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LEARNING TRUST

Mathematics
Y11 to Y12 Further Mathematics Summer Independent Learning

June to August 2021

There are two mandatory tasks and one strongly recommended task to work through.
Please read the following instructions very carefully and ensure you label and collate all your work ready for
checking in September.

For your first maths lesson please bring
e Alarge A4 folder with five subject dividers.
e These instructions with the tables filled in (print out/copy the tables onto A4 paper).
e Dated and titled work done on each of the topics listed in Task 1 & 3.
e The two practice initial tests (Task 2), fully marked and reviewed.
e Alist of questions you need to ask prior to doing your initial test.

Task 1: Preparation Work (Mandatory)

1. For each topic, work through video.

Complete worksheet using the technique and layout used in the video.
Make sure you title and date your work.

Mark and correct work.

Do improvement work as necessary.

Repeat for each topic.

Keep track by filling in the following table.

© N o v b~ W N

Collate your work for each topic together so it is easy to check in September. (See point 3!)

Video(s) | Worksheet

Topic (Tick) (Tick)

Details of Improvement Work Completed

B1 Indices

B2 Surds

B3 Quadratics

B4 Simultaneous
Equations

B5 Inequalities

E1 Triangle
Geometry



https://www.youtube.com/watch?v=1lThXgU08S0&list=PLU9Ai-cMKFlVw_MLkxc_M6O4yOd9xcexl
https://www.youtube.com/watch?v=1lThXgU08S0&list=PLU9Ai-cMKFlVw_MLkxc_M6O4yOd9xcexl

Task

1.

2
3
4,
5

2 (Mandatory)

Fill in the review sheet below.

Do Practice Initial Test 1 under exam conditions.

Revisit relevant videos and worksheets.

Update review sheet with details of work completed.

Mark and correct your test and identify any improvement work necessary.

Topic

Score

Improvement Work to Do

Tick

B1 Indices

11

B2 Surds

10

B3 Quadratics

49

B4 Simultaneous Equations

11

B5 Inequalities

11

E1l Triangle Geometry

12

Total

114

6
7
8.
9

Fill in the review sheet below.

Do Practice Initial Test 2 under exam conditions.

Revisit relevant videos and worksheets.

10. Update review sheet with details of work completed.

Mark and correct your test and identify any improvement work necessary.

11. Make a list of questions you need to ask prior to doing your initial test for real!

Topic

Score

Improvement Work to Do

Tick

Questions to ask...

B1 Indices

11

B2 Surds

10

B3 Quadratics

49

B4 Simultaneous Equations

11

B5 Inequalities

11

E1 Triangle Geometry

12

Total

114




Task 3 :Additional Further Mathematics Preparation Work (Strongly recommend task)

1. For each topic section, work through the examples.

2. Complete the exercise, showing well-structured algebraic methods. You do not need to complete
every question in the exercise, but should make sure you get enough practice with both the skills
themselves, and with setting out your reasoning clearly and logically.

3. Mark and correct your work.

Topic Exercise | Areas for Improvement

(Tick)

2.1 Trigonometric Equations

2.2 Other Trigonometric Methods

3.1 Straight Line Graphs

3.2 Basic Shape of Curved Graphs

3.3 Factors




Video hyperlinks

B1 Indices

https://youtu.be/1IThXgU08S0

https://youtu.be/v5bn4HZrmQs

https://youtu.be/WO0h4rHj88ys

B2 Surds

https://youtu.be/jHelde32VYtl

B3 Quadratics

https://youtu.be/Pziws8ojnlk

https://youtu.be/sn joGVj15w

https://youtu.be/kk7p6hin7hQ

https://youtu.be/tolgbX NXHo

B4 Simultaneous Equations

https://youtu.be/4SRtwS5unwE

B5 Inequalities

https://youtu.be/wDut-In 7Wg

E1 Triangle Geometry

https://youtu.be/uVI6TAbOvVBg



https://youtu.be/1lThXgU08S0
https://youtu.be/v5bn4HZrmQs
https://youtu.be/W0h4rHj88ys
https://youtu.be/jHelde32YtI
https://youtu.be/Pziws8ojnlk
https://youtu.be/sn_joGVj15w
https://youtu.be/kk7p6hjn7hQ
https://youtu.be/toIqbX_NXHo
https://youtu.be/4SRtwS5unwE
https://youtu.be/wDut-In_7Wg
https://youtu.be/uVl6TAb0vBg

Topic: B1 Indices Basic Skills videos: TASK 1
https://youtu.be/1IThXgU08S0
https://youtu.be/v5bn4HZrmQs
https://youtu.be/WO0h4rHj88ys
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Mathematics Department

1. Evaluate
a 37 b (%) ¢ (-2)° d (&) e (147 f o9
2. Work out
a 4t x 27 b 16% + 25° ¢ 8% + 36 d (-64)" x 9f
e -8 f HxdT g 8 -7 h (57 x@”
3. Solve each equation.
a x' =6 b x'=5 ¢ xT=2 d x_*=%
4. Express in the form x*
a +fx b ﬁ e ©xAx d g
5. Express each of the following in the form ax’, where a and b are rational constants.
4 1 3 1 2 1
L b — — d - - f —
*F 2x e (32)° ¢ 5% 9x*
6. Express in the form 2*
a § b (4)? ¢ (&) d 167 e 8§ f (%7
Advanced Skills
1. Express each of the following in the form 3", where v is a function of x.
a 9" b 81" ¢ 27° d (9 e 97! f (5"
2. Given that y = 2", express each of the following in terms of y.
a 27 b 2°°° c 27 d 8 e 2% oy
3. Find the value of x such that
a 2'=64 b 5 '=125 e 3'-27=0 d 8-2=0
e 37'=9 f 16-4""7"=0 g 9°°=27 h 87 '=16
4. Solve each equation.
a 2" =4 b 5% =25"" ¢ 97=3"" d 16°=4"""
e 47 =8 f 277=9""~ g 67 '=3""" h 8 =16""
5. Solve the equation
25 =541
6. Given that x=2""" and y=2",
a find expressions in terms of 1 for
i xy i 27
b Hence, or otherwise, find the value of 1 for which
2y =xy=10.



https://youtu.be/1lThXgU08S0
https://youtu.be/v5bn4HZrmQs
https://youtu.be/W0h4rHj88ys

Exam Questions (OCR/MEI C1 Questions)

1.

Jan 05 Q5
Find the value of the following.

o (@)

(i) 164

(2]
(2]

June 05 Q6
Simplify the following.

(i) a°
(ii) a® + a2

(il) (9a%p?)"?

(1]
(1
(3]

June 06 Q9

Simplify the following.
) 1
167

(i) =
81%

12(a*b?c)?

4a’ct

(ii)

(2]

(3]

Jan 07 Q6

Find the value of each of the following, giving each answer as an integer or fraction as appropriate.

(2]

bk

(i 25

=L

o ()

(2]

June 07 Q5

(i) Find a, given that a® = 64x'%y?,

1S
(ii) Find the value of (;J 4

<

(2]

Answers — Basic Skills

1.

a =1=1

i 9 T
d =6>=136 =3 =@ =% f =+0=3
a = V4x3 = dl6+ e =4+ = (
2. Jaxi1 b =416+25 F+36 d = Y=6ax(9)
=2x3=6 =2+5=7 =Lls6=1L = -4 %27 =-108
e =3-YR o= [Lx4 g = @R -Va9  n =37x(f2)
=9_(-2)=11 =1x16=180r3l =27-7=20 =3x 2 = & or 101
3.1 a x=6'=36 b x=5=125 ¢ x'=1 d x* =3

X
x=(Ly=1 x=3"=§




a i xp=2""x2"=2%"

i 2y =2x(2)=2x2%=2""

b zﬁr-l_ zdf—l:ﬂ
zﬁr-lzzﬂ—l
i+l =4r-1

r=-1

a =x b =x ¢ =xxxf=x d == =x*
X
e ={x"’}§=_\'4 fo=xixxf=xt g ={_\'J-’}5=x h =xixxt=y*
5. ! - - 3 - _3
a 4x b $x7 ¢ Ix7 d 5x° e Zix f 3x°
6. | a =(27y=2° b =27 =2" e =(@")=2"
d =@Y)*=27 e =(2')'=2" f =297 =2"
Answers — Advanced Skills
Ll a =@y=3" b =3 "'=3"" ¢ = (3)i=3"
d =[3—]}1::3—J: e =[31}l‘r-]:3dx—1 f :{3-3}1f1=3—3x-ﬁ
2. a =2x2"=12y b =27x2"=1y c =(2) =y
d :[23}.1:2.‘1;:{21}3 :}'3 e :23}(24::3-];1 f :{2—1}1—3:23}<2-_t:i
¥
3. | a 2=2° b 55 '=5 ¢ 3¥i=27=% d (2°y=2"=2
x=6 x=1=3 x+4=3 x=1
x=4 x=-1 =z
311:—1233 r Iﬁ:42:431—2 g (33}.1:—2:311:—1233 h izl}h-lzzﬁt'lzzﬂ
x=1=2 2=3x=-2 2r—4=13 fx+3=4
x:% x:% :% :%
4, +3 _ Iy dx Ir _ oedart]l _ gire2 220 Ay Aax—3 Py gt 4l-x
a 2'"'=(2%=2 b 5=(5) =35 e (3 =3"=3 d (4)y=47=4
x+3=2x Ix=2x+2 dr=x-3 x=1-x
x=3 x=2 ==1 x=1
e [23}11‘1:(23]: r (33]11::[32}3—.1' g ﬁlr—] {61}1—3 h [23}1:{21}11:—]
21‘:'4:23: Jhw:]ﬁ—lt ﬁ}J:—] 6"_1'—4 25.'::2?.:—4
2y +4=13x fx=6- 2x Ix—1=2x+4 Ix=8x-4
=4 x= 7 x=35 x=%
5- 25‘-:{51}I=5k_l
51‘::54\1*[
y=4x+ 1
x=-3
6.




ndices Exam_(uestions Solutions

1 005 @S A, Nan05 06
(i) (:15)2 (i1) 6™ ()e®= | (ia®:a a®
= (é)‘ - (6™)° i) (98072 = 10 %!
s q' - 23 8
o |
= 8 30°b
3 Jure 06 @9 4. 1Jan07 66
: V2 i 3.3 % : 32 ¥2\2
(W) 12 () 257 = (25
UR Blofprel” G =(s")
= A =|2!l1b‘c’*
&1)° ot e = 128
ot L
a2 = 10,8 . q
= ; c 49
7
5..sone 07 05
() a® = ey’ G) (1ys
qQ = (b4x."33)v3 . (%)5
Q= 4y

s 32



Topic: B2 Surds Basic Skills
https://youtu.be/jHelde32Ytl
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1. Evaluate
a -u'rcﬁ b 121 - d s e ﬁ f m
2. Simplify
a 7 x1 b 445 x5 ¢ 33 d (Vo)
3. Simplify
a 12 b 28 ¢ 80 d 27 e 24 f 128
4. Simplify
a V18 +4/50 b 48 - \27 c 248 +472
5. Express each of the following as simply as possible with a rational denominator.
. Ly 2 R WMo 5
5 V3 g Vil V3 Vis
6. Express each of the following as simply as possible with a rational denominator.
JEIH " ﬁ ‘ JEI—Z d 2+3J§
Advanced Skills
1. Simplify
a (V5 + 125 +3) b (1-+2)@4v2 -3) ¢ (247 +3)
2. Simplify
a 8+ i b J4_ - £ c ﬂ
V2 V3 2
Vas-s LI P 2 _ A
V20 J_ T2 3 2
3. Solve the equation
3= A5 (x+2),
giving vour answer in the form a + b V5 . where @ and b are rational.
4, Express each of the following as simply as possible with a rational denominator.
2 V2 p 13 1+410 3-42
JE + -JE 2+ «E Jﬁ -3 4+ 3\5
5.
i3 N Fem I
{ em
The diagram shows a rectangle measuring (E«JE = 3)cm by [cm.
Given that the area of the rectangle is 6 cm’, find the exact value of [ in its simplest form.




