CCHS Mathematics A-Level Bridging Work

Answer all of the following questions on material from GCSE Mathematics. Check your answers using the
answers provided at the end of the document. There will be a test on this material in September.

Expanding brackets (Review Ex. 3)

Ql

Q2

Q3

Q4

Remove the brackets and simplify the following expressions:
a) (a+b)(a->b) b) (p+q)p+q) ¢) 35xy +25y(5y + 7x) — 100y?
d x+3y+2)(Bx+y+7) e) ct2d)(c—-d)2d—3c) 1) [(s—26)(s+20))

Expand and simplify:
a) (2x*+ 7x — 8)(6x* — 5x — 10) b) 3p(qg —5r) +4q(p +2r) - Tr(2p — 39)

The length of the longest side of a cuboid-shaped box is x cm. The shortest side of the box is
10 cm shorter than the longest side, and the other side is 8 cm shorter than the longest side.
Find an expression for the total volume of 5 of these boxes, in terms of x.

Your final answer should contain no brackets.

Given that p(x) = 3x* — 7x + 5 and g(x) =x*> — 3x + 1,
and p(x) — (2 — 3x)g(x) = ax® + bx*> + cx + d, find the values of a, b, ¢ and d. [3 marks]

Algebraic Fractions (Ex. 3.3)

Q2  Express the following as single fractions in their simplest form.

5 3 7 4 8__1
) 5-1ty-2 b =5 " 7+3 ) p p-3
w 3w z+1 z+3 1 3
D2w—2) Tw—7 © 7+2 z+4 D g+1v -2
x 2z y 2% . 5 3 r
g x+z+x—z h) 2x+3 3—x 1) r—4 7T T r+i
Review Ex. 3
Q15 The diagram on the right shows part of a garden. < (x+6)m
The combined area of the lawn and flower bed is 3x*> m?. A
The area of the flower bed is x> m?. "y m Lawn
Show that y can be expressed as: :(x _3) ]

_ x*(2x —15) Flower
YT (x+6)(x—3) ped




Indices (Review Ex. 3)

Q16 Simplify:
a) x> xx°

b) a’ x a®

d) @)* e) (x’)(xy2)

Q17 Simplify:

) g g b) '+ pir
-3
d) (mn®x m*n")2 e) s'f X( Szl 7 )
..o (Ba’h’)*X(2a’b)’
18 Fully simplif

Q y stplity ~== ¢ sp)}

Q19 Find x such that:
a) ¥=3
b) 9 - 81%-1=27

Q20 Work out the following:
a) 167 b) 8%
d) x° e) 4972

Surds (Review Ex. 3)
Q24 Simplify:

a) v/28

AW

where k and x are integers and x is as small as possible.
b) 3/5+/45
e) 44150 +/54 —/5/120

a) V3—-y12
d V/52+/117

o
xwlxw

f) a’b'c’
a’b’c

2 b6

2

f b%c><

¢) 81%

273

a‘c? " .a’h

9
D /15
Q25 Simplify the following expressions by writing them in the form kv x,

C) J7+/448

Q26 The diagram on the right shows a shape which has been made
by cutting a small square from one corner of a larger square.
The area of the larger square was 1920 cm?. The area of the smaller
square was 1080 cm?. Find the value of a. Give your answer in the
form ky/x, where k and x are integers and x is as small as possible.

[2 marks]

[1 mark]
[3 marks]

a cm




Q30 Express (3y/5—5y/3 Yin the form a(b + /¢ ) where a, b and ¢ are integers. [3 marks]
- v2 _ 1
Q31 Show that: a) e 4,/2 b) 5 = 73
: X : 2
2 f —=—.
Q32 Rationalise the denominator o 3147
Q33 a) Write (22 +/3 Y in the form a + by/6 where a and b are integers. [2 marks]
i
b) Hence, or otherwise, rationalise the denominator of this expression:
1
m [2 marks]
Q34 Write the following in the form p + gy/r, where r is an integer,
and p and g are integers or fractions:
N 11+4/13 b 2/7+9 9 3/5+/15
5—413 3-y1 V60 — 20
Q35 Fully simplify the number given by this expression:
/32 +/128)
( /5+/3 ) [3 marks]
Factorising (Ex. 4.1)
Ql  Factorise the following expressions. ‘ ‘ '
a) x*—6x+5 b) x* —3x—18 zero, usé trttal:‘:crtgrlizing
o) ¥+22x+121 d) x*—12x methods from Chapter 3.
&) y2— 13y +42 f) 2+ Slx + 144 Sl G
g) x*—121 h) x2—35x + 66 miss the solution x = 0
when solving.
Q2  Solve the following equations.
a) 2—3x—-10=0 b) 2x2 +2x—40=0 P
c) pP+2Ilp+38=0 d) x*—15x+54=0 Look out for questions
§) x*+ 18y =65 f) 5 ~x =42 can be simpified
g) x>+ 1100x + 100 000 =0 h) 3x*-3x-6=0 before factorising —
for example by dividing
. . . through by a number.
Q3 Factorise the following expressions.

a) 4x>—4x-3 b) 2x*+23x+11 ¢) 7x*—19x-6 d) x*—5x+36
e) 6x2—7x—-3 f) 2x>-2 g) 3x*-3 h) x>+ 9x— 14



Quadratic Formula

Q1  Solve the following equations using the quadratic formula,
giving your answers in surd form where necessary.

Q1 Hint | Have a go at

a) x>’ —4x=-2 b) x> -2x—-44=0

_ . solving these equations
c) x*+3x=12 d) x’—14x+42=0 using a calculator too.
e) x> +4x—-1=0 f) x*+4x-3=0
g ¥—2x+e=0 h) x—2/11x+11=0

Q2 a) Multiply out (x—2 +v/5)(x—2—/5).
b) Solve the equation x*> — 4x — 1 = 0 using the quadratic formula.
¢) How does your answer to b) relate to the expression given in a)?

Q3  The roots of the equation x> + 8x + 13 = 0 can be written in the form
x=A +/B where A and B are integers. Find A and B.

Q4 Solve the following equations, giving your answers in surd form where necessary.

