 30 35 price per kilometre? 0

0 10 20 30 40 50 60 70

Distance (km) Distance (km)

Hei wants to travel 4 km.
40+ Use this information to plot a For each company, how much would it cost Hei?
conversion line for
each company.
pany. For each company, how far can you travel for £24?
30 Ted’s Taxis
Kay travelled 8 km for £18. For what distance is Ted’s Taxi’s the cheapest option?
o Kim spent £26 to travel 16 km.
T 207 Describe the gradient of each conversion line.
S Clarice’s Cabs
The company has a £4 fixed-charge. Liam’s Limos prices can be described with an equation:
10- Dan travelled 17 km for £38. y = 2x+20 x is the distance in km
bi bri D y is the total price
Istance Drivers How much does it cost to travel 10 km?
50p per kilometre Plot a graph for Liam'’s Limos on the grid.
0 1 1 1 1 1 1 1 1 1 1 '
0 2 4 6 8 10 12 14 16 18 20 A £16 fixed-charge. How can you describe the other companies using x and y?

Distance (km)
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Fluency Practice

Ve

Centimetres

25

20

=
[0,

=
o

Conversion Graphs

4 6
Inches

8 10

Use the graph to complete this table.

A) This graph shows the conversion rate from inches to centimetres.

Remember, we estimate when
reading from a graph.

Inches Centimetres
6
4
9
5
13
19

Describe how we can use the graph to convert 80 inches to centimetres.

C) This graph shows the conversion rate from degrees Fahrenheit to degrees Celsius.)

Vs
40
30
°c 20 I /’/
s
it
P
10 ,
0 it >
30 40 50 60 70 80 90

What is different about this conversion graph?

1) 70°F = °C

4) When water is frozen, what is approximate temperature in °F?

2) 47°F =

5) Use this fact to convert 60°C to °F.

o

°C

B) 5 miles = 8 kilometres
10 0 miles = ? kilometres D)
- Car1l This graph shows the cost of
Use these data points to plot 10 running a car (petrol + maintenance).
8 a conversion graph.
o A different car costs £5 to go 13 miles.
" Use this line to 8 Draw the conversion line for this car.
v 6 complete the table.
] - - Approximately how much does it cost
g 4 Miles Kilometres w © each car to travel 40 miles?
— -~
~ 2 § Carl
2 3 !
Car 2
12
0 10 2 How much cheaper is it
0 4 6 8 10 5 to travel 50 miles in
Miles Car 1 compared to Car 2?
70 0 0 5 10 15 20 25
\_ Miles J

3) 24°C = °F
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Fluency Practice

Researchers tested 4 electric vehicles by recording the distance travelled and the battery power used.

P Migani
20 _H@t Xeta 5 o] COLORADO XT - 5 Wasp
70- 607 a 30- 1209
60+ 50 1004
Power 50- 40+ 20- 80
Used | 304 60-
(kwh) 40-
30+ 20+ 104
20 10 20-
10_ 0 T T 0 0 T T T T
T T
0 . . . 0 100 200 0 20 20 0 40 80 120 160
0 100 200 300 Use the research data to complete a conversion graph that shows all four vehicles.
Distance (kilometres) / How can you make the graph as accurate as possible?
Which vehicle is most efficient?
How far does each vehicle travel using 25 kWh of power?
1004 How much battery would each vehicle use to travel 300 km?
90- Complete the table below using approximations.
80- Xeta 5 Colorado XT Migani Wasp
25 kWh
70
300 km
60
PL(J)WZr As a percentage, approximately how much further will the
(k\j\fh) 50 Colorado XT travel, compared to the Wasp with the same charge?
407 The E-Scoot electric scooter travels 15 km per kWh.
30 The Land-Racer XR uses 0.9 kWh per kilometre.
20 Add these vehicles to the conversion graph, how do they compare to the other vehicles?
107 At what rate does the Xeta 5 use power? Express this as kWh per kilometre.
0 0 50 100 150 200 How does the rate of power consumption of the Migani compare to the Xeta 5?

Distance (kilometres)
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Fluency Practice

@)

Cost
(£)

This graph shows the price when you

y hire a cycle-rickshaw for a trip.

16
14
12
10

How much is the fixed charge?
(the cost before you travel any distance).

How much does it cost per km?

Use the gradient (cost per km)
& y-intercept (fixed charge)
to form a cost equation in
theformy =mx +c¢

The formula for a different company’s cost is
y=x+8

T T
2 3 4 5 6 7 8
Distance (km)

x Plot this graph on the grid.

For what distance is this company cheaper?

Cost
(£)

hire an electric taxi for a trip.

A

NS Z AN I N N B:

0 X
0 1 2 3 4 5 6 7 8

Distance (km)

This graph shows the price when you

How much does the taxi cost per km?
Describe the graph as a cost-equation.

A:

Plot these 3 different companies on the same grid.

y=5x C y=25x+15 D: y=x+16

For what distance are
companies B & C the same price?

For what distance are
companies B & D the same price?

John travels 7 km. How much cheaper is
the cheapest company compared to
the most expensive?

Cost Relationships & Equations

@ This graph shows the price for long-distance

D satellite telephone calls.
80

70—

AV

60+

50..4‘:’.. N A

Cost 20

(p) ."I,i)/f?’ NN NN SEEEE R 7

20

10

0

0 2 4 6 8 10 12 14 16

Time (minutes)

Describe the graph using an equation.

With Inta-Fone™ Jake makes a 12 minute call.
He pays 58p which includes a
one-time 40p connection cost.

Plot & label a cost graph for this company.
Globe Net: y = 0.5x + 60
Light-Call: y = 3.5x + 15

Plot & label the cost graphs for these companies.

Plot a cost-graph for your
own company with a 30p connection cost.
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Fluency Practice

4 Real-Life Gra A
. . - phs ) How much does
Gallons/Litres (UK) Conversion Chart This graph compares the Jay Web charge per GB?
18 Use the chart to complete website hosting fees for two companies.
/ .
16 these conversions: Y Jay Web Tek-Core For what level of storage is
14 70 5 Jay-Web cheaper?
12 40 Litres = Gallons 60 -
1 “ 50 A Why does Tek-Core’s graph
E 10 12 Gallons = % 20 - intercept the axis at (0,20)?
3 8 = U EA
] g 30 7 How much does
144 Litres = *g 20 / Tek-Core charge per GB?
4 © /
10+ .
2 40 Gallons = Form an equation
0 4 0 x  intermsofx &y for
0 10 20 30 40 50 60 70 80 0 5 G.lob 15 ZfOSt 25 32835 40 Tek-Core’s cost graph.
Litres )]0 igabytes of Storage,
This graph compares 2 industrial output pools being filled. @ @ This graph shows the fuel within a racing drag car.
5 T 600 How much fuel does
4 3‘ 500 the car burn over 2 seconds?
€ 3 ¥ e _ 400+
:g_ HHHER 2o E 300 = Another tank design
2 T =" oo § 5 burns 60 ml of
1 m i 200 u fuel per second & has a
T i maximum capacity of
0+= 100 380 ml.
o 1 2 3 4 5 6 7 8 9 10 11 12 0
Time (hours) 0 1 2 3 4 Draw this graph on the grid.