Exam Questions (AQA Questions)

1. | Jan 05 Q5

(a) Simplify (V12 +2)(V12-2). (2 marks)
(b) Express V12 in the form m+\/3. where m is an integer. (1 mark)
1242
(¢c) Express \/——+ in the form a + hv/3, where a and b are integers. (4 marks)
V12 -2
2. | June 05 Q5
Express each of the following in the form m + nv/3, where m and n are integers:
(a) (\/5 + 1)2; (2 marks)
V341
b : (3 marks
(b) o1 )
3. |Jan06 Q1
(a) Simplify (V5 +2)(V/5 -2). (2 marks)
(b) Express V8 + V18 in the form nv/2, where n is an integer. (2 marks)
4. | June 06 Q4
(a) Express (4y/5 — 1)(v/5 + 3) in the form p + g\/5, where p and g are integers.
(3 marks)
(b) Show that % is an integer and find its value. (3 marks)
5. | Jan07 Q3
V5+3 . ;
(a) Express /5 —2 in the form p\/5 + g, where p and g are integers. (4 marks)
(b) (i) Express V45 in the form nv/5. where n is an integer. (1 mark)
(i) Solve the equation
V20 = 7V5 — V45
giving your answer in its simplest form. (3 marks)

6. | June 07 Q7

3 14
(a) Express 3 - % in the form n+/7, where n is an integer.

v7+1

V7-2

in the form p\ﬁ + q, where p and g are integers.

(b) Express

(3 marks)

(4 marks)

Answers — Basic Skills

1. | a =7 b =11 c =1
d =2 e =0.1 f =03
2. | a4 =7 b =20 ¢ =27 d =36




3. | a =Jaxf3i=23 b =-/axT=27 e =-16%5=4-5
d =0x3=33 e =-4xJ6=26 f =-J64x2=8/2
4 | a =32+5/2=82 b = 4/3-33=43 N =4J'+5J_ 10v2
5. :lx\E:_l :EXJE:; - 1
"R R L
_ 1447 _W1 I TS S Y
4 =FF © = FE e C g EE
6. R A
a —mxr_—_ 1 —-.JE_]
4 i+ 4[ﬁ+|}
T 23+
c =3;'__1x{§:_2=@=g(£+2]m_¢ 6+1
3 243 3-[’ J_}
d =5 i 32-+3)
Answers — Advanced Skills
1 a =10+35 +25 43 b =442 -3-8+32 ¢ =28+ 127 +9
=13+ 545 =72 =11 =37+ 127
2. _ 6 2 _ _ 3 _6-22_ 7
a—zﬁlﬁxﬁ b =443 TT c R
=242 +342 =443 - L3 =5‘E“‘
=52 =23 =342 -2
d =3J§—Sx£ e :Lxﬁr ! XE f :ixﬁ_ﬁﬁ
5 5 W2 N a2 2 B e
- o2d = 1T 4 =35 - 443
=1(3-45) =2 =13
3. 3x=-;"§xr2-.|"§
~-5)=245
O IO Lo R e )
I 345 35 [
B Y U k]
== =1+ 45
4. wf_ J_ 1.|"_ "JI'_[\IIr_ '."'_] — _ 1/ _ —1 _
Y oy e L2=-23)=1(f3-1)
|+J' 2-43 +f2-40 _ _
b BT by i =2-3+23-3=3-1
1+1J'_ VI0+3  (1+410)f10+3) _
S TS e o = J10+3+1043J10 =13+ 410
3J_43J_{3IH43I}|?9J_4J_+ﬁ . 13
d Tienl 1-32 1618 ) = $03V2-18) or $42-9
5. j—_6 __ 6 . W2+3_ 6042+3)
32 -3 3J_3 W2+3 18-9
m{J_HJ —27 +2




Exam Questinns Soldtiols - Swds

i Janos o5
(@ (Vi2+ 2)Ve - z) () (v)V72 = ('I;E (%QZ_-L?;XJ.L*” (m)
= 12- 2124202 - =243 2 - 2 1242
=8 &) (81 - ZE"' B2 414 )
= |6+ NT:.
b3
= |6+88J5 ()
= 2403 ()
2. June 05 @S
{3 +9)? LGB+ NG+) (w
@ (3+) f‘%’?xa )
= (B4+)(G+1) (m)
" = &425
= 3+3+4(3+) 3+3-B-1 ()
= 4+2{3 (N) = 4;313
=243 (A')
3. Jan 06 Ql
(@ (& + 2)({5-2) (b) V8 + {8
s §-2B+26 -% (M) = wE+E0R )
= 2{2 + 3{»
= | CA\) z S (A!)
4 Jone 06 @4
(@ (W5 -1){s+3) (b) {75-427
= 20 +1245 -5 -3 (W)(&) 2
= I7T+INS (M = 53 -3J3 (w)
=2 (m)
NES

s 2 (}\I)



S Jan 07 @)

Vs +3)({5+2) (m i Vals
(@ i*z)&?&% ) () (s = :rs ®)

543G+ 6 (A i) acd20 = 745 J—
r£aafubre B @ xhoz76 B
2xis = W§ (m)

= |l +8Js (AI 2x =4
) x=2 ()
6. June 07 Q7
o3 + 14 b +DE7+2) (o
(a) J—() = ()( - 2)({7+2) )
mi
— lr = ﬁ 7 3 CA')
O pEW - zgnyne o
= 317 + 7 = 9+ 35
3 7 3
= 7 + 26 <3+%7 (M)

= 3[7 (Ao)



Topic: B3 Quadratics Basic Skills
https://youtu.be/Pziws8ojnlk

https://youtu.be/sn_joGVj15w
https://youtu.be/kk7p6hjn7hQ
https://youtu.be/tolgbX NXHo
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1. Using factorisation, solve each equation.
a r—-dx+3=0 b ¥ +6x+8=0 e ¥+4x-5=0 d ¥-Tx=8
e ¥ =25=0 f x(x—1)=42 g x =3x h 27+ 12x+x =0
i 60-dx—x=0 j Sx+14=x kK 2x =3x+1=0 1 xix-1)=6(x-2)
2 a x—5+ %:n b x—%=3 e 2-x¥-3x=0 d x¥(10-x)=9
e >+3 120 ¢ X6, g x+5= > h o223
X x=4 x+3 x
3. Sketch each curve showing the coordinates of any points of intersection with the coordinate axes.
a y=x —3x+2 b y=x +5x+6 c y=x-9
d y=x—-2x e y=x —10x+25 f y=2x—l14x+20
4. Use the quadratic formula to solve each equation, giving vour answers as simply as possible in
terms of surds where appropriate.
a x+4x+1=0 b 448 —1"=0 e V=200+91=0 d F+2r-7=0
e 6+18a+a =0 f mm-5=5 g ¥+1lx+27=0 h 2 +6u+3=0
i 5-y=y=0 j 2 =3x=2 k 3p+Tp+1=0 1 t"=14=14
5. Express in the form (x +a) + b
a X +2x+4 b x'—2r+4 e X' —dx+1 d x' +6x
e X'+d4x+8 f x¥'—8-5 g x +12x+30 h x = 10x+25
i r+6x—9 j 18—dr+x k ¥ +3x+3 1 x+x-1
6. Express in the form a(x+ b)" + ¢
a 2x +4x+3 b 2x —8x—7 ¢ 3—6x+ 3 d 4x +24x+ 11
e —x —=2x-5 f o1+ 10x—x g 2+ 2x -1 h 3x-9x+35
i 3x = 24x + 48 j 3x - 15x k 70+ 40x + 5x° 1 27 +5x+2
m 4x” + 6x =7 n =2 +d4x-1 0 4-2x-3x p X+ ix-1
7. Solve each equation by completing the square, giving your answers as simply as possible in terms
of surds where appropriate.
a y—-4p+2=0 b pr+2p-2=0 c r—fOx+4=0 d 7+10r+r=0
e r—=2x=11 f a-12a-18=0 g m=3m+1=0 h 9=-Tt+1°=0
i u+Tu=44 j 27 —4y+1=0 k 3p’+18=-23 1 2 +12x=9
8. Sketch each curve showing the exact coordinates of its turning point and the point where it
crosses the y-axis.
a y=x —4x+3 b y=x +2x-24 ¢ y=x -2x+5
d y=30+8+x e y=x +2x+1 f y=8+2x—x
g y=—x +8x-7 h y=-x-4x-7 i y=x-5x+4
j y=x+3x+3 k y=3+8+4x’ 1 y==2x"+8c-15
...include points of intesection with the x-axis



https://youtu.be/Pziws8ojnlk
https://youtu.be/sn_joGVj15w
https://youtu.be/kk7p6hjn7hQ
https://youtu.be/toIqbX_NXHo

By letting y = 2", or otherwise, solve the equation
27 - 10(2) + 16=0.

Advanced Skills

1. Solve the equations
5
a y——=4
x
b i -1=2x
5-x
2.

Find in the form kﬁ the solutions of the equation

27+ 52 x=6=0.

a Express x° — 4\2x +5 in the form a(x + by +c.

b Write down an equation of the line of symmetry of the curve y=x"+ 42x+5.

a. fix)=x" + 2kx - 3.
By completing the square, find the roots of the equation f{x) =0 in terms of the constant k.

5. Labelling the coordinates of any points of intersection with the coordinate axes, sketch the curves
a y=(x+ 1)x-p) where p =10,
b y=(x+g) where g<0.

6. fix) = 2x" - 6x + 5.
a Find the values of 4, 8 and C such that
fix)=A(x+ B) + C.

b Hence deduce the minimum value of fi{x).

7. a Given that 1= x' express x' interms of 7.

b Hence, or otherwise, solve the equation

2.1‘;' + x* -6=0.

8. a Given that y=3" express 3™ in terms of ).

b Hence, or otherwise, solve the equation
3T 10(39) + 1 =0.

Exam Questions (AQA C1 Questions)

1. | Jan 2011 Q7
(a) (i) Express 4 — 10x — x2 in the form p — (x + q)

2, (2 marks)

(ii) Hence write down the equation of the line of symmetry of the curve with equation
y=4-10x - x2. (1 mark)




June 11 Q4
(a) Express x” + 5x + 7 in the form (x + p)2 + g, where p and g are rational numbers.
(3 marks)

(b) A curve has equation y = 24 5x4+7.