8) ¥ +x+a=0 b) 22— Jx+ 5 =0 0) 2522 —30x+7=0
d) 60x — 5 =—100x* — 3 &) 2x(x—4)=7—3x f) Gx—5)x+2)=3x—2

Completing the square (Ex. 4.3)

Q2 Rewrite the following expressions in the form p(x + g)* + r:
a) x>+ 6x+8 b) x>+ 8x—10 ¢) x*-3x-10
d) x*—20x+ 15 e) x>—2mx+n f) ¥ +6x+s
2) 3x*—12x+7 h) 2x*—4x-3 i) 6x*>+30x—20
j) x*—9%x+9 k) 4x>—-22x+5 ) 3x*+9x+1

Q3  Solve the following equations by completing the square:
a) x>’—6x—-16=0 b) p?> - 10p =200
d)x*+4x-8=0 e) 4x* +24x—-13=0

Q4 State the coordinates of the turning point on each of the following graphs. In each case, state whether
it is a minimum or maximum.

a) y=x*+6x+11 b)y=—x>—-9x+9 )y =4x?—-22x+5

Sketching quadratic graphs (Ex. 4.7)

Q6  Sketch the following graphs, showing any intersections with the axes:
a) y=x*-2x+1 b)y=x*+x-1 c) y=x*—8x+18
d)y=—x*+3 e) y=2x>+5x+2 f) y=2x2-5x-1



Inequalities (Review ex. 5)

Ql

Q2

Q3

Q6

Solve:

a) Ix—4>2x—-42 b) 12y-3<4y+4 ) Yy—-4=217y+2
d)x+6<5x—4 e)dx—2>x-14 f) 7-x<4-2x

g) llx—-4<4-1lx h) 1+10y=7y—12 1) §y—6<6-38y

Solve the inequality 3(2x —5) + 24 —x) = x + 7. [3 marks]

Find the set of values for x that satisfy the following inequalities:

a) 3x*-5x-2<0 b) x*+2x+7>4x+9
) Ix+Tx+4=22(x*+x-1) d)x*+3x-1=2x+2

e) 27 >x+1 f) 3x2—12<x?-2x

g I+ 6x< 2% +3 h) (x +2)(x—3) =8 —3x2

Draw and shade the region which satisfies each of the following sets of inequalities.
Q) 8<y-x, y<I12-x, Ix+2y<-4
b) x+3y>15, 3x+y<12, 4<x+36

Simultaneous Equations

Q13

Ql4

Solve these sets of simultaneous equations:

a) 3x—4y=7 and—2x + Ty =22 b) 2x—3y =1y andx+y=—1
¢) 2x+3y=8and 6y="5—4x d) 1ly=9x+4and 3x—2y =7
e) %x+%y=50andx+4y=25 f)x+4y=%andy+2x=%

Find where the following lines meet:
a) y=3x—4andy=7x-5 b) y=13-2xand 7x—y—-23=0
¢) 2x—-3y+4=0andx—-2y+1=0 d) 5x-7y=22and3y—-4x-13=0

Simultaneous Equations — one linear, one quadratic (ex 5.5)

Q2

Solve the following simultaneous equations:

a) y=2x+5 b) y=2x*-3 c) 2x*—xy=6
y=x2_x+1 y=3x+2 y—3x+7=0
d)xy=6 f) y=2x*-3x+5
2y—-x+4=0 I—y =3
g) 2x2 + 3y* + 18x = 347
4x +y="17 w B For these sets
) of equations you'll need
i) x*+4x =4y +40 to do some rearranging.

12y +5x+30=0



Q4 Find the points of intersection between the lines and curves on the graphs below.

a) \ s b) ¥4

\ x »
=2 -

3

2x+y=11

Straight Lines (rev ex 6)

Q1

| Q2

Q3

Q4

Q6

Q7

Find the equations of the straight lines that pass through the following pairs of points.
Write each of them in the forms (i) y = mx + ¢, (ii) ax + by + ¢ = 0 where a, b and c are integers.

2) (2-1),(-4-19)  b(0,-3),(5%) 0) (8,7), (=7,-2)
Points A and B have coordinates (—2, 4) and (4, —10) respectively.
a) Find the exact length AB. [2 marks]
b) Find the gradient of the line segment AB. [2 marks]
¢) Find the equation of the line that passes through points A and B, giving your answer

in the form ax + by + ¢ = 0, where a, b and c are integers to be found. [3 marks]

A triangle has vertices A, B and C. The coordinates of A and B are (2, —1) and (10, —1)
respectively and C is a point on the line, /, with equation y —2x + 5 = 0.

a) Show that A also lies on /. [1 mark]
b) Given that the x-coordinate of C is &, find the y-coordinate of C in terms of k. [1 mark]
The area of the triangle is 32 units?.

¢) Find the equation of the line through B and C in the form y = mx + c. [3 marks]

Determine whether the following lines are parallel to the line with equation 4x — 6y = 7.
You must give a suitable justification in each case.

a) 8&x+ 12y=15 [2 marks]
b) 3y—-2x=17 [2 marks]
g y=253 12 marks]

a) The line /, has equation y = —%—x - % Find the equation of the line parallel to /,

passing through the point with coordinates (4, 2).

b) The line /, passes through the point (6, 1) and is perpendicular to 2x —y — 7 = 0.
Find the equation of the line /,.

The coordinates of points R and S are (1, 9) and (10, 3) respectively.
Find the equation of the line perpendicular to RS, passing through the point (1, 9).



Graph Transformations (rev ex 6)

Q16 Given that a > 1, use the graph of f(x) to sketch the graph of: Ay
1 y=1(x)
a) y = f(ax) b) y= f(E’“)
1
©) y = af(x) d) y="a 1) ¥
e) y="f(x+a) f) y=1(x—a)
g y=1x)+a h) y=1(x) —a

Trigonometry ex 8.1

T
39° w

15 cm

Q6  Use the sine rule to find the length 7W.
F

Q7 Intriangle POR: PR =48 m, angle P = 38° and angle R = 43°. Find the length PQ.
Q8 Intriangle ABC: AB =17 cm, AC = 14 cm and angle C = 67°. Find the angle A.

