A Level Maths Transition Pack @ Lambeth Academy
\0{‘ A T’]e '!}DST.iI.‘I everyone™

Dear prospective students,

Please complete the weekly tasks to prepare you for the transition to A Level Maths. There are examples at the start
of each exercise to help you, and solutions are provided (at the end of the booklet) so you can self-assess your work.

These tasks are the foundation of A Level Maths and securing these will help you enhance your mathematical skills
and knowledge.

| have included Hegarty maths clips in case you would like these for additional support but completing these is not
required.

You must complete and submit the weekly assessment at the end of each week. Solutions are not
provided for these, and we will mark them to assess your understanding.

In terms of the course outline, you'll be studying Pure Maths, Statistics and Mechanics and you will sit three exams
at the end of year 13.

Paper 1: Pure Mathematics (2 hours)

Paper 2: Pure Mathematics (2 hours)

Paper 3: Statistics & Mechanics (2 hours)

Thank you for choosing A Level Mathematics at Lambeth Academy

If you have any further questions, please do not hesitate to contact me.
Kind regards,

Mr Moodliar

Lead Practitioner & Key Stage 5 Lead in Mathematics
jmoodliar@lambeth-academy.org
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Week 1 Task 1

Indices

Index notation (i.e. powers) can be used to show repeated multiplication of a number or letter.
For example, 2 x 2 x 2 x 2= 2%, This is read as “2 to the power 4",

: . . s < index
In index notation, the base is the value that you're multiplying (here, 2) 24
and the index is the number of instances of that value (here, 4) base >

I d . Week 1 Task 1
indices HM: 102, 105, 106, 107
Example 1

Rewrite the following using index notation: a) 3x3x3x3x3  b) bxbxbxbxcxc
a) There are five lots of 3. IxIxIxIx3=P

b) There are four Asandtwocs. bxbxbxbxcxc=5b"*c?=b'c?



Indices

Example 2
Simplify (5.

With powers of fractions, the power is applied
to both the top and bottom of the fraction.

Indices

Exercise 1

Q1 Using index notation, simplify the following.

a 2x2x2x2x2

Q2 Rewrite the following as powers of 10.
a) 10x10x 10 b) 10 million

Q3 Using a calculator, evaluate the following,

a 3 b) 2 ¢ 39
g 8 +4°

e Ix2° f) 8+2°

Q4 Write the following as fractions without indices. @

i (1) b (z) a3

e (i) 0 () g

b) 7x7x7x7x7x7x7

Week 1 Task 1
HM: 102, 105, 106, 107

(3)=%=2%
Week 1 Task

HM: 102, 105, 106, 107

€ IxIxxxxxxxyxy
¢) 100 000 000

d 9
h) (9 +4)

d (5)

h (3]



Laws of Indices Woek 1 Task 2

HM: 102, 105, 106, 107

The laws of indices let you simplify complicated-looking expressions that involve powers.

@ xa'=a"*"  When multiplying powers with the same base, you add the indices.
a"+a'=a""  When dividing powers with the same base, you subtract the indices.
(@")'=a"*"  When raising one power to another, multiply the indices.
1

a'=a Anything to the power 1 is just itself.

=1 Anything to the power 0 is 1.

Laws of Indices Weelc1 Task 2

HM: 102, 105, 106, 107

Example 3
Simplify the following, leaving the answers in index form.

a) 3%x3° by p* + p° o (177)
a) You're multiplying two terms, so add the indices. 3% x 3% =38+5 =313
b) You're dividing two terms, so subtract the indices. p® + p° =p*~° =p?

¢) For one power raised to another R .
) e (1772 = 1772 = 17"
power, multiply the indices.



u Week 1 Task 2
Laws of Indices
Exercise 2

Q1 Simplify the following, leaving your answers in index form.

a) 3 x 3 b) 107+ 10° 0 a xa d @y

e 8°+8 e g ) h) g—

) foef j 20 k) (g") h gy
D ik ) S g )

Q2 For each of the following, find the number that should replace the square.

a) qk - q.s e ql b) 8. % 81[! - 81_‘ C) {611!}4 s 6. d] {151'.}. i 15_’4
e) (9%/°=9% R e g S"+50=5 hy 124+ 12%=12
Q3 Simplify each expression. Leave your answers in index form.
a) PxPx3 b) 54x 5 x 5% o (P xp d) (9% x 9
e Px7 f) 8 +8'x8 g) (128 + 129 h @)+ g
Q4  Simplify each expression. Leave your answers in index form.
3x3 S X5 y (E2X6°Y 2°x2°
Q) >3 b S5k o (o) d o
5°%5° o 10°+10° (=) (8°)+8"
® 55 Y F0m0° 8 r=r W g xgn
O8) a) Write: (i) 4 as a power of 2 (ii) 4*as a power of 2 (iii) 2* x 4° as a power of 2

b) Write: (i) 9 x 3’ as a powerof 3 (i) 5 x 25 x 125 as a power of 5 (jii) 16 x 2° as a power of 4

Week 1 Task 3

Negative Indice_s HM: 104, 150, 106, 107

You can evaluate powers that have a negative index by taking the

reciprocal of the base (i.e. turning it upside down — the reciprocal of g™ = # (%)1 = (%). =i

=

ais IE and the reciprocal uf% is %} and making the index positive.



Negative Indices

Example 4
Evaluate 5

Week 1 Task
HM: 104, 105, 106, 107

1. Take the reciprocal of the base and make the index positive. | | 1

2. FEvaluate the index in the denominator.

Negative Indices

Exercise 3

Q1 Write the following as fractions.

a) 47 b) 22
Q2  Write the following in the form a.
1 1
a = b) T

Q3 Simplify the following,
3 (3) 9 (3)

Week 1 Task
HM: 104, 105, 106, 107

g 33 d) 2x37

h.:|_.



Week 1 Task 3

Ne ative Indices HM: 104, 105, 106, 107

Example 5

Simplify the following:  a) * + ; b) 2 x ()

a) 1. Rewrite J— as a negative index. Y+ 3 =yt 2y’
2. Subtract the indices. =yt-Hlzy

b) 1. Multiply the indices to simplify. 2=t e NP xgt
2. Now add the indices. =22t W= g0
3. Anything to the power 0 is 1. =1

Week 1 Task 3

Ne atlve Indlces HM: 104, 105, 106, 107

Example 6
Evaluate 2¢ x 5. Give the answer as a fraction.

L
[l
o

da
X

1. Turn the negative index into a fraction. 2% x

2. Evaluate the powers. il




Negative Indices

Exercise 4

Q1 Simplify the following. Leave your answers in index form.

2) 5'x 52 b) &+ gt qzm%%;
e (57) 0 (5 0 oy

Q2  a) Write the number 0.01 as:

(i) afraction of the form 15 (ii) a fraction of the form TE}_

b) Rewrite the following as powers of 10:

Week 1 Task 3
HM: 104, 105, 106, 107

d) KO x k55 &
107 %10 \®
h) 10"+ 10* )

(iii) a power of 10.

(1) 0.1 (i) 0.00000001 (ii1) 0.0001 (iv) 1
Q3 Evaluate the following. Write the answers as fractions.
Q) Fx5 b) 29 x 7 o (3) (3] d) 6+ 62
e (9Fx(57  f) 8Ixgx3 g 105210100 (3] +(3)

Fractional Indices

Week 1 Task 4
HM: 108, 109

If the index is a fraction, you can rewrite the power as a root. The denominator tells you the root to use.

at=ya If the index is ;— then you replace the power with the square root y .

atn va If the index is 1? then you replace the power with the cube root '|,-"J ;

==/a  More generally, if the index is 15 then you replace the power with the mth root %/ .

; e e . .n . . "
ot =(+/a) If the numerator isn’t 1, i.e. the index is " YOu still use the mth root "y

but you also need to raise the root to the power of .




Fractional Indices

Example 7

Evaluate 27%

Split up the index using (a")" = a™*"
Write the fractional index as a root.

Evaluate the root — the cube root of 27 is 3.

N

Evaluate the remaining power.

Fractional Indices

Exercise 5

Q1 Rewrite the following expressions in the form *y/a or (*/a).
W b) a 0 a5

Evaluate the following expressions.

Q 2 647 b) 647 0 167

QG a 125" b 9° ¢ 1000°

Week 1 Task 4
HM: 108, 109

y

27% =272 =(27%)

=(%27)
:3"
=9

Week 1 Task 4
HM: 108, 109

d) a?

d) 1000000
d) 80007



Week 1 Task 5

Multiplving and Dividing Surds v 143, 114

To multiply or divide two surds, combine them into a single surd using the rules below.

yaxyb=yaxb eg /2 x3=y2x3=6. Also, (yb) = b x Vb =ybxb= b =b

Ja=yb= % = \/% eg v8 +v2 =%

This is useful for simplifying expressions containing surds — the aim is to make the number
under the root as small as possible or get rid of the root completely. To do this, split the
number up into two factors, one of which should be a square number. You can then take
the square root of this square number to simplify. When you're done, you'll be left with an
expression of the form ay/b where a and b are integers and b is as small as possible.

=/$=va=2

ro| 2]

V
N

Week 1 Task 5

Multiplving and Dividing Surds MV 113, 114

Example 1
Simplify y/72.

1. Break 72 down into factors — one of

—
them needs to be a square number. V72 =y36x%2
V36 x 2

6 \5

| (8
.

