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Instructions

This booklet is to be completed by any student who wishes to study A level Mathematics at HGS. When you begin lessons,
it will be assumed that you are familiar with this material. You will do a classroom test to check your
understanding.

It is therefore mandatory, i.e. NOT optional.

The content of this booklet is mainly crossover content from Higher GCSE. Although there will certainly be parts which are
unfamiliar to you.

Using this booklet

1. you should attempt each example yourself where possible

2. Use QR code to watch a video solution for all examples covered in a section (e.g. 2.1)

3. Do exercises in an organised manner (e.g. an exercise book, notepad or folder)

4. Check answers from: https://tinyurl.com/yckeua78 or QR code: E . E
5

P

[=];

YOUR TEACHER WILL CHECK YOU HAVE A FULLY COMPLETED BOOKLET AT THE START OF YOUR STUDIES

Page 2




1) Algebraic expressions

1.1) Index laws

https://youtu.be/UO19cAFiii4?si=SV6H1P6w2s
rize7U

1.2) Expanding brackets

https://youtu.be/w7PDJMErfvM?si=z-oKNVDC5
g0QCIMGGP

[=];

1.3) Factorising

https://[youtu.be/Q1IMmQ9iF831A?si=502BANfO
sMdgmdDi

Page 3




1) Algebraic expressions

1.4) Negative and fractional indices

https://youtu.be/dzPnlZbZRH0?si=5g1PYurpXj

kalM8G

[=]

1.5) Surds

https://youtu.be/k6CZyMEi89s?si=qg-
9TboCAeh3M1fN3

1.6) Rationalising denominators

https://youtu.be/Ps46XZwzyrU?si=Bh32wJAI5

- [m] 5 [=]
|
F
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1.1) Index laws
Example o
Simplify these expressions:
Simplify these expressions: x7+ x4

. b 3x2 - 6x* . 20x7 + 15x°
d 6x° =3 e (a’) x2a f 3x)=x* x3 2x Sx?

o

-
2l Xt xS b 2r*x 377 ¢

Expand these expressions and simplify if possible:
a -3x(7x-4) b »(3-2y)
¢ 4x(3x -2+ 5x3) d 2x(5x+3)-52x +3)
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1 Simplify these expressions:

a x* :c - b 2x% x 3x? ¢ :—:

d % e ;:‘ £ ()

g 10x5+2x° h (pPy+p! i (24%+24°

i 8pt=4p’ k 24* x 34° 1 ;:’la-‘i;g-z

m 9x? x 3(x?)* n 3x3 x 2x2 x 4x6 o Ta* x (3a%)?

p (4y%) +2)° q 24} = 3a* x 6a° r 3a* x 24* x &

Chapter 1

2 Expand and simplify if possible:

a 9Yx-2) b x(x+9) ¢ -3y4-3y)

d x(y+3) e —x(3x+9) f -S5x(4x+1)

g (4x + S)x h -3y(5-2)%) i -2x(5x-4)

j Bx =52 k 3(x+2)+(x-7) 1 5x-6-(3x-2)
ma(c+3d*)-3Q2c+d*) n (P+3f+9-22+3r-49)

0o x(3x2=2x+9) p 7(2-5y+3)) q -2°(5-Ty+ 3y
r (x—=2)+3(x+4)-6(x-2) s Sx-34-2x)+6

t 3x2-x(3-4x)+7 u dx(x+3)-2x(3x-7) v 3x(2x+ 1) - 5x2(3x - 4)

3 Simplify these fractions:

g 6x% + 10x°® b 3xd—x7 E 2x4—4x?
2x X 4x

d 8x*+ 5x e 7x7 + 5x? f 9x 3 — 5x?
2x Sx 3x
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1.2) Expanding brackets

 Example )

Expand these expressions and simplify if possible:
a (x+5)x+2) b (x-2y)x2+1) ¢ (x=-y) d (x+y)(3x-2y-4)
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Expand these expressions and simplify if possible:
a x(2x+3)x-7) b x(5x-3y)2x-y+4) c (x=4)x+3)x+1)
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Exercise @

1 Expand and simplify if possible:

a (x+d)x+7) b (x—3x+2) ¢ (x=2)
d (x—y)2y+3) e (v+3r)dx—y) f (2v—4pi3x+y)
g (2x-3)x-4) h (3x+ 2y)2 i (2x+81)(2v + 3)
i (x+5){2v+3v-5) k (x=1){3x—4y-35) I (x—=4y)2x+ y+ 5)
m(x+2y—1)x+3) n (2x+2p+ 3)x+6) o (4—y)idy—x+3)
p dy+33x—1r+2) q (5y—2x+3)x—-4) r (dr—x=-2)5-y)
@ 3 The diagram shows a rectangle with a square cut out.
The rectangle has lengih 3x — y + 4 and width x + 7.
The square has length x — 2. :ﬁizﬂi:a:;z ::::Eg."' Sy wntL:]d L_’SE
Find an expanded and simplified expression £ ENER s DUReES
for the shaded area.
Chapter 1
Bom
il 3cm
2 Expand and simplify if possible: — 10cm
a S(x+1jx—4) b T(x—2H2x+3) ¢ Mx-=-3x-3) e
d x(x— p)x+ ) e x(2x + p)3x+4) fopx—=35x+1) ’
g v3x—2y)(4x +2) h 3(7-x}2x - 5) i x(2x+ )50 -2) @ 4 A cuboid has dimensions x + 2cm, 2x — 1 em and 2x + 3cm.
jox(x+2)x+3y—4d) k y2x+y—1Xx+5) I o(3x+2y-3)2x +1) Show that the volume of the cuboid is 4x* + 12x% + 5x - Gem?.
R ASEE ISR 50 * BRESiRbl=d) ISR L0) 5 Given that (2x + 50)(3x — p)(2x + ¥) = ax® + by + exyv? + dy, where a, b, ¢ and d are
bR e R A GEET=ae v ) P IR0 constants, find the values of @, b, ¢ and d. . ‘ o (2 marks)
§ (x=5)x—4Nx-3) t x4+ IMx=x+ 1) o (2x+3H3Ix—1)x+2)
v 3x—2)2x+ 1(3x—2) w (x4 )i — x—1) x (2x—3yy
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1.3) Factorising

Factorise these expressions completely:
a 3x+9 b x*-5x ¢ 8x?+20x d 9x% + 15x)2 e 3x2-9xy

Factorise:
a x’-5x-6 b x*+6x+8 ¢ 6x2—11x-10 d x*-25 e 4x2-9)?
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Factorise completely:

a x3=-2y2 b x3-25x ¢ x4+ 3x2-10x
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Exercise @

1 Factorise these expressions completely:

a 4x+8

d 2x*+4

g xX*-1Tx

j o6x?-2x
m x>+ 2x

p 57°-20y
s 5x?-25xy
v 12x* =30

g =~ o 83 @ e o

6x—24
4x7+ 20

2x2 +4x

10)2 - 5y
32+ 2y
9x)2 + 12x%y
1222y + 8x)?