Q9 For the following triangles, find the missing value x.

a) b) 0)
x° 102° (
19 cm xcm
27 m
780 37° =

17 cm 14 cm 13m

Ex 8.4

Q3  For the following triangles, find the missing value x.

a) b)
15m
9m
xO
12

m

c) 10 cm d) </
< 4 cm 43 cm 17 em
7 cm
mm

X cm

e) = f) 13 cm
32 mm '
7 cm
xcm
56 mm \



Ex 8.5

Q1  Find the area of the following triangles.
a) b)
12 cm 9 mm
A 41°
10.5 cm 5 mm
) d)
Bom 4.2 cm =T 2
7 cm
Q2 Intriangle POR: PQ =4 cm, QR =7 cm and angle Q =49°. Find the area of triangle POR.
Trig Graphs Ex 8.7
Q1  On the same set of axes, sketch the graphs of

Q2

Q3

Q4

Q5

y=cos x and y = cos x + 3 in the interval —-360° < x < 360°.

On the same set of axes, sketch the graphs of
y=cos x and y = cos (x + 90°) in the interval —180° < x < 180°.

On the same set of axes, sketch the graphs of
y =tan x and y = tan (x — 45°) in the interval —180° < x < 360°.

On the same set of axes, sketch the graphs of
y=sinxandy= %sin x in the interval —180° < x < 180°.

On the same set of axes, sketch the graphs of y = sin x and y = sin 3x
in the interval 0° < x < 360°.

Using trig graphs to solve equations Ex 8.8

Q3

Q4

By sketching a graph, find all the solutions to the equations below in the interval 0° < x < 360°.
b) tanx =3 c) sinx=%
V3

2

a) cosx =

d) tanx = e) tanx =1 f) cosx=

S-S

Ay

41—

P

P il

N\

—13¢C -90° 44.43° 90° 180

One solution of sin x = 0.7 is 44.43° (2 d.p.).
Use the graph to find all the solutions
in the interval —180° < x < 180°.

v=

o

-1



Vectors Ex 12.1

Q7 Inthe rectangle ABCD, E is the midpoint of AD and F A 2 D
divides DC in the ratio 2: 1. If AB =b and AD =d,
find the following vectors in terms of b and d. F
a) DF b) BE C) EF B C

Q8 CDEFGH is a regular hexagon whose centre is O.
If OE = e and OD = d, express in terms of e and d:

a) HE b) DG
¢ ED d) CE
e)D_lf f)E_G

Q9 Intriangle DEF, J and L are midpoints of ED and FD respectively.

Given that EF = fand ED =d, prove that L= %f. ' F

Q10 In the diagram on the right, BC = 3AB.
AB and BC lie along the same straight line.
Find the following vectors in terms of p and q:

a) XE 0
b) OC

320 In the diagram on the right, OB = 4a, AB = 2b, BD=4a-b
and DC = —ib —a. Show that OAC is a straight line.

21 AB=q- 5p, AC =p, AD =—5p +4q
Show that B, C and D are collinear.

24 In the diagram on the right, 2a—b
AB =b-—a, BC =a, AD = %aandrE =2a-b.
a) Show that BE is parallel to CD.

b) The point O divides BE in the ratio 1:2. b-a
Show that AOC is a straight line.




Worked Solutions
Chapter 3 Review Exercise

Q1 a)
b)
c)

d)

(a+b)a—-b)=a*—ab+ ba-b*=a*- b
Prop+a)=p +tpg+ap+q =p’+2pq+q’
35xy + 25p(5y + 7x) — 100y?

=35xy + 1252 + 175xy — 1002 = 25)2 + 210xy
(x+3y+2)3x+y+7)
=xGx+y+T7)+3yGx+y+T)+20x+y+7)
=3x2+xy+Tx+9xy+3)2+2ly+6x+2y+ 14

Q2

Q3

Q4

=3x2+10xy+3y*+13x+23y+14

e) (c+2d)(c—d)(2d-3c)
=(¢* - cd + 2dc — 2d%)(2d - 3¢)

= X(2d - 3¢) - cd(2d - 3¢) + 2de(2d - 3¢) — 242 (2d - 3¢)

=2c%d -3¢ - 2cd? + 3c*d + dced? - 6¢*d — AdP + 6cd?

=—c%d -3¢+ 8cd® - Ad®

f)  [(s—20)(s +20))* = [s* + 2st — 2ts — 4]
=[s?— 47 = (s’ — 4P)(s* — 4P)
=s5'— 457 — 475> + 161 = 5* — 857 + 161

a) (2 + Tx - 8)(6x2 — 5x — 10)

= 12x* — 10x* — 20x? + 42x> — 35x% — 70x — 48x* + 40x + 80

=12x*+ 32x* - 103x> — 30x + 80

b) 3p(g—5r)+4q(p +2r) = Tr(2p - 3q)
=3pq — 15pr + 4pq + 8qr — 14pr + 21gr
=Tpq —29pr + 29qr

The side lengths of the box are x cm, (x — 10) cm and (x — 8) cm.

So the volume of one box is x(x — 10)(x — 8) cm’.

x(x — 10)(x — 8) = x(x*> — 8x — 10x + 80)
=x3—18x2+ 80x cm?

So the volume of 5 boxes is:

5(x* — 18x2 + 80x) = 5x* — 90x? + 400x cm?

px)—(2-3x)g9(x)=3x*-Tx+5-(2-3x)(x*-3x+ 1)

=3x-Tx+5-(2x*— 6x+2—3x*+9x* - 3x)

=6x*-11x*+2x+3 = a=6,b=-11,c=2andd=3

[3 marks available — 1 mark for correctly expanding brackets,
1 mark for correctly simplifying, 1 mark for all four correct

values of a, b, c and d]

Ex 3.3 Algebraic fractions

Q2

a) The common denominator is (y — 1)(y — 2):
5 3 5(y—2) 3(y—1)

-1 52" G5-1D0-2) T G-1D-2)

_5(=2)+3(-1)
y-1Dy-2)

_ 5y—10+3y—3

T (-Dh-2)

. 8-—13

T (y-Dh-2)

b) The common denominator is (» — 5)(r + 3):
7 4 __ 1r+3) 4(r—5)

r=5 r+3 " (r=5)(r+3) (r-5)(r+3)
_7(r+3)—4(r-5)
T (r=5)(r+3)
_Ir+21—-4r+20
(r=5)(r+3)
__ 3rt+4l
(r=5)(r+3)
¢) The common denominator is p(p — 3):
8_ 1 _8p-3)_ _ p
p p=3 p(p-3) p(p-3)
_8—24-p Tp—24
~ p(p=3)  p(p-3)

d)