At what rate is Pool B being fi

Pool A is 9 metres deep.

illed?

Estimate the depth difference after 8 hours and 10 minutes.

\It started being filled at 8 am. When should it be full?

Time, seconds

Form an equation for each graph.

Use algebra to show when the 2 designs have used the same amount of fuel.

J
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Fluency Practice

Reading Distance-Time Graphs

(a)

(b)

(c)

The distance-time graph shows Jamil’s
journey as he goes to visit a friend.

70

The travel graph shows Natalie’s journey as
she goes for a walk.

— —_
IS g
2 w0 <+
Q
g-so \ Ee
o \ O 5
£ 40 c w\
IS = \
O -30 o \
— o 3
Y y= \
@ 20 D, N
e \\ o ? \
@ 10 = \
- S
0 ®
@] 0 0!5 115 2 2!5 35 4 4l5 neo 10 20 30 40 50 60 70 80 90 100 110 120

Time (hours)

(@) How long after Jamil has set off from
home does he stop to visit his friend?

(b) Calculate Jamil’s speed as he travels to
his friend’s house.

(c) How long does Jamil stay at his friend’s
house?

(d) Calculate the speed Jamil travels at as
he returns home.

Time (minutes)

(a) Natalie sets off from home and arrives
at her friend’s house 20 minutes later. How
long does Natalie stay at her friend’s
house?

(b) Natalie then walks for a further 20
minutes to the post box, before returning
home. How far does she walk in total?

(c) Calculate Natalie’s speed in km/h as she
walks home from the post box.

The graph shows the journey of two
runners, Pol and Pat, during a 20 km race.

20

by

N
5

C

4
o

N
N
\

|
o)

Z
4

Distance (km)
\

|
I

%

0 0 20 30 40 50 60 70 80
Time (minutes)

(a) Pol runs the race at a constant speed
over 80 minutes. Calculate Pol’s speed in
km/h.

(b) Describe Pat’s run, calculating any
speeds in km/h.

(c) Pol runs past Pat 12 km into the race.
At what time does this happen?
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Fluency Practice

Calculate the average speed

80 200 24 16 400
21 14
a £ 60 b 8150 C B 18 d T 12 € £300
2 3 €15 =10 =
o o o I 8
8 10 8100 81 g g 9200
.§ § 59 26 z
3 3 50 -3 e 4 © 100
3 2
0 0
s : > 3 0 2 3 4 5 & 0% 3 T s % 05 3 o 9 0 4 8 12
Time (hours) Time (hours) Time (hours) Time (hours) Time (hours)
2+ Cadlculate the average speed
80 16 4 200 32
14 175
a B8 ¢ b £ 12 C F d £150 € T 24
£ < 10 £ <125 =
[ [ (]
8 40 v 8 8 20 Y100 9 16
5 2 6 5 27 2
8 2 8 8 10 ) )
2 25
0 0 0 0 0
0 1 2 3 4 5 6 0 3 6 9 0 2 3 4 5 6 0 ] 2 3 2 4 6
Time (hours) Time (hours) Time (hours) Time (hours) Time (hours)
3+ Cadleulate the average speed for each part of the journey that is spent traveling
Q- 20 D- 40 G+ 200 de 190
15 8 % 8150 £ %
= £ E <
o o
0 10 ) 8100 Q 40
<] < ] <]
k7 2 2 5
a 2 2 2
5 o 10 o 50 30
0 0 0 0
0 2 3 4 0 2 4 6 8 10 0 2 4 6 8 10 0 05 1 1.5 2 2.5
Time (hours) Time (hours) Time (hours) Time (hours)
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Fluency Practice

Distance-Time Graphs

a
===
__ 150
€
=
3 100
C
S 50
k%
[a)
0
13:00 14:00 15:00
Time
Speed:
e m
90
E _
g c 80
8T 70
£k /
5 &H 60
=)
50
7 pm Time 8 pm
Speed:
i
ek
B
<
3 90
5 e
ke I
a
0
15:00 16:00 17:00
Time
Speed:

o
)]
o

What methods can you use to calculate the speed of each object?

I
o

N
o

Distance from
Start (km)

0
14:00

Speed:

-
=
[e))
o

15:00
Time

16:00

[N
N
o

S
o

Distance from
Home (km)
o]

o

o
\e]
)
3

w
©
0]
0]
Q.

—

Time 10am

2

Yo
o

o)
o

Distance from
Home (km)

w
o

4 pm

Speed:

5pm
Time

c N
__ 160
§ 120
S g0 7
©
B 40 /
a
0
21:00 Time 22:00
Speed:

oq
(O3]
o

D
o

Distance from
Home (km)

w
o

Speed:

=

400

280

Distance from
Start (km)

160

Speed:

10 pm 11 pm
Time

/

/

7pm 8pm 9pm
Time

Distance from

Q.
S
o

w
o

Home (km)
N
)

Juny
o

o

Speed:

=

7:00

8:00
Time

120

Yo
o

Distance (km)
(o))
=)

w
o

0
21:00

Speed:

Time 22:00

1

140

100

Distance from
Start (km)

D
o

Speed:

1pm

2pm
Time
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Fluency Practice

What units will we use for the speed?

)

120
IS
=3
o 80
£ /
7 /
(%)
5 40
0
0 1 2 3
Time (hours)
a
Speed:
L \
S
1000
800 /
£ 600 ,/
g /
& 400 /
2
= /
200 |/
0
0 2 4 6
f Time (hours)
Max. Speed:

Average Speed for
the whole journey:

Distance-Time
Graphs -
.90 . 60
£ £ d
Y 60 g 40 Wa
c C
© ©
(=) (=) //
7
0 0
0 1 2 3 4 0 1 2 3
Time (hours) Time (hours)
b c
Speed: Speed:
o SR =
’
320 8
B
= 240 =
A E°
) ]
©» 160 2 4
3
@
80 e 2
0
0 1 2 3 4 O0 1
e Time (hours) g Time (hours)
Max. Speed: Max. Speed:
Min. Speed: Min. Speed:
Average Speed:

Distance (km)

0 1 2 3
Time (hours)

Min. Speed:

Max. Speed:

~p~

30

20

10

Distance (km)

0 1 2 3
h Time (hours)

Max. Speed:
Min. Speed:

Average Speed:
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Distance-Time Graphs

2
_— —
150 150 ) .
g 120 / s 120
g 90 // < 90
o
& 60 / g
2 30|/ 3 60
a
0 30
0 1 2
Time (hours) 0 0 1 2 3
Speed: b Time (hours)
Speed:
w 3 m
200 Q?g\;_
160
30
£ 120 £
2 = 20
g o
s 80 &
ki % 10
a a /
40
0
0 1
0 0 1 2 Time (hours)
Time (hours)
€ Max. Speed: f Max. Speed:
Min. Speed: Min. Speed:
Average Speed: Average Speed:

7
P

[e2)
o

IN
o

Distance (km)

N
o
I~

0 1 2 3
Time (hours)

Max. Speed:
Min. Speed:

!@.