X)2 = 23y

L U .
Factorise the quadratic to get thre

-

” = - o — -

20x + 15
6x2 - 18x
It -x
35x2 - 28x
4x7 + 12x
6ab — 2ab?
15y = 20y22
12)? —d4yx

2 Factorise:

a x’+4x

d ¥*+8x+12
g V+5x+6
i X*+x-20
m 5x - 16x+ 3
0 2x*+7x—-15
q x*-4

s 4x2-25

v 2x2-50

Factorise completely:

a ¥+ 2x
d x*-9x
g ' =7x+ 6x

jo2x 4+ 1327 + 15x

D 4 Factorise completely x* — y*.
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Lol I -

2% + 6x

X2+ 3x-40
X-2x-24
2+ 5x+2
6x2—-8x -8
2+ 1407 + 24
x-49

9x2 — 25)2

6x* = 10x +4

M-xl+x
X =-x2-12x
x3 - 64x

x3—dx

(2 marks)

) 5 Factorise completely 6x* + 7x2 - 5x.

X+llx+24

Lo I ]

xX2=8x+12
x2=-3x-10
I 3x2+10x-8

m For part n, take 2 out as a common
factor first. For part p, let y = x2.

u 36x*-4

X 15x2+42x -9

¢ x*-5x

f x*+11x2+30x

2x3 = 5x2-3x

1 3x%+27x2 + 60x

Problem-solving

Watch out for terms that can be written as a
function of a function: x* = (x2)?

(2 marks)



1.4) Negative and fractional indices

Simplify:
.\'3 4- ‘!" 3 ';' 1S 03¢ 3 3 2_‘-2 -X
a o= b x" xx ¢ (x9) d 2x'5 = 4x 0 e VI125x f =

Evaluate:

1 3

a 9: b 64° ¢ 49: d 25

Given that y = Tlg-\': express each of the following in the form kx”, where k and n are constants.

a yi b 4y-!
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Exercise @

1 Simplify:
a x’+x2
d (x3):

g 9xi =3y

— 3~

i VX xVXx
2 Evaluate:

a 25

d 4

g (3)°

[EOL
3 Simplify:

a (64x19)!

2x + x2
x4

e

@ 4 a Find the value of 81-.
b Simplify x(2x 7).

b x%+x7
e (X%
h 5x7+xs

-

Vx) x (Vx)

- = e o
2
>
R

surds.

3 3
X21X X3

(]

f 2 ndx®

i 3x¥x2xs
(/)

Vv

= |

- "N

-~ N

le- -

W bayes
-4_."7
e

P

—
—_—
U‘l
—_
=]
—
-

¢ (125x12)

9x2—15x3
8 3x3

x+4x?
. x3
Sx + 3x2
h 15x3
(1 mar
(2 marl

@ 5 Giventhat y = %.\-3 express each of the following in the form kx”, where k and n are constants.

T

a
b

e

19| e e
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1.5) Surds

Simplify:

il Expand and simplify if possible:
a vI12 b

a \.5(5-\.'5) b (2-\’3‘)(5-#\’3)

3|
|
|
1

o
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Exercise @

1 Do not use your calculator for this exercise. Simplify:

a V28 b V72 c V50
P o V12
d /32 e V90 g —
/37 o L=
g 3 h v20 +v80 i V200 +V18 =72
i ‘-‘T'B- e 2 \‘3-3- + 2\’2_8_ k \'F2—8_ — 2»3-3_ + \"’7 | \"% - 2\’-2—6 - = 3\’3—5_
m 3/80 — 2020 + 5/45 n ‘,‘:_T o V12 +3/48 +V75
N
2 Expand and simplify if possible:
a \“?(2 + \?) b \'FS_(3 - \3) c \-5(4 - \3-)
d 2-V2)3+/3) e 2-V3)3-V7) f 4+/3)2+/3)
g (5-V3)1-V3) h d+V3)(2-V3) i (7-Y1D2+V11)
:E) 3 Simplify V75 - /12 giving your answer in the form a3, where « is an integer. (2 marks)
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1.6) Rationalising denominators

Rationalise the denominator of:
' )
. et g o2 i
V3 3+\2 VS =V2 (1—\3)'
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Exercise @

1 Simplify:
1 1 1 V3
— b — y— d —

B /11 ‘P /15

e "7_5 f —‘,—E— g E h g
V48 V80 V156 V63

2 Rationalise the denominators and simplify:

a : — b l — c l — d E — " e— ! —
1+v3 2+V5 3-v7 3-V5 V5 -v3
3-V2 52 " 11 . V3-V7

f — g = i —— i — | —=
4-V5 245 V8 —v7 3+v11 V3 +v7
\"ﬁ - \‘fl—l Va1 + \—2—9 \"5 - \"i
V17 +V11 V4l —=v29 v3i-v2

3 Rationalise the denominators and simplify:
1 | 4

v N € = Fu
(3—\"2)“ (2+v5)? (3-v2)?

d ;.’_' € r"l 3 f r'z =3
(5+\2)3 (5+\2)(3-\2) (5-\3)(2+\3)

B 4 Simplify 3,_; 2\"|5 giving your answer in the Problem-solving
N

You can check that your answer is in the correct
form by writing down the values of p and ¢ and
checking that they are rational numbers.

form p + ¢v'5, where p and ¢ are rational
numbers. (4 marks)
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2) Quadratics

2.1) Solving quadratic equations

https://youtu.be/VBweWkrXn1A?si=dB612sGG

DvhxUOwE EI_'I .E

2.2) Completing the square

https:/[youtu.be/roOgntCk8SA?si=i5cp4zLg4

X5¢cWZ1C
OF IIEI
OF -1

2.3) Functions

https:/[youtu.be/vrkew2WLrg8?si=gqnQns52r5f

L4-5X9Q E . E

[=]
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2.1) Solving quadratic equations

Example o

Solve the following equations:
a ¥-2x-15=0 b x*=9x
c 6x2+13x-5=0 d 2-5x+18=2+3x
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Example
Example o

Solve the following equations
a 2x-3)p=25 b (x-32=7 Solve 3x? — 7x -1 = 0 by using the formula.
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Exercise @

1 Solve the following equations using factorisation:

a x2+3x+2=0 b x2+5x+4=0
e X>-8x+15=0 f ¥-9x+20=0

2 Solve the following equations using factorisation:

c X+Tx+10=0 d x2-x-6=0
g ¥-5x-6=0 h ¥¥-4x-12=0

a x2=4x b x2=25x ¢ 3x?=6x d 5x?=30x

e 2x2+7x+3=0 f 6x2-7x-3=0 g 6x2-5x-6=0 h 4x* - 16x+15=0
3 Solve the following equations:

a 3x245x=2 b 2x-3)2=9 ¢ (x=7P=36 d 2x2=38 e Ix2=5

f (x=-3)2=13 g Bx-1y=11 h 5x2-10x2=-T+x+x2

i 6x2-T=1lx j 4x2 4+ 17x=6x-2x?
4 T?lis shape has an area of 44m?. | I Divide the shape into two sections:

Find the value of x. T (x+ Hm

xm

® 5 Solve the equation Sx + 3 =v3x+7.