Werite as two roots multiplied together.

3. Evaluate v/36.



Multiplying and Dividing Surds

Example 2
Find /5 % /15. Simplify your answer.
1. Usetherule vaxXvb=vaxh. \E x \,fr =y5X%X15

2. Now find factors of 75 so you can
simplify — remember that one of the
factors needs to be a square number.

Multiplying and Dividing Surds

Exercise 1

Q1 Simplify:
a) 12 b) 20 o /50
e) /108 f) 300 g) V98

Simplify your answers where possible.

a) V2 xy24 b) V3 xy/12
d) v2x%/10 e) v40 X2
g V7 xy35 h) V50 xy/10

Week 1 Task 5
HM: 113, 114

g
V75
"' |
v25 X3
e /
v25 X3

5/3

Week 1 Task 5
HM: 113, 114

d) \.‘éj?

h) /192

Q2  Rewrite the following in the form ay'b, where a and b are integers.

o V3 %24
f) v/3 x460
i vV8x4y24



Week 1 Task 5

Multiplving and Dividing Surds L 113, 114

Example 3
Find V’fﬁ == V'Jﬁ.

/ faee < /40
1. Use therule ya + yb = v f,'; : vm - f’m =vVI0
2. Do the division inside the square root. =4
3. Simplify. =2

Week 1 Task 5

Multiplying and Dividing Surds HM: 113, 114

Example 4
-~ s ."!.__1__ ;49 =
Simplify: a) /3 b) /125 :
y .t , [ f / 1_ . i - l
a) Rewrite as two roots, then evaluate 1 and v4. VE=/372
@ _ ya /49 _ /49
b) 1. Use the rule v ;—‘ == Y 14;9— =——
4 Y b L0 \r’]z)
2. Simplify the surds in the numerator _ 7
and denominator separately. Vv25x5



Multiplying and Dividing Surds

Week 1 Task 5
HM: 113, 114

Exercise 2

Q1

Q2

Calculate the exact values of the following. Simplify your answers where possible.

a) /90 =410 b) V7242

e \.’!m - \"Jg f) \"ﬁ + \-"ﬁ

i) V180+¢9 ) V96 =6

Simplify the following as far as possible.

a) ..r'i_]_ b) R.I
V9 V25

d) /100 e /18
vV 64 vV 200

g) Jr] 8 h) ;;27
V147 V 64

¢ 200 =8 d) V243 =3
g V120+y10 h) V180 +3
k) V484 =22 ) v210+35
o [49
V21
e
f) V35
1) .-'f 98
Vi

Adding and Subtracting Surds

Week 1 Task 6
HM: 115

You can simplify expressions containing surds by collecting like terms — but you can
only add or subtract terms where the number under the root is the same. So you can do
242 +3y2 =5/2 but /2 + /3 can't be simplified — y'a + /b doesn't equal ya +b.
You'll probably have to simplify individual terms first to make the surd parts match.



Week 1 Task 6

Adding and Subtracting Surds HI 115

Example 5
Simplify 12 +2427.,
1. Break 12 and 27 down into factors and 1242427 = J4x3+2,9%3
use the rule ya X b = ya xb. = J4X{3+2%X/9%43
2. Simplify by taking roots of any square numbers. “2{342x3x3:22/3+6/3
3. The surds are the same, so collect like terms. =8y3

Week 1 Task 6

Adding and Subtracting Surds M 115

Exercise 3

Simplify the following as far as possible.
Ql 2 2y3+3/3 b) 747-37 0 2/3+3/7
d) 2/32+3y2 e 2¢27-343 f) 57 +3/28

o 2 2/125-3/80 b) /108 +24/300 0 5294-3/216



Week 1 Task 7

Multiplying Brackets using Surds HVE: 146, 117

Multiply out brackets with surds in them in the same way as you multiply out brackets with variables.
After expanding, simplify the surds that remain if possible. Here are two special cases to keep in mind:

. ({J + 'p'flb )_I =0+ 20*,":5 + }-”51 =0+ 2&*,":5 +h

v (atyba={b)=a"-afb + a/b- b’ = - b—this is the difference of two squares

. . . eek 1 Tas
Multiplying Brackets using Surds e
Example 6

Expand and simplify (3 - /7)2.
.  Write as two sets of (B3 -7)2= {m’rﬂ
brackets and expand. — (3 x 3;15?5';/—"/7)
+ (/7 x 3) + (/7 x—~/7)
2. Simplify V7 x v/7 (p.99). =9-3y7 -3V7 +/7x7
3. Collect like terms. =9-3Y7 -3Y7 +7=16-6/7



MUIti I in Brackets usin Surds Week 1 Task 7

HM: 116, 117
Example 7
Expand and simplify (1+y3)(2-/8).
1. Expand the brackets first. g — e
(1+y3)(2-y8)
-l f J .
2. Simplify the surds — here you ={EX ?}+(] EX _"':? ) +(V3%x2)+(V3x-¢8)
can simplify 8 and v24. =2-y8+2y3-y24
=2-/4x2+2/3-/4%x6
=2-2/2+2/3-2/6
n n = Week 1 Task 7
Multiplying Brackets using Surds HM: 116,117
Exercise 4

Expand these brackets and simplify where possible.

Q1 a) 2+y3p b) (1+y2)1-y2) 0 (5-42p
d 3-3y2)3-42) e 5+v3)3+3) f) (7+242)7-2y2)
M a) (2+/6)4+y3) b) 4-y7)5-42) 0 (1-2y10)6-y15)



Week 1 Task 8

Rationalising the Denominator - 118

‘Rationalising the denominator’ means ‘getting rid of surds from b o
the bottom of a raction’. For the simplesttype, you do thishy == R -
multiplying the top and bottom of the fraction by the surd. b

Week 1 Task 8

Rationalising the Denominator HM: 118

Example 8
Rationalise the denominators of: a) L— b) L—
21{15 \-’8
. 15 " 5 5 V15
a) 1. Multiply by Y= to eliminate — = —— X ——
‘ R PTG 7 e 2/15 2415 /15
V15 from the denominator. 5/15 _ 5415
Remember that y15 x /15 =15 2/15xy15 ~ 2x15
; s RS U _5v§_vﬁ
2. Simplify the fraction. =35 ="%
2 2 48 2/8
- (‘5 e M — y __
b) 1. Multiply by :’8' J8 /8 "/ V8 x 8
I, /
2. Simplify the surd. = 2"?3)(2 = 2)(;'“2
442 V2

3. Simplify the fraction. =—g =9



Week 1 Task 8
HM: 118

Rationalising the Denominator

Exercise 5

Q1 Rationalise the denominators of the following fractions. Simplify your answers as far as possible.

a) {—’ b 8 ) i d L
V6 V8 V5 V3
15 n 9 7 12
) —= ) == 5) — hy ——
“ Vs /3 5 2 V1000

Q2  Rationalise the denominators of the following fractions. Simplify your answers as far as possible.

a) —m b) L 0 —— d) 3_.
5v5 3v3 448 25

o —2— Bt B S W —
iy 6412 Y2 9410

Week 1 Task 8

Rationalisinqg the Denominator S 118

If the denominator is the sum or difference of an integer and a surd (e.g. 1+ y2),
use the difference of two squares (see p.101) to eliminate the surd: (a+b)(a-yb)=d’ - b.
So if the denominator is a + vb, multiply by a = Vb. If it's a = Vb then multiply by a + Vb.



Week 1 Task 8

Rationalising the Denominator LV 118

Example 9
+2/
Rationalise the denominator of %
==

1. Multiply top and bottom

Ty 2+24/: 2+2 )
by (1 + v2) to get rid of the *2y2 _ | »Z)H"-v )

_ . -2 Q- +y
surd in the denominator. 1-y2 (1-v2)(1+y2)
2. Expand the brackets in the _ 2+2/2+2/2+4
numerator and denominator 1+y2-y2-2
3. Simplify any remaining 6+4,2 p
[ =——==6-4y2
surds and the fraction. -1

Week 1 Task 8

Rationalisinqg the Denominator - 118

Exercise 6

—

Q1  Rationalise the denominators of the following fractions. Simplify your answers as far as possible.

a) - b) 5, 0 10 d) - -

I . - [} 4 f3=
2+y2 1-y7 5+411 12-3/17

Q2  Rewrite the following as fractions with rational denominators in their simplest form.

v2 1442 2+y3
A 2432 b 1272 Q1-83
1-¢5 14242 74842
d 2-/5 412/ N 94542
n Show that —. 7 can be written as 2 + 2.
ey
v2
, | . 3-43
881 Show that 7 can be written as ——.
14— £

V3



Week 1 Assessment

Question 1
Simplify:
a) 2% x 4x*

[T mark]
b) 3y

[2 marks]
c) 52°

[1 mark]

Week 1 Assessment

Question 2

Showing every step of your working, prove that{ [1'3 ) = 5{—1

[3 marks]



Week 1 Assessment

Question 3

A square has a side length of (3 + 2y/5) cm. Work out the area of the square in cm?,
] 8 !
giving your answer in the form a + by'5 where a and b are integers.

[2 marks]

Week 1 Assessment

Question 4
A rectangle has a width of (5 - y/10) cm and an area of /360 cm?. Find the length
of the rectangle, giving your answer in the form a + by 10 where a and b are integers.

[4 marks]



Week 1 Assessment

Question 5

x=yx10*where4 <y <10
Find an expression for x? in standard form.