(i) Find the coordinates of the vertex of the curve. (2 marks)
(ii) State the equation of the line of symmetry of the curve. (1 mark)
(iii) Sketch the curve, stating the value of the intercept on the y-axis. (3 marks)
(c) Describe the geometrical transformation that maps the graph of y = x2 onto the
graph of y = x% 4 5x + 7. (3 marks)
Jan 12 Q2
(a) Factorise x2 — 4x — 12. (1 mark)

(b) Sketch the graph with equation y = x2 — 4x — 12, stating the values where the curve
crosses the coordinate axes. (4 marks)

(c) (i) Express x2 — 4x — 12 in the form (x — p)2 ~ g, where p and ¢ are positive integers.
(2 marks)

(ii) Hence find the minimum value of x2—4x—12. (1 mark)

(d) The curve with equation y = x2 — 4x — 12 is translated by the vector [ _;] .

Find an equation of the new curve. You need not simplify your answer. (2 marks)

June 12 Q5
(a) () Express x2 —3x + 5 in the form (x —p)* +g4. (2 marks)
(if) Hence write down the equation of the line of symmetry of the curve with equation
Jri= x2 —3x+5. (1 mark)
Jan13 Q4
(a) (i) Express x> — 6x + 11 in the form (x — p)2 +q. (2 marks)
(ii) Use the result from part (a)(i) to show that the equation x2 —6x+ 11 =0 has no
real solutions. (2 marks)
(b) A curve has equation y = oAy I
(i) Find the coordinates of the vertex of the curve. (2 marks)

(if) Sketch the curve, indicating the value of y where the curve crosses the y-axis.
(3 marks)

(iii) Describe the geometrical transformation that maps the curve with equation
2 2 ? 5
y=x"—06x+ 11 onto the curve with equation y =x~. (3 marks)




6. | June13 Q5

(a) (i) Express 2x% + 6x+ 5 in the form 2(x + p)2 + g, where p and g are rational

numbers. (2 marks)
(ii) Hence write down the minimum value of 2x2 4+ 6x+5. (1 mark)
Answers — Basic Skills
1. a (x=Dx=3)=0 b x+Hx+2)=0 ¢ x+5)x-1D=0 d x¥=-Tx-8=0
x=1lor3 x=—4or-2 x==50rl (x+1}x-8)=0
x==]lor8
e (x+5)x-5)=0 f F-x-42=0 g ¥ =3x=0 h (x+9x+3)=0
r==3or3 (x+6)x=T)=0 xx=3)=0 x==-9or-3
r==bor7 x=0or3
i r+dx-60=0 j ¥=5r=14=0 K 2r=Dix=1D)=0 1 x=-x=6x-12
(x+ 10)x-6)=0 (x+2)x=T)=0 x=Zorl Xr=Tx+12=0
==10or6 x==2or7 (x=3)x-4)=0
x=3or4
2. a x —5x+4=0 b x'—10=3x € X2 -x-3)=0 d lx-x"=9
(x=1)ix—4)=0 ¥ -3x-10=0 H2x=3Nx+1)=0 »-107+9=0
x=1lord (x+2)x=5)=0 x=-1,00r 3 (= 1)x' =9)=0
x=-2or3 r=1lor9
x=xlorx3}
e S+dx—x"=0 x—6=x(x-4) g (x+5)(x+3)=3 h x'-4=34
X —d4x-5=0 x—6=x—4dx ¥R+ 15=3 -3 -4=0
(x+ 1)x—5)=0 ¥ —5x+6=0 P8 +12=0 G+ -4=0
x==lor5 (x=2)x=3)=0 (x+6)x+2)=0 x* = =1 (no sol’s) or 4
x=2or3 x==bor-2 x=%x2




A X-Ix+2=0
(x=1Hx=2)=0
¥=1lor2

d xX'=2x=0
Xx=-2)=0

x=0or2

(o, 1w

i (2,05 x

g r+5x=4=0

r-S5x+4=0
(x=1)x=4)=0
= ord

] 2 +13x+6=0
(2e+ INx+6)=0
x==hor =%

¥

(0, &)

-a00 ) |0

(—+.0

b ¥ +5x+6=0
(x+3Mx+21=0
y==3or-=2

{1k &)

-
i=3,0) -1 m{ o x

e ¥=llx+25=0
(x=5F=0
x=5

X-x=-2=
(x+ INx=2)=0
x==]or2

Vo

k 3-fx+dx'=0
(22— I 2x = 3)=0

] L]
X=yory

{0, 3)

2

(3.0

¢ ¥ -9=0
(x+3IWx-3)=0
¥==3or3

L

l:—."LlI'Il'i !IH. ﬂil.
i X
il -9

[ 2= ldx+20=0

Hx=2Yx=5)=0
x=2orh
¥
{0, 20)
0 (5. 0) x
(2.0}

i M -Ix+1=0
(2x=1)x=1)=0

x=z<torl

4F - Tx-2=0
(x4 INx=2)=0
X= -4 or2

~Tollo fzo =




g y— —AEVI6-4 b = —52V64+16 o yo 20£JH00-364 L 2344428
2 -2 2 2
. 4123 - B14.f5 L 206 - 2+42
2 =2 2 2
x==2+3 1=4+245 y=Torl3 F==1+242
e g= -18% ;24—24 f om—Sm-5=0 g x=-U= ;2|—mﬁ h = —ﬁtq‘iﬁ—u
. —1312104’5 = 5i«.-'1;5+2[|- x=L-11£413)  u= —ﬁifu"i
a=-9+543 m=L1(5+34/5) u=L1(-3++3)
y='i_*‘_';“’ j 2¥-3x-2=0 k =$ I A-14r-14=0
}’:—%[]im} = 3:|:1|E+I6 P=i'l:—?i".llr:ﬁ} = 14+ 1295+5E|
_ 315 - 14+ 647
4 2
x=-+orl t=T7+3.7
a =(x+1Y-1+4 b =(x-1-1+4 e =(x-2-4+1 d =(x+37-9
=(x+1)"+3 =(x-1Y+3 =(x-2y-3

f =(x-47-16-5 g =(x+6)-36+30 h
=(x-4)-21 =(x+6)7 -6

e =(x+2F-4+8
=(x+2) +4

i =(x+3-9-9
=(x+3)" - 18

jo=(x=20-4+18 k =(x+1)y-24+3 |
=(x-2)"+14 =(x+ i)+ 2

(x-5)Y-25+25
=(x-5)’

=4y - -
=G+ 4y-4

a =2[7+2x]+3
=2[(x+ 1) =1]+3

b =2[¥-4x]-7
=2[(x-2) -4]-7

¢ =3[F-2x]+3
=3[(x=17=1]+3

=2(x+ 1)y +1 =2(x-2)"-15 =3(x~-1)

e =—[x*+2]-5 f =—[F¥-10x]+1 g =2[x+x]-1
=[x+ 1) =1]-5 =-[(x-5)"-25]+1 =2[(x+1)'-L]-1
=—(x+1) -4 =—(x-5)+26 =2(x+ 1y -2

i =3"-8]+48 j =3[ -5x] k =5["+8]+70

=3[(x—4)"-16]+48
=3(x -4y

= 5[(x +4)*—16]+70
=5(x+4) =10

=3[ - 37~ %]

=3 $7- F

n =-2[x-2x]-1
==2[(x -1y =1]-1
=2x-1)"+1

m =4[’ + ix]-7
=4(+3) -%1-7
=4a+ -

==3[Ge+{ )y ~41H4
=3+ Y+ 4

d =47 +6x]+ 11

=4[(x +3)2 = 9]+ 11
=4(x+3)* =25

h =3[x-3x]+5

=3[~ 3~ 2]+5

=330 ~%

1 =2+ $x]+2

=2(x+$)-F]+2

=20+ - 4

o =-3[X+2x]+4 p =-§-[x2+§x]—§

2
= 46 +37-1-4
2
=4+ - 5




a (y=2)-4+2=0b (p+1Y=-1-2=0¢ (x=-3V-9+4=0d (r+5°=-25+7=0

(y=2y=2 (p+1y=3 (x=3y=5 (r+57=18
y-2=4.2 p+1=1.f3 x=3=%+5 rt+5=418 = 4342
y=2+2 p=-1+3 x=3+.5 F=-5+3.2

e (x=1=1=11 f (a—-6)-36-18=0g (m-2y-2+41=0h (t-1y-L+9=0
(x=1y=12 (a—6) =54 (m-3)=2 (t-L1y=41
w-1=t12=023  a-6=+S54=436 m-31=2L -1 =445
x=1+243 a=6+3/6 m=1(3+45) 1=1(7+13)

i (wtl)y-L=44j y-p+Ll=0 k p+op=-2 I x4 6x=2
(u+ 1y=2= -1'-1+1=0 (p+3P-9=-2 (x+3yF-9=2
u+ =4 v-17=1 (p+37=4 +3y=%
w=-1+L yol=td=2l2 p+3=tp =223 x+3=2[T=+15
u=-11or4 y=]i§xﬁ p=—3t%-q'r?_p x=—3t%-.|'rg

a y=(x—27-4+3 b y=(x+17-1-24 ¢ y=x-1y-1+5
y=x-2y-1 y=(x+1y-25 y=@x-1y+4
minimum (2, =1} minimum (=1, =25} minimum (1, 4)

L \ 1y
w i
@-1) (-1,-25) 1 (©-=24) *
d y=(x+47-16+30 e y=(x+1y-1+1 f y=—[x-2x]+8

y=(x+4y+14
minimum (-4, 14)

{0, 30)
(—4, 14)

i

o|

g y=-x-8]-7
y=—{(x—47-16]-7
y——~x—4P+9
maximum (4, 9)

joy=rd)y-4+43
y=(c+ 3y +1

i i

)

minimum { -

FIL

y=(e+1)y
minimum (-1, 0)

(0, 1)

=10y |O

X

y=-[x+4x]-7
y=—[x+2y-4]-7
y=—(x+2y-3
maximum (-2, =3)

k y=4[x"+2x]+3
y=4[(x+1)'=1]+3
y=4(x+ 1y -1

minimum (=1, =1}

v

1,op 19

y==[(x=1Y-1]+8
y==(x=1y7+9
maximum (1, 9)

! o Vo
i y=(x-41y-% +4
y=(-3r-3
minimum (3, -3
y==2[x"—4x]- 15

y==2[(x=-2)-4]-15
y==2(x-2y -7
maximum (2, =7}
1
a
{0, -15)

X

(2.-7)