€)

The common denominator is 2(w — 2)(w — 7):

w 3w
2w-2) Tw-T
__ ww=1) 3w X 2(w—2)
2w=2)w—=7) 2(w=2)w—7)
_ w?—Tw 6w(w—2)
2w—=2)w—=17) 2(w—=2)(w—17)
_ w—=Tw+6w(w—2)
T 2(w—2)w-17)
_wW—Tw+6w'— 12w
2w—=2)w—17)
Tw’ — 19w w(Tw—19)

“2w-2)w-7 2w-2)w—=17)

The common denominator is (z + 2)(z + 4):
z+1 _z+3 _ (z+1)(z+4) _(z+2)(z+3)

z+2 z+4 7 (z+2)(z+4) (z+2)(z+4)
_ (z+1)(z+4)—(z+2)(z+3)
(z+2)(z+4)
_(2+5z+4)—(+5z+6)
a (z+2)(z+4)
_ -2
~(z+2)(z+4)




f) The common denominator is (¢ + 1)(g — 2):

1 3 (g=2) ,_ 3(g+1)
g+1°" T g+ Dg-2) " (g+1)g-2)
_(g-2)+3(g+1)
(g+1)g—2)
—9-2+3q+3
(g+1)g—2)
4q+1
T+ 1)g-2)
g) The common denominator is (x + z)(x — z):
x 22 __ x(x—2) 2z(x+2)
x+tz x—z +lx—2  @+zlx—2
. o=zt Onz ot 0% xf-baztDzt
(x+2)(x—2) (x+2)(x—2)
h) The common denominator is (2x + 3)(3 —x):
y 2y _ y@B-x)  2y(2x+3)
2x+3 3-x (2x+3)3—-x) (2x+3)(3—x)
_ 3y—xy—4dxy—6y
(2x+3)(3—x)
__"3y—5xy _ _ 3y+5xy
T (2x+3)3—x)  (2x+3)(x—3)

In the final step, top and bottom have been multiplied
by —1 to make the answer a bit neater.

Q15 Call the unknown side of the flower bed z.

i) The common denominator is #(r — 4)(» + 1):

5 3 r
Py R |
_ 5r(rt+1) 3(r—4)(r+1) r*(r—4)

T rr—Hr+D  rr—ar+tD -G+
_5°+5r+3(P+r—4r—4) - (-4
. rir=4)(r+1)
_5°+5r+37-9r—12—-r'+4r

rF—4)(r+1)
= r+12r—4r—12
o r(r—4)(r+1)

Thenz = x -3 andy+z= 3x6
Sop = 3% _ B 2 _ 3(x—3)~u*(x+6)
OV =%+6 " x+6 x-3 (x+6)(x—3)
_ 3%’ — 9% —x* — 6 28—=15¢% _ x(2x—15)
x+6)x—3)  (+6)x—3) (x+6)(x—3)

Indices
Q16 a) X¥x’=x**3=x* b) aa*=a'*t=a"
8
c) x__xs 2=yt d) (@)'=a"=a"

9 (A2 =x y =z

abic’ 2.5

f) asizc = g2-3p*-2c6-1 =a"b2c‘5=bac
Q17 a) gxgi=g =g

b) p4r2 .:_p5r>6 =p4—5r2—(-6) =p-|'8

o (Hf=re=p

d) (mn®x mn Y2 = (m'n* -1y = (min )2

= m5 (= Z)n(—3) x(-2) = m—l()n
o () = sy = sy =sitses

= P55 = gHH6p+15 = glogls

8% s b s c2 _a ., b a’b
D bic a'c? bic a2
2+3b6+l b S A= ey
= a4blcl—2+2 = a bzc =a b c'=ab’c
(3a’b?)* X (2a’b)* _ 9a"b“X4a“b2 _ 36a"b° _ .o 5.9
A8 et glap  2ab7 1040

Q19 a) Write the RHS as 9 to the power ‘something’: 3 = 9 = 9%
Sox= % [1 mark]

93x = (32)3x - 36x

81 =92=3% 50 81%-1=(34)x-1=3%4

[1 mark for expressing both terms on the lefi-hand side of the
equation as powers of 3]

So 93x . 812:—1 o 36x X 3&\'—4 P 36x+8x—4 — 3l4x—4

SO 93)( a 812xf 1 = 27 = 314).,4 = 33

[1 mark for writing both sides of the equation as a single
power of 3]

Soldx-4=3= l4x=T=x=+
[1 mark for the correct value of x]

b)

b) 8¥=¥8=2
d) »=1




Surds

Q24 a)
b)
¢ VI8=y9x2=y9y2=3y2

\/Ezﬂzz

16~ Jig 4

a) V3—-/12=y3-/4x3=y/3-2/3=—/3

b) 3vV5++v45=3Y5+/9%x5=3/5+3/5=645

) V7+V448 =T +/64 X7 =yT+8/7=9y7

d /524117 =y/4X13+/9X13

=2/13+3y13 =513

e) 4v150 +v54 —V/5/120
=4y25X6+y/9%X6—y/5/20X6
=4X5/6+3V6—-V5/4%x5/6
=20v/6+3v6—-2Y5/5/6
=20v6+3v/6—10V6 = 13/6

The larger square has side length 1920 cm and the smaller
square has side length v1080 cm.
a is the difference between the side lengths of the two squares, so:

a= /1920 —y1080 = v64 X 30 — v36 X 30
=8v30 —6v30 = 2v30

11+v13 _ (11 +v13)(5++13)
5-v13  (5—-v13)(5+v13)
_55+11/13+5/13+13
25—13
=68+1126‘/ﬁ=%+%m
2V7+9 _ 2V71+9)3++7)
3-V7  (3-VD)(3+V7)
_6V7+14+27+9Y7
9—17
_15ﬁ2+41=%+%ﬁ

V28 =V4xT=/4yT=2V7 Q30

d)

Q25 Q31

Q32

Q33

Q26

Q34 a)

b)

3V/5+y15 _ (3V5 +v15)(/60 +v20)
V60 —v20 (V60 —v20)(v60 ++v20)
_ 35760 +3v5v20 + 15160 + 1520