2xm

Page 22
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2.2) Completing the square

Complete the square for the expressions:
a x2+8x b x2-3x ¢ 22+ 12x Write 3x? + 6x + | in the form p(x + ¢)* + r, where p, ¢ and r are integers to be found.
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Solve the equation x* + 8x + 10 = 0 by completing the square.

: : ion 2%2 — 8 = : -
Give your answers in surd form. Solve the equation 2x? — 8x + 7 = 0. Give your answers in surd form.
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crcse @)
- m In question 3d,
1 Solve the following equations using the quadratic formula. 1 Complete the square for the expressions: write the expression as
Give your answers exactly, leaving them in surd form where necessary. 2 ¥4 dx b 32— 6x & B=l6x A Ri% o 3= 14 —4x? - 16x + 10 then
24 3y 2_ 3y B 2 take a factor of -4 out
ax+3x+1=0 b x-3x-2=0 c +6x+6=0 d ¥-5x-2=0 of the frst two tinms
e 3x2+10x-2=0 f 4x2-d4x-1=0 g 4x2-Tx=2 h 11x2+2x-7=0 2 Complete the square for the expressions:

a22+16x bxi-2dx e 5x2+20x d 22-5x e Sx-2¢ |[EERIEES

2 Solve the following equations using the quadratic formula.
Give your answers to three significant figures.

-~ wwr -

3 Wriie each of these expressions in the form p{x + ¢)* + r, where p, ¢ and r are consianis

a X+dx+2=0 b -8x+1=0 ¢ X+1lx-9=0 d x-Tx-17=0 ‘°b°f°"“d: ) . . )
e 5x2+49x—-1=0 f 2x2—3x—18=0 g 3Ix2+ 8= 16x h 22+ 1lx=5x2-18 a 2x*+8x+1 b 5x*-15x+3 ¢ 3¥+2x-1 d 10-16x-4x" e 2x-8x*+10
) ) ) @ 4 Given that x2 + 3x + 6 = (x + @)? + b, find the values of the constants « and b. (2 marks)
3 For each of the equations below, choose a suitable method and find all of the solutions.

Where necessary, give your answers to three significant figures. @ 5 Write 2 + 0.8x — 0.04x? in the form A — B(x + C)’, where A, B and C are constants to
a xX+8x+12=0 b xX+9%-11=0 be determined. (3 marks)
¢ x*-9x-1=0 d 2x2+5x+2=0 @ Youcaﬁr:’usean:hmelh?d

N N you are confident with to solve

2 < = 2 = t

¢ (2x+8)=100 fows6=lo these equations. solutions to quadratic equations quickly.

g 2x*—11=7x h x=V8x-15 H

1 Solve these quadratic equations by completing the square. Leave your answers in surd form.

21 a +6x+1=0 b x>+ 12x+3=0 ¢ X2+4x-2=0 d x2-10x=5
2 Solve these quadratic equations by completing the square. Leave your answers in surd form.
a2xi+6x-3=0 b 5x*+8x-2=0 ¢ 4x1-x-8=0 d 15-6x-2x*=0
Ohstar 2 @ 3 x?-14x + 1 =(x + p)* + ¢, where p and ¢ are constants.
a Find the values of p and q. (2 marks)
D 4 This trapezium has an area of 50m>. b Using your answer to part a, or otherwise, show that the solutions to the equation
Show that the height of the trapezium is equal to 5(v'5 - I)m. x? = 14x + | =0 can be written in the form r * 53, where r and s are constants
X me—,
Problem-solving to be found. (2 marks)
‘l Height must be positive. You will have to discard 4 By completing the square, show that the solutions to Problem-solving
the negative solution of your quadratic equation. the equation x? + 2bx + ¢ = 0 are given by the formula

Follow the same steps as you would
if the coefficients were numbers.

x=-bt/b—-c. (4 marks)
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2.3) Functions

The functions f and g are given by f(x) = 2x - 10 The function f is defined as f(x) = x>+ 6x - 5, x € R.

and g(x)=x>-9,xeR. a Write f(x) in the form (x + p)* + ¢.

a Find the values of f(5) and g(10). b Hence, or otherwise, find the roots of f(x). leaving your answers in surd form.

b Find the value of x for which f(x) = g(x). ¢ Write down the minimum value of f(x), and state the value of x for which it occurs.
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Find the roots of the function f(x) = x*+ 7x* - 8, x e R.
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Exercise @

1 Using the functions f(x) = 5x + 3, g(x) = x> - 2 and h(x) = yx + 1, find the values of:

a f(1) b g(3) ¢ h(8) d f(1.5) e g(v2)
(4)
f h(-1) g fld)+22) h £(0) + g(0) + h(0) i % i
2 The function f(x) is defined by f(x) = x* - 2x, x € R. (€) 6 The function f is defined as f(x) = x* - 2x + 2, xER.

Given that f{a) = 8, find two possible values for a. Substitute x = a into the function and a Write f(x) in the form (x + p)* + g, where p and ¢ are constants to be found. (2 marks)

set the resulting expression equal to 8.

3 Find all of the roots of the following functions: b Hence, or otherwise, explain why f{x) > 0 for all values of x, and find the minimum

a f(x)=10-15x b g(x)=(x+9)x=-2) ¢ h(x)=x2+6x-40 value of f(x). (1 mark)
j(x) = 144 - x2 X)=x(x+5)(x+7 x) =X+ 5x2 - 24x : " 2
d Jtx) ' € klx)=x(x+3)x+7) [ m(x)=x’43x ' 7 Find all roots of the following functions:
26 a f(x)=x6+9x° +8 b g(x)=x - 12x2 + 32 CID e functionin
¢ h(x)=27x+26x*-1 d j(x)=32x10—-33x5+ 1 part b has four roots.

e k(x)=x-TWx+10 f m(x)=2x5+2x3-12

8 The function f is defined as f(x) = 3** - 28(3") + 27, x € R. =
Problem-solving

a Write f(x) in the form (3% — a)(3* — b), where a and b are
4 The functions p and q are given by p(x) = x> = 3x and q(x) = 2x - 6, x €R. real constants. (2 marks) Consider f(x) as a

: . ; i i function of a function.
Find the two values of x for which p(x) = q(x). b Hence find the two roots of f(x). (2 marks)

Quadratics

5 The functions f and g are given by f(x) = 2x* + 30x and g(x) = 17x%, x€R.
Find the three values of x for which f(x) = g(x).