9. V= 10p+ 16=0
(¥=2)y-8)=0
y=2=2or§
x=lor3
Answers — Advanced Skills
1. a x —5=4dx o = 250448
4
—dxr=-5=0 _ _jﬁi\lrg—g
(x+ Dx—5)=0 — 1
x=-=lor§ _ o222
4
b 9—(5-x)=2x5-x)
27— 9x+4=0 = 32 or iV2
(2x— 1)(x—4)=0
x= 1 or4
3. a =(x-22)-8+5 ¥+ 2%e-3=0
=(x— 2427 -3 (x+kY—kK-3=0
b x=22 (x+kF =K +3
x+k=%yk"+3
x=—k+ k> +3
3. a x=0= y=-p
y=0 = x=-=lorp
Va
\ /J-‘=(xl Dix=p)
(-1.0) f/mm X
[{]1_.P}
b x=0= y=g
y=0 = x=-q [-g=0]
IUG}K/—T'QF
0| (=g, 0)
6. a flx)=2[x =3x]+5
=2[(x—1]3—%]l5
=2(x- 1y +1
. A=2,B=-1 (C=1
b minimum value of f{x) = &
7. a x'i‘ Z(x'::}lzi.l
b let t=x7 = 2°+1-6=0
(20 = 3)t+2)=0
t==2or <
but x=r" .. x=-=Ror 3~




a 3z:+z=31{31}1=9yz

b % —10y+1=0
Oy =1y=1)=0
y=3¥= 11

Sox==20







Topic: B4 Simultaneous Equations

Basic Skills

https://youtu.be/4SRtwS5unwE

newcollaborative

LEARNING TRUST

Mathematics Department

1. Solve each pair of simultaneous equations.
a y=3x b y=x-6 c y=2x+06
}’z?_‘f{l }J:Jz-_r—4 _]F=3—4I
d x+y=3=10 e x+2y+11=10 f 3x+3p+4=10
x+2p+1=10 2x=3y+1=10 Sx=2y=53=0
2. Solve each pair of simultaneous equations.
a xX—y+3=0 b 2x —y—8=10 ¢ x +)y =25
x—y+5=0 x+y+3=0 2x—y=35
d x+2xp+15=0 e x —2xy—-y =7 f 3x-x—y=0
x=y+10=0 x+y=1 x+y=1=0
g 2+ xpdy =22 h x¥—4y—y =0 i r¥4xp=4
x+y=4 x=2y=0 Jx+2y==6
3. Find in each case the coordinates of the points where the line [ intersects the circle C.
a l:y=x-4 C:x+y =10
b [:3x+y=17 C:x' +y —dx=2y=15=0
c [:y=2x+2 C:dx" +4y +4x-By-15=0
4. Show that the line with equation y = 2x + | is a tangent to the circle with equation
¥ +3 —8Bx -8 +27=0 and find the coordinates of the point where they touch.

Advanced Skills

1. Solve the simultaneous equations
2=y =T7=0
x=3y+7=0
2. Solve each pair of simultaneous equations.
a x—L—4y={] b xy=6 [ 1—.’lyl4=[ﬁl
W X
x=by=1=10 x=y=3 dr+y=T=10
3. Solve the simultaneous equations 4. Solve the simultaneous equations
3ol =g 4=
H.t—1=4I'_1' gdx:}rvl



https://youtu.be/4SRtwS5unwE

Exam Questions (AQA C1 Questions)

1. | Jan 011 Q7
(b) The curve C has equation y =4 — 10x — x? and the line L has equation
v = k(4x — 13), where k is a constant.
(i) Show that the x-coordinates of any points of intersection of the curve C with the
line L satisfy the equation
x2 4202k +5)x - (13k+4) =0 (1 mark)
2. | Jan13 Q8

A curve has equation y = 2x* — x — | and a line has equation y = k(2x — 3), where

k is a constant.

(a) Show that the x-coordinate of any point of intersection of the curve and the line

satisfies the equation

22 — (2%k+1)x+3k—1=0

(1 mark)

Answers — Basic Skills

or x=-=1,y=8

g y=d4-x
stb.
2+ x(d-x)+(4-x=22
X =2x=3=0
(x+ 1)x=3)=0
x=-lor3
x==l,y=5

or x=3ry=1

x=2y

sub.

2y -4y -y =0

I —4y=0

W3y-4)=0

y=0or %
x=0,y=0

or x=%.y=4

1. a Jxr=2x+1 b x-6=1x-4 c 2x+6=3-4x
x=1 x=4 _T:—%
" _‘[':L_]r‘zg '-x:4,_}’:—2 'ax:—%ﬁ_}-‘ZS
d subtracting e Ix+dqp+22=10 f br+6p+8=0
y+4=0 x=3py+1=0 15x - 6y=15=0
y=-4 subtracting adding
Lx=Tyv=-4 Tv+21=0 2lx=7=0
-}J:_ :%
wx=-5,y=-3 Lx=ty=-3
2. | a subtracting b adding yp=2x=5
¥=x=-2=0 27 = Tx+3=0 sub
(x+1)x=2)=0 (2x=1)}x=3)=0 ¥+ (2x-57=25
x=-lor?2 x=21or3 X =dx=0
x=-=1,y=4 X=z,y=-% xx—-4)=0
or x=2y=T7 or x=3,y=-6 x=0or4
x=0,y==5
or x=4,y=3
d y=2x+ 10 y=1l-x y=l-x
sub. sub. sub.
A+ 22+ 10)+ 15=0 -2l -x)—(l-xy =7 Ir—x—(l-x=0
rH+dx+3=0 =4 2 +x=1=0
(x+3)x+1)=0 x=+2 (Zx=Dix+ 1)=0
x==3or-1 x==2y=3 x=-lori
x==3,y=4 or x=2,y=-1 x==ly=2

y=3-3x

sub.

¥+x(3-3x)=4

X =6x+8=0

(x=2)x=4)=0

x=2ord
x=2,y=0

or x=4,y=-3




a sub. x +(x—4yY=10
¥-dx+3=0
(x=Dx=3)=0
=13

s (1,=3)and (3, -1)

b sub. y=17-3x

(173 —4x-2(17-3x)-15=0

X 10x+24=0

[x=4)x-6)=10

=4, 6

S (4. 5)and (6,-1)
¢ sub.

4’ +4(2x +2) +dx - 8(2x+2) - 15=0

A +4x-3=0
(2x+ 3 2x=1)=0

3
L]

_T:_

X {__%'.-—l] ﬂnd{i?, 3}

r|=

sub.

X (2x+ 1) -8y —8(2x+ 1)+27=0

¥ —dx+4=0

(x=2)=0

repeated root .. tangent
touch whenx=2 .. at (2, 5)

Answers — Advanced Skills

1. y= 2.:31—7 3. F-l= [32)1_1- Lx—l=4dy 4. (yr=2""
wb, 26 (2T 7o 2y =)' L 3x—6=2+2y dx=y-1 (1)
3 bx—16=4y s :
18" = (2x +7)' = 63=0 = 6x-l6=x-1 (377 =3
¥ -2x-8=0 =3 Bx=yp+1 {2)
x+2)x-4)=0 - L
b x=3y=3 (and(2) = y=4r+1=8¢—1
Lx==-2y=lorx=4y=3 4y=2
x:é.’y=3
2. a subtracting b yv=x-5 c y=T—4x
1l +2y+1=0 sub. sub.
.-r
1+27+y=0 Hx—-5)=6 2_27-4x)+4=0
X
2 +y-1=0 ¥—5x—6=0 3—2x(7—4x)+4x=0
(2y—1p+ 1)=0 (x+1)x-6)=0 Be' — 10x+3=0
y=-lor =—loré (4x = 3)(2x-1)=0
x=-5y=-1 x==l,y=-6 x=Lor<
or x=4,y=1 or x=6,y=1 x=1,y=3




Simultaneoos E‘luabbna Exam Questions
1. _Jan 11_@®7
g = % -0x - < Y= R(#x-13)

h(""x-ls) = W -10x-2c"

X +105C + WRX - 13R - 4 = O
x>+ 2(2!-&8):(.. (13r+4) = 0

2 Jani3 R
y = 25¢ & = | y = R(2x - 3)

2x*-x -\ = R(2x-3)
2x*-2-1 = 2rx -3R

2> @2Rx-x 43R-1 = O
25~ (2Ra)x +3R-1 = Q



mnewcollaborative

Topic: B5 Inequalities Basic Skills LEARNING TRUST

Mathematics Department

https://youtu.be/wDut-In_7Wg

1. Solve each inequality.
a 2y-3=y+4 b 5p+l=p+3 c ¥y—-2<3x-8§8
d a+llzl5-a e 17-2u<=2+u f 5-b=214-3b
g dx+23<x+35 h 12+3y=2y-1 i l6-3p=36+p
2. Find the set of values of x for which
a ¥ —4x+3<0 b x'-4<0 e 15+8x+x <0 d x¥+2r<8
e r—fx+5=0 f x¥+4x>12 g x+10x+21=20 h 22+9%—-x =0
i 63-2x—x<=0 j x+1lx+30=0 Kk 30+Tx=x>0 1 x+91=20x
3. Solve each inequality.
a 2x -9x+4<0 b 2¥ -5r-3<0 c 2-p-3p 20
d 2y +9%-5>0 e 4m +13m+3<0 f 9x—2x" <10
g a+6<8B-9 h x(x+4)<7-2x i Wy +9=2(-35)
4. Giving your answers in terms of surds, find the set of values of x for which
a ¥ +2x-1<0 b x —6x+4>0 ¢ ll-6x-x">0 d X +dx+120
5. Find the set of integers, n, for which
20 = 5n < 12,
Advanced Skills
1.
x+3
X
The diagram shows a rectangular birthday card which is x cm wide and (x + 8) cm tall.
Given that the height of the card is to be at least 50% more than its width,
a show that x = 16.
Given also that the area of the front of the card is to be at least 180 cm’”,
b find the set of possible values of x.
2 Given that x-y=8§,
and that xy < 240,

find the maximum value of (x + y).



https://youtu.be/wDut-In_7Wg

(3r=4)cm

-
recm

A party hat i1s designed in the shape of a right circular cone of base radius r cm and slant height
(3r—4)cm.

Given that the height of the cone must not be more than 24 cm, find the maximum value of r.

Exam Questions (AQA C1 Questions)

1. | Jan11 Q7
(iii) Solve the inequality 4k + 33k +29 > 0. (4 marks)
2. | June 11 Q7
Solve each of the following inequalities:
(a) 2(4 -3x)>5—-4(x+2); (2 marks)
(b) 2x2+5x>12. (4 marks)
3. | Jan12 Q6
A rectangular garden is to have width x metres and length (x + 4) metres.
(a) The perimeter of the garden needs to be greater than 30 metres.
Show that 2x > 11. (1 mark)
(b) The area of the garden needs to be less than 96 square metres.
Show that x2 + 4x — 96 < 0. (1 mark)
(c) Solve the inequality ¥24+4x—-96 < 0. (4 marks)
(d) Hence determine the possible values of the width of the garden. (1 mark)
4. | June 12 Q7a

(ii) Solve the inequality 3x2 - 10x+8 < 0. (4 marks)




Answers — Basic Skills

1. a y>7

2. a (x—1x-3)<0

R o

e (x=1x-5)=0

T\ /.,

-

b (x+2)x-2)=0

=2 2

S=2€x52

f ¥+4xr—12>0 g (x+Tx+3)=20

(x+6)(x=2)>0

(x+35)x+3)=<0

SL=S5<x==3

d ¥+2x-8<0
(x+4)(x-2)<0

—4 2

=4 Ex2

h ¥—9%-22<0
(x+2)x=11p<0

\ /1. Al

|1\../5 i
Lx<=lorx=35

i P +H2x-6320
(x+9x-7)=0

\T}'

\ /.
—ﬁ\_,|/z

SLx<=borx>=2

j x+6)(x+5>0 Kk xX=Tx=30<0
(x+3)x-10)=<0

\]

~—"3 | >

Lx==Torxz=-3

N
So=2=x<]l

I ¥ =20x+9120
(x=T)x=13)=0

_\I/?