[3 marks]
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Week 2 Task 1

Rearranging Formulae

To rearrange a formula to make a different letter the subject, perform inverse
operations one by one until that letter is on its own on one side of the ‘=’ sign. ~ Tip: An inverse
You might have to expand brackets, factorise and collect like terms together ~ operation does the

to get the subject on its own. opposite of (or ‘undoes')

A : . . . the original operation
You're aiming to end up with something in the form ‘Ax = B’ (where x _ g, the inverse of

is the subject term and A and B are numbers, letters or a mix of both). 858,
You then divide both sides by A to get 'x= ...,

If you ended up with ‘Ax* = B, you'd need to take square roots after dividing by A.
If you do this, remember that there’s a negative root as well as a positive root, so you'll need a + sign.

Week 2 Task 1

Rea rrangin Form u Iae HM: 280, 281, 282, 283, 284, 285, 286

Example 1
Make x the subject of the formula y = 4 + dx.

1. You need to make x the subject, y=4+dx
which means you need to get x on its own.

2. To get the dx term on its own, subtract 4 from both sides. y-4 =dx

3. You now have the form ‘Ax = B, where A = d and y—4
B =y - 4. To getx on its own, divide both sides by d. il
4, Writeas ‘x= ", = 4

a“



Rearranging Formulae e
—gJ— HM: 280, 281, 282, 283, 284, 285, 286
Example 2
. 1-y

Make y the subject of the formula w = —-=.

‘ ; , 1-y
1. To make y the subject, you need to get it on its own. w=—5
2. Multiply both sides by 2 (the denominator of the fraction) 2w=1-y

to get rid of the fraction.
3. Add y to both sides (so it's positive). 2w+y=1
4. Subtract 2w from each side to get y on its own. y=1-2w
Week 2 Task 1

Rearranging Formulae

Example 3
Make r the subject of V' = %mﬁ.

1. To make r the subject, you need to get it on its own.
2. Multiply both sides by 3 to get rid of the fraction.
3. Divide both sides by 4.
4. Take the cube root of each side and write as ‘r =’
—

HM: 280, 281, 282, 283, 284, 285, 286




Week 2 Task 1

Rea rrangin Form u Iae HM: 280, 281, 282, 283, 284, 285, 286

Example 4
If the subject appears more than once, you're going to have to do some factorising

Make a the subject of the formula x(a + 1) = 3(1 - 2a).
1. Multiply out the brackets. x(@+1)=3(1 - 2a)

ax+x=3-6a
2. Collect all the a terms on one side ax+6a=3-x
and the non-a terms on the other.

3. Factorise the left-hand side to

o . alx+6)=3-x
get it into the form to ‘Aa = B’.
s i _3—x
4. Divide by (x + 6) to get a on its own. =776

Week 2 Task 1

Rearra n i n Form u Iae HM: 280, 281, 282, 283, 284, 285, 286

Exercise 1
Q1 Make x the subject of each of the following formulas.
a] y=x + 2 b} 2z=3r+x C]' y= dx

d) k=201 + 2x) e v= %.t -2 f) y41= —";1

Q2  Consider the formula w = T+y"

a) Multiply both sides of the formula by 1 +y.  b) Hence make y the subject of the formula.

Q3 Make y the subject of the following formulas.

3 b) z+2= 2

a) “I=E Ty

dJ atb=

O W=T"%y | 4-3y

Q4  Consider the formula 2k = 12 = yw—2.
a) Make y'w~2 the subject of the formula.

b) By first squaring both sides of your answer to part a), make w the subject of the formula.



Week 2 Task 1

Rearranging Formulae

HM: 280, 281, 282, 283, 284, 285, 286

Exercise 1

Q5  Make w the subject of the following formulas.
a) a=yw by x=1+yw 0 y=yw-2
d) f-3=2/w e j=v3+4w f) a=y1-2w

Q6 Consider the formula r =1 - 3(z + 1.
a) Make (z + 1) the subject of the formula.

b) By first square rooting both sides of your answer to part a), make z the subject of the formula.

Q7  Make z the subject of the following formulas.
a x=1+2 b) 2t=3-2 Q) xy=1-47
d) t+2=3(z-2¢ e g=4-2z+3F fy r=4-205-320

Q8  Make a the subject of the following formulas.

= = O e & §
a) xa+b)=a-1 b) x-ab=c-ad 0 e=79, d) 2e=+"
agm Week 2 Task 2
Identities HM: 154

An equation is a way of showing that two expressions are equal for some particular values of an unknown.
|dentities are like equations, but are always true, for any value of the unknown.
Identities have the symbol ‘=" instead of ‘=",

Eg. x-1=2isan equation — it’s only true when x = 3.
x+1=1+xisanidentity — it’s always true, whatever the value of .

In identity questions, you should rearrange the expressions on either side to see if they're the same.
You don't need to take things to the other side, like you would if you were solving an equation.



Identities Week 2 Task 2

HM: 154

Example 1

In which of the following equations could you replace the ‘=" sign with ‘="2
(i) 6+4x=x+3 (i) x(x=1)==(x-x)

1. You can rearrange equation (i) to give 3x = -3.
This has only one solution (x =-1), so: 6 + 4x = x + 3 isn't an identity.

2. If you expand the brackets in (ii) you get x* - x = —x + x*.
Both sides are the same, so: x(x=1) = -(x - x?) is an identity.
ngm Week 2 Task 2
Identities HM: 154
Example 2
Find the value of kif (x + 2)(x-3) =¥’ -x + k.
1. Expand the brackets on the left hand side. w+2)r-3) =2 -x+k
¥+2x-3x-6=x"-x+k
2. There's an x* and a —x on both sides alreadly, ¥~x~-0=x-x+k

so to make both sides identical, k must be —6. k=-6



Week 2 Task 2

Rearranging Formulae - 154

Exercise 1

Q1 For each of the following, state whether or not you could you replace the box with the symbol ‘=",
a) x-1110 b) x*-3[]3 - ¢ 3+2)-x[]2x+3)
d) ¥ +20+1[Jx+17 e) 42 -x[]2(4 -2 f) 4x-x[]20*-2x)

Q2  Find the value of a if:
a x+5)==x+1+a b) ax+3=5x+2-(x-1 ¢ k+dx-N=x*+ax-4

d k+2P=x+4x+a e 4-¥=a+xa-x il Qx-103-Y=at+7x-3

Q3 Provethat: a) (x+5F +3x-1/ =4’ +x+7) b) 3(x+ 2P -(x-4F=2(x*+10x-2)

- - " 0= Week 2 Task 3
Quadratic Equations by Factorising o 230, 231

232, 233, 234

If you know that the product of two numbers is equal to 0 (i.e. p x ¢ = 0) then one of the factors must be
equal to 0 — either p = 0 or ¢ = 0. You can use this principle to help you to solve a quadratic equation.

Start by factorising the quadratic (p.82-84) so that it's in the form (x £ m)(x = n) = 0. Then one of the
factors must be 0 — either x £ m = 0 or x £ n = 0. Solve each of these for x to give x = £m or x = £n.

If the coefficient of x* isn't 1 then the factorisation will be of the form (px £ ¢)(rx £ 5) = 0. The method to
find x is still the same though — set each factor equal to 0 (px + ¢ = 0 or rx £ s = 0) and solve for x.

There are a couple of special cases. Firstly, if a quadratic factorises to the form (px + ), then there’s only
one solution (found by solving px + ¢ = 0). Secondly, if a quadratic factorises to the form rx(px + g), you'll
get two solutions — one from solving px + ¢ = 0 and one from solving rx =0, i.e.x=0.



Quadratic Equations by Factorising | ‘w0z,

232, 233, 234

Example 1
a) Solve the equation x* - 3x + 2 = 0.

1. Factorise the left-hand side. x-1Nx-2)=0

2. Set each factor equal to 0. x-1=0o0orx-2=0

3. Solve to find the two possible values of x. x=1orx=2
b) Solve the equation 8x*+ 6x -9 = 0.

1. Factorise the left-hand side. 2x +3)(4x-3)=0

2. Set each factor equal to 0. 2x+3=0o0r 4x-3=0

3. Solve to find the two 2x=-3 or 4x=3

possible values of x. 3 3

x:—f or x=?

Week 2 Task 3

Quadratic Equations by Factorising | .. 2:0 251,

232, 233, 234
Exercise 1
Q1 Find the possible values of x for each of the following.
a) xx+8)=0 b) (x-5)x-1)=0 ¢ x+2k+6)=0 d (x-9x+7)=0

Q2 Solve the following quadratic equations by factorising,
a ¥-3x=0 b) ¥ +12x=0 ¢ X¥+3x+2=0 d ¥-2x+1=0
e X*+4x+4=0 f) ¥+3x-4=0 g) X'-3x-4=0 h Z+5x+4=0
i) X-5x+6=0 i) X+8x+12=0 k) ¥-2x-24=0 ) x-15xr+36=0

Q3  Find the possible values of x for each of the following,
a) x2x-3)=0 b) x-23x-1)=0 ¢ Bx+4)2x+5=0 d dx-7)5x+2) =0
Q4 Solve the following equations by factorising.
a) 3 +5¢=0 b) 2¢+x-3=0 ¢ 5¢+3x-2=0  d) -1x+6=0
e 4 +17x+4=0 f) 6F+x-22=0 g 4°-20+25=0 h) W-12x+4=0



. . " = Week 2 Task 3
Quadratic Equations by Factorising | ..o, 201,

232, 233, 234

It's important that one side of the equation is 0 so it’s in the form

ax’ + bx + ¢ = 0 before you factorise (b or ¢ might be zero). If not, you'll
have to rearrange into this form by expanding any brackets, getting rid
of any fractions, etc. Only then should you factorise your quadratic.