Page 28



3) Equations and inequalities

3.1) Linear simultaneous equations https://youtu.be/5SpbJOzKGF42si=XB4k1gam

xgYymo6F7
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3.1) Linear simultaneous equations

Example e
Example o Solve the simultaneous equations:

) S 2x-y=1
Solve the simultaneous equations: 4x + 2y =-30
a 2x+3y=8 b 4x-5y=4
3x-y=23 6x+2y=25
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Exercise @

1 Solve these simultaneous equations by elimination:

alx-y=6 b Tx+3y=16 ¢ Sx+2y=6
4x +3y=22 2x+9y=29 3x-10y =26
d 2x-y=12 e 3x-2y=-6 f 3x+8y=33
6x + 2y =21 6x +3y=2 6x=3+5y
2 Solve these simultaneous equations by substitution:
a x+3y=11 b 4x-3y=40 ¢ Ix-y=17 d 2y=2x-3
4x-Ty=6 2x+y=35 10x +3y=-2 Jy=x-1
3 Solve these simultaneous equatgons: m First rearrange
x=2y
alx-2+5=0 b-—"=4 ¢ 3y=5(x-2) SO DnAND
3 the same form
S(x+y)=6(x+1) 2x+3y+4=0 I x-1)+y+4=0 egax+by=c
4 3x+ky=8
x=2ky=5 Problem-solving
are simultaneous equations where X is a constant. k is a constant, so it has the
a Show that x = 3. (3 marks) same value in both equations.
b Given that y = % determine the value of k. (1 mark)
5 2x—py=5
4x+5y+¢=0

are simultaneous equations where p and ¢ are constants.
The solution to this pair of simultaneous equationsisx =¢q, y = -1.
Find the value of p and the value of q. (5 marks)
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5) Straight line graphs

5.1)y=mx+c

https://youtu.be/C7meQTODsnA?si=T57mJnp-

X340nll2 E,_..
=
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5.1)y=mx+c

Work out the gradient of the line joining (-2, 7) and (4, 5) The line joining (2, —5) to (4, a) has gradient —1. Work out the value of a.
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Exercise @

1  Work out the gradients of the lines joining these pairs of points:

a (4,2).(6,3) b (~1,3),(5.4) ¢ (-4.5),(1.2)
d (2,-3).(6,5) e (-3,4).(7,-6) f (-12,3),(-2,8)
g (-2,-4),(10,2) h (3.2).(5.9) i b4y

i (-2.4,9.6),(0,0) k (1.3,-2.2),(8.8,-4.7) 1 (0, 5a), (10a, 0)
m (3b, =2b), (7b. 2b) n (p.p%. (q. ¢%)

90

Straight line graphs

The line joining (3, -5) to (6, @) has a gradient 4. Work out the value of a.

The line joining (5, b) to (8, 3) has gradient —3. Work out the value of .
The line joining (¢, 4) to (7, 6) has gradient % Work out the value of c.

The line joining (=1, 2d) to (1, 4) has gradient —}. Work out the value of d.
The line joining (-3, -2) to (2¢, 5) has gradient 2. Work out the value of e.
The line joining (7, 2) to (f, 3/) has gradient 4. Work out the value of /.

The line joining (3, —4) to (—g, 2g) has gradient —3. Work out the value of g.

Show that the points A(2, 3), B(4, 4) and Problem-solving

((10,7) can be joined by a straight line. Find the gradient of the line joining the points A
and B and the line joining the points 4 and C.

Show that the points A(~2a, 54), B(0, 4a) m Points are collinear if they all lie on
and points C(6a, a) are collinear. (3 marks) the same straight line
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&G o
Write down the gradient and y-intercept of these lines: Example o

a y=-3x+2 bdx-3y+5=0 The line y = 4x — 8 meets the x-axis at the point 2 Work out the coordinates of P.

Write these lines in the formax + by + ¢ =0
a y=4x+3 b_r=—%.\'+5
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Exercise @

1 Work out the gradients of these lines:

a y=-2x+35 b y=-x+7 c y=4+3x

2 B
e y=-3x [ y=3x+3
h 10x-5y+1=0

kd4x+2y-9=0

d _r=:§-x-2
i —x+2y-4=0
1 9x+6y+2=0

g 2x—-4y+5=0
j -3x+6y+7=0

2 These lines cut the y-axis at (0, ¢). Work out the value of ¢ in each case.

a y=-x+4 b y=2x-3 - y=%x—§

d y=-3x e y=%.\-+% f y=2-1x

g 3x-4y+8=0 h 4x-5y-10=0 i -2x+y-9=0

i Tx+4y+12=0 k 7x-2y+3=0 I -5x+4y+2=0
3 Write these lines in the form ax + by + ¢ = 0.

a y=4x+3 b y=3x-2 ¢ y=-6x+7

d y=%x-6 e _v=§x+2 f y=§x

g y=2x-3 h y=-3x+3 i y=-6x-3

i |=—}.\'+% ky:_%x+% 1 _r=%x+%

4 The line y = 6x — 18 meets the x-axis at the point P. Work out the coordinates of P.

® s

® 9
@P) 10

GDRL
@EP) 12
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The line 3x + 2y = 0 meets the x-axis at the point R. Work out the coordinates of R.

The line 5x — 4y + 20 = 0 meets the y-axis at the point A4 and the x-axis at the point B.
Work out the coordinates of 4 and B.

A line / passes through the points with coordinates (0, 5) and (6, 7).
a Find the gradient of the line.
b Find an equation of the line in the form ax + by + ¢ = 0.

A line / cuts the x-axis at (5, 0) and the y-axis at (0, 2).

a Find the gradient of the line. (1 mark)
b Find an equation of the line in the form ax + by + ¢ = 0. (2 marks)
Show that the line with equation ax + by + ¢ =0 (ZET RPN

- a . £
has gradient 5 and cuts the y-axis at B Try solving a similar problem with numbers

first:
The line / with gradient 3 and y-intercept (0, 5)

has the equation ax - 2y + ¢ = 0.
Find the values of a and c.

Find the gradient and y-intercept of the
(2 marks) straight line with equation3x + 7y + 2 =0.
The straight line / passes through (0, 6) and has gradient -2. It intersects the line with

equation 5x — 8y - 15 = 0 at point P. Find the coordinates of P. (4 marks)

The straight line /; with equation y = 3x — 7 intersects the straight line /, with equation
ax + 4y — 17 = 0 at the point P(-3, b).

a Find the value of b.

b Find the value of a.

(1 mark)
(2 marks)



7) Algebraic methods

7.1) Algebraic fractions

https://youtu.be/zkf1lO5EqXA?si=PgGligb-

z09aDnp4 E v E
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7.1) Algebraic fractions

Simplify these fractions:
Txd = 223 + 6x (x+7)2x-1) . X+Tx+12 d x2+6x+5 . 22+ 1x + 12
- (2x-1) (x+3) r+3x-10 (x+3)x+4)
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Exercise @

1 Simplify these fractions:

4x% + 5x2 - Tx
X

138

xS = 5x5+9x3 + x2

.

X

X +4x2+6
c —_—

d IxS-x3-4 8x4 —4x? + 6x
X 2x
Tx3=x4=2 —4x2 + 6x* - 2x
5x -2x

i 9x?—6x+4x* -2

-3x

2 Simplify these fractions as far as possible:

(x+3)(x=-2) (x+4)(3x-1)
(x=2) Bx-1)
d 4+ 10x + 21 X2 +9x+20
(x+3) (x+4)
x2+x=-20 X+3x+2
x2+2x-15 X+5x+4
. 22+7x+6 2x2+9x - 18

V 5)x+2)

(x+6)(x+1)

224+ 3x+ 1 2 +6x+8
Xe=x=12 I+ TIx+2

3 2 _ - ax(x+b
3 %‘:_; 3;;‘ +8:,'; = S_ — ). where a, b and ¢ are constants.