LxE9orx=T

\ /]

LXx<—borx>-5

/
—\|_/m

L=3d=x=10

N/

Sx=Torx= 13

3. | a x=Dix-4=0

=
ey

bt | =
1
et
1
N

d 2y=1)p+5)>0

Ly<=Sory>1

g a-8+15<0
(fa=3Na-3)<0

n3<a<h

b (2r+ 1)(r-3)<0

¢ I +p=2<0

(3p-2)(p+1)<0

=Ll wp=3

e (dm+ 1L)im+3)<0

h x +4x<7-2x
r4er=T7<0
(x+Nx=11=0

SL=T=x=<]

L=l=p=

Lk |rs

f 279+ 1020
(2x - 5)(x—2)=0

]
rafun

nx<lorx= 2

i V9 =2y-10
Y+Typ+10=0
(v+5)p+2)=0

mLy<=Sory>x-=12




4. a forcritical values b for critical values

¢ forcritical values d for critical values

. —2x.f1+4 . h2.J36-16 L= bE36+ M . 4z fle—4
3 . 2 -2 2
- —2+2.7 _ 62245 _ 645 _ —4x243
2 7 -7 2
x=—1t-u'r5 x=3¢aE x=—3¢2xE x=—2twﬁ
- x <1442 ¥ <i-Sorx>3+45 32 5ex <325 xs2-Siorxz=2+43

5.0 2w—5n-12<0
(Zn+3Nn-4)<0

-+ <n<4

ninteger . n=-1,0,1,2.3

Answers — Advanced Skills

(F+TWr=10)=0
=7 10
=7=r= 10
- maximum value of =10

1. a (x+8)=15xx 2. x=y+8
8 =0.5x sub. v+ 8) =240
r<16 VW4 By—240<0
b x(x+8)=180 (¥+20)y=12)<0
) -20 12
¥ +8x— 18020 205y
(x+18)x-10)=0 -18 10 xty=y+84y=2y+8
x<-I8orx=10 . max value of (x + ) =2(12) + 8 =32
but x > 0 (width > 0)
andx = 16 ID=x=16
3. let height be i - i° = (3r—4) =
but h <24
<24
(3r-4)y-r'<576
F=3r=T70<0




lnequalities Exam Questians Soktons
{ sao 107 ()
uR"' + 33rR +23 ¥ 0
(#R+ 29)(R+1) >0 (=)
cVs ot R=-29 R=-| (4]

(a) 2(4 -3x) » 5- %(x+2)
bX Y S-4x-8 [(m)

=
x=i
< < ") ese vequalily syn)
>
(b) 2x™*+ Sx 2 12
2x*45x-12 2 0
(2x-3Xx+%) 20 (»)

ovs ak acz_:. x=-% @)

(m)
-% Y2 z

x<-% o x3% *)



Sdn12 86

X+
(@ T+X+TIH+X+4 ¥ O
X+8 » I
LN ? 22
2x > 1l )
Xy 3&)
() x(x+9) < 9%
x* 40 < %%
x*rex-9% < 0 ()
(x+2)Xx=-8)<0 (m)

Vs X=-12 x=% (A‘)

|

(QV) /
7
“12<¢ ¢ '8 &)

@ u<xes @)

4 12 87

3x*-10x 4§ <0
@x-tx-2) <0 (m

oS x:g ax=2 )
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Topic: E1 Triangle Geometry (Trigonometry) Basic Skills

https://youtu.be/uVI6TAbOvBg Mathematics Department

1.
The diagram shows triangle ABC in which 48 =16 cm, £4BC= 118" and £4ACHE = 26",
Use the sine rule to find the length AC to 3 significant figures.
2. 0
.2 em
F 11.4 cm k
The diagram shows triangle POR in which PO=82cm, PR=114 cm and ZPOR = 57",
Use the sine rule to find the size of £PR(Q in degrees to | decimal place.
3. 15.3 cm
X
The diagram shows triangle X¥Z in which X¥= 153 cm, ¥YZ7=78cm and ZXYZ=31.5"
Use the cosine rule to find the length X7
4' -‘r
I8 cm
13 em
B
c 17 cin
The diagram shows triangle ABC in which A8 =18 cm, AC=13 cm and BC =17 cm.
Use the cosine rule to find the size of £Z4CH.
5. . . .
Find the angle @ in each triangle.
a b ¢
74 c¢m



https://youtu.be/uVl6TAb0vBg

Advanced Skills

1. In triangle ABC, AB=162cm, BC=123cm and £BAC= 37"
Find the two possible sizes of £ 4CH and the corresponding lengths of AC.
2. Find the length x in each triangle.
a b
3. . . .
Find the angle @ in each triangle.
a b
67 o0 74 cm
4. Joanne walks 4.2 miles on a bearing of 138°. She then walks 7.8 miles on a bearing of 2517,
a Calculate how far Joanne 1s from the point where she started.
b Find, as a bearing, the direction in which Joanne would have to walk in order to return to the
point where she started.
5.
A ferry and a cargo ship are both approaching the same port. The ferry is 3.2 km from the port on
a bearing of 076" and the cargo ship iz 6.9 km from the port on a bearing of 323°.
Find the distance between the two vessels and the bearing of the cargo ship from the ferry.
6. B
9.7 cm
c
The diagram shows triangle ABC in which AB =104 cm, AC=11.0cm and BC=9.7 cm.
Find the area of the triangle to 3 significant figures.
7. -r
Z ¥
The diagram shows triangle X¥Z in which XYV =225 cm and ZXYZ = 34",
Given that the area of the triangle is 100 cm?, find the length XZ.




Exam Questions (AQA C2 Questions)

1. | June 2006 Q2

The diagram shows a triangle ABC.

B
12¢m
100°
A 4.8cm €

The lengths of AC and BC are 4.8 cm and 12 cm respectively.

The size of the angle BAC is 100°.

(a) Show that angle ABC = 23.2°, correct to the nearest 0.1 °. (3 marks)

(b) Calculate the area of triangle ABC, giving your answer in cm? to three significant

figures. (3 marks)

2. | Jan 2007 Q4 (adapted)

The triangle ABC, shown in the diagram, is such that BC = 6cm, AC = 5c¢m and 48 = 4cm.
The angle BAC is 0.

4cm S5cm

B 6cm €

3 (3 marks)

00| =

(a) Use the cosine rule to show that cosf) =

(¢) Hence find the area of the triangle 4BC. (2 marks)




June 2008 Q4
The diagram shows a triangle 4ABC.

A

fos>

7.6m 83m

B C

The size of angle BAC is 65°, and the lengths of 4B and AC are 7.6m and 8.3 m
respectively.

(a) Show that the length of BC is 8.56 m, correct to three significant figures. (3 marks)

(b) Calculate the area of triangle ABC, giving your answer in m? to three significant
figures. (2 marks)

(¢) The perpendicular from 4 to BC meets BC at the point D.

Calculate the length of 4D, giving your answer to the nearest 0.1 m. (3 marks)

Jan 2011 Q3

The triangle 4BC, shown in the diagram, is such that AB = 5c¢m, 4C = 8cm,
BC = 10cm and angle BAC = 0.

A

Sem 8cm

B 10cm C

(a) Show that # = 97.9°, correct to the nearest 0.1°. (3 marks)

(b) (i) Calculate the area of triangle ABC, giving your answer, in cm?, to three significant
figures. (2 marks)

(ii) The line through A4, perpendicular to BC, meets BC at the point D. Calculate the
length of 4D, giving your answer, in c¢m, to three significant figures. (3 marks)




5. | Jan 2013 Q3
The diagram shows a triangle ABC.

The lengths of AC and BC are 5cm and 6 cm respectively.

The area of triangle ABC is 12.5 cm?, and angle ACB is obtuse.

(a) Find the size of angle ACB, giving your answer to the nearest 0.1°. (3 marks)

(b) Find the length of 4B, giving your answer to two significant figures. (3 marks)

Answers — Basic Skills

1. AC _ 16
sinl 18 sin 26

AC = loxsmll¥

sim 26
=322cm
2. _ .
sin SPREY _ sin57T
B2 114
sin ZPRQ = w = 0.6033
ZPRQ =37.1°
3.

XZ =78 +153
~ (2% 7.8 % 15.3 x cos 31.5%)

=91.422
XZ =956 cm (3sf)

4. 182 =132+ 177 = (2x 13 x 17 X cos ZACB)

cos ZACB = w
2x13x17

=0.3032
ZACB=T2.4° (1dp)

singg  sin72.4

5.
a area b area c
58 6.3
=1 x2.1x3.4xsin 66 =1 x35x68xsin 116 sin = 22022 _ g 8505
=3.26 m” (3sf) = 1070 cm” (3sf) a=58.270
B=180—(72.4 + &) = 49.330
area

=1 x58%6.5xsin 49.330
= 14.3 em” (3sf)




Answers — Advanced Skills

L nzacs _ sin37
16.2 12.3
sin ZACB = % =0.7926
ZACB=5240r 180 - 52.4 = 52.4 or 127.6
ZABC = 180 — (37 + ZACB) = 90.568 or 15.432
AC _ 12.3
sin LARC 51137
AC= 2220 90 40r54
sin 37
o~ ZACB=52.4° AC=204cm or ZACB=127.6°>,AC =54 cm (all 1dp)
2| aa =180-(40+32)=108 b ¥=2.7+38 ¢ o« _ smOl
7.6 10.5
- 3 ~(2%2.7x38xcos83) sine= LoXsmbl _ 5633y
sin 108 san i)
x = 2:Ixsinl08 ¥=19.229 a=139276
sin 40
x =342 cm (3sf) x=4.39 m (3sf) B =180 - (61 +39.276) = 79.724
¥ _ 105
51 79.724 sl
v = 105 x50 79.724
; sinfl
x=11.8 cm (3sf)
3. _ |
g BE N b 1.9°=08+ L7 ¢ P=74+38T
67 R
sina=% ~(2%0.8%1.7xcos 0) — (2% 7.4x8.7 X cos 43.7)
sin & =0.7236 cos fi= 98+ =19 [ =37.3608, = 6.1123
2x0.8x1.7
o =46.351 cos 8 =—-0.02941 B e SO
74 6.1123
0 =180 -96.5 - 0 =91.7° (1dp) sin @ =%%3_7 =0.8364