Quadratic Equations by Factorising | \msw o

232, 233, 234

Example 2

a) Solve the equation 12x% - 8x = 15.

1. Rearrange the equation so it’s in
the form ax’ + bx + ¢ = 0.
2. Factorise the left-hand side of the equation.
3. Set each factor equal to 0.
4. Solve for each possible value of x.
b) Solve the equation x = _f:j;)—.

£

%]

Get rid of the fraction by
multiplying both sides by x — 3.

Expand the brackets.

Rearrange the equation to get 0 on one side.

Factorise the quadratic and solve for x.

12x*-8x-15=0
(2x-3)6x +5)=0
2x-3=0o0or 6x+5=0

x:% or xz—%

x(x=3)==(x+1)
¥-3x=-x-1
X¥=-2x+1=0
(x-12=0s0 x=1



- . . Week 2 Task 3
Quadratic Equations by Factorising | ... 20 2.

232, 233, 234
Exercise 2
Rearrange the following equations, then solve them by factorising.
Ql a x¥=x bl x4 25=3 ¢ 10x-x'=21 d x¥=6x-8
e 8x-x*=12 f) 3x*=6x+9 g X¥+2lx=11-x* h &'+4x=3
) bx+x=1 j) 6x*=7x-2 k) 4x’+1=4x ) 9x* +25=30x
Q2 a) x(x-2)=8 b) xix +2) =35 o x+3)x+9+9=0
d x-6x-8+1=0 e) W+3)x+1)=4x+7 f) 2x+1)x-1)=-16x-8
g Bx+47=70x+4) h) Bx-4)x-2)-5=0 i) 24x+ Nx-1+3=0
6 .4 28
Q3 a x+1=7 b)"—z_xﬂ 0 x+2—r1
. [V o TR ¢ .
d) 2.r+1-4_x e) 3.1-1-21_” f) 6x—1—4‘r+]

Completing the Square

Week 2 Task 4
HM: 235, 236, 237, 238, 239

To write the quadratic x* + bx + ¢ in ‘completed square form’, you need to make it look
like this: (¢ + p)* + ¢. To get from the general form to the completed square form, follow this method:

*  First, write out the squared bracket. The value of p is always half of b, i.e. p = % 50 it's (x + %)

* Tofind g, expand the squared bracket — you'll get x’ + bx + [%) ;

*  Now compare this with the general form of the quadratic — the x” and x terms are the same,

so add or subtract the difference between ¢ and (%) to make the constant terms the same.

To get from the completed square form to the general form just expand the brackets and collect like terms.



Week 2 Task 4

Comgleting the Sguare HM: 235, 236, 237, 238, 239

Example 1
a) Write x* + 6x - 5 in completed square form.

1

2,

3.

b=6s0p= g = 3. The squared bracket is: (x +3)
Expand the brackets. =x’+6x+9

The constant term from the brackets is +9, but the constant ¥ +6x=5=x*+6x+9-14
you want is ¢ = =5, so subtract 14 from the squared bracket. =(x+3)*-14

b) Write x* + 7x + 14 in completed square form.

b=7,s0p= g = % The squared bracket is: (.r + %)
Expand the brackets. =x*+7x+ 542
: : L. - T 2 2 49 7
The constant from the brackets is +3 =123, X+7x+14=x+7x+ e g
but the constant you want is ¢ = 14, T
=(x+3)+3

so add ti = % to the squared bracket.

Week 2 Task 4

Comgleting the Sguare HM: 235, 236, 237, 238, 239

Q3

Exercise 1
Q1 Find the value of ¢ in each of the following equations.

a X -dx+7=0x-21+¢q b ¥+2x-9=x+17+¢q ) X¥+4x+2=(x+2"+¢
Q2 Write the following quadratics in completed square form.

Q) ¥+2+6 b) ¥ -2x+4 0 ¥-2x-10 d) ¥ -12x+ 100

e X'+ 12x+44 fi o+ 14x g) x-20x-200 h) x*+20x-150

Rewrite the quadratics below in the form (x + pf* + ¢.
Q) ¥ +3x+1 b) x*+3x-1 o x¥-3x+1 d) x*+5x+12
e X +5r+3 f) x-5x+20 g ¥+7x+10 h) x*-9x-25



Week 2 Task 4
HM: 235, 236, 237, 238, 239

Completing the Square

If you have a quadratic of the form ax’ + bx + ¢ (@ # 1), the method is pretty much the same, but the
squared bracket is different. The completed square form in this case looks like a(x + p)* + ¢.

This time p = %, so when you expand the squared bracket, you get a(.r" +2 %x +(%) ] =ax' +bx + g—a

The x* and x terms are the same, so just compare the constant terms like before to find g.

Week 2 Task 4
HM: 235, 236, 237, 238, 239

Completing the Square

Example 2

Complete the square for the quadratic 3x* + 12x + 7.

1. b=12 and a = 3 so the bracket is: 3(,1-+ %) =30(x+2)

2. Expand the brackets —

: =3(x* + 4x + 4)
remember to multiply

everything by the 3 at the front. =3x2+12x + 12
3. This quadratic has +12 as 3+ 12x+7
the constant but you want +7, =3x2+12x+12-5

so you need to subtract 5. =3(x+2)*-5



Week 2 Task 4

Com Ietin theS uare HM: 235, 236, 237, 238, 239

Exercise 2
Q1  Find the value of ¢ in each of the following equations.
a) 20 +x=2x+]) +g b) 2+ + 20x + 500 = 2 + 5 + ¢
O 3 +ax+25=3(x+3) +q d) 42 -7x-1=4(x-%) +g
Q2 Find the values of p and ¢ in each of the following equations.
a) 2x*=12x+9=2(x+p’ +gq b) 3x*-5x-1=3(x+pF+gq
Q3 Write the following quadratics in completed square form.
a) 2x? + 8x + 81 b) 3x’ + 8x+ 10 ) 2x*-2x+3
d) 5¢ +5x-1 e 2x'-x+1 f) 3x*+18x+ 90
g 4+ 13x+9 h) 2¢* + 11x i) -2x*+10x-2

Week 2 Task 4

Completing the Square

You can solve quadratics, including ones that can't easily be factorised,

by completing the square. As with factorising, you should rearrange Tip: Ifa#1andyou
the equation into the form ax? + bx + ¢ = 0 before anything else. have 0 on one side, you
; . o could divide everything
Put ax’ + bx + ¢ = 0 into completed square fprm (alx + pf* + q) and then by a to potentially make
rearrange to make x the subject: x=—p + ‘fll_%' You can't take the square completing the square
simpler.

root of a negative number, so the quadratic only has solutions when —% >0.
You might end up with a surd (see page 99) in your answer. If the question asks you to give an
exact answer, leave the surd in — don't be tempted to use your calculator to find the decimal answer.



Completing the Square

Example 3a

Week 2 Task 4
HM: 235, 236, 237, 238, 239

a) Find the exact solutions to the equation x* — 4x + 1 = 0 by completing the square.

18

1. b=-4,50p=75=-2. Expand (x - 2).

2. Complete the square — you've got the
constant +4 but need +1, so subtract 3.

3. Use the completed square to rewrite
and solve the original equation.

4. Don't forget there’s a positive
and negative square root.

(¥, ]

Completing the Square

Example 3b

For the exact solutions, leave in surd form.

x-2P2=x?-4x+4

X-4x+1=(x-22-3

¥—4x+1=0

x-22-3=0

x—-27%=3
.\'—2:1-[?;

x=2+y3 or x=2-3

Week 2 Task 4
HM: 235, 236, 237, 238, 239

b) Solve the equation 2x* — 8x + 3 = 0 by completing the square.

Give your answers to 2 decimal places.
1. b=-8anda=2. The squared bracket is:

2. Expand the brackets.

3. The quadratic from the brackets has +8 but you
want +3, so subtract 5 to complete the square.

4. Use the completed square form to rewrite
and solve the original equation.
Get the squared bracket on its own and then
take the square root of both sides (don't
forget the +). Then get x on its own.

5. You're asked for the answers to 2 d.p.,
s0 use your calculator to evaluate the surds.

2(-"* 2 x82 T =2(r-2)

=2x"-8x+8
2’ -8x+3=2x"-8x+8-5
=2(x-2)-5
2% -8x+3=0,
s02(x-2¥-5=0
20-2)=5
{.r—2)3=% = .Y—Z:t\/%

r

W

sox=2+ 't/'j? or x=2 —f%

x=3.58(2d.p.) or x=0.42(2d.p.)