Work out the values of a, b and c.
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Algebraic methods

9x2 — 12x3 - 3x
3x

~xX+9x*-4x3+6
=2x

(x+3)p
(x+3)

xX+x-12

(x-3)

+x-12
x2-9x+18

Ix2-Tx+2
Bx-I)(x+2)

2x2-5x -3
2x2-9x+9

(4 marks)



8) The binomial expansion

8.1) Pascal’s triangle

https://[youtu.be/oX5tuUJj Bw?si=mhyvvg8 f
_I9VEpX : E

EI3%E

8.2) Factorial notation

https:/[youtu.be/ku ywrJ65Z02si=xLgHutUTw

kklv84L :E
=

[=]
-
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8.1) Pascal’s triangle

Use Pascal’s triangle to find the expansions of The coefficient of x? in the expansion of (2 — ¢x)* is 294.
a (x+2y)° b (2x-35)* Find the possible value(s) of the constant ¢.
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Exercise @

1 State the row of Pascal’s triangle that would give the coefficients of each expansion:

a (x+y) b 3x-7)" e (2x+3) d (y=2x)p+4
2 Write down the expansion of:

a (x+)y)* b (p+g) ¢ (a-b) d (x+4)

e (2x-3) f (a+2)° g (3x-4) h (2x - 3y)*
3 Find the coefficient of x* in the expansion of:

a (4+x) b (1 -x)* ¢ (3+2x) d (4 +2x)°*

e (2+x) f (4-3x)° g (x+2)° b (3-2x)

® 4 Fully expand the expression (1 + 3x)(1 + 2x)%. Problem-solving

Expand (1 + 2x)’, then multiply each
term by 1 and by 3x.

@ 5 Expand (2 + y)*. Hence or otherwise, write down the expansion of (2 + x — x*)} in ascending
powers of x.

@ 6 The coefficient of x2 in the expansion of (2 + ax)® is 54. Find the possible values of the constant a.

160

The binomial expansion

® 7 The coefficient of x* in the expansion of (2 — x)(3 + bx)* is 45. Find possible values of the
constant b.

@ 8 Work out the coefficient of x* in the expansion of (p — 2x)*. Give your answer in terms of p.

® 9 After 5 years, the value of an investment of £500 at an interest rate of X% per annum is given by:

500(1+%)5

Find an approximation for this expression in the form A + BX + CX?2, where A, Band Care
constants to be found. You can ignore higher powers of X.
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8.2) Factorial notation

Calculate:
a §! b °C, ¢ the 6th entry in the 10th row of Pascal’s triangle
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Exercise

1 Work out:

a & b 9 L]

ol |
2 Without using a calculator, work out:

Q) v e a Q)

3 Use a calculator to work out:

15 20 20
y ((,) b G “ (lo) d (17)
4 Write each value a to d from 1
Pascal’s triangle using 1 1
"C, notation:
1 2 1
1 3 3 1

1 6 © @ 15

5 Work out the 5th number on the 12th row from Pascal’s triangle.

6 The 11th row of Pascal’s triangle is shown below.
1 10 45
a Find the next two values in the row.
b Hence find the coefficient of x* in the expansion of (I + 2x)'°.

15!

41
9
€ wCs f (5)
e “Cg f IsCs

7 The 14th row of Pascal’s triangle is shown below.
1 13 78
a Find the next two values in the row.

b Hence find the coefficient of x* in the expansion of (1 + 3x)".

8 The probability of throwing exactly 10 heads when a fair coin is tossed 20 times is given by

"
(Ig )0.53“. Calculate the probability and describe the likelihood of this occurring.

@ 9 Show that:

.. nin-1)
a C| =n b ”CJ =

)

(® 10 Given that (30) = % write down the value of a.

13

al’

'
® 11 Giventhat (3) = 1%’ write down the value of p.
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(1 mark)



9) Trigonometric ratios

9.1) The cosine rule

https://youtu.be/LBvY4APYguo?si=roV1i1p-

XjoQDBZI8 E - E
[=]

9.2) The sine rule

https://youtu.be/yZqgpDMZ1EsU?si=k81MU8b

X0Q8MSJJk E;EEF.E
[

9.3) Areas of triangles

https://youtu.be/fphNJlonm1l2si=zBvvpW9TK

WNf6yJ8 E . E
[=]
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9.1) The cosine rule

Calculate the length of the side AB of the triangle ABC in which AC=6.5c¢cm, BC=8.7cm and
ZACB = 100°.

Find the size of the smallest angle in a triangle whose sides have lengths 3cm, Scm and 6 cm.

Page 46



Coastguard station Bis 8 km, on a bearing of 060°, from coastguard station A. A ship Cis 4.8 km,
on a bearing of 018°, away from A. Calculate how far Cis from B.

In AABC, AB=xcm, BC=(x+2)cm, AC=5cmand ZABC = 60°.
Find the value of x.
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Exercise

;

Give answers to 3 significant figures, where appropriate.

1 Ineach of the following lriang]es calculate the length of the missing side.

a B ¢
6.5¢m
N ‘ﬁ
C
A 84cm C
d ¢ B f
10¢m

2 In the following triangles calculate the size of the angle marked x:
a B b B

4cm Sem Tem

25¢m

10em

24cm

C 9 B

10cm

3 A plane flies from airport A on a bearing of 040° for 120 km
and then on a bearing of 130° for 150 km. Calculate the
distance of the plane from the airport.

”

5.5cm C

A ,,

2.5¢m
3.5cm

120km 150km

4 From a point A a boat sails due north for 7km to B. The boat leaves B and moves on a bearing
of 100° for 10 km until it reaches C. Calculate the distance of C from A.

5 A helicopter flies on a bearing of 080° from A to B, where AB = 50 km.
It then flies for 60 km to a point C.
Given that Cis 80 km from A, calculate the bearing of C from A.

6 The distance from the tee, T, to the flag, F, on a particular hole on a golf course is 494 yards.
A golfer’s tee shot travels 220 yards and lands at the point S, where ZSTF = 22°.
Calculate how far the ball is from the flag.

D 7 Show that cos A = § 4
4cm Sem
B 6em C
D 8 Show that cos P = -} Q 2m_ P
3em
4cm
R

9 In AABC, AB=5cm, BC=6¢cmand AC = 10cm.
Calculate the size of the smallest angle.

10 In AABC, AB=9.3cm, BC=62cmand AC=12.7cm.
Calculate the size of the largest angle.

D 11 The lengths of the sides of a triangle are in the ratio 2:3: 4.
Calculate the size of the largest angle.

12 In AABC, AB=(x-3)cm, BC=(x+ 3)cm, AC=8cmand ZBAC = 60°.
Use the cosine rule to find the value of x.

D 13 In AABC, AB=xcm, BC=(x-4)cm, AC=10cm and ZBAC = 60°,
Calculate the value of x.