@ =37.1° (1dp) 0 =56.8° (1dp)

a x'=4.2°+78 - (2x4.2x7.8xcos 67)

x-=52.879
138 x=7.27 miles (3sf)
sin67

42

(180-138) | Sin@ _
7.8 7.2718

: _ 7.8xsin67 _
(360 - 251 - 42) T 0.9874
o = 80.882

@ =138 + a — 180 = 38.882
bearing = 039° (nearest degree)




x = 8.67 km (3sf)

sinf _ sinll3

6.9 R.666
sin @ = 82xsinll3 _ 7379
666

0 =47.130

37+ 76)

bearing = 180 + 76 + @ = 303" (nearest degree)

9.77=10.4"+ 11.0° = (2 x 10.4 x 11.0 X cos £BAC)

cos ZBAC= 0O =0T _ 4 5003
2x104x=11.0

SBAC=53.819
area =% % 10.4% 11.0 % sin 53.819 = 46.2 ¢cm”

T x22.5% ¥YZxsin 34 =100

=200 — 15896
22 5xsn34
XZ7 =225+ 15.8096" — (2 % 22.5 x 15.896 x cos 34)
= 165.906
AZ =129 cm (3sf)

A
(a) snABC = §in 100

o)
48 12 (fm)
SlnA& <0-%81n100 (i)
2em ~ ‘
ABC = sin ' prsini00)
ABc = 23.198% 2755

° A
)00 ABC
A +8m C neasest 01°

180 ~ 100 - 23-2
56-8° (M)

areqof & = Lxu-8x12x5nS568 (m) _
24-lem” b 3.5f.  (A) €

(b) afvle ACH

232 cpecr s (V)




& G C

(a) Using cosine role () o= coo“(}i)
6% « 4™+ 5™ - #Ys) s o - 82.8° ()
36 = 4| - 8Ocos® -
HOcos® = (nm) A=k x%xS 250828

se - =
Aeg = 9.92om b 3.5 (‘*\
(At) :
-~

<3

P

Cos®

2
8

R —
Tom $3m

"

B 0 c

(@) 05‘3 swe (e
btz 7674 83" - 2(76)(6:3) cos 65°  (m))
Bc* = 73.332%%.. . ()
BC = §.563%, .
6C = 856m b 3sf ()
® A= L% 76 % B3 66§ (my)
: 28.6m* o3s.b (M)

() 286 = ! x8.56xAD (wl)(m)
2

oo\

AD = G:7m o neaest 0-im (A1)



(a) Uaua osine (e
10t: 548 - 2(s)(8) cos® (m)
0o = 89 - 80ws® (m))
ma P

cosg = ~ !

go
e - q7.q032. -

& : 91.9° b neaest 0.1° ()

12-5 = %%5%6:810 C

(n)

(a)
sinC

&

C = 568

bit ACB s obhse

- ACB = 80 - 66k
< 123-6°

(A\)

(0) Using cosine (ole

"

AB:
Ag™

AB

%.203

(Ml)

9T7em o 25.F, (A')

()
(b) () Aea }5 xSx8x 851 97-9°

= 198em o 3.5F (A
G) 19:8 = 1 %10 X AD fu(a)
AD = 3.960m b 35F.(4)

%

5%+ 62 - 2(5)(6)cos 123-6° (W)(ul)



TASK 2

Year 12 Initial Test for Mathematics

Write out the solutions to each of the following questions.
Show full working, without the use of a calculator.

Your initial test for mathematics will look exactly like this so use the videos and worksheets to ensure you are able to
do the following skills with the layout expected.

Practice 1 (No Calculator)

B1 Indices
1. | Evaluate 2. | Express in the form x* 3. | Solve 4. | Solve
g\ /3 9%~2 =27 16% = 41>
— 3
(125) Vxx Vx
xz
B2 Surds
1. | Simplify V72 2. | Expand and simplify 3. | Rationalise the 4. | Rationalise the
(27 — 5v3) (3V7 + 4V/3) denominator denominator
11 8—3V5
25 2+45

B3 Quadratics

1. Solve the following quadratic equations by factorising and use your solutions to sketch the related
guadratic graph, labelling all intersections with the coordinate axis.

(@ (i) x24+3x—28=0

(b) () x2—6x+9=0

(c) (i) 2x2 = 21x+27=0

(a) (ii) Sketch y = x2 + 3x — 28

(b) (ii) Sketchy =x2—6x+ 9

(c) (ii) Sketch y = 2x2 — 21x + 27

2. Solve the following quadratic equations by completing the square and use your solutions to sketch the
related quadratic graph, labelling all intersections with the coordinate axis and turning point.

@ )x24+4x—-7=0

(b) ()11 +8x—x2=0

() (i)3x2—12x+2=0

(i) Write y = x2 + 4x — 7 in the
formy=a(x+b)2+c

(i) Write y = 11 + 8x — x2in the
formy=a(x+ b)2+c

(i) Write y = 3x2 — 12x + 2 in the
formy=a(x+b)2+c

(iii) Sketch y = x2 4+ 4x — 7

(iii) Sketch y = 11 + 8x — x2

(iii) Sketch y = 3x2 — 12x + 2

3. Evaluate the equation of the following quadratics, giving your answer in the form y = ax2 + bx + ¢

(a)
J

/
i

(b)
l~s

)

(c)
3 "

e
N

K

YA

(-1,-4)




B4 Simultaneous Equations

1. | Solve 2. | Solve 3. | Solve
3x+3y=—4 y=x—06 3x2—x—y2=0
— 2y = 1 =
5x—2y=5 “x—y=4 x+y =1
2

B5 Inequalities
Find the set of values for which...

1. 3(1-2t)<t—4 2. 2x2—9x+4<0 3. 2y +3<3y(y—2)
E1 Triangle Geometry (Calculator)

1. | Calculate the length AB 2. Calculate the angle 9

A
C
23cm A
6.2cm
72° 5.7cm
B C
17cm
B
3. | Calculate the length AB and the obtuse angle 9 4, Calculate the area of the triangle ABC
B
B
A
A 720
5.8m 12.1cm
11m
10.7cm
C C
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83 Quacrakics

o (@) (i) x™ +3x -2%:0 Gi) ye=x"+3x-28
(2+3)(x-4)=0 m A

;j;‘.""l' ar AT 4 Al

.-1 H, '}’-
9 | 8
Al
Al
{\h‘) (i) awt-poe19:=0 (J_l) y= -_:.-;1.-5::.-!-‘1

(2c-3)"20

Al x=3 (repeated)

(¢) (i) 2x*_aix+2aF =0 () y = 2 -21% + 2t
(2 -3)2¢ - 9) 2 O wu

J 4
x- 32 x =9 A
Bi
A
r Al
> %
3 5
1

Bl E'h.u.fn , location relatedto oxes
Al wnterseckions i -axls

Al inkersegions y - GRS



r

(b) (i)

(c)

2., (a) (i) x"+ux -7-0
(I+i)l-'-l-'?=':' M

f.1+:l) == I\

xti gt -7

an y -

g - (I+ﬂ)1*|l .Y}

G‘") Y A
x+d = = JW
x:-22J0 4 -2t
1 -4 = 2%dW
(] Shope Ly
Al Vertex
Al (niersed-ions X -axis
Ay mtq.rsaurmn.sa-mi& (-2,-u)
Il 1 82c-2" 20 Gid y: Il + 8or -2t
A
-('JL"*'EK-H)-:G M| y = 271 - (k-4 g
- [{:nr. -u)""-m-n] 20 m Gi)
1 -
. {':L*—q}i + 2% e J (411?1’
il
1
x-4) atF
( WY Y
A-4 = 3@
X 4% 233t a
(i) 32 -112¢+2:=0

3[11-*I+%]=0 M |

Gi) S 3oct-12a+2
313{.1 -2) -0 g

1
2)-u+27:0
3[(:': ) *-3 M A-:
3 {1-1'}1-I0 =
{ 1 E] i 57
3(at-2) -10:0 2-J% m,
(x-2)* 210 2443
3
J_El {lj-—lﬂ)
3
=2 (23)



(a)
+y
-5 5/ *;
-\5
(o)
Ty
1-]
> DL
>
(e)
V|

N W (oc+INX-5) M)
AS: k(3DES) B k=

Al
y= (¢3-S

y= k (x-3) M

18:k (-3 & k=2 a)
H=1{;—_~3)1

y: 2(o? - +9)

H'-'— 11_1-h=-=‘-+"'b Al

2
3:_ h{ﬂ:‘l"l)-q. K
o, -1)
-1 =k (D)* -4

ﬂkﬁa Al

Y = 3(11’1)1_4
Yy = 3(ac*r2x 1) -4

k1



8y §lm%§me ous Eﬂ uu;mhs

1, 3x *33:.-4 514,53;.3
Sa -13'»5 |51*551|5 aclel mi

aiot = 1
z = '3 A 3(‘:‘5)+35 T -4
33 - -3

x =13, 5:'51’3 Al

B
)
&
-~
r
2

et L ;5:-2 Al



3, 3xt.-x -dl <0

L
Aat-x-(1-x) =0,
3. % -(1-2x+%2)=0
3tt-x-1 +2x-x2:=0

Ax*r ik -1 =0

.1+3:I

H'. i -aL

Al
(20¢-1)(ox +1) <0
x. 'z x= -1 A
y=1- F y=l--!
'z y=tlaar Xzl yzl A
m
65 Inequantes
t, 3(1-2t) st-y4 2 AxT-aH +4¢0
3-6L 2t -y (220 -1)(2A-4) S0 m|
T ¢ Tt 1 CVs x:'a x=4% Al _ay
(0 7 B R \I\\/ »

3. 15 + 3 (35{:’-2}
13 + 3 < 351*5-3
O ¢ 35‘-35 -3
33""— 8y -3 > O

mi

< XEY A

pi=

N

{35“}(5-3))0 m
CVs 3:"4"3 y=3 Al

5:-"3

.
3\\/3

of  y 3 Al



El "Tr;:rnsie Geometry

|, o
c’z Q.t'-l-bl - 2alo Cost
c d3cm 2 _\1hvad’ - a (i )(23) cos 17
c*: 516.3S I
o AR = 24:Ocm
6 iTem C g

2.
sm® <« 38sindS32
Ef! 5‘1" HI

6-em (5 zsm'53->

n o
8: 60-3 Al

AR
- 1
.5 8 el - 2(5.8)(1)coddl
*

ABz 6:Tm Al

S%Bm
e
. cos® 5% +6:1 -1\
1{5-5){5-'0

©:cos ' (-0:546)
e-123°
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Year 12 Initial Test for Mathematics

Write out the solutions to each of the following questions.
Show full working, without the use of a calculator.

Your initial test for mathematics will look exactly like this so use the videos and worksheets to ensure you are able to
do the following skills with the layout expected.

Practice 2 (No Calculator)

B1 Indices
1. | Evaluate 2. | Express in the form x* 3. | Solve 4, | Solve
3 —1K3 33x-2 — %V@ 1 1-x 1 2x
(33) Vi x Vx @ =@
xZ
B2 Surds
1. | simplify v/80 2. | Expand and simplify 3. | Rationalise the 4. | Rationalise the
(7 —3v5) (35 - 2) denominator denominator
7 3 +5V11
5V3 7 —V11
B3 Quadratics

1. Solve the following quadratic equations by factorising and use your solutions to sketch the related
qguadratic graph, labelling all intersections with the coordinate axis.