60 —20
_ 3/5Y5/3/4+3/5/5/4
( {3/5/5/31 431554

_30y/3+30+30+10y3
= 40

©)

_40Y3+60 _ 3
=~ —2%¥3

Q35 (vV32+y128)Y =(4v2 +8v2) =(12y2) =144 x 2 =288

(/32+128Y _ 288 _ 288  J5-43
V5+y3 V5+v3  /5+V37 /5-43

(3v5-5v3) =(3v/5 - 5v3)(3v/5 - 5v3)
=9y/5y5—-15/5v/3 —15v/3y5 +25/3y3

=45-15v15 - 15/15 + 75 = 120 — 3015 = 30(4 - V15)
[3 marks available — 3 marks for the correct answer, otherwise
2 marks for any two correctly simplified terms (45, —15y15 or
75), or 1 mark for attempting to expand the brackets and getting
one term correct]

8§ .8 .2 _8y2
a) ﬁ—ﬁxﬁ— 2 —4\@

b) £=£=LV
2 (V2) V2
2 __ 23-v7)
3+v7  (3+V7)3-V7)
_6-2/7_6-2V1 _._ 1
A e R
a) (2vV2+V3)V=4x2+4y2/3+3=11+4Y6
[2 marks available — 1 mark for correctly expanding the
brackets, 1 mark for the correct simplified answer]
. 1 - 1
b) Using the result from a), 2/2+Y3Y  11+476

-1 11-4/6 _11-4/6 _11-4V6
11+4/6 " 11-4/6  121-96 25
[2 marks available — 2 marks for the correct answer,

otherwise 1 mark for using the correct method]

_ w = 144(/5 — /3) or 144/5 — 14413



Exercise 4.1 — Factorising a Quadratic
Ql a) X¥-6x+5=x-5)x-1)
b) x*-3x-18=(x-6)(x+3)
€) X¥*+22x+121=(x+ 1)+ 11)=(x+11)
d) X*-12x=x(x-12)
Note that if every term contains an x, you
can just take a factor of x out of the bracket.

e) Y—-13y+482=p-6)y-17)

f) xX¥+51x+144=(x+48)(x +3)

g X*-121=(x+11)(x—-11)
If there is no ‘b’ term, see if the expression is a
difference of two squares’ (chances are it will be).

h) x*—35x+66=(x—2)(x—33)

Q2 a) x2—3x—10=0z(x—5)(x+2)=0 ) #—x=42 = *-x-42=0 = (x-T)(x+6)=0
= x-5=0o0orx+2=0 = x=5or x=-2 = x-7=0o0rx+6=0 = x=7 or x=—6
b) 2x¥*+2x-40=0 = 2(x*+x-20)=0 g) x*+1100x+ 100000=0 = (x+ 100)(x + 1000) =0
This is an example of a question where you = x+100=0 or x+1000=0 = x=-100 or x=-1000
can simplify the equation before factorising. h) 3x-3x-6=0 = 3(x*-x-2)=0
You can divide through by 2. = 2-x-2=0= x-2)x+1)=0
X+x-20=0 = (x+5)(x-4)=0 = x-2=0o0orx+1=0 = x=2 or x=-1
=2 x+5=0o0orx—4=0 = x=-5 or x=4 Q3 a) 4—4x-3=(2x+1)2x-3)
¢) p>+21p+38=0= (p+19)(p+2)=0 b) 2x2+23x+11=2x+ I)(x+11)
= pt19=0o0r p+2=0 = p=-19 or p=-2 ©) 7x—19x—6=(Tx+2)(x—3)
d ¥*-15x+54=0 = x-9)(x-6)=0 d) xX>-5x+36=—(x*+5x—-36)=—(x-4)(x+9)
=2 x-9=0o0orx—-6=0=>x=9%9o0orx=6 €) 6x—Tx—3=03x+1)2x-3)
e) XX+ 18x=-65 = x>+ 18x+65=0 ) 22-2=22-1)=2(x+1)(x-1)
(x+5)x+13)=0 = x+5=0o0r x+13=0 g 3-3=3-1)=3x+1)x-1)
= x=-5 or x=-13 h) —x+9v—14= —(x*—9x + 14) = —(x— T)(x —2)
Quadratic Formula Ex 4.2 Q2 a) (x-2+V5)x-2-v5)
layx =2 ++2 =x(x-2-v5)-2(x-2-V5)+V/5(x-2-5)
=X -2 —/5x-2x+4+2/5 +/5x-2V5 -5
Ib)x =1+ 3V5 e 1
3
leyx = — > + % V57 Use the method for multiplying out long brackets from
1dyx =7 7 Chapter 3.
le)yx = —=+=42 b) ¥*-4x-1=0 = a=1,b=-4,c=-1
272 3
1f)x=1or3 x=—b:t\/b —4dac
1 1 2a
lg)x =gorg _—(~4)+/(—aF—ax1x(-1)
1h) x = V11 2x1

_4i¢16+4_4:t»f2'6_412f5_2+5
Q3 X+8+13=0=a=1,b=8,¢c=13 - 2 -2 T2 e

Pl F- vb*—4dac _ —8+yB* —4X1X13 ¢) The roots produced by the quadratic formula in part b) are
- 5 -

2X1 the same as the numbers subtracted from x in the expression
_—8+v/64-52 _ —8+412 from a) — this is because it’s just the factorised version of
2 2 the same quadratic. If you put the factorised version equal to
—8+ ero and solved the equation, you'd get the same roots.
- 8_221/§=_4i\/§ z v quation, you'd g s