D 14 In AABC, AB=(5-x)cm, BC= (4 + x)cm, ZABC = 120° and AC = ycm.
a Show that 37 = x> - x + 61.

8 b Use the method of completing the square to find the minimum value of y?, and give the
value of x for which this occurs.

Page 4



@ 15 In AABC, AB = xcm, BC = 5em, AC = (10 - x)em.

4x - 15
2x

a Show that cos ZABC =

b Given that cos ZABC = —%, work out the value of x.

@ 16 A farmer has a field in the shape of a quadrilateral as shown.

D
135m c Problem-solving

You will have to use the cosine rule twice.
60m Copy the diagram and write any angles
or lengths you work out on your copy.

75m

A 120m B

The angle between fences AB and AD is 74°. Find the angle between fences BC and CD.

17 The diagram shows three cargo ships, 4, B and C, which are in N
the same horizontal plane. Ship B is 50 km due north of ship A 4
and ship Cis 70 km from ship 4. The bearing of C from A is 020°.
a Calculate the distance between ships B and C, in kilometres .
to 3 s.f. (3 marks) 70km
y " x 50km
b Calculate the bearing of ship C from ship B. (4 marks) e
A
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9.2) The sine rule

Example o
Example o
In AABC, AB=8cm, ZBAC = 30° and ZBCA = 40°. Find BC.

In AABC, AB=38cm, BC=5.2cm and ZABC = 35°. Find ZABC.
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Exercise @

Give answers to 3 significant figures, where appropriate.

1 Ineach of parts a to d, the given values refer to the general triangle.

a Given thata =8cm, A = 30° B =72° find b.

b Giventhata=24cm, A = 110° C = 22° find c.

¢ Giventhat b= 14.7cm, A = 30°, C =95°, find a.

d Given that ¢ =9.8cm, B=68.4° C=283.7° find a.

2 In each of the following triangles calculate the values of x and y.
b

3

5
@ In partscand d,

start by finding the 6
size of the third angle.

11

P 8
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In each of the following sets of data for a triangle ABC, B
find the value of x. a

a AB=6cm, BC=9cm, ZBAC=117°, ZACB=x

b AC=1lcm, BC=10cm, ZABC=40° LCAB=x
¢ AB=6cm, BC=8cm, ZBAC=60° LACB=x b
d AB=8.7cm, AC=108cm, ZABC=28°, ZBAC=x

In each of the diagrams shown below, work out the size of angle x.

c B
AN
A

a B

A
d B ¢ B f B
10em & 12.4cm
<) Son 7.9¢m ’ A
@ c A &
. A 10.4cm 9.7cm c

A
In APQR, QR =3 cm, ZPQR = 45° and ZQPR = 60°. Find a PR and b PQ.
In APQR, PQ = 15cm, QR = 12c¢m and ZPRQ = 75° Find the two remaining angles.

In each of the following diagrams work out the values of x and y.
b B ¢ B

10.8cm & -

X
- D 8.5¢cm o

Town B is 6 km, on a bearing of 020°, from town A.
Town Cis located on a bearing of 055° from town A
and on a bearing of 120° from town B. Work out the
distance of town C from:

a town A b town B

Problem-solving

Draw a sketch to show the information.



EP) 12

1N e Uldagram AL = pUp = OCHL, LADU = 4D
and ZACB = T72°.
Calculate:
a AB Scm
b CD
T 43°

D Scm

A zookeeper is building an enclosure for some llamas.
The enclosure is in the shape of a quadrilateral as shown.

If the length of the diagonal BD is 136 m
a find the angle between the fences AB and BC
b find the length of fence AB

In AABC, AB= xcm, BC= (4 - .\')Cm, Problem_solving
ZBAC = yand ZBCA = 30°.
You can use the value of sin y directly in your
sz_, show that calculation. You don't need to work out the value of y.
v
x=4(2-1) (5 marks)

Given that sin y =

A surveyor wants to determine the height of a , “
building. She measures the angle of elevation [No Title]
of the top of the building at two points I15m

apart on the ground.

a Use this information to determine the height

of the building. (4 marks) “ A
b State one assumption made by the surveyor —
I5m

in using this mathematical model. (1 mark)
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Example o Give answers to 3 significant figures, where appropriate.

In AABC, AB=4cm, AC =3cm and £ZABC = 44°. Work out the two possible values of ZACB. 1 In AABC, BC=6cm, AC=4.5cm and ZABC = 45°.
a Calculate the two possible values of ZBAC.
b Draw a diagram to illustrate your answers.

2 In each of the diagrams shown below, calculate the possible values of x and the corresponding
values of y.

C B

3 In each of the following cases AABC has ZABC = 30° and AB = 10cm.
a Calculate the least possible length that AC could be.
b Given that AC = 12 cm, calculate ZACB.
¢ Given instead that AC = 7 cm, calculate the two possible values of ZACB.

184

Trigonometric ratios

@ 4 Triangle ABC is such that AB=4c¢m, BC = 6¢cm and ZACB = 36°. Show that one of the possible
values of ZABC is 25.8° (to 3 s.f.). Using this value, calculate the length of AC.

® 5 Two triangles ABC are such that AB=4.5cm, BC = 6.8cm and ZACB = 30°. Work out the value
of the largest angle in each of the triangles.

(E/P) 6 a A cranearm AB of length 80 m is anchored at
point B at an angle of 40° to the horizontal.
A wrecking ball is suspended on a cable of
length 60 m from A. Find the angle x through
which the wrecking ball rotates as it passes the
two points level with the base of the crane arm

at B. (6 marks)
b Write down one modelling assumption you
have made. (1 mark)
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9.3) Areas of triangles

Work out the area of the triangle shown below. In AABC, AB=5cm, BC = 6¢cm and ZABC = x. Given that the area of AABC is 12¢cm? and that
B AC 1s the longest side, find the value of x.
42cm
¢
A oy
6.9cm
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53.13...° and 126.86...° but here you know B is

the largest angle because AC is the largest side.

1 Calculate the area of each triangle.

n 5 3 A fenced triangular plot of ground has area 1200 m*. The fences along the two smaller sides are
a

60m and 80 m respectively and the angle between them is 6. Show that # = 150°, and work out
the total length of fencing.

$.6cm & 3.5cm @ 4 Intriangle ABC, BC = (x + 2)cm, g

AC = xcm and ZBCA = 150°.

\
¥

Lo B Given that the area of the triangle o
A . . :
is Scm?, work out the value of x, @
186 giving your answer to 3 significant figures. o (x+2)em €
5 In APQR. PQ = (x +2)cm, PR=(5 - x)cm and ZQPR = 30°.

The area of the triangle is 4 cm?.