(a) (i) x2—13x+40=0 (b) () x2+5x=0 (c)(i)6x2+5x—4=0

(a) (ii) Sketch y = x2 — 13x + 40 (b) (ii) Sketch y = x2 4+ 5x (c) (ii) Sketchy = 6x2 4+ 5x — 4

2. Solve the following quadratic equations by completing the square and use your solutions to sketch the
related quadratic graph, labelling all intersections with the coordinate axis and turning point.

(a) (i) x2+2x—20=0 (b)())—11+8x—x2=0 (c)(i)3x2—18x+2=0

(i) Write y = x2 + 2x — 20 in the (i) Write y = —11 + 8x — x2in the (i) Write y = 3x2 — 18x + 2 in the
formy=a(x+b)2+c formy=a(x+b)2+c formy=a(x+b)2+c

(i) Sketch y = x2 4+ 2x — 20 (iii) Sketch y = =11 + 8x — x2 (iii) Sketch y =3x2 — 18x + 2

3. Evaluate the equation of the following quadratics, giving your answer in the form y = ax2 + bx + ¢

(a) (b) ()

+y “3 - Y2
/ S anansunnd W RS
-1 \_}/1 . i \/ﬁ 2 \2"\./ 2
(3 -20)




B4 Simultaneous Equations

1. | Solve Solve 3. | Solve
3x—4y =16 3y =2x—-8 3x2—xy +y2=36
2x+ 12y =7 4x+y =-5 x—2y=10

B5 Inequalities
Find the set of values for which...

1. 4(5 —2y) = 3(7 - 2y) 2. 2x2—=5x—-3>0 3. x(2x+1)<x2+6
E1 Triangle Geometry (Calculator)

1. | Calculate the length AB Calculate the angle 9

A
370 C
5.9m
A
5.3m
69° 4.9m
B C
11.6cm
B
3. | Calculate the length AB and the obtuse angle 9 Calculate the area of the triangle ABC
B
B
12.5m
A
A 490
7.6cm 10.6m
13.2cm
C C




3.

Bl Indices

; -'la 27\ "% Vi ry
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a2 ‘s
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3 9 @ x: 'z M
!
B2 Surds
. 80 2. (72-3/9) (347 -2)
~JIEx S =aiﬁ? -|'+-1+'5+E-f§' My AN
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3T 4, 3+5 f}_t_gm
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83 Quodiakics

e (0) (i) L= 13x +40:0 Gi) er‘_;31+qﬂ
(-8 )(x-5)=0 m ol
X8 x=% Al 4o
& 8
Bi
Al
Al
(h) {1} I"-I-E-‘I,—_ﬂ (-!1) J'-'- Il+5m
-0 :x=-H Al
Bi
\ Al
- 30 A
(e) (i) 6x* + 5x - 4% -0 Gi) y <
{3:!:.-#*‘"}{11—') 101." Jd‘-.
x=-%/y x:'fx A\
Bi
Al
Ai
> %

Bi EhaFe , \ocation relatedto axes

Al nterseckions 3 -axls

Bl interteckions y - aaLs



2. (q) (i) x*+23%-20:0

(3ee1)*-1-20:0 ™

(3c+ 1) = 2l
xil . =Jal
x- -1t Jaf
@ Shope
Al Yeriex

Al (niersections X -axis
A | \nkersections a-mﬁ

(.h) ‘“)-ll + 8 - 2 =0

e (¥ -g8aesll) = O M

I [.[-;.L—H)"lﬁ + tl.] 0 M

§- (ac-4) =0
(DL*'*).L = S
x -4 -.*J_&:

x=-4wtd5 A

() i) 32 1gx+2 =0
T8 QO
3[1 :IL-l'?_i] M |

() y: x*+aa -20

g =(ee)*-21 ©

(i) J 2

- A

-1-J37 -} v 3T

(-1,-20)

Gl") Y= ~Ili-ﬁat.-:r.1

AL
Yy §-(-4) 8l

QH)J .

Fd

(4,3)

HJ

%-0% urdy

Gi) J T Foe - 1Bax +2
y - 3(2-3) -25 6|

43
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=7 - b} ™
{h) LH‘
N/
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©
34
faas
~2
(3,-20)

y-= k(o +1)lac-2)

Mi
-4z k (1)Y0-2)
k= | Al
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Yz ot + 9= -\ A\
y= k(- (- my
ar = Kk (- (-6D)
=~ kK al = T A
[ 1
= 1 lx-f.}tx'ﬁl‘)
J9° 2
= 1 T o qyoe+6)
Y 11::. oL X
g = Tot - WX & Y
2 2
S:K{Ivl)i-iﬂ [
-2 k(-3 -20
1% - k)
k-2 A
y = 2 (3c-3)" -20
y - 2 (x*-6x+q) -20
A\

y: 21220 -2

8]




8. Simulkancous equasons

ity "

. 3o0c -4y =1k q':ll'.-'ql':j-.'-tﬁ
M)
ol 2C "l':-ti‘ 3 CE-d +'+2.d = 7
112 - o5
3¢ -4y 216
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TASK 3

2 Trigonometry

The following two aspects are worth emphasizsing at this stage.

2.1 Trigonometric Equations

¥ou can of course get one solution to an equation such as sin x ==0.5 from your calculator. But
what about others?

Exampie 1 Solve the equation sin x* ==0.5 for 0 < x = 36(0.
Solution The calculator gives sin™(0.5) = =30.
This iz usually called the principal value of the function sin™.
To get a second solution you can either use a graph or a standard rule.

Method 1. Use the graph of y =sm x

By drawing the line y = -0.5 on the same set of axes as the graph of the
sine curve, points of intersection can be identified in the range

0 <x=360.

xr==30° x=210° x=330°

{The red arrows each indicate 30° to one side or the other.)

Hence the required solutions are 210 or 330%.
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Method 2: Use an algebraic rule.
To find the second solution you use sim (180 = x)® = s1n x*
tan (180 + x)®* = tan x*
cos (360 =x)° = cos x*.

Any further solutions are obtained by adding or subtracting 360 from the principal
value or the second solution.

In thiz example the principal solution is =30°.
Therefore, as this equation involves sine, the second solution is:
180 = (=30)*=210°
=30 iz not in the required range, so add 360 to get:
360 + (=30)=330°.
Hence the required solutions are 210° or 330°.

You should decide which method you prefer. The corresponding graphs for cos x and tan x are

shown below.

Y
WL

—-180 # 160 o Ly

- &
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K
°

To solve equations of the form y = sin (kx), you will expect to get 2k solutions in any interval of
3607. You can think of compressing the graphs, or of using a wider initial range.

Example 2 Solve the equation sim 3x* =05 for 0 < x = 360.
Solution Method 1: Use the graph.

The graph of y = sin 3x® is the same as the graph of y = sin x® but compressed
by a factor of 3 (the perod iz 120°).

The calculator gives sin™(0.5) = 30, so the principal solution is given by
Ix=30=x=10.

The vertical ines on the graph below are at multiples of 60°. So you can see from
the graph that the other solutions are 30%, 130%, 170%, 250° and 290°.
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y=05

AVTAVEAN
VA

10 240 0

N

-1
y=sin3x
Method 2:  The principal value of 3x is sin=*(0.5) = 30°.
Therefore 3x=30or 180 =30=150,
or 360 + 30 or 360 + 150
or 720 + 30 or 720 = 150
= 3x =130, 150, 390, 510, 750, 870

=x=10, 50, 130, 170. 250, 290.

Notice that with Method 2 you have to look at values of 3x in the range 0 to 1080 (= 3 x 360),

which is somewhat non-intuitive.
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Exercise 2.1

1 Solve the following equations for 0 < x < 360. Give your answers to the nearest 0.1°.

(a) smx°=09 (b) cosx°=06 (C) tan x° =2

(d) sinx*=-04 (e) cosx°=-0.5 (f) tan x° = —

2 Solve the following equations for —180 < x < 180. Give your answers to the nearest 0.1°.

(a) smx°=09 (b) cosx*=06 (c) tan x° =2

(d) sinx°=-04 (e) cosx*=-05 (f) tan x° =—

3 Solve the following equations for 0 < x < 360. Give your answers to the nearest 0.1°.

(a) sin 2x° = 0.829 (b) cos 3x°=0454 () tan 4x =2.05

(d) sin1x°=0.8 (e) cosix°=0.3 U] tanx°=0.7
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2.2 Other Trigonometric Methods

Suppose that you are told that sin x® is exactly 2. Assuming that x is between 0° and 90°, you

can find the exact values of cos x® and tan x® by drawing a right-angled triangle in which the
opposite side and the hypotenuse are 2 and 3 respectively:

MNow Pythagoras's Theorem tells you that the third, adjacent, side is «4'3! -2’ = Jf_; .

Hence cos x° = ﬁ andtanx®= =
3 NS

This is preferable to using a calculator as the calculator does not always give exact values for
this type of calculation. (Calculators can in general not handle irrational numbers exactly,
although many are programmed to do so in simple cases.)

A further skill is being able to write down the lengths of the opposite and adjacent sides quickly
when you know the hypotenuse. Some students like to do this using the sine rule, but it is not
advisable to rely on the sine rule, especially in the mechanics section of A Level mathematics.

Example 1  Find the lengths of the opposite and adjacent sides in this triangle.

12 cm

38e

Solution Call the opposite and adjacent sides y and x respectively. Then
sin 38° :% 50 v =12 sin 38° =7.39 cm (3 sf).

cos 33":% s0x =12 cos 38°=9.46 cm (3 sf).
It should become almost automatic that the opposite side is (hypotenuse) = sin (angle)

and that the adjacent side is (hypotenuse) = cos (angle).

If you always have to work these out slowly you will find your progress, in mechanics in
particular, is hindered.
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Exercise 2.2

Do not use a calculator in this exercise.

1 In this question @is in the range 0 < < 90.

9
(a) Given that sin@ = i—; find the exact values of cos #and tan &.
(b) Given that tan9=g, find the exact values of sin #and cos 6.

(c) Given that cosg = 2, find the exact values of sin #and tan €.
8

2 Find expressions, of the form a sin @or b cos &, for the sides labelled with letters in these
triangles.

(@)

(b) 5.6cm
320

20 cm

26°

oy

(c) (d)

10 cm
84cm
u
17°




3 Graphs

Mo doubt you will have plotted many graphs of functions such as y =x~ — 3x + 4 by working out

the coordinates of points and plotting them on graph paper. But it is actually much more useful
for A Level mathematics (and beyond) to be able to sketch the graph of a function. It might sound
less challenging to be asked to draw a rough sketch than to plot an accurate graph, but in fact the
opposite is true. The point is that in order to draw a quick sketch you have to understand the basic
shape and some simple features of the graph, whereas to plot a graph you need very little
understanding. Many professional mathematicians do much of their basic thinking in terms of
shapes of graphs, and you will be more in control of your work, and understand it better, if you
can do this too.