1000

[0}

o

o
I~

[e)]
o
o

N
o
o

Distance (km)

N
o
o

0 1 2
Time (hours)

g Max. Speed:
Min. Speed:

Average Speed:

Distance (km)

180

120

(o))
o

Distance (km)

1

0
d

1 2 3
Time (hours)

Max. Speed:

Min. Speed:

Average Speed:

o
&y

3000

2000

1000

60
Time (minutes)

Max. Speed:

Min. Speed:

Average Speed:
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Fluency Practice

Distance (km)

Fractional Times What method can we use to find the speed of each journey (A to S)?
A E G
84 16 80
7 - 70
Cc D H
6 124 60
—_ B | — —
w 2 ) w
S 44 g 30+ S 8- o 40
2 3 g 2 2 301
a e 204 a a |
21 2 4 20-
14 a 10+ 104
0 T 0 T T 0_ O T T T T T
0 1 0 1 0 1 0 20 40 60 80 100
Time (hours) Time (hours) Time (hours) Time (minutes)
P Q R
J K 40 /
a0 RS HED
M /
30 _ I
25+ 3 16 £ I
E ] N v et
204 = o 20 ~
y s LIS i
154 & ol 2 / ~
z 8 o I / / Beged
10 (=) 10 / //
5- L I // ]
 ” 0 T /
0 T 0 1 0
0 1 .
Time (hours) 0 1 2 3

Time (hours) Time (hours)

If we read a speed from a graph, is it always an estimate?
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A C G
6 124 E 24+
254
54 104 % 20 204
£ 4 £ s 2 o £ 16
8 34 S 6 9 g 124
c c o i c
© S c 10 ©
2 27 a4+ g 2 8
a a 2 5 a
1 21 e 4-
0 T
0 T 0 T 0 1 o+—>
0 1 0 1 Time (hours) 0 1
Time (hours) Time (hours) Time (hours)
Journey E = mph _
Journey A = kmph Journey C = kmph JourneyG=____ kmph
Journey F = 60 mph _
Journey B = 8 kmph Journey D = 24 kmph Journey H = 48 kmph
R S
Fractional Times On each grid, how can we draw each journey accurately (using exact coordinates). 40 /
[
| J L orp //
12 36- 34 30 //
10 — 30- B
S 6- g 18- g g /
] < ] a
o 44 S 12- 2 17 //
2 g a 10
2+ 6 /
O T 0 T T 0 T
0 1 0 1 2 0 1 0
Time (hours) Time (hours) Time (hours) 0 20 40
Time (minutes)
Journey | = kmph Journey L = mph Journey O = kmph Journey R = kmph
Journey J = kmph Journey M = mph Journey P = kmph Journey S = kmph
Journey K =40 kmph Journey N =4 mph Journey Q =5 kmph

Journey T = 600 kmph
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Fluency Practice

Completing Distance-Time Graphs

(a)

(b)

(©)

A delivery driver sets off from the depot to
deliver a parcel.

o
=]

I
[=)

Karen sets of on her bike to visit a friend. A
graph showing her journey is shown.

o

N

O

w
(=}

n
(=}

[=]

o
[=)
a

115 2 25 3 35 4
Time (hours)

Distance from depot (km)

(a) Calculate the speed the driver travels at
over the first part of the journey.

(b) How long does the driver stop for while
delivering the parcel?

(c) The driver returns to the depot at a
constant speed of 20 km/h. Complete the
graph.

(d) How far has the delivery driver
travelled in total?

=)

A bus travels from Manchester to London, a
distance of 200 miles.

)

)
D
=)

N
N
0

N
N
=)

N
[
n

L
D
D

Distance from home (km)

Time (minutes)

(a) At what speed does Karen ride during
the first stage of her journey?

(b) How far away from home is Karen when
she stops for a rest?

(c) After a rest, Karen continues on to her
friend’s house, which is 16 km away from
her home. She travels at 12 km/h.
Complete the graph.

% // 75
4 .
/
2 / 25
0 10 20 30 40 50 60 70 80 90 0 0!5 1 115 2 215 3 3l5 4 415

Distance from Manchester (miles

Tihe (hoursI)

(a) The bus sets off and travels at 50 mph
for 90 minutes. It then stops at the
services for 30 minutes, before setting off
again. The bus continues its journey, again
at 50 mph, for the next two hours. It then
gets stuck in slow-moving traffic, travelling
the last 25 miles in one hour. Draw a
distance-time graph to represent this
journey.

(b) Calculate the bus’s average speed
across the whole journey.
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Fluency Practice

Visiting Friends

Andy visited Gemma

Distance from Home
(km)
s

T T T T T T
lpm 2 3 4 5 6pm
Time

Speed to friend’s house:
Time at friend’s house: 3 hours

Speed home: 3 km/h

Total distance travelled:

Danny visited Max

£

o 87

T

T

E £ 41

g =

s 7]

'g 0 1 T T T T T T
2pm 3 4 5pm

Time

Speed to friend’s house:
Time at friend’s house:
Speed home: 6 km/h

Total distance travelled:

6 people visit their friends, by walking or on bicycle.

Becca visited Sophie

Distance from Home
(km)
N

1 T T T T T
lpm 2 3 4 5 6pm
Time

Speed to friend’s house:
Time at friend’s house: 2 hours

Speed home:

Total distance travelled:

Emma visited Greg

Distance from Home
(km)
i

1 1 1 1 1 1
Ipm 2 3 4 5 6pm
Time

Speed to friend’s house: 4 km/h

Time at friend’s house: 3 hours 30 minutes

Speed home:

Total distance travelled:

For each journey, complete the graph & the 4 pieces of information.