Trigonometric ratio a Show that 4 = %(]0 +3x - x9. (3 marks)
b Use the method of completing the square, or otherwise, to find the maximum

value of A, and give the corresponding value of x. (4 marks)

2 Work out the possible sizes of x in the following triangles.

a B b c . c 6 In AABC, AB=xcm, AC=(5+ x)cm Problem-solving

b 40cm o a:,d ZB“.{C f 130", Gitwen itk the wuewiof fhio x represents a length so it must be positive.
] B B v triangle is 37cm?
30cm C i a Show that x satisfies the equation x2 + Sx — 15=0. (3 marks)
6.5cm e 8cm b Calculate the value of x, giving your answer to 3 significant figures. (3 marks)
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10) Trigonometric identities and equations

10.1) Angles in all four quadrants https://youtu.be/5intm9ZNP4M?si=YC6ftnl-
7xKU3-]

10.2) Exact values of trigonometrical ratios https://youtu.be/yZqgpDMZ1EsU?si=k81MU8b
XOQSMSJJk E . E
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10.1) Angles in all four quadrants

Write down the values of: Write down the values of®
a sin90° b sin 180° ¢ sin270° a tan4s5° b tan 135° ¢ tan225°
d cos 180° e cos(-90)° f cos450° d tan(-45°) e tan180° f tan90°
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Find the signs of sin #, cos #and tan #in the second quadrant. Express in terms of trigonometric ratios of acute angles:
a sin(-100°) b cos330° ¢ tan500°

Page 58



Exercise @

1

Draw diagrams to show the following angles. Mark in the acute angle that OP makes with the
X-axis.

a -80° b 100° ¢ 200° d 165° e —145°
f 225° g 280° h 330° i —-160° j -280°

State the quadrant that OP lies in when the angle that OP makes with the positive x-axis is:
a 400° b 115° ¢ -210° d 255° e —100°

Without using a calculator, write down the values of:
a sin(-90°) b sin450° ¢ sin 540° d sin(—450°) e cos(—-180°)
f cos(=270°) g cos270° h cos810° i tan360° j tan(-180°)

Express the following in terms of trigonometric ratios of acute angles:

a sin240° b sin(-80°) ¢ sin(=200°) d sin 300° e sin460°
f cosllO® g cos260° h cos(=50°) i cos(=200°) j cos545°
k tan 100° I tan325° m tan(-30°) n tan(-175°) o tan600°
Given that #is an acute angle, express in terms of sin 4 m The results

a sin(-4) b sin(180° + #) ¢ sin(360° - 4) obtained in questions
d sin(=(180°+#)) e sin(=180°+#) f sin(=360°+4) 5 and 6 are true for all
g sin(540° + #) h sin (720° - 4) i sin(#+720°) ales of i

Given that #is an acute angle, express in terms of cos #or tan &

a cos(180°-#) b cos(180° + #) ¢ cos(=#4) d cos (—=(180° - #))

e cos(#-360°) f cos(4-540°) g tan(-%) h tan(180° - #)

i tan(180° + #) j tan(-180°+4#) Kk tan(540° - 4) 1 tan(#- 360°)
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10.2) Exact values of trigonometrical ratios

Find the exact value of sin (-210°). 1 Express the following as trigonometric ratios of either 30°, 45° or 60°, and hence find their
exact values.
a sin 135° b sin(-60°) ¢ sin330° d sin420° e sin(-300°)
f cos120° g cos 300° h cos225° i cos(-210°) j cosd495°
k tan 135° 1 tan(-225°) m tan 210° n tan 300° o tan(-=120°)
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11) Vectors

11.1) Vectors

https://youtu.be/Oa0432GabNQ?si=0VZxY688
riLTzgRC

11.2) Representing vectors

https://youtu.be/yZqgpDMZ1EsU?si=k81MU8b
X0Q8MSJJk
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11.1) Vectors

Example

The diagram shows vectors a, b and c.

Draw a diagram to illustrate the vector addition
a+b+ec.

In the diagram, QP = a, OR =b, 0S =cand RT =d.
Find in terms of a, b, ¢ and d:

a}T.S" bﬁ
— —)
¢ PT d 7S

Page 62



Example o

ABCD is a parallelogram. 4B =a, AD = b. Find AC.

D C
| |

b W This is called the parallelogram law
for vector addition.

A 1 B

Show that the vectors 6a + 8b and 9a + 12b are parallel.

In triangle ABC, AB =a and AC =b. /\

P is the midpoint of AB. p Q

Q divides AC in the ratio 3:2. / XC
Write in terms of a and b: 8

a B—C‘. b /F’) ¢ E d P_Q.

Page 63



The diagram shows the vectorsa, b, cand d.

+ . + + - + -
Draw a diagram to illustrate these vectors: t / Tttet—111
aa+c b -b sy ,',‘..=...
cc-d d btc+d '.‘:L.l/
e a-2b f 2c+3d ! e

g a+b+c+d

L

ACGI is a square, Bis the midpoint of AC, Fis the midpoint C 2 '

of CG, H s the midpoint of G/, D is the midpomnt of Al

AB =band AD =d. Find, in terms of b and d: .

a AC b BE ¢ HG d DF 12

5 ITE. f E!. g ITB. h F_E:. b

i AH i BI k El | FB A= 1

OACB s a parallclogram. M, Q, N and P arc A o

the midpoints of OA, AC, BC and OB

respectively. / - / /
M, ¢

Vectors p and m are equal to OP and (T‘i
respectively. Express in terms of p and m.

a04 bOB c¢BV dbDp O
e OD f :FQ. g @ h AD
icD jAP kBM 1| NO
In the diagram, PQ =3, 05 =b, SR =cand PT =d. 2
Findintermsof a. b, c and d: a b
a Q_T. b P_R.
¢ 75 d TR r
[ 4
In the tnangle POR, PQ = 2a and QR = 2b. R
The midpoint of PRis M. Find, in terms of a and b:
a PR b PM ¢ Q_H.

ABCD 1s a trapezium with AB parallel to DC and DC =34B.
M divides DC such that DM:MC=2:1. 4B =aand BC =b.
Find, in terms of a and b:
a .al_u.' b B-_D‘

Problem-solving

Draw a sketch to show the
information given in the

— question.

¢ MB d DA
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0ABC s a parallelogram. OA =2 and OC = b. 4 B
The point P divides OB in the ratio 5:3. .

Find, in terms of a and b:

a OB  boOP c AP 0%

State with a reason whether each of these vectors is parallel to the vector a - 3b:

a2a-6b b da-12b d 3b-a e 9b-3a

f la-ib

In tnangle ABC, AB =aand AC =b. A

P is the midpoint of AB and Q is the midpoint of AC. o

a Write in terms of a and b: ’/\
iBC AP i AQ v PQ . |

b Show that PQ is parallel to BC.

¢ a+3b

OABC is a quadrilatcral. OA = a, OC = 3band OB =a + 2b. 4 ,

a Find, in terms of a and b:
iAB i CB

b Show that ABis parallel to OC.

The vectors 2a + kb and 5a + 3b arc parallel. Find the value of &.



11.2) Representing vectors

'=(§)‘“““’=(-3|)

Find a ia ba+h ¢ 2a-3b

a=3i-4j,b=2i+7j

Find a{;a ba+b c 3a-2b

a Draw a diagram to represent the vector =3i + j
b Write this as a column vector.