Week 2 Task 4

Com Ietl n the S uare HM: 235, 236, 237, 238, 239

Exercise 3

Q1

Q2

Q3

Q4

Find the exact solutions of the following equations by completing the square.
a ¥-2x-4=0 b) ¥ +4x+3=0 ¢ ¥+b6x-4=0
d ¥+8+4=0 e ¥-x-1=0 f) ¥-11x+25=0

Solve the following equations by completing the square. Give your answers to 2 decimal places.

a X+6xr+4=0 b) ¥*-2x-5=0 ¢ ¥+6x-3=0
d x¥*+8x+8=0 e) X’-x-10=0 f) ¥-5x+3=0
Find the exact solutions of the following equations by completing the square.

a) 3+ 2x-2=0 b) 5x*+2x=10 ¢ 4’'-6x-1=0
d 2% =12x-5 e 3xr=10-5x f) 108+7x-1=0

Solve the following equations by completing the square. Give your answers to 2 decimal places.
a 2 +2x-3=0 b) 3¢ +2x-7=0 € 4 +8x=11
d) 2x-16x-19=0 e bx'=1-3x f) 3x+%-7=0

The Quadratic Formula k2 Tasks

The quadratic formula is a quick way to work out all the possible solutions

; : L R e
to a quadratic equation. To use it, first make sure the equation is in the p “hiyb -dac
form ax* + bx + ¢ = 0 and then substitute a, b and ¢ into this formula: L

To derive the quadratic formula, solve ax? + hx + ¢ = 0 by ‘completing the square”:

a'+bx+c=0= H(XJF%)-H"?J%:O = ”('1'+L:r_lu)-:%_r

o a(HLr: b’-4dac (HL)J: b*-4ac 4 b, [b'-dac

" 2a 4a T 2a 4a “2a TV 4’

b b -dac _-btyVb-4dac = : Tip: If the question
=B L v s P 7a , which is the quadratic formula. L ——

or decimal places then
The formula might seem pretty simple to use, but watch out for these things: the quadratic probably
*  Minus signs can cause confusion — if b is negative then b will be won't factorise easily,
positive, and if one of a or ¢ is negative then —~4ac will be positive. so use the formula

o . , (although you could use

*  Divide everything on top by 2a, not just the square root. completing the square in

Don't forget the £ sign — otherwise you won't get both solutions. these cases too).



The Quadratic Formula

Example 1a
a) Solve the equation x* - 5x + 3 = 0, giving your answers to 2 d.p.

1. The equation is already in the
formax’ + bx +¢=0so justwrite  a=1,b=-5¢=3
down the values of @, b and ¢.

——— e

~(=5)£Y(5) -4X1X3

Week 2 Task 5
HM: 240, 241, 242

Tip: Be careful if any
of a, b or ¢ are negative.
Here, b =-5, not 5.

5:¢25-12 5413

2. Substitute these values y=
: ' ' 2X1
into the formula. _
o 5+4y13
3. Use your calculator to get AR
the decimal values. 5-13

2 2

=4.30277..=4.30 2dp.)

5
or x=—7y—=069722..=0.70 2dp,

The Quadratic Formula

Example 1b

b) Find the exact solutions to the equation (x + 1)(x - 2) = -7x.

Week 2 Task 5
HM: 240, 241, 242

1. Rearrange the equation into the formax’ + bx + c=0 x*-2x+x-2=-7x
— you'll have to expand the brackets first. ¥+ox-2=0

2. Write down the values of ¢, b and c.
3. Substitute the values into the formula.

4. You want the exact solutions so leave the surds in the
answer. You might have to simplify them (see p.99)
— in this case, 44 = y4x11 =2/11.
Then you can simplify the fraction as well.

a

=1,b=6,¢c==2
 —61yV6'-4X1X(-2)
: 2X1
36+8  -61/44
=2

m -6-2/11
or x= 7

-3+ g-"fﬁ === \.f;ﬁ



. Week 2 Task 5
The Quadratic Formula s 200, 241, 262

Exercise 1

Qi

Q2

Find the exact solutions to the following equations using the quadratic formula.

a) ¥-3x+1=0 b) ¥'-2x-12=0 ¢ 4°-3x-8=0

d ¥+x-1=0 e ¥-8x-5=0 f) 3 +6x-5=0

g) x¥'-5x-3=0 h) 8x+13-2¢=0 i) ¥+3-7x=0

Use the quadratic formula to solve the following equations. Give your answers to 2 decimal places.
Q) ¥ +3x+1=0 b) 3¢ +2x-2=0 ¢ #-3x-3=0

d 5x+x'-4=0 g x-8xr+11=0 f) ¥-6-7x=0

g x'+6x-2=0 h) ¥ +4x-1=0 ) 3+2¢+8x=0

By using the quadratic formula, find the exact values of x for which the following equations hold.
a X**+3x=6 b) ¥-5r+11=2x+3 O W-x+W4=x2+7

d (x+17=12 e Sx+12=(r+1x+7) f) ¥=30+3)

g xlx-4)=20x-2) h) 2(c+5) =(x+2) i) 2x-Nax+2=4"-9

Week 2 Task 6

Simultaneous Linear Equations MM 191, 192, 193, 194

There are two main algebraic methods for solving simultaneous equations
— elimination and substitution.

= W , Tip.‘ Both methods
For the elimination method, you add the two equations together involve getting rid of
(or subtract one from the other) so that one variable is eliminated. one variable first —
To follow this method, you might need to rearrange both equations you'll be left with an
into the form ax + by = ¢ first. equation in terms of the

other variable, which

Fnrllhe sgbstltutmn_ method, you rearrange one equation to give one you can then solve.
variable in terms of the other (e.g. 2x - y = -3 would become y = 2x + 3).

You then substitute this expression into the other equation, so only one

variable is left (e.g. you would replace y with 2x + 3, then collect like terms).

The final step in both methods is to substitute the value you've just worked out
for one variable into either equation to find the value of the other variable.



Simultaneous Linear Equations

Week 2 Task 6
HM: 191, 192, 193, 194

Example 1
Solve the simultaneous equations: (1) 11 -x=y
(2) 3y=x-7

—

2

v

Rearrange the equations so that they're
both in the form ax + by = c.

You've got +x in both equations so subtract

equation (2) from equation (1) to eliminate x.

Solve the resulting equation for y.

Put y = 1 into one of the original
equations and solve for x.

Use the other equation to check the answer.

(M) x+y=11
(2) x-3y=7
x+ y=11
—(x-3y=7)
4y= 4
y=1
x+1=11
x=10

x=-3y=10-3(1)=7+v

Sox=10, y=1

Simultaneous Linear Equations

Week 2 Task 6
HM: 191, 192, 193, 194

Example 2
Solve the simultaneous equations: (1) 7x-y =16
(2) y-2=x

1. You've got y in both equations so rearrange y=x+2
equation (2) to get y on its own.

2. Substitute y = x + 2 into equation (1). 7x-x+2)=16

3. Solve for x. bx-2=16

bx=18
x=3

4. Putx =3 into one of the original y-2=3
equations and solve for y. y=5

5. Use the other equation to check the answer. 7x-y=73)-5=16+V

Sox=3, y=5



Simultaneous Linear Equations

Exercise 1

Solve each of the following pairs of simultaneous equations.

QT a x+3y=13 b) 2x-y=7
x-y=5 4x+y=23
d) 3x-2y=16 e) x-y=28
x+2y=14 x+2y=-7
g -y=-1 h) 3x+y=11
4 -3y=-7 bx-y=-8

Simultaneous Linear Equations

If neither variable has the same coefficient, you'll have to multiply
one or both equations to make one set of coefficients match.
For example, if you had the equations 2x + y = 4 and 3x + 2y =7, you'd

multiply the first equation by 2 to make the y-coefficients match.

You then add or subtract using the elimination method to find the solutions.

Week 2 Task 6
HM: 191, 192, 193, 194

C) x+2y=06
X+y=2

f) 2x+4y=16
3Sx+4y=24

i) bx+y=9
2x-y=7

Week 2 Task 6
HM: 191, 192, 193, 194

Tip: Pick the variable
that needs the least
amount of work to
match up its coefficients
in each equation.



Simultaneous Linear Equations

Example 3

Solve the simultaneous equations: (1) 5x-4y =23
(2) 2x + 6y =-25

1. Multiply equation (1) by 3 and equation 3 x (1): 15x-12y= 69

(2) by 2 to match the y-coefficients. 2% (2):+ 4x + 12y =-50
19x =19

2. Add the resulting equations to eliminate

Week 2 Task 6
HM: 191, 192, 193, 194

Tip: You can label the
new equations as (3)
and (4) to help you keep
track of things. Then
Step 2 in this example is

y and solve the equation for x. g = (3) + (4).
3. Putx=1 into one of the original 5(1)-4y=23 = 5-4y=123
equations and solve for y. = -4y=18 = y=-45
4. Use the other equation to 2x+6y=2(1)+6(-4.5)=2-27=-25¢
check the answer, Sox=1, y=-4.5

Simultaneous Linear Equations

Exercise 2

Solve each of the following pairs of simultaneous equations.

Q1 a) 3x+2y=16 b) 4x+ 3y =16
2x+y=9 S5x-y=1
d 2x+3y=10 e) 4x-2y=8
x-y=5 x-3y=-3
Q2 a) 3x-2y=8 b) 4p+3¢=17
5x-3y=14 3p-49=19
d) 2c+6d=19 e) 3r-4s=-22

Je+8d=28 8r+3s=-4

Week 2 Task 6
HM: 191, 192, 193, 194

C) dx-y=22
Jx+4y=26

f) 3e-5r=17
9 + 2r =-17

c) du+7v=15
S5u-2v=28

f) 3m+5n=14
m+2n=23



Simultaneous Linear Equations Week 2 Task 6

HM: 191, 192, 193, 194

Example 4

Sue buys 4 dining chairs and 1 table for £142. Ken buys 6 of the same chairs and 2 of the
same tables for £254. What is the price of one chair? What is the price of one table? ;

b

Choose some variables, then write the
question as two simultaneous equations.