Charlie visited Travis

Distance from Home
(km)
<

T T T T 1 T
lpm 2 3 4 5 6pm
Time
Speed to friend’s house: 8 km/h

Time at friend’s house:

Speed home:

Total distance travelled:

Frank visited Victor

164

Distance from Home
(km)
s

0 T T T
3pm 4 5 6pm

Time
Speed to friend’s house: 24 km/h
Time at friend’s house:
Speed home: 16 km/h

Total distance travelled:
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Going ShOpping 6 people travel to the shops and then back home.
Greg Harriet

g g

s 401 S 8

g _ 307 g __ 61

o o

< £ 201 < £ 41

g~ g~

E 104 § 2

.‘DL’ O T T T T T T .‘DL’ C T T

lpm 2 3 4 5 6pm 11:00 12:00 13:00
Time Time
Speed to shops: Speed to shops: 12 km/h

Time shopping:
Speed home: 40 km/h

Total distance travelled:

Jen

Distance from Home
(km)
T

9:00 10:00 11:00 12:00
Time

Speed to shops: 15 km/h

Time shopping: 45 minutes

Speed home:

Total distance travelled:

Time shopping:
Speed home:

Total distance travelled:

Kerry

Distance from Home
(km)
=
<

2p|m 3;:;m 4|:;m 5p|m
Time

Speed to shops:

Time shopping:

Speed home: 30 km/h

Total distance travelled:

For each journey, complete the graph & the 4 pieces of information.

lan

Distance from Home
(km)
i

3;;m 4p|m Splm
Time

Speed to shops:

Time shopping: 2 hours

Speed home: 4 km/h

Total distance travelled:

Lawrence
g
5 404
T
g —
£ £ 201
8
c
o
'S 0 T T T
3pm 4 5 6pm
Time

Speed to shops:
Time shopping: 45 minutes
Speed home:

Total distance travelled:
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Fluency Practice

(® Race! Plot the graphs for each 4 races. Who won? By how much time did they win? Who got the top speed?
. @ : Brian
so TRAE , 100 AEE
Amir 40 mph for 90 minutes
20 miles in one hour 50 thena }11 hour breahkdown
40 then 3 hours at 10 mph then 80 mp
g 2 Beth
T 30 Ash = 60 €
E 10 mph for 2.5 hours E 20 mph for 2 hours
c c then a minute tire-change
S 20 then 25 mph T 40 h 30 mi i h
ko] k] then 30 mph
a a
10 Winner: 20 Winner:
Winning Margin (time): Winning Margin:
0 T T T T 1 0 T T T T 1
0 1 2 3 4 5 Top Speed: 0 1 2 3 4 5 Top Speed:
Time (hours) ' Time (hours)
o @ 18% Donna
5 Christy 16 8 mph for 75 minutes
60 then 6 mph for 3 miles
40 mph for 45 minutes 14 then 2.5 mph
50 then 10 miles in 45 minutes
then 20 mph - 12 David
— 9
§ 40 " E10 10 miles at 20 mph
£ Collin o then 45 minutes at 4 mph
§ 30 25 miles in 105 minutes g 8 then 16 mph
g then 60 mph for 30 minutes &
2 90 6 Daz
a then 10 mph
Wi . 4 15 minutes late starting
10 inner: 90 minutes at 6 mph
0 Winnine Margi 2 then 28 mph for 0.25 hours
t ; ; inning Margin: es
0 1 2 3 0 | | | | then 1 mph
Time (hours) Top Speed: 0 1 2 3 4 _ -
PP Time (hours) Winner:
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Fluency Practice

calculate the rate of acceleration & the average speed for the 10 seconds.

Velocity (m/s)

Velocity (m/s)

Sprint Training

To train to accelerate in the 100 m sprint,
athletes use a special pre-programmed treadmill.

The athlete accelerates (sometimes in stages) then

tries to maintain a constant speed until 10 seconds have passed.

12
10

A O o

12
10

A O

For each program,

Prog. B

Prog. A
1 2 3 4 5 6 7 8 9 10

Time (s)
Prog. C
/ Prog. D

i/
14

Time (s)

Velocity (m/s)

Velocity (m/s)

14
12

funy
o

ﬁ These programs account for speed changes towards the end of the race.
Calculate total average speed & acceleration/deceleration rates.

Prog. F

Prog. E

= e
N

Time (s)

-
o

I Prog. H

Prog. G

o N B~ O

o4

Time (s)

~
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Fluency Practice

Program

Velocity (m/s)

Prog. B

Velocity (m/s)

Sprint Training o
To train for the 100 m sprint,
athletes use a special pre-programmed treadmill.
The athlete must accelerate (sometimes in stages) then
maintain a constant speed for 10 seconds in total.
Calculate the total distance travelled &
the average speed for the 10 seconds.
A
Q
124 £
>
10- 2
o
8- =
6_
44
2_
0 1 1 1 1 1 1 1 1 1
0o 1 2 4 5 6 7 8 9 10
Time (s)
124
104
o Q
£
>
6 5
o)
41 2
2_
0 T T T T T T T T T
0o 1 2 4 5 6 7 8 9 10
Time (s)

The same sprinter tries different programs.
These have been plotted on the same grid.
Which program (journey) has a better average speed?

Prog. D

Prog. C

o

Prog. F

g4 e Prog..E

Time (s)
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Fluency Practice

Velocity (m/s)

Velocity (m/s)

Distance Training

To train for the 400 m run,
athletes use a special pre-programmed treadmill.

Programs accelerate/decelerate to try & find a perfect strategy

Calculate the average speed for each program.

“.

o

15 20 25 30 35 40 45 50
Time (s)

o

15 20 25 30 35 40 45 50
Time (s)

Which strategy do you prefer?

=
(o] o
1 1

o

=

o

@

>

Velocity (m/s)

Velocity (m/s)

These programs are for the 800 m run.

Calculate average speed for each program.

....

-t

T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100
Time (s)

10 20 30 40 50 60 70 80 90 100
Time (s)
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Fluency Practice

For each graph, work out the total distance travelled during the 10

l.UhG‘l‘ diS‘-l-OhCG hCIS‘ been -|-r‘Gve||ed? seconds. Watch out — some are distance-time graphs and some

are velocity-time graphs.

Aw\/(m/s) B 10d(m) C 10\/(m/s) D 10d(m)

9 9 9 9
8 8 8 8
7 7 /,/ 7 v 7
6 6 A 6 v 6
/
5 5 5 5
4 4 L 4 4
3 3 ,4/ 3 v 3
2 2 2 / 2
/7
/
1 1 11— 1
0 t(s) 0 t(s) 0 t(s) 0 t(s)
0 1 2 3 456 7 8 9 10 01 2 3 456 7 8 9 10 0 1 2 3 456 7 8 9 10 01 2 3 456 7 8 9 10
v(m/s d(m v(m/s d(m
E 10 (m/s) F 10, (m) G 10 (m/s) H 10 (m)
9 9 9 9
Vi
8 e 8 8 8 E———
7 7 7 7 =
6 v 6 e 6 6
5 A 5 5 5 /
'
/ 3 d
S T o L e — L e 4 —f————————
31—~ 3 3 3-A
v
2 2 2 2
N
1 1 1 N\ 1
0 t(s) 0 t(s) 0 t(s) 0 t(s)
0 1 2 3 456 7 8 9 10 01 2 3 4506 7 8 9 10 0 1 2 3 456 7 8 9 10 01 2 3 456 7 8 9 10
v(m/s v(m/s d(m v(m/s
PLLE J s K ol L s
9 9 9 9
8 8 8 8
/
7 7 \\ 7 / 71/
/ \
6 /4 6 6 / 6 \
54 5 5 5 \
4 4 4 4 \
P
3 3 3 3 \
2 2 2 2
1 1 1 1
0 t(s) 0 t(s) 0 t(s) 0 t(s)
0 1 2 3 456 7 8 9 10 01 2 3 456 7 8 9 10 0 1 2 3 456 7 8 9 10 01 2 3 456 7 8 9 10
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6 Gradients and Areas of Graphs
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Fluency Practice