Given that a = 2i + 5§, b= 12i - 10j and ¢ = -3i + 9j, find a + b + ¢, using column vector notation in
your working.

Given a = 5i + 2j and b = 3i - 4j,
find 2a - bin terms of i and j.
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& i

1 These vectors are drawn on a grid of unit squares. N
Express the vectors vy, v,, v3, ¥4, vgand vgin: B
(1) i, j notation (11) column vector form @ 5
A
® s
237
® 7
Chapter 11
2 Given that a = 2i + 3j and b = 4i — j, find these vectors in terms of iand j. 8
a da b %a ¢ -b d 2b+a
e 3a-2b f b-3a g 4b-a h 2a-3b
3 Given thata = (9) b= (” andc= (—8) find: *
7 -3 -1
a S5a b—%c ¢ a+b+c d 2a-b+c
e 2b+2c-3a f la+ib %) 10
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Given that a = 2i + 5jand b = 3i - j, find:
a Aif a+ Abis parallel to the vectori b if sz + b is parallel to the vector j

Given that ¢ = 3i + 4jand d = i - 2j, find:

a Aif e+ Adis parallel toi+j b uif g +dis parallel to i + 3j
¢ sif ¢— sdis parallel to 2i +j d rifd - reis parallel to -2i + 3j
—_— — B
In triangle ABC, AB =4i + 3jand AC = 5i + 2j.
Find BC. &
(2 marks)
A
OABC is a parallelogram. = = = = A B
P divides ACin the ratio 3:2. 04 =2i + 4j, OC =7i.
Find in i, j format and column vector format: r

—_ — .
a AC b OP c AP

(] = (s

el (D)=

You can consider b - 2a = ¢ as two linear
equations. One for the x-components
(2 marks) and one for the y-components.

Given that b - 2a = ¢, find the values of jand k.

(B o (e

Given that a + 2b = ¢, find the values of p and q. (2 marks)

The resultant of the vectors a = 3i — 2j and b = pi — 2pj is parallel to the vector ¢ = 2i - 3j.

Find:

a the value of p (4 marks)
b the resultant of vectorsa and b. (1 mark)



12) Differentiation

12.1) Gradients of curves

https://youtu.be/hzdHcgFasT4?si=xoHFNCjGh

ZFZ49mW

Page 67




12.1) Gradients of curves

The diagram shows the curve with equation y = x°. f 5 e 211 a33d)
The tangent, T, to the curve at the point A(1, 1) is shown. ' / l
Point A 1s joined to point P by the chord AP. TR ? FEH A
a Calculate the gradient of the tangent, 7. : =
b Calculate the gradient of the chord AP when P Jj s Mttt
has coordinates: N : 3
i (2.9 i
i (1.5 225) - ni: Tt ~
i (1.1,1.21) iR R
iv (1.01, 1.0201) : :
v (1+h (1407 iEsiasssnanyl : HHHHHHHH
¢ Comment on the relationship between your Wit
answers to parts a and b.
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Exercise @

1 The diagram shows the curve with equation y = x? - 2x.

a Copy and complete this table showing estimates for

the gradient of the curve.

x-coordinate

Estimate for gradient of curve

b Write a hypothesis about the gradient of the curve at

the point where x = p.

¢ Test your hypothesis by estimating the gradient of

the graph at the point (1.5, -0.75).

2 The diagram shows the curve with equation y =1 — x2.
The point A has coordinates (0.6, 0.8).
The points B, Cand D lic on the curve with x-coordinates 0.7, 0.8 and 0.9 respectively.

@ Place a ruler on the graph
to approximate each tangent.

£ Iamn + I{ 333 5 - e ew
i L
ssssasanassanannansas asnisanass BN
i B
rhrepedte + 53 e . N\ it -
- 1Y
e b f ot e - »ot' . . L +
B - . ++ sty N T
e - S RESRERS RS =1
B R 3. i e HHT
H+ 3 . sqrats site + 4 e
'F - II. - - "‘!"
L LLLTELL ARBEES 1‘%521.1 Ll LLLILLLY L1l
a Verify that point A lies on the curve.
b Use a ruler to estimate the gradient of the curve at point A.
¢ Find the gradient of the line segments:
i AD
ii AC m Use algebra for part ¢.
iii AB

d Comment on the relationship between your answers to parts b and c.
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3 Fisthe point with coordinates (3, 9) on the curve with equation y = x2.

a Find the gradients of the chords joining the point F to the points with coordinates:
i 4.16) ii (3.5,12.25) iii (3.1,9.61)
iv (3.01,9.0601) v (3+h(3+hP)

b What do you deduce about the gradient of the tangent at the point (3, 9)?

G is the point with coordinates (4, 16) on the curve with equation y = x2.

a Find the gradients of the chords joining the point G to the points with coordinates:
i (525 i (4.5,20.25) iii (4.1, 16.81)
iv (4.01, 16.0801) v (d+h 4+ 0P

b What do you deduce about the gradient of the tangent at the point (4, 16)?



14) Exponentials and logarithms

14.1) Exponential functions

https://youtu.be/45xMAKFIpJQ?si=4p1vKryOF
Jojh-Ip
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14.1) Exponential functions

a On the same axes sketch the graphs of y = 3%, y =2 and y = 1.5% Sketch th hof (,}‘-3 Give th dinates of th it where th h crosses th 3
b On another set of axes sketch the graphsol'_r=(%)‘and_r:.‘l‘_ ctch the graph of y = |5) . Give the coordinates of the point where the graph crosses the y-axis.
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the graph of y = [5) with scale factor 8.

Exercise @

1 a Draw an accurate graph of y = (1.7), for -4 = x = 4.
b Use your graph to solve the equation (1.7)* = 4.

2 a Draw an accurate graph of y = (0.6), for -4 = x < 4.
b Use your graph to solve the equation (0.6)* = 2.

3 Sketch the graph of y = 1*.

@ 4 For cach of these statements, decide whether it is true or false, justifying your answer or offering

a counter-example.
a The graph of y = a* passes through (0, 1) for all positive real numbers a.
b The function f(x) = @* is always an increasing function for a > 0.
¢ The graph of y = a*, where a is a positive real number, never crosses the x-axis.

5 The function f(x) is defined as f{x) = 3%, x € R. On the same axes, sketch the graphs of:
a y=f(x) b y=2f(x) c y=flx)-4 d y= l'[%\)

Write down the coordinates of the point where each graph crosses the y-axis, and give the

equations of any asymptotes.
Problem-solving

® 6 Thc graph of y = ka* IPRERCR through the Substitute the coordinates into y = ka* to create
points (1, 6) and (4, 48). Find the values two simultaneous equations. Use division to
of the constants k and a. eliminate one of the two unknowns.
313

Chapter 14

@ 7 The graph of y = pg* passes through the points (=3, 150) and (2, 0.048).
a By drawing a sketch or otherwise, explain why 0 < g < 1.
b Find the values of the constants p and q.
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