Multiply equation (1) by 2 to give
the same coefficients of ¢ and label it
(3). Subtract equation (2) from (3).

Solve the resulting equation for c.

Put ¢ = 15 into one of the original
equations and solve for .

Use the other equation to check
the answer, then write it in the
context of the original question.

Cost of one chair = £¢. Cost of one table = £1.
(1) 4c+ =142
(2) 6c+2t=254

2x(1)=(3): 8c +2r=284

(2) ~(6c + 2t =254)
2c = 30
¢ = 15
415)+ =142
60 +1=142
t=82

6c+2r=6(15)+2(82)=90+ 164 =254 v
Chairs cost £15 each. Tables cost £82 each.

Simultaneous Linear Equations

Week 2 Task 6

HM: 191, 192, 193, 194

Exercise 3

Ql

Q2

Q3

=

The sum of two numbers, x and y, is 58, and the difference between them is 22.
Given that x is greater than y, use simultaneous equations to find both numbers.

A grandfather with 7 grandchildren bought 4 sherbet dips and 3 chocolate bars for £1.91 last week
and 3 sherbet dips and 4 chocolate bars for £1.73 the week before. Calculate the price of each item.

Three friends have just finished a computer game. At the end of the game, Zoe, with 7 yellow
aliens and 5 blue spiders scored 85 points; James, with 6 yellow aliens and 11 blue spiders
scored 93 points. Hal had 8 yellow aliens and 1 blue spider. How many points did Hal score?

The lengths of the sides of an equilateral triangle are 3(x + y) cm, (5x + 2y- 1) cm and 4x + 4 + y cm.

Find the side length of the triangle.



. . Week 2 Task 7
Simultaneous Linear & w266
QuadraticEquations
To solve simultaneous equations with one linear equation and one quadratic equation,
use the substitution method.
*  First rearrange the linear equation to get it in terms of one variable Tip: I there’s a variable
(e.g. 2x —y = -3 would become y = 2x + 3). with a coefficient of 1,
. . . . . it's usually best to make
*  Substitute this into the quadratic equation — you'll be left with a that the subject so it can
quadratic equation in one variable. be easily substituted into
the other equation.

*  Solve the resulting quadratic equation — you'll probably get 2 solutions.

*  Substitute each of these values into one of the original equations to find the
values of the other variable — the linear equation is often the easiest to use.

The solutions to these pairs of simultaneous equations correspond to the points on a graph where a
straight line and a quadratic curve cross. If the straight line crosses the curve twice there will be 2 pairs
of solutions to the simultaneous equations. The line could also cross the curve only once or not at all.

Simultaneous Linear & Week 2 Task 7
- - HM: 246

QuadraticEquations

Example 1

Solve the simultaneous equations: (1) x+y=5
(2) y=x*-3x-30
1. Rearrange equation (1) to get y on its own, y=5-x Tip: If youd rearranged
(1) to make x the
subject, you'd have to
¥-3x+x-30-5=0 doabitmoreworkat
R-2-35=0 SePZ

4. Solve the quadratic. x+5)x-7)=0

x+5=0 or x-7=0

s0o x==5or x=7

P

Substitute y =5 - x into y = x* - 3x - 30. 5-x=x-3x-30

3. Rearrange to get zero on the right hand side.

i

Substitute into equation (1) to find If x=-5, then-5+y =5, 50y = 10.
a y-value for each value of x. lfx=7,then7 +y=5,s0y=-2.

6. Write the solutions in pairs. x==5,y=10 and x=7,y=2



Simultaneous Linear &

QuadraticEquations

Week 2 Task 7
HM: 246

Exercise 1
Q1 Find the solutions to each of the following pairs of simultaneous equations.
a y=x'-4xr+38 b) y=x*-x-1 ¢ y=x*-4x-28
y=2x x=2-y y=3x+2
d) y=x*+3x-2 e) y=x-4x+2 fy y=xt-2x-3
y+x=3 y=2x-6 y=3x+1
g y=x'-x-5 h) y=x’-4x+8 ) y=22+x-2
y=2x+5 4=y-x y=08x-5
. . Week 2 Task 7
Simultaneous Linear & v 246
QuadraticEquations
Exercise 1
Q2  The line 2y = x + 3 and the curve y = x* — 2x — 2 cross at points M and N.
Find the coordinates of M and N by solving the simultaneous equations.
Q3  Find where the line y = 4 — 3x crosses the curve y = 6x* + 10x - 1
by solving the equations simultaneously
Q4  Use simultaneous equations to find the coordinates where the line y = 5x meets
the curve y = x* + 3x + 1. What can you say about the line and the curve?
Q5  Solve these equations simultaneously: x—-4y=2 and ¥ +xy=0
Q6  Solve these pairs of simultaneous equations.

a) x+y=7 b) x+y=5 Q) x+y=2
xX—xy=4 x+xy+2y2=2 y-x=0
d x-y=4 e x+y=4 f) 4p+x=10

x4+ y= 2 Xt + 3.\'_1-' =16 xXy+x= -8



Simultaneous Linear & Week 2 Task

QuadraticEquations

HM: 246

Example 2
Solve the simultaneous equations: (1) ¥*+y*=10
(2) 2x+y=5
1. Rearrange equation (2) to get y on its own. y=5-2x Tip: Equation (1) is
2. Substitute y = 5 - 2x into x* + y* = 10, X +(5-2x2=10 theequation ofacircle
©2+25-20x + 42 =10 (eep203)
J. Rearrange to get zero on the right hand side. 552 _20x+15=0
¥-4x+3=0
4. Solve the quadratic. x=-1x-3)=0
x=-1=0 or x-3=0
sox=1 or x=3
5. Substitute into equation (2) to find Ifx=1,then2(1)+y=5,50y=3
a y-value for each value of x. Ifx=3,then2(3) +y=5,s0y=-1
6. Write the solutions in pairs. x=1,y=3 and x=3,y=-1
= = Week 2 Task 7
Simultaneous Linear & o 2e
QuadraticEquations
Exercise 2
Q1 Solve these pairs of simultaneous equations.
a) 2x+y=3 b) 3x+y=4 ) x—-y=-4
y-x'=0 X+ 3xy+y'=-16 ¥+y' -x=20

Q2

The equations x - y = -3 and 3x* + 7x + y* = 21 are plotted on a graph.
a) Show that at the points of intersection, 4x* + 13x - 12 = 0.

b) Find the exact values of x when 4x* + 13x - 12 = 0.

c) Find the exact coordinates of the points of intersection.

Find the exact coordinates where the graphs of the following pairs of equations intersect.

a x=3v+4 b) 2x+2y=1 C) Jg_v -x=6
¥ +y' =34 ¥+y =1 x*+y' =36



Week 2 Assessment

Question 1

The minimum velocity required for a rocket to leave a planet can be found using

[2GM

the formula V= /=== Make M the subject of this formula. Show your working.

I

Week 2 Assessment

Question 2
Solve the following equations:
2(x+3) _
a =3 =1
p 210 _10-x
10 3

c 3x2+7)=4Kx*-1)

[3 marks]

[2 marks]

[2 marks]

[2 marks]



Week 2 Assessment

Question 3
a) Write the quadratic x* + 8x + 12 in the form (x + a)* + b.
[2 marks]

b) Hence, or otherwise, solve the equation x* + 8x + 12 = 0.
2 marks]

Week 2 Assessment

Question 4
a) Write the quadratic x* + 8x + 12 in the form (x + a)* + b.
[2 marks]

b) Hence, or otherwise, solve the equation x* + 8x + 12 = 0.
[2 marks]



Week 2 Assessment

Question 5
Solve ]T —% = 2. Give your solutions exactly and fully simplify them. @
[4 marks]

Week 2 Assessment

Question 6

The time ¢, in minutes, that it takes for a train to reach its maximum speed
after leaving a station is modelled by the equation:

.2

R T

Use algebra to solve the equation to find the value of 1.

[4 marks]



Week 2 Assessment

Question 7

Solve the simultaneous equations.

m+2n=23

3m+5n=14

[3 marks]

Week 2 Assessment

Question 8

The equation of line A is y = 2x - 2, and the equation of line B is 5y = 20 - 2x.
Find the coordinates of the point where lines A and B cross.

[3 marks]



Week 2 Assessment

Question 9

Solve the simultaneous equations.
y=2x+2
x>+ =8

[5 marks]

Week 2 Assessment

Question 10
Find the coordinates of the points where the curve y = x* and the line y = 6x - 8 intersect.

[4 marks]
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Week 3 Task 1

Horizontal & Vertical Lines HM: 205

All horizontal lines have the equation ¥ =@ (where a is a number),
since every point on the same horizontal line has the same y-coordinate (a).
To draw the line y = a, draw a horizontal line that passes through a on the y-axis.

All vertical lines have the equation X =& (where b is a number),

since every point on the same vertical line has the same x-coordinate (b).
To draw the line x = b, draw a vertical line that passes through b on the x-axis.

The equation of the x-axis is y = 0 and the equation of the y-axis is x = 0.