When you sketch a graph you are not looking for exact coordinates or scales. You are simply
conveying the essential features:

« the basic shape
» where the graph hits the axes
« what happens towards the edges of your graph

The actual scale of the graph is irrelevant. For instance, it doesn’t matter what the
y-coordinates are.

3.1 Straight line graphs

| am sure that you are very familiar with the equation of a straight line in the form y = mx + ¢,
and you have probably practised converting to and from the forms

ax+ by +k=0 or ax+ by =k,

usually with a. b and & are integers. You need to be fluent in moving from one form to the
other. The first step is usually to get rid of fractions by multiplying both sides by a common
denominataor.

Example 1  Write j =22 in the form ax + by + k=0, where a. b and k are integers.

Solution Multiply both sides by 5: Sy=3x-10
Subtract 5y from both sides: 0=3x—-5y—-10
or Ix—5v-10=10
In the first line it is a very common mistake to forget to multiply the 2 by 5.

It is a bit easier to get everything on the right instead of on the left of the equals sign, and
this reduces the risk of making sign errors.



AS and A LEVEL

MATHEMATICS A
AND MATHEMATICS B (MEI)

Student Guide

In plotting or sketching lines whose equations are written in the form ax + by =k, it is useful
to use the cover-up rule:

Example 2 Draw the graph of 3x — 4y =24

Solution Put your finger over the “3x". You see “4y = 24",

This means that the line hits the y-axis at (0. 6).

Repeat for the “4)". You see “3x =24".

2
AN
This means that the line hits the x-axis at (8. 0).
(8.0) 0.6
[NB: not the point (8. 6)!]

Mark these points in on the axes.
You can now draw the graph. (8.0)

\ > X

Exercise 3.1

1

Rearrange the following in the form ax + by + ¢ =0 or ax + by = ¢ as convenient,
where a, b and ¢ are integers and a > 0.

(a) y=3x-2 (b) y=%x+3
€  ym—iass @  y=3x-3
© y=—3x+i O y=tix-3

Rearrange the following in the form y = mx + ¢. Hence find the gradient and the
y-intercept of each line.

(a) 2x+y=8 (b) 4x—-y+9=0
(c) x+5y=10 (d) x—=3y=15

(e) 2x+3y+12=0 (f) Sx-2vy=20

(9) 3x+5y=17 (h) Tx—4y+18=0

Sketch the following lines. Show on your sketches the coordinates of the intercepts of
each line with the x-axis and with the y-axis.

(a) 2x+y=8 (b) x+5r=10
(c) 2x +3y=12 (d) 3x+5r=30
(e) 3x-2y=12 (f) 4x+5v+20=0



3.2 Basic shapes of curved graphs

You need to know the names of standard types of expressions, and the graphs associated
with them.

(a) The graph of a quadratic function (e.g. y=2x* + 3x + 4) is a parabola:

Notes:

+ Parabolas are symmetric about a vertical line.
« They are not U-shaped, so the sides never reach the vertical. Meither do they dip

outwards at the ends.

These are wrong:

(b) The graph of a cubic function (e.g. y = 2x° — 3x” + 4x — 5) has no particular name; it's
usually referred to simply as a cubic graph. It can take several possible shapes:
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(c)  Thegraphof y= anumber o 5 pyperbola:
X

The graph of a hyperbola gets closer and closer to the axes without ever actually touching
them. This is called asymptotic behaviour, and the axes are referred to as the asymptotes

of this graph.

(d)  Thegraph of y=22"5PeT i gimiar (but not identical) to a hyperbola to the right
2

but is in a different quadrant to the left:

| - N e ) B
| || \ y
| | l""._
| , X .
II I| I |IlI
II II | |
II| | \ |
|I | II
-. | |
._ | |
| |
A - . | |
_— — | |
()  Graphs of higher even powers (f) Graphs of higher odd powers
y=x*(y =x° etc. are similar): y=x" (y=x etc. are similar):
I|
1 | |
1 | |
II I| I|
| | |
l ! i
! III| ;ll."l
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Which way up? This is determined by the sign of the highest power.
If the sign is positive, the right-hand side is (eventually) above the x-axis.

This is because for big values of x the highest power dominates the expression.

(If x = 1000, x° is bigger than 50x7).

Examples y=x"-3x-1 y=10-x

These are often referred to (informally!) as happy and sad parabolas respectively © & .

y=x—3x-2 y=2-x-x
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Exercise 3.2

Sketch (do not plot) the general shape of the graphs of the following curves.

Axes are not required but can be included in the questions marked with an asterix.

1 y=x>=3x+2 2 y=—=x+5x+1
3 y=1-x 4 y=@x-2)(x+4)
5 y=(B-x)2+x) 6 y=(1-x)(5-x)
7 y=x 3 y=-x
-
N 100 Ja-=
X x
2
11 y=(x-=-2)x-3)(x+1) 12* y==

13 Sketch on the same axes the general shape of the graphs of y =x* and y =x".

14  Sketch on the same axes the general shape of the graphs of y=x* and y =x".



AS and A LEVEL

MATHEMATICS A
AND MATHEMATICS B (MEI)

Student Guide

3.3 Factors

Factors are crucial when curve-sketching.

They tell you where the curve meets the x-axis.

Do not multiply out brackets!

Example Sketch the graph of vy = (x — 2)(x + 3).

Solution The graph is a positive (happy!) parabola
so start by drawing the correct shape

with a horizontal axis across it.

The factors tell you that it hits the x-axis

atx==3andx=2.

-3
Mark these on your sketch:
and only now put in the y-axis, which is
clearly slightly nearer 2 than —3: 3

Note: the lowest point on the graph is
not on the y-axis. (Because the

graph is symmetric, itis at x= _1 )

]
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Repeated factors
Suppose you want to sketch y = (x — 1)°(x + 2).
You know there is an intercept at x = -2,
At x =1 the graph touches the axes, as if it were

the graph of y = (x — 1)* there.

[More precisely, it is very like v = 3(x — 1)* there. That is because, close to x =1, the (x — 1)
factor changes rapidly, while (x + 2) remains close to 3]

Likewise, the graph of y = (x + 2)(x — 1)°

looks like v =(x— 1) close tox = 1.

[Again, more precisely, it is

very like v = 3(x — 1)° there ]
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Exercise 3.3

Sketch the curves in questions 1-21. Use a different diagram for each.
Show the x-coordinates of the intersections with the x-axis.

1

1"

13

15

17

19

21

22

23

24

y=3 2
y=+2)(x-4) 4
y=(x+2)(3r-2) 6
y=-x(x-3) 8
y=(3-x)(2+x) 10
y=x(x—1)(x+2) 12
y=(3 -2 -1 -x) 14
y=(-1)x-3) 16
y=(2-x)x+1) 18

y=—{xr+3x+2)x-1)(x-4) 20

y= -1 -2 -3)°

(a)
(b)
(c)

(@)
(b)

(a)

(b)

Sketch the graph of y =x.
Sketch y = 2x2 on the same axes.

Sketch y =x" + 1 on the same axes.

Sketch the graph of y = Vx.

Sketch y = 2Wx on the same axes.

Sketch the graph of y=2.
X

Sketch y= l+1 on the same axes.
X

y=@x-1)(x-3)
y=x(x—3)
y=x(4x+ 3)

y=Q2-x)x+1)
y=(+2)x—1)(x—4)
y=—x(x-1)@+2)
y=(x-1)(x-3)
y=@x+1)y

y=(+ D)+ —1)x—-2)

y=(x=2y(x+2)y
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25 (a) Sketchthe graphof y = .
2
,,
(b) Sketch y = —on the same axes.
2
26 (a) Sketchthegraphofy=x"

(b)  Sketch y =2x* on the same axes.

27 (@)  Sketch the graph of y =x*.

(b)  Sketch y =3x* on the same axes.

28 (a) Sketch the graph of y =x° — 4x.
[Hint: It cuts the x-axis at —2, 0 and 2.]

(b)  Sketch ¥ =2x* — 8x on the same axes.

29 (@)  Sketch the graph of y =x% —x~.
[Hint: It cuts the x-axis at 1 and —1, and touches the axis at 0]

(b)  Sketch y =—x*+x? on the same axes.

30 Sketch, on separate axes, the following graphs. Show the x-coordinates of the
intersections with the x-axis.

(@ y=4-x

) y=@-2)+1)
© y=--2)+1)
(@) y=x(r+4)

T

—

€ y=(x-2)
n  y=-+1)
@ y=(1-0C2+x)
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Answers, hints and comments

Exercise 2.1

1 (a) 642.1158 (b) 53.1.3069 (c) 634 2434
(d)  203.6.3364 (e) 120,240 ()  108.4,288.4
2 (a) 642.1158 (b) 53.1.-531 (c) 634 -1166
(d) —23.6.-1564 () 120.-120 (f)  —71.5,108.4
3 (a)  28.62,208. 242 (b) 21,99, 141,219,261, 339
(c)  16.61.106. 151. 196, 241, 286, 331 (d)  106.2.253.7
(e) 1451 () 105
Exercise 2.2
1 @ 4 © EFo L&
2 (a) p=20sm26° g=20cos 26° (b) r=5.6sm32° 5=56cos 32°
(c) t=10s5m 17°, u=10cos 17° (d) v==84cos20° w=284sm 20°
Exercise 3.1
1 (a) 3x—y=2 (b) x—2y+6=0
(€) 3x+4y=12 (d) 14x—4y=5
(e) Sx+12v=9 (H  12x-21y=14
2 (a) y=-2r+8.-2.8 b) y=4x+9:4.9
(c) y=—1ix+2;-42 (d}) y=1ix-5;1L1,-5
(e) y=—2x—4:-2 -4 (f) y=4ix-10; 5. -10
(9) y=—ix+Qi-1. % (h)  y=Ix+111.%
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3 (a) (b)

(c)

(e) (f)

et
o
-
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Exercise 3.2

1
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red y=x>  blue y=x"*

ey =%

blue:y =x°
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Exercise 3.3

1 2
il Y 1 3
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- -1 1 2

18
0

=2 i 2

' J

g .
[In this graph in particular, do NOT worry about
the_v-coordinates of the minimum points. ]
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22
red:y = x°
blue: y = 2x°
purple:y=x+1
23
red:y = \x
blue: y = 2\x

T

=

blue: y=141
X

/
/

T

blue dotted: y = 1 [horizontal

\\ asymptote]

25 red: y =
=

|

blue: y ==

-t

)
L




AS and A LEVEL

MATHEMATICS A
AND MATHEMATICS B (MEI)

Student Guide

26
red-y=x°
/‘ blue: y = 2x*

27

red: y = x*

blue: y = 3x*

28 //
1 red-y=x —4x
blue: y = 2x° —8x
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’ \/\ /\/
red y =x* —x*
blue: y = —x*+x°

30 (a) \ (b) \ /
/\ I::d} \
!

A

(e) (f)
/ 7\
® 4 \
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(9)

NOTE: in parts (b), (c) and (g) in particular, the maximum or minimum point is not on the
y-axis.
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