SoA=-4and B=3.
- 3 1
4d) x = —Riﬁ\/ll

7
4a)x=—% 4e)x—50r—%l
4b)x =1+ 157 Mx=2or—7
4c)x=§i%\/§



Completing the Square Ex 4.3

Q2

Q3

)

h)

i)

a) X¥»+6x+8=(x+3?-9+8=(x+3) -1

b) x2+8x—10=(x+4)— 16— 10=(x + 4y —
2

9 ¥-3x-10=(x-3-F-10

e

d) x—20x+15=(x—10)2— 100+ 15 = (x— 10)* -
e) xX*-2mx+n=(x-—m)—
f) X*+6tx+s=x+31)1°-9f+s=(x+3)>+ (9P +5)
g) 32— 12x+7=3(x—2P—12+7=3(x-2)—

h) 22-4x-3=2(x—12-2-3=2(x—13—

D 6x2+30r-20=6(x+3) - -20=6(x+3) - 115

b osessmferd]+Hhesm oo g1
K 4r-22v+5=4(x— L] 12l 5 - 4(x— 1L} 101
3V, 27 3V .31

D 3e+ox+1=—-3(x—3f+ 2 +1=-3(x- 3] +3L

a) First complete the square of the expression:
X*-6x—-16=(x-3)-9-16=(x-3)*—
Now set the completed square equal to zero:
(x-3)-25=0 = (x-3)*=
= x-3=1%y25 = x=3+y25=3+5 = x=8o0r-2

Write the equation in standard quadratic form:
9+ 18x=16 = 9+ 18x—-16=0

Then complete the square of the expression:
x>+ 18x—16 = 9(x+ 1)’ -9—-16= 9(x + 1)*—
Now set the completed square equal to zero:
9x+1)*-25=0 = 9(x+1)*=25

= (x+1)2=%5 = x+1=_,/%

:>x——li,/ =>x——1:t3 Sox= —3~or—§‘
First complete the square of the expression:

22— 12x+9=2(x—-3-18+9=2(x—-3)*—

Now set the completed square equal to zero:

2x-3)-9=0 = 2(x-3)’=9 = (x-3)’=

= x—3=:t\/7 = x=3 :t\/;

P )

2

Here you should rationalise the denominator by
multiplying the top and bottom of the fraction by J2 .
First divide through by 2:
X—6x—-27=(x-3y-9-27=(x-3)*-

Now set the completed square equal to zero:
x-3)-36=0 = (x—3)>*=36

= x—-3=46 = x=3+6. Sox=9o0r-3

Write the equation in standard quadratic form:
5+ 10x=1 = 5x*+10x—-1=0

Then complete the square of the expression:
5+ 10x—1=5x+1P2-5-1= 5(x+1)*-

m?+n=(x—m)*+ (—m*+n)

b) Write the equation in standard quadratic form:

p’—10p =200 = p>*—10p—200=0

Then complete the square of the expression:
pP—10p—-200=(p—-5)*-25-200=(p—-5)* -
Now set the completed square equal to zero:
(P-5P-225=0 = (p—5=225 =p-5=+y225
= p=5+y225=5+15 = p=200r-10

225

¢) First complete the square of the expression:

X+2x+tk=(x+1yP-1+k=(x+1>+k-1)
Now set the completed square equal to zero:
x+1)yP+k-1)= 0:(x+1)2—1—

= x+1=2/1-k = x=-1%/1—

d) First complete the square of the expression:

¥+4x-8=(x+2)-4-8=(x+2)-12

Now set the completed square equal to zero:
x+2y-12=0 = (x+2)’=12

= x+2=4y/12 = x=+/12-2. Sox=-2 +2y3

e) First complete the square of the expression:

4x> +24x—13=4(x +3)*— 36— 13 =4(x + 3)* -
Now set the completed square equal to zero:

2 = 2 — — Q
4(x+3)>-49= 0 = 4(x+3)°=49 = x+3=14/7

= x=-3 +\/ =:ox=—3_2,sox—%or—ﬁ

4. a) (—3,2) minimum

b) (

c) (% ,1 16) minimum

9 45 .
— 5, ) maximum

2



Ex 4.7 Sketching quadratic graphs

Q6 a) f(x)=x>-2x+1=(x— 1)*so the function has one repeated
root at x = 1. Letting x = 0 gives f(x) = 1 so the y-intercept is
at 1. The graph is u-shaped.

b) fx)=x*+x-1= (x + ;—) - % and solving f(x) = 0 gives

x= —%— + -‘gi as the x-intercepts. Letting x = 0 we get

f(x) = —1 so this is the y-intercept. The graph is u-shaped.

P fx) f:
fix)

0 ll X
¢)
Letting x = 0 gives f(x) = 18. The graph is u-shaped but = 2R . — : —
it could be one of two graphs which are u-shaped with a d) f(x) > 3LS0 ?emn%%x), 0 %wes_J; i f a}sl the
y-intercept of 18. To find out which, work out the vertex. x-¥ntercepts. etting x N gives f(x) =3 so 3 is the
It has a minimum as it is u-shaped and from completing the y-intercept. The graph is n-shaped.
square, the minimum is at (4, 2). y
B
TN
18
f(x)
A — >
0
2
5 o f) f(x)=2x2—5x—1=2< —%) —%andsolvingf(x)=0
e) fx)=2x*+5x+2= 2(x+z) -3 and solving f(x) =0 ) _ 5 433 ) ) B
) 5 3 1 ) givesx = -7 as the x-intercepts. Letting x =0 we get
ivsa==gag =2 a e e, f(x) =1 so this is the y-intercept. The graph is u-shaped.
f(0) = 2 so this is the y-intercept. The graph is u-shaped. y

fx)

o)

y
2
/ ;

S
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|

ENY
NI
ENOY
s




Chapter 5 Review Exercise

Q1

Q2

Q3

a)
b)
©)
d)
e)
f)
g)
h)

i)

Tx—4>2x-42 = 5r>-38 = x> — 38
12)-3<4y+4 = 8y<T = y< &
3

Iy-4217y+2 = 826 = y<s—7

x+6<Sx—4 = 4x<-10 = x> 5

4x-2>x-14 = 3x>-12 = x>4
7T—-x<4-2x = x<-3
1Ix—-4<4-11lx = 22x<8 = x<%

1

1+10y=27y-12 = 3y =>-13 =yz—73

8y-6<6-8y = 16y<12 = y< 5

32x—-5)+2(4-x)=x+7 = 6x—15+8-2x>x+7

= 4x-72x+7 = 3x214 = x= 3

[3 marks available — 1 mark for expanding brackets,
1 mark for simplifying, 1 mark for correct answer]

a)

b)