Week 3 Task 1

Horizontal & Vertical Lines

HM: 205
Example 1
.
: ; : 7 B
Write down the equations of the lines marked A-D. D | B
1. Every point on the line 2
marked A has y-coordinate 1. Aistheliney =1 Bl A
2. Every paint on the line e
marked B has x-coordinate 2. B is the linex=2 T T3 _.
3. Every point on the line -2
marked C has y-coordinate —4. Cis the line y = -4 3
4. Every point on the line 4 C
marked D has x-coordinate -2. D is the linex = -2 .




= = . Week 3 Task 1
Horizontal & Vertical Lines HA- 205
Exercise 1
Q1 Write down the equations of each of the lines labelled A to E A N [ D|
on the right. [ |
3 c
Q2 Draw a set of coordinate axes and plot the graphs HE : HEEEE
with the following equations. _ N
654329 1233 5"
a y=3 b) y=-6 € y=-1 i i
d) x=2 e x=4 f) x=-6 L E
i

Q3 Write down the equation of each of the following.
a) The line which is parallel to the x-axis, and which passes through the point (4, 8).
b) The line which is parallel to the y-axis, and which passes through the point (-2, —6).
¢) The line which is parallel to the line x = 4, and which passes through the point (1, 1).
d) The line which is parallel to the line y = -5, and which passes through the point (0, 6).

Q4  Write down the coordinates of the points where the following pairs of lines intersect.

a) x=8andy=-11 b) x=-5andy=-13 6 x= —% and y = =500

Week 3 Task 2

Straight Line Graphs HI: 206

The equation of a straight line which isn’t horizontal or vertical contains both xand y — e.g. y = 2x + 4.
If an equation only contains x and y terms (e.g. v = 5x), then the line passes through the origin (0, 0).

There are a couple of different methods you can use to draw these straight-line graphs:

*  Make a table of values — find the values of y for different values of x, plot the points and
join with a straight line. You only have to plot two points to be able to sketch the graph —
but it's often useful to plot more than two, in case one of the points you plot is incorrect.

*  Find the value of x when y = 0 and the value of y when x = 0.
Plot these two points and join with a straight line. Both points should lie on the axes.
Extend your line to cover the range of x-values required (usually specified in the question).



Straight Line Graphs

Example 2

a) Complete the table to show the value of y = 2x + 1
for values of x from 0 to 5.

Use the equation y = 2x + 1 to find the y-value
corresponding to each value of x.

Week 3 Task 2

HM: 206

X

0

1

2

3

.1‘

2x0+1=1

2x1+1=3

2x2+1=5

2x341=7

2x4+1=9 |

b) Plot the points from the table, and hence draw the

graph of y = 2x + 1 for values of x from 0 to 5.

(F

Use your table to find the coordinates

to plot — just read off the x- and

v-values from each column.

The points to plot are (0, 1), (1, 3), (2, 5),
(3,7), (4,9 and (5, 11).

Plot each point on the grid,
then join them up with a straight line.

0 1

Straight Line Graphs

Example 3

Draw the graph of y = 4 — 2x for -1 s x < 3.

1. Putx =0 into the equation to find the value of y
— this is where it crosses the y-axis.

Whenx=0,y=4-2(0)=4.

o}

Put y = 0 into the equation to find the value of x

— this is where it crosses the x-axis.
Wheny=0, 0=4-2x

2x=4
x=2

So the graph crosses the axes at (0, 4) and (2, 0).

3. Mark the points (0, 4) and (2, 0) on your graph and draw a

straight line passing through them. Make sure you extend it to

cover the whole range of x-values asked for in the question.

23457«

Week 3 Task 2
HM: 206




Week 3 Task 2

Straight Line Graphs HM: 206

Exercise 2

Q1

Q2

a) Copy and complete this table to show the
value of y = 2x and the coordinates of points
on the line y = 2x for values of x from -2 to 2.

X =2|-1(0|1]|2

J

; Coordinates
b) Draw a set of axes with x-values from -5 to 5 :

and y-values from -10 to 10.
Plot the coordinates from your table.

c) Join up the points to draw the graph with equation y = 2x for values of x from -2 to 2.
d) Use a ruler to extend your line to show the graph of y = 2x for values of x from -5 to 5.

e) Use your graph to fill in the missing coordinates of these points on the line:
0 @[] i) 3, iy (], -10

a) Copy and complete the table to show the
value of y = 8 — x and the coordinates of points x 011]2)3(4
on the line y = 8 - x for values of x from 0 to 4. y

b) Draw a set of axes with x-values from -5 to 5 Coordinates
and y-values from 0 to 13.
Plot the coordinates from your table.

c) Join up the points to draw the graph of y = 8 - x for values of x from 0 to 4.
Use a ruler to extend your line to show the graph of y = 8 — x for values of x from -5 to 5.

Week 3 Task 2

Straight Line Graphs HM: 206

Exercise 2

Q3

Q4

For each of the following equations draw a graph for values of x from -5 to 5.
a) y=—4x b) y= % C) y=2x+5

d y=4-x e y=8-3x f) '1_-:—}4.1

Draw a graph of the following equations for the given range of x-values.

a) y=x+7for-7<x<0 b)y=-2x+8for0<x<5

¢ y=15xfor-5<x<5 d)y=05x+2for-2<x<4



Week 3 Task 3

Gradients HM: 201, 202, 203

To find the gradient of a line, divide the ‘vertical distance’ (the change in the y-coordinates) between two
points on the line by the ‘horizontal distance’ (the change in the x-coordinates) between those points.

-.I'Jl

Vertical distance _ Changeiny _ y,-y, (., )

Horizontal distance ~ Changeinx ~ x,-x, i

Gradient =

Vertical

Make sure you subtract the x-coordinates and y-coordinates in the distdrite

same order — i.e. if you do y, - y, on the numerator, you must do
x, - x, on the denominator.

(x, )

-—p

A line sloping upwards from left to right has a positive gradient. Horizontal distance
A line sloping downwards from left to right has a negative gradient. x

Regardless of the type of graph, the gradient always means ‘y-axis units per x-axis units’.

. Week 3 Task 3
Gradients HM: 201, 202, 203
Example 1
Ya

Find the gradient of the line that passes through:
a) points P(-3, 1) and 04, 5) b) points R(-3, 3) and $(2, 1)
1. Call the coordinates of P (x
of O (x,, v,), the coordinates of R (x,, y,) and the
coordinates of § (x, »,).

+» V), the coordinates

2. Use the formula for the gradient.

3. The line through P and Q slopes upwards from a) Gradient of PQ = ook . 5-1 .4
left to right, so you should get a positive answer. xo-x 4-(-3)" 7
4. The line through R and S slopes downward from b) Gradientof RS = 2225 = 3-1__. 2

left to right, so you should get a negative answer. xe—xs  (-3)-2 " 9



Gradients

Exercise 1

Q1

Points P(x,, y,) and Qlx,, y,) are plotted on this graph.

a) Without doing any calculations, state whether the gradient
of the line containing P and Q is positive or negative.
b) Calculate the vertical distance y, - v, between P and Q.

c) Calculate the horizontal distance x, - x, between P and Q.

d) Find the gradient of the line containing P and Q.

Week 3 Task 3
HM: 201, 202, 203

Q2 Use the points shown to find the gradient of each of the following lines.
a) Y, h) n 9] Y,
(-4, 6) 6
A1, 5) 6 | |
5 Fl4, 6)
) Bi6, 3)
. 1 D{E‘, ” E[—S, D}'
0 1 g * 4 0 6 X 5 § x
. Week 3 Task 3
Gradients HM: 201, 202, 203
Exercise 1
Q3 For each line shown below: (i) Use the axes to find the coordinates of each of the marked points.
(i) Find the gradient of each of the lines.
a) b) c)
¥y ¥ L
{_’ H uj
b | 25
4 | Line 1
3 15
2 y
1 > 5 3
? 2 /4 6 30 10 ®_ 10 20 30°* 2N\4 6 8 10
2 ~H r
3 -15 N
3 og - J Line 2
6 3
Q4 a) Plotthe points U(-1, 2) and V{2, 5) on a grid.
b) Find the gradient of the line joining points U and V.
Q5 a) Find the difference between the y-coordinates of the points ¥(2, 0) and Z(-4, -3).

b} Find the difference between the x-coordinates of ¥ and Z.

c) Hence find the gradient of the line containing points Y and Z.



Gradients

Exercise 1
e

Q6

Find the gradients of the lines joining the
following points.

a) A0, 4), B2, 10)

by C(1,3), D(5, 11)

c) E(-1,3), Fi57)

d) G(-3,-2), H(,-5)
e} Ii5,-2), J1,1)

f) Ki-4,-3), L-8,-6)

Q7  Find the gradients of lines 4-D on the graph

on the right.

L T T RIS ST TP

Week 3 Task 3
HM: 201, 202, 203

Equations of Linear Graphs

...........
...... 4 |

Week 3 Task 4
HM: 207, 208, 209, 210

The equation of a straight line can be written in the form y=mx + ¢

Eg.fory=3x+5 m=3andc=5.

When written in this form:
= m is the gradient of the line,

* ctells you the y-intercept — the point where the line crosses the y-axis.

If you're given an equation that isn’t in y = mx + ¢ form, rearrange it into this format
so that you can read off the values of m and c. For example:

Equation ¥y =mx + ¢ form
y=2+3x y=3x+2
x-y=0 y=x+0

4 3
dx-3=5 y=gx— 7%

m c
3 .
1

& .3
5 5

Make sure you don’t mix up m and ¢ when you get something like y =5 + 2x.
Remember, m is the number in front of the x and ¢ is the number on its own.
Watch out for minus signs too — both m and ¢ can be negative (e.g. y = -2x - 5),
so you have to include the minus sign when you state the gradient and y-intercept.