Estimating the Gradient of a Curve

(a) (b)

Estimate the gradient of the curve at Estimate the gradient of the curve at
(@)x =2 (@)x=-1.5

by x =-—1 byx=1

w

0:5
~ | 15 41 05
5 25 2 s 4 o5 0] o5 1 15 2 25 3 |/ ol
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Fluency Practice

(c) (d)
Estimate the gradient of the curve at Estimate the gradient of the curve at
(@)x=2 (@)x=2
(byx =4 b)yx=-1
—5 -F | 2-5
4:5 \ 2

L

-
o
(6]

//
T2 / -3 25 \.15 1005 0 Ol
1.5 / S o
1 l 1
| P
0:5 ,‘/ 1-5
-—‘/
570 05 1 15 2 215 3 35 4 45 5l5 1 16 2
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Fluency Practice

Volume (L)

Finding the Rate of Volume Change

40 80 400
30 60 = 300
y 3
= g
o / 2
20 g 40 S 200
° @
-~ £
>
©°
10 20 > 100
0 0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 5 10 15 20 25 30
Time (seconds) Time (seconds) Time (minutes)
The container is emptied by a pump at The container is filled at a rate of Water leaves the container at a rate of

litres per second

15 15
ENEEE NN NN EEEA F NN NN NN SN AN S Q HEEEE ANENE NN EREEESEEGENESNEEE SEEEE AREEE RS
_10 T £ Q10 :
) S5
9] > =
E 1
S s £% s
& g
0 0
0 20 40 60 80 100 9pm 10pm 11pm 12am lam 2am
Time (minutes) Time
8 cl is pumped from the container at a rate of The harbour fills at an average rate of
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Fluency Practice

40

301\

20

Depth (cm)

10

0

0 1 2 3 4 5 6
Time (seconds)

At 2 seconds the rate of depth change =
cm per second

@

Estimating the Rate of Depth Change Using the Gradient of a Tangent

80

o)
o

Depth (cm)
iy
)

N
o
!

0

0 1 2 3 4 5 6
Time (seconds)

After 1 second the rate of depth change =

40

®

w
o
I

Depth (m)
N
o

=
o

0

0 5 10 15 20 25 30

Time (minutes)

When T = 20 the rate of depth change =

15 15
E
<10 _.10
53 £
o e
5
o
jo)
5 0 5
0 0
0 20 40 60 80 100 9pm 10pm

Time (minutes)

At 40 minutes the rate of depth change =

11pm 12am lam 2am

Time

At 23:30 the rate of depth change =
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Fluency Practice

4 The graph shows a distance-time graph for () ) The graph shows a runner’s @ Distance-Time Graphs )
a sprinter running a 100m race. distance & time over a 400m race.
What time did they get for the race? - - T Average speed over the race =
What was their average speed over the 100 metres? 450
T 400 Av. speed for first 20 seconds =
100+ 350
ECE % 300
so1 jé, 250 Av. speed for last 10 seconds =
=TT g 2004
JERY et 5
H o H & 150 Y When do they stop running?
s 1004
= 1
.‘réu 40 siEi 50
9 30 0 B2 GAMEN AN MEE MRS EENAEMENAN NMAEN ANAEN AMENE ANEEEENAERE Estimate when the runner was
204+ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 going the fastest.
1045 Time (seconds)
0 2 3 4 5 6 7 8 9 10 The graph shows the distance travelled by Why is the car changing speed?
Time (seconds) - a car during 13 seconds of a race.
How far did they go in the first 4 seconds of the race?
dED S RE S EEEs A man EAmaN ANEAN ARENAREENRAREEENRSRENES EAREE o What is the car’s av. speed?
What was their average speed for those 4 seconds? e e e R R et ERs Eiast Siaas e
soo {EEEE
350 What is the car’s top speed?
How far did they go in the last 4 seconds of the race? @ 300
2 2504
What was their average speed for those 4 seconds? = jSasg nent Estimate when the car is
8 Hoofii .
s HHH travelling the slowest
g 1504
Why is the sprinter slower at the beginning of the race? 1004—
How can his in a distance-time graph? A RRRa AaaaS HRREHNAA SRREk SRSaERRRRE AN N )
ow can you see this in a distance-time grap sod bbb bbb b L L | praw a straight line to estimate the
o A A A car’s speed at 15 seconds.
8 9 10 11 12 13 14 15 16 17 18 19 20 21

\_ Time (seconds) Y,
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Fluency Practice

/

10A

Time (s)

1 23 456 7 8 9101112

The speed-time graph shows the
motion of a toboggan as it
descends a hill. Determine the
acceleration of the toboggan

between:

a) AandB
b) BandC
c) CandD

Speed (m/s)

A

\

\

y4

\

/

\

Time (s)

1 23 456 7 8 9101112

The graph shows the speed of a
car over time.

Estimate the acceleration of the
car when:

a) t=0
b) t=6
c) t=10
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Fluency Practice

»
!

45
40
35
30
25
20
15
10

Displacement (m)

Time

(Sl

1 2 3 45 6 7 8 9 1011

The graph shows Sheila’s displacement
from a wall during a game of dodgeball.
Estimate her velocity when:

12

a) t=3

b) t=10

Note: The difference between ‘distance’ and ‘displacement’

is that displacement can be negative, and can decrease,

whereas distance travelled always increases.

Speed (m/s)

Time (s)

1234656 7 8 9101112

The graph shows the motion of a car
before and after the driver sees a
speed camera.

Estimate the acceleration of the car
when:

a) t=6
b) t=12
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Fluency Practice

»
»

45
40

__35 —

Q \\

- 25 N

[ N,

o 20

g \

wv 15 \\
10 \\
5 Time (s)

1 23456 7 8 9101112

The graph shows the speed of a

train after applying its breaks.

a) Determine the average
acceleration of the train.

?

b) Estimate the time at which the
acceleration of the train was
this average.

?
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Fluency Practice

Calculate the distance travelled by these cars in their first 10 seconds.

A
O a5t b G
40 40
35
- »

L 30 > £ 30
£ 25
25 > o
2 20 ~ g 20
& pd Y 15

15 7
10 - 12
5 7 Time (s) Time (s)

»
>

12 3 45 6 7 8 9101112

123 45 6 7 8 9101112

m A

45 45

40 40 /
< 30 / < 30
ge] / o] \ /
9] u 20 . /
220/ 2 N
15 < 15 ~

10 // 10

5 Time (s) 5 Time (s)

123456 7 8 9101112

?