14

2 v wr

Ix-5x-2=0 = 3x+1)x-2)=0
= x=—3 orx=2

vt y=3x-5x-2

=

_%_\20\/2

So: 3R —5r—0<0 = —% LD

X+2x+T7=4x+9 = x2-2x-2=0
2J_r¢24+8 e el o B

= X=

Yt y=ytoe.9

X

1-v3 Y\/l-i-s/%
2

So: x*+2x+7>4x+9 = x2—2_x—2>0
= x<1-y3 orx>1+ 43

<)

d)

I+ Tx+4=2(x>+x-1) = X¥*+5x+6=0
= x+3)x+2)=0 > x=-3orx=-2
l

=xX+5x+6
6
/ x

377
So: 3x*+7x+4=22(x*+x-1)

= x+3)(x+2)20 > x<-3 orx=>-2
X+3x—-1=x+2 = x*+2x-3=0

= (x+3)x-1)=0 = x=-3orx=1
ya

y=x+2x-3

¥~

A4

23

So: X +3x—-12x+2 = x+3)x-1)=0
= x<-3orx=>1



e) 2xX’=x+1= 2x*-x-1=0
= @x+1)x-1)=0 = x=—5 orx=1
y“

y=2¢"-x-1

X

>

N

So: 22>x+1 = (2x+ (x-1)>0 = x<—+ orx>1
) 30—12=x-2 = 2¢+2r—12=0
= 2x—4)x+3)=0 = x=20rx=-3
y“

\ |

-3 0 2

y=2x"+2x-12

~12
So: 32— 12<x—2x = (x—4)(x+3)<0 = 3<x<2
g) 3C+6x=22+3 = P2 +6x-3=0

= x=—6i— "2364'12:_3:*:2‘/3
yll
Q6 a) 8<y-x=>y=2x+8
y<12-x 5
y=x+6x-3 9x+2y<—4 =>y<—7x—2

3-2/3 \j/—sfzﬁ

&
So: 3x*+6x<2x*+3 = x*+6x-3<0
= 3-2/3 <x<-3+2y3
h) (x+2)(x—3)=8-3x = x¥—x—6=8—3x
= 4—x—14=0 = @x+7)(x-2)=0

=>x=—%orx=2 1
b) x+3y>15 = y>—§x+5
_> /
3

yh

4y<x+36 = y< tx+9

=

Ix+y<12 = y<12-3x
0 2

y=4"-x-14

-14

So:(x+2)(x—3)=28-3x> = @x+7)(x-2)=20
= x< vy orx=2




Simultaneous Equations

13a) x = =3,y = —4
1 5

13b)x = —g,y = _E

13c) No solutions
Bdx==y=5
13¢)x =115,y = ==

11 3
13f)x—;0,y—7—0

o (-2)

14b) (4,5)
l4c) (=5,-2)

157 153
14d) (-7~ %)

Simultaneous Equations — one linear, one quadratic (ex 5.5)

2a) x =4,y =13

orx=-—1,y=3

2b)x=§,y=? orx =-1,y=-1
20)x=6,y=11 orx=1y=—-4
2d)x =—-2,y=-3 orx=6,y=1

) x=2,y=7

2¢)x =—=1,y=11 orx=4,y=-9

. 5 10 35
2)x =9,y =7 orx=—,y=——>

4a) (—1,13) and (4,3)
4b) (—2,0) and (2,8)

Straight Lines
lay)y =3x -7,
b))y =2x—2
TR
logy=-x+—,

3x—y—7=0
3x —15y—=5=0
3x—-5y+11=0

Q2 a) Length AB =J4=(=2)*+(-10 - 4)? Q3 a) Substituting x = 2 into the equation for / gives:
= 2 —2(2)+5=0_—_>y_4+5=() =>y=—1
- ¥ (=14)? D4
67, ( 14,)f So A lies on the line /. /1 mark]
=232 =258

[2 marks available — 1 mark for attempting to use
Pythagoras’theorem on the x- and y-coordinates, 1 mark for c)

the correct answer in surd form]
—10—4 _—14 _

b) Gradientm=m__6_ —

[2 marks available — 1 mark for change in y over change
in x as a fraction, 1 mark for correct answer (or equivalent

fraction)]

O y-y=mx-x) = y—4=—F(x-(2)
7 14 7
=>y— =_§X—T =>y=—§-x—

= 3y=-Tx-2 = Tx+3y+2=0

Q4 4x-6y=7 = y=%x—%,sothegradientofthe line is %

8) 8x+12=15 = y=—%x+3

The gradient is —3- so the line is not parallel to 4x — 6y =7.
[2 marks available — 1 mark for calculating the gradient,

1 mark for the correct conclusion]

b) 3y-2x=7 =>y=%x+%

The gradient is % so the line is parallel to 4x — 6y =7.
[2 marks available — 1 mark for calculating the gradient, Q7

1 mark for the correct conclusion]

b) x=k = y-2k+5=0 = y=2k-5 [1 mark]

The base of the triangle has length 10 —2 = 8.
The height of the triangle is (2k—5) — (1) =2k—4

Theareaofthetriangle=%X8x(2k—4)=32 = k=6

So C has coordinates (6, 2(6) —5) = (6, 7)

So the line through B and C has gradient:

- 1=(1) .. 8 -
6—10 —4

y=y,=mx-x) = y-7=-2(x-6) = y=-2x+19

[3 marks available — 1 mark for the correct value of k,

3 1 mark for the correct gradient, 1 mark for correct equation

of the line]

Q6 a) [ is parallel so its gradient is also %:
y=mx+c = y= %x+c = 2= %(4)-#0
=c=4 = y= —32—x -4
b) Rearrange the equation to get y =2x — 7.
L, is perpendicular so the gradient is -1 + 2 = —%—