Week 3 Task 4

Equations of Linear Graphs L 207, 208, 209, 210

Example 1

Write down the gradient and the coordinates of the y-intercept of y = 2x + 1.

The equation is already in the form y = mx + ¢,

: - = (M Tip: The question asks
s0 you just need to read the values for the X @-‘ +® : P e ;
42 i : j - ~ . for the coordinates of
gradlont and ) -|mC‘TCC’.pI from [hC‘ Qquithn. th(‘_\'-iﬂl(’l’C("Dt, so don't
gradient = 2 forget the x-coordinate
y-intercept = (0, 1) (which is 0).
Week 3 Task 4

Equations of Linear Graphs

HM: 207, 208, 209, 210

Example 2
Find the gradient and the coordinates of the y-intercept of 2x + 3y = 12.

P

e

Rearrange the equation

; 4 2x + 3y
into the form y = mx + ¢.
. . 3y
Write down the values for
the gradient and y-intercept. y
Notice that m is negative, so the line
m=

slopes downwards from left to right.

1 2 2x

—'7'\.+13‘

.\ +@) gradient = —%
{.

y-intercept = (0, 4)



Week 3 Task 4

Eguations of Linear Graphs HM: 207, 208, 209, 210

Exercise 1

Q1

Q2

Write down the gradient and the coordinates of the y-intercept for each of the following graphs.

a) y=2x-4 b) y=5x-11 ¢ y=-3x+7 d) y=4x
el _r=1j.r—1 f) _1‘=—.1'—17 B y=3-x h) =3

Match the graphs to the correct equation from the box.

o A 7 B Y C %
y=x+2 6 6 6
7 5 5 5
e
S i ~# 4 4
y=—x+6 3\ : :
2 2 2]
y=3x 1 1 1
y=—3x+4 47 23456" 123456 7% 0723456
1 -2 b 2
y:TX‘I‘z
D % E ' F N
b 4] y
5 5 5
4 4 4
3 3 3
" g )
1 /1, 1
%1234:{‘-* %1}23455."* 1l|23-*.5z:"—‘r
. -2 -2

Equations of Linear Graphs

Week 3 Task 4

HM: 207, 208, 209, 210

Exercise 1

Q3

Find the gradient and the coordinates of the y-intercept for each of the following graphs.

a) Jy=9-3x b) y-5=7x C) y+x=8 d) x=6+2y

e 3x+y=1 f) Iy-6x=15 g) 4x="5y-5 h) 8x-2y=14
i) Sx+4dy=-3 ) dv-6x+8=0 k) 6x-3y+1=0 l) ET =-4x-2y



Week 3 Task 4

Eguations of Linear Graphs

You can find the equation of a line using its gradient and one point on the line.

First, substitute the values of the gradient (m) and the coordinates of the known point (x, ) into y = mx + ¢.
You'll be left with an equation where ¢ is the only unknown, so solve this equation to find the value of c.
Finally, put your values of m and ¢ into y = mx + ¢ to give the equation of the line.

If you only know two points on the line, you can calculate the gradient of the line using the method
on p.180. Then follow the method above (using either of the two points) to find the equation of the line.

Week 3 Task 4

Equations of Linear Graphs HM: 211, 212, 213

Example 3
Find the equation of the straight line that passes through the points 4(-3, -4) and B(-1, 2).
1. Write down the equation for a straight line. ¥ =mx + ¢ (m = gradient, ¢ = y-intercept)

__ : , ; . Y2 = ¥ 2-(-4
2. Find the gradient (m) of the line. gradient (m) = = _-'l_' == _((_3}-) - % =3

So the equation of the line must be y = 3x + ¢.

3. Substitute the value for the gradient and At point B, x = -1 andy=2.

the x and y values for one of the points 2=3x(-1)+¢

into v = mx + ¢, then solve to find c. 2=-3+c=2c¢=5

4. Finally, rewrite the equation using ) .
your values of m and c. So the equation of the line is y = 3x + 5



Week 3 Task 4

Eguations of Linear Graphs HM: 211, 212, 213

Exercise 2
Q1 Find the equations of the following lines based on the information given.

a) gradient = 8, passes through (0, 2) b) gradient = -1, passes through (0, 7)
¢) gradient = 3, passes through (1, 10) d) gradient = 12 passes through (4, -5)
e) gradient = —7, passes through (2, -4) f) gradient = 5, passes through (-3, -7)

Q2  Find the equations of the lines passing through the following points.

a) (3,7)and (5, 11) b) (5, 1) and (2, -5) c) 4, 1) and (-3, -6)
d) (-2, hand (1, 7) e) (2, 8) and (-1, -1) f) (=3, 2) and (-2, 5)
g) (-7, 8)and (-1, 2) h) (2, -1) and (4, -9) i) (3,4 and (-5, -8)
- - Week 3 Task 4
Equations of Linear Graphs H: 211, 212, 213
Exercise 2

Q3 Find the equations of the lines 4 to H shown below. Write all your answers in the form y = mx + .

B

1 N3 4 5%

Q4  Find the equations for the lines shown
on the graph on the right.

Give your answers in the form y = mx + ¢.




Parallel & Perpendicular Lines HM: 214, 215, 216

Lines that are parallel have the same gradient — so their equations
(in y = mx + ¢ form) all have the same value of m.

For example, the lines y = 3x, y = 3x— 2 and y = 3x + 4 are all parallel.

To check if two lines are parallel, rearrange their equations so that they're
both in y = mx + ¢ form, then compare the values of m.

If you have two parallel lines, 4 and B, and you know the equation of
line 4 and one point on line B, you can find the equation of line B.

Week 3 Task 5

First, find the gradient of line 4 (you can just read off this value if it's in
y=mx + ¢ form). You know that line B has the same gradient as line 4
(as they're parallel), and you know the coordinates of one point on line B,
50 now you can use the method from p.183 to find the equation of line B.

Example 1

Which of the following lines is parallel to the line 2v + y = 52
At y=3-2x B:x+y=5 Cy-2x=6

1. Rearrange the equation into the 2x+y=5

form y = mx + ¢ to find its gradient. y=5-2x
y=-2x+5, sothe gradient (m) =-2.

2. Rearrange the other equations A y=3-2x B x+y=5 C y-2=6
in the same way. Any that have y=-2x+3 p=-x+5 y=2x+6
m = -2 will be parallel to 2x + y = 5. m=-2 m=-1 m=2

S0 line A is parallel to 2x + y = 5.

Week 3 Task 5

Parallel & Perpendicular Lines HM: 214, 215, 216



Week 3 Task 5

Parallel & Perpendicular Lines HI: 214, 215, 216

Example 2
Find the equation of line L, which passes through the point (5, 8) and is parallel to y = 3x + 2.

1. Find the gradient of the liney =3x+2.  Equation of a straight line: y=mx + ¢

2. The lines are parallel, so line L The gradienitofy =4 3.

will have the same gradient, So the equation of line L must be y = 3x + ¢.
3. Substitute the values for x and y at the At(5,8),x=5andy =8:

point (5, 8) into the equation. Solve to 8=3(5+c

find ¢ and hence the equation of line L. 8=15+¢

¢=-7, so the equation of line Lisy =3x-7.

Week 3 Task 5

Parallel & Perpendicular Lines HM: 214, 215, 216

Exercise 1

Q1 Write down the equations of three lines that are parallel to: a) y=5x-1  b) x+y=7

Q2 Work out which of the following are the equations of lines parallel to: a) y=2x-1 b) 2x-3y=0
A y-2x=4 B: 2y=2x+5 C 2x-y=2
D:2x+y+7=0 E: 3y+2x=2 F: 6x-9y=-2

Q3 Which of the lines listed below are parallel
to the line shown in the diagram?

._../-h-l..n___

Arv+3x=2 B: 3y=7-x

Cy=4-3 D:x-3=8 \
cy=a_ L i >
. y=3=gs Ch 43210123 4x

Q4  For each of the following, find the equation of the line which is parallel to the given line
and passes through the given point. Give your answers in the form y = mx + c.

a) y=5x-7, (1,8 b) y=2x, (-1, 5) c y= 171 +3,  (6-7)
d) y=8x-1, (-3,-5) e 2y=6x+3, (3 4) ) y=7-9,  (1,-1)
g x+y=4 (88 h) 2x+y=12, (-4,0) i) x+3y+1=0, (9,9



Week 3 Task 5

Parallel & Perpendicular Lines HM: 214, 215, 216

Example 3
Find the equation of line B, which is perpendicular to y = 5x - 2 and passes through the point (10, 4).

1. Use the gradient of y = 5x -2 The line y = 5x - 2 has gradient m = 5.
to find the gradient of line B. ‘ - :
: gt ! So the gradlentmlmeﬂis—-]- ot
m 2
2. Substitute this gradient into the The equation of line B is y = —=x +c.
equation for a straight line along with At the point (10, 4), x= 10 and y = 4
the values for x and y at the point given. 1 '
= 4=-2(10)+c
3. Solve this equation to find ¢ and P
hence the equation of line B. s

So the equation of line B is y = -%x +6.

- - Week 3 Task 5
Parallel & Perpendicular Lines MM 214