123 45 6 7 8 9101112

?
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Fluency Practice

Speed (m/s)

B ,

v w
7 E Vi —+=—
y % yd
pd & d
pal 34___________________________ _
// Time (s)

"4

Time (s)

»

123456 7 8 9101112

A car accelerates from rest with
constant acceleration, until it reaches

1 23456 7 8 9101112

A tortoise starts running at a speed of
3 m/s, increasing to V m/s after 5
seconds. He maintains this speed for

a speed of V m/s after 10 seconds. The the next 5 seconds.

distance travelled is 150m.
Determine the value of V.

Over the 10 seconds he has travelled
155m. Determine V.
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Fluency Practice

4511

Time (s)

40 \\ 40
35 _35
2 = 30
230 \ B
Q Q
o 20 g_ZO \
& N\ & s
15 N \
10/ N 1(5) \
5 A Time (s) r
1 23 45086 78 9101112 1 23456 7 8 9101112

a) Using 2 strips, estimate the
distance the car has travelled in
the first 10 seconds.

?

b) Does this underestimate or
overestimate the true area?

Using 5 strips, estimate the distance the
car has travelled in the first 10 seconds.
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Speed (m/s)

"

w
o
N

58 Y
\\

(%

[EEY
o
\

g‘/// / Time (s)

12 3 45 6 7 8 9101112

[8,]

Estimate the distance travelled in the first 12 seconds when using:
a) 1 strip (i.e. a single triangle

b) 2 strips

c) 3 strips.
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v(m/s)

velocity-+Hime graphs: +angentS & areas

Work out the best estimates you can.

1.6 . ) 20, (m/s) .
. (a) Maximum speed. X . (a) Average acceleration.

5 |

. // | 15 /

/ (b) Acceleration att = 4. : / (b) Acceleration att = 4.

3 / | 10

-/ | /

4
/ (c) Total distance travelled. : 5 // (c) Total distance travelled.
|
|
0 t(s) ! 0 ~ t(s)

0 2 4 6 8 10 1 0 2 4 6 8 10
_________________________________ - e e e e e e e e e e e e e
3 10v(m/s) : 4 8v(m/s)

T (a) Time at which acceleration 1 (a) Time at which speed is
; |
8
: P is zero. : . / 2m/s.
¢ (b) Acceleration at t = 10. ! (b) Acceleration att = 4.
5 | 4 /
4 ,/ 1 ’——-—/
3/ ! //
2 / (c) Total distance travelled. : 2 (c) Distance travelled in first 6
1 / | seconds.
0 t(s) | 0 t(s)
0 5 10 15 20 25 30 L 0 2 4 6 8 10 12
5 20v(m/s) : 6 15v(m/s)
(a) Average acceleration. : (a) Average acceleration.
15 1 \
] 10
o ,// (b) Time at which: : \ (b) Total distance travelled.
/ T R instantaneous acceleration I \
B iRy = average acceleration : s ~—
| (c) Is your distance an under-
£(s) 1 ‘) estimate or an over
%5 10 15 20 ! O 5 10 % estimate?
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speed (m/s)

10

N

N\

AN

time (s)

- The graph shows the

speed of a car
approaching traffic
lights.

a)

b)

What is the rate of
deceleration
between 4 and 8
seconds?

By calculating the
area under the
graph, find the
distance travelled.

speed (m/s)

5

8

time (minutes)

2. The graph shows the
speed of a train for part
of its journey.

a) What is the rate of
acceleration
between 3 and 5
seconds?

b) By calculating the
area under the
graph, find the
distance travelled.

acceleration (m/s?)

[N\
N
|
|

/ N\

0

5 time (s)

3. The graph shows the
acceleration of a child
going down a waterslide.

a) Describe what is
happening after the
first second.

b) By calculating the area
under the graph, find
the child’s final speed
(assume the child
starts from a resting
position).
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speed (m/s)
5
8
time (s)
4. The graph shows the

speed of a ball rolling
down a hill.

a)

b)

By drawing a tangent,
estimate the rate of
deceleration at 6
seconds.

By considering the
area under the graph,
estimate the distance
travelled by the ball.

acceleration (m/s?)

°|

\

16

time (s)

5. The graph shows the
acceleration of a box-car
in a downhill race.

a)

b)

Use the graph to
estimate the rate of
change in acceleration
at 3 seconds.

By considering the
area under the graph,
estimate the average
speed in the first 10
seconds.

download speed (kb/s)
60 .
\\
\\
\
\\
8
time (s)

6. The graph shows the
speed, in kilobits per
second, of a download.

a)

b)

At what time is the
download speed
not changing?

By considering the
area under the
graph, estimate the
number of kilobits
downloaded.
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7 Iterations
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Fluency Practice

Show that the equation x3 + 2.5x% — 1 = 0 has a solution between —1 and 0.

Show that the equation 2x3 + 5x2 — 5x — 1 = 0 has a solution between
— 3.5 and -3.
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Fluency Practice

Show that the equation x — /x — 1 = 0 has a solution between 2.6 and 2.7.

u Show that the equation 2x3 — 7x2 + 5x = 8 has a solution between 3 and
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Fluency Practice

[CCEA GCSE Summer 2021 M8.2 Q2 Edited]
A solution to the equation 4x — x3 — 2 = 0 lies between x =0 and x = 1

Find this solution correct to 1 decimal place.

x 4x — x3 -2
4x0—03—-2=-2
0.1 4%x0.1—-0.13 -2 =-1.601
0.2
0.3
0.4
0.5
0.6
0.7
0.8 4%x0.8 — 0.8 —2 =0.688
0.9 4%x09-0.93 -2 =0.871
1 4x1-13-2=1
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Fluency Practice

) [0CR GCSE Nov 2021 6H Q15]

(") show that the equation x3 —5x —1 =0
has a solution between x = 2 and x = 3.

B Find this solution correct to 1
decimal place.
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Show that the equation
x2—9x+4=0
can be rearranged to give

x =V9x — 4.

Show that the equation
2x3 —8x2+10x—4=0
can be rearranged to give
_ 4+8x%—2x3

x 10

Show that the equation
2x3+4x>-3x—-2=0
can be rearranged to give

’:/2+3x—4x2
X = )

2
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Fluency Practice

n We wish to solve the equation

3x3-10x24+9x—2=0
This can be rearranged to

—3x3 + 10x2 + 2

9
Starting with x, = 1, use the
iteration formula
—3(x,)3 +10(x)? + 2

X =

xn+1 = 9
to find the value of x,.

Give your answer correct to 3
decimal places.

We wish to solve the equation
x3—-5x24+3x+9=0
This can be rearranged to

x = Y5x2—3x—9
Starting with x, = 2, use the
iteration formula

Xps1= 15#x)?% —3%, =9
to find the value of x,.
Give your answer correct to 3
decimal places.