y=mx+c =>y=—%x+c = 1=—%(6)+c

= c=4 :>y=—17x+4

: _9-3_6 __2
GradlentofRS——l_lo—_g— 3

so the gradient of the perpendicular is %_*
y=mx+c =>y=%x+c = 9=%(l)+c

:>c=—1§5' =>y=%x+*l§5—



Graph Transformations

Q16 4 a) y D] d)
/ "V
X
&
y=1{x)
y
t 7 / ) Y 9w
LN ;
/ / y=1) y = f(x)
Trigonometry Ex 8.1 Ex 8.4
Q6) 9.53 cm (2 s.f) Q3) a) Using the (;osinc:wrule:2 a*=b*+ ¢*—2bc cos 4
Q7 Angle O =180°—38°—43°=99° T %
Using the sine rule: —%+ = 2 15+ 122—9°
g * SinA ~ sinB = x=cos! (15225 <3690 (35)
P in 43°
sin% = Si:ggn = PQ= % =33.1m (3s.f) b) Using the cosine rule: a*= b+ c*— 2bc cos 4
14>+ 12— 21
. . . _ b COSX= "Avi1axi)
Q8 U'smgthe i nle: = ==5 . 2|>(<11:2>j.11222_2]2) o
SL&B - suig7 = di P 14x1s;n67 — B=49293_° = X =CO0s AXIAXTD ) = (3s.f)
So.A = 180°— 67°—49.293..°=63.7° (3 s.f) ¢) Using the cosine rule: a>= b*+ ¢*— 2bc cos A
0 5 s S.1. SR 102+72_42
. . b - 2Xx10x7
Q9 a) Using the sine rule: sinLA =D (10 + 72— 42 =
sinx _ sin78° . _ 17xsin78° - x=cos'( 2X10x7 )=]8'2 @sf)
I7 = 19 =% M= 19 d) Using the cosine rule: a®=b*+ ¢ — 2bc cos A
= x=611° 3s.f) x?=432+17— (2 x 43 x 17 x cos 42°)
b) Using the sine rule: sigA - s'ube x= ‘/1:515"- = 321~4 cn: (::-f-)c2 N
x _ 14 _ 14 Xsin37° _ e) Using the cosine rule: a*=b*+ ¢*— 2bc cos A
sin37° ~ sin102° = *= sin102° ~8:61cem (3sf) =562+ 322 — (2 X 56 X 32 X cos 27°)
= v/966.63..= 31.1 38t
¢) Using the sine rule: —25 = b ! mm (381
sinA ~ sinB ; ; o SR
sinx _ sin24° 27 X sin 24° f) Using the cosine rule: @®= b*+ ¢?—2bc cos 4

27 [3 = sinx=""73
= x=57.6° 3sf)

Ex 8.5

la) 50.3 cm? (3 s.f))
1b) 14.8 mm? (3 s.f))
1¢) 10.4 cm? (3 s.f)
1d) 439 cm? (3 s.£)
2) 10.6 cm? (3 s.f))

¥ =T"+132-(2 %7 x 13 x cos 54°)
x=y111.02..=10.5cm (3 s.f)



Ex 8.7

/\/jy\cosx}\

-360° —180° _1 0% 180° 360
y=C0sX

Q2 y=cos (x+90°)

y=cCosx

y=tan (x—45°)

Q3

-1

x
0 909 180° /270% 360°

y=sinx /'

Ex 8.8

Q3 a) Using your knowledge of common angles, the first solution
is at x = 45°, Then sketch a graph:

142
/

X
35 180° Woe
'y =cosx
1

Using the symmetry of the graph, the second solution is at
360° —45° =315°.

b) Using common angles, the first solution is at
x=60°. Then sketch a graph:

A
nd

y=tanx

T — x
60° 180° °
) ( [‘1
-10

By the symmetry of the graph, the second
solution is at 180° + 60° = 240°.

)

d)

Using common angles, the first solution is at

x=30°. Then sketch a graph:

2|

X
o300 18 360°
y=sinx
.

By the symmetry of the graph, the second
solution is at 180° —30° = 150°.

Using common angles, the first solution is at

x=30°. Then sketch a graph:

A

L
[rr

By the symmetry of the graph, the second
solution is at 180° + 30° = 210°.

&l—




e) Using common angles, the first solution is at
x =45°, Then sketch a graph:

A

4
| / /
y=tanx

!

0 /E » X
45° (ISW /"60"
-5

By the symmetry of the graph, the second
solution is at 180° + 45° = 225°.

f) Using your knowledge of common angles, the
first solution is at x = 30°. Then sketch a graph:

—

14 7=

i
i
H X
30° 180° 35"
y=cosx
14

Using the symmetry of the graph, the second solution is at
360° —30° =330°.
Q4 You're told that there is a solution at 44.43°,

From the graph you can see that there is another solution
in the given interval at 180° — 44.43° = 135.57° (2 d.p.).

oIS

Vectors Ex 12.1 7-10,20,21,24

Q7 a) DF=%DC. DC is parallel to AB and
the same length because ABCD is a rectangle,

so DC = AB =b. So 515=%b.

b) §1§=B_A+K'E=—K'B+%X'D=—b+%
¢) EF=ED+DF=4AD+DF=+d+%
Q8 a) 2e b) -2d
c) d-—e d) 2e-d
e) e—2d ) d-e
Q9 JL=JD+DL
J is the midpoint of ED, so D= %E_. = %d.
And L is the midpoint of DF, so DL = %_15
DF = DE + EF =—d+f = DL = +(f-d)

So, IL=1d+>(-9=3¢

Q10 a) AB=AO +OB =~(p+q)+(p+2q)=q /I mark]
b) AC=AB+BC=q+3q=4q
OC=0A+AC=p+q+4q=p+5q
[2 marks available — 1 mark for finding AC,
1 mark for the correct answer]



Q20 OA=4a-2b

AC=AB+BD+DC=2b+4a—b-3b-a
=3a-3b=30A

This shows that OAand AC are scalar multiples
of one another, so they’re parallel. Therefore,
O, A and C are collinear and OAC is a straight line.
o I R 1 3

Q21 BC=AC—-AB=p-(q-73P)=3P—4q
CD=AD—AC =(-5p+4q)—p=-6p +4q
—~6p +4q=—4(3 p-q)=—4BC
BC and CD are scalar multiples of one another, so they’re
parallel. They also meet at point C, so B, C and D are collinear.

Q24 a) CD=CB+BA+AD=AD-BC—-AB
=%a—a—(b—a)=%a—b
]E]:5=§§’+K.E=K.E—K.B=(2a—b)—(b—a)=3a—2b
BE=2CD, so they are parallel.
b) A_6=K’B+B_6=K’B+1§—B_E=(b—a)+%(3a—2b)=%b
OC= OB +BC = BC—§BE =a- 5(32—2b)= 5b
AO and OC are scalar multiples of one another,

so they are parallel and therefore A, O and C
are collinear — they lie on the same straight line.