Page 333




Fluency Practice

B We wish to solve the equation
3x3+10x2+9x+2=0
("] Show that this can be rearranged to
—3x3 —10x% -2
9

X =

B Starting with x, = —2, use the
iteration formula
—3(x,)3 —10(x,)? — 2
Xn+1 = 9
to find the value of x;.
Give your answer correct to 3
decimal places.
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We wish to solve the equation
3x3 —10x24+9x—-2=0
[[] Show that this can be rearranged to

3\]10x2 —9x +2
x = .

3

u Starting with x, = 0, use the
iteration formula

3

to find the value of x,.
Give your answer correct to 3
decimal places.

3[10(x,,)? —9x,, +2
Xn+1 =
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Fluency Practice

[Edexcel GCSE Nov 2017 H3 Q15]

Show that the equation x3 + 7x — 5 = 0 has a solution between x = 0 and
x=1.

(2 marks)

Show that the equation x3 + 7x — 5 = 0 can be arranged to give x =

x2+47°

(2 marks)
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Starting with x, = 1, use the iteration formula x,,,, = x2—5+7 three times to find
n

an estimate for the solution of x3 +7x —5 = 0.
(3 marks)

By substituting your answer to part (c) into x3 + 7x — 5,
Comment on the accuracy of your estimate for the solution to x3 + 7x — 5 = 0.
(2 marks)
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Fluency Practice

[Edexcel GCSE Nov 2021 H2 Q16]

Use the iteration formula x,4; = 3/10 — 2x,, to find the values of x,, x, and x5.
Start with x, = 2

[3 marks]

B The values of x1, x, and x3 found in part (a) are estimate of the solution of an
equation of the form x3 + ax + b = 0 where a and b are integers.

Find the value of a and the value of b.
[1 mark]
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Ivi icE " ing | -
Solving Quadratic Equations using lteration A Forthis guadratic equation find the solutions, B Find a solution for
Quadratic Equation: x2—2x—1=0 to 1 dp & to 2 decimal places. this equation to 2 dp & to 3 dp.
(rearrange) x2—3x—1=0 xX2—5x+2=0
Iteratlv.e .Formula: Tnt1 = 2% +1 Iterative. Formula: x,,, = {/3x, +1 Xnt1 = /5% — 2
Initial Value: x, =3 Initial Value: =4
: 1 Initial Value: x, =5
Xq 2.64575... X, X,
x3 2-50828... x3 3.437“' x3
X4 2.45287... x =24 X, X4
Xs 2.43017... Both solutions
are the same X5 X5 4.5991...
Xg 2.42081... (to 1 dp). Xg Xg
X 2.41694... X, X,
Xg 2.41534... v =241 Xg Xg
X9 2.41468... Both solutions Xg 3.303... Xo
X10 2.41440... are the same x .
(to 2 dp). 10 10
X11 2.41429... X11 X11
X132 2.41424... X1z X15
X13

Find a solution for
this equation to 3 dp.

Choose your own initial value.

x2—4x—-7=0

Find a solution for
this equation to 1 dp.

x2+4x—-13=0

Why do only some initial values work?

Find a solution for
this cubic equation to 3 dp.

x3—5x+3=0

(Rearrange so x3 is by itself,

then take the cube root of both sides).
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Fluency Practice

7 Here is a table of values for the curve with equation y = f(x).

X -3 -2 -1 0 1
f(x) -10 -3 2 15 82

The equation f(x) = 0 has at least one solution in the interval x = @ and x = b.

Using the table, write down the value of a and b. Explain your reasoning.

8 Show that the equation x* — 2x? — 7x + 1 = 0 has a solution between x = 3 and x = 4.
9 Show that the equation 5x* + x> — 8x + 4 = 0 has a solution between x = -2 and x = 1.

10 (a) Show that the equation —3x° + 2x*> + 4x + 5 = 0 has a solution a between x = 1.5 and x = 2.

1
4x+5)5

(b) Show that the equation —3x* + 4x + 5 = 0 can be re-arranged to give x = ( 3

(c) Starting with x, = 1.5, use the iterative formula
1
( 4x, +5 )3
xn+l =
3

Give your answer to three decimal places.

three times to find an estimate for a.

(d) The actual value of o = 1.5516 to four decimal places.
(i) Find the percentage error in your estimate in (c).

(i1) Explain how you could make your approximation in (c) more accurate.
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Heration 1: roots & intervds

1. Show that there is a root of the equation
x3+x—3=0 intheinterval (1, 2).

2. Show that there is a root of the equation
x%2 —5x + 2 =0 inthe interval (0.4, 0.5).

3. Here is a table of values for the continuous

function f(x):
X 1 2 3 4 5 6
f(x) |19 [ 16 |11 | 04 |-05|-16

State two consecutive values of x between which

there is a solution to the equation f(x) = 0.

4. Here is a table of values for the continuous
function g(x):

X

-3

-2

-1

0

1

2

3

gx)

2.33

3.52

2.16

—0.24

—2.20

—2.20

1.24

State two pairs of consecutive values of x between
which there are solutions to the equation g(x) = 0.

5. f(x) is a continuous function. Choose the correct
statement for each of the following:

(@) f(3) =234

£(4) = —0.01 Statements
- (1) There is a root of
(b) f(6) =—4 f(x) = 0in the interval.
(2) There is not a root of

f(x) =0 inthe interval.

f(7) =-1.52 |
(¢) f(-1)=062 |

£(0.5) = 0.74 (3) It is not possible to tell if
there is aroot of f(x) =0
d) f(H<o in the interval.
J2C) N

6. f(x)=x%—4x—3.
(a) Show that there is a root of the equation f(x) =0
in the interval (4, 5).
(b) Work out f(4.5).
(c) State an interval that is smaller than (4, 5) and
contains the root.

7. (a) a = 2.2 correct to 1 decimal place. State the
lower and upper bounds of a.
(b) Use the bounds as an interval to prove that a is
root of the equation x3 —x —9 = 0, correct to 1
decimal place.
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Heration 2: recurrence relations

1. Given the recurrence relation x,,; = 3x, — 2
and x, = 2, work out x, x,, x3 and x,.

2. Given the recurrence relation x,,,; = (x,)? =5
and x, = 3, work out x4, x,, x3 and x,.

3. Given that P,,; = 1.05P, and P, = 2000 , work
out P, correct to 3 significant figures.

4. Given that U,,; = 1.02(U,, — 50) and U, = 1500,
work out U; correct to 3 significant figures.

5. Match the recurrence relation rules to the correct
sequence of values (xq, x1, x5, X3):

A xpp1=3x,—1 P: 3,5 7,9

B: Xppq = X, + 2 Q: 2, 5, 14, 41
C: xpy1= ()% +1 R: 2,5, 8 11
D: Xpyq = X, + 3 S: 3, 6, 15, 42
E: X4y =30ty — 1) T 2,5, 26, 677

6. An approximate solution to the equation

x3 —8x + 4 = 0 can be found using the iterative
formula:
3
xXn3+4
Xn+1 = T g X0 = 0
Work out x4, x,, x3 and x,. Round each value to 4
decimal places where necessary.

. (a) Show that the equation x> —5x —2 =0 has a

root between x = —1 and x = 0.

(b) Starting with x, = 0, use the iterative formula:
3
_ xXp>-2
In+1 = ¢
three times to find an estimate for the root of
x3 — 5x — 2 = 0. Round your answer to 2 decimal
places.

. (a) Show that the equation x3 + x? = 10x — 6 has a

root in the interval (0, 1).

(b) Starting with x, = 1, use the iterative formula
Xp3+xn%+6

10
three times to find an estimate for the root of

x3 + x? = 10x — 6. Round your answer to 3
significant figures.

Xn+1 =
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Heration 3: rearrangement

1. Show that the equation x3 —8x — 5 =0 can be
rearranged to each of these forms:

@ x=38x+5 (b) x= "38‘5
5 8x+5
© x = (d) x =+ [*2

. (a) Show that the equation x3 — 4x — 5 =0 has
a root in the interval (2, 3).

(b) Show that the equation x3 — 4x — 5 = 0 can
be rearranged to give x = Vdx +5.

(c) Starting with x, = 2, use the iteration formula

Xpi1 = /4%, +5

three times to find an estimate for the root of
x3 — 4x — 5 = 0. Round your estimate to 3
significant figures.

3. (a) Show that the equation x3 + 3x —2 =0 hasa
root between x = 0 and x = 1.

(b) Show that the equation x3 + 3x — 2 = 0 can be
2

rearranged to give x = .
9 9 x2+3

(c) Starting with x, = 0.5, use the iteration formula
2
n+1 = 303
twice to find an estimate for the root of

x3 + 3x — 2 = 0. Round your answer to 2 decimal
places.

. (a) Show that the equation x3 —4x —2 =0 hasa
root in the interval (—1, 0).

(b) Show that the equation x3 — 4x — 2 = 0 can be
x3-2
4

rearranged to give x =

(c) Starting with x, = —0.5, use the iteration formula
_ xp3-2
In+1 = —,
three times to find an estimate for the root of
x3 — 4x — 2 = 0. Round your answer to 3 significant

figures.
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Heration 4: review

1. The expected number of birds in a colony t years
from now is P;, where

Py = 600
Pt+1 = 1025Pt

Work out the expected number of birds in the colony
3 years from now.

2. The value of an investment t years from now is £V,
where

V, = 20,000
Virq = 1.02V, + 2000

Work out the value of the investment 2 years from
now.

3. The expected value of a car n years from now is £c,,
where

co = 18,000
Cn+1 = 0.85¢, — 500

Work out the expected value of the car 2 years from
now.

4. (a) Show that the equation x> —6x —6 =0 has a

root in the interval (2, 3).

(b) Show that the equation x3 — 6x — 6 = 0 can be

: 6X+6
rearranged to give x = |——.

(c) Starting with x, = 3, use the iteration formula

6Xn+6
Xn

Xn+1 =

three times to find an estimate for the root of
x3 — 6x — 6 = 0. Round your answer to 2 decimal
places.

. (a) Show that the equation x3 + 2x + 8 =0 has a

root between x = —2 and x = —1.

(b) Show that the equation x3 + 2x + 8 = 0 can be
rearranged to give x = Y—2x — 8.

(c) Starting with x, = —1.5, use the iteration formula

Xn+1 = 3\/ —2x, — 8

three times to find an estimate for the root of
x3 + 2x + 8 = 0. Round your answer to 2 decimal
places.
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solving cubic equations by iteration
example

find a solution to x> — 10x = 30 between 4 and 5
give your answer correct to 3 decimal places

x3-10x = 30
rearrange this equation

3
x= V(30 +10x)
3
Xy = V(30 + 10x,,) the iteration equation

do 3 (30 " 10Ans) enter the smaller

number, 4 , then =

press the = button

carries forward the repeatedly....

previous answer, x,, , to

obtain the next one, until you have a good
Xptg reason to stop

the initialvalue, x,,is 4 ~ round this numberto 3

decimal places

4.150638865 4151
takes 12 steps on a
calculator

use an iteration method
to try to find a solution

(1) x3+2x = 40 between 3 and 4
(2) x3+10x = 51 between 2 and 3

@)  x3+2x

1 between 0 and 1

(4) x3+4x = 10 between 1 and 2

() x3+10x = 25 between 1 and 2

what happens?

explore further...
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solving cubic equations by iteration

example: another rearrangement

find a solution to x> —4x = 10 between 2 and 3 (6) arace: use two rearrangements
give your answer correct to 3 decimal places to try to find a solution to:
5 x3—3x = 2 between 1 and 3
x3—4x = 10 L -
(although the solution is obvious)
3
x3=4x + 10 () X1 = V(2 +3x,)
X2 =4 + m (||) Xp+1 = ‘(3 + 2/X}1)
x
which iteration equation is faster - needs
fewer steps (iterations)?
Xpi] = \/(4 + 10/xn) the iteration equation
enter the ‘seed’ value i .
ofx; =2  [2=] (7)  find a solution to:
do V(4 + 10/Ans) x3—5x = 15 between 3 and 4 using:
3‘\/ 15 +5
i X = + 5x
(15 steps on a calculator) (i) n+l ( n)
2.760817834 2.761 .. - \/7
(II) Xp+1 = (5 + 15/xn)
what happens if you which iteration equation is faster?
enter a ‘seed’ value of
x;==1or
x; =—27 why? (8) find a solution to:
what happens for seed .
values less than — 2 ? x3—5x = 2between 2 and 3 using two

different iteration equations
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a different type of cubic equation

(9) find a solution to x3 + 3x2 = 4 withx, =3

Xp+1 = Y. +3

what happens forx; =—-4?

try to find a solution to x® + 3x2 = 4 with x; =3

using:
3
X,e; = V(@4 - 3x,2)

what happens ?

using different iteration equations

(10) find a solutionto x3 —8x = 3 with x; =2

x3—-8x =3

Xp+1 =

try other x4 values
find the (small) range of x, values for which the

sequence converges (tends to a limit)

find a solution to x3 —8x = 3 withx; =2
using

3
Xy = V@ + 8x,)
Xyep = (8 +3Ix,)
Yoy = = (8 +3/x,)
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Area =20 cm?

@ x—ZI

x
1) Form a quadratic equation (= 0).

2) Rearrange to form
an iterative function.

(Use a square root to form x,,, 1 =)

3) Use the function to
find the value of x (to 2 dp)

How can we check our answer?

Forming & Solving Equations using Iteration

x+1 Area =15 cm?

«—
x+2

Use iteration to find
the value of x to 2 dp

Why do we need to be careful
choosing an initial value?

®

Area = 28 cm?

«— >
3x

Use iteration to find
the value of x to 3 dp

Volume
=132cm? 2x

k2

Use iteration to find
the value of x to 3 dp

<>
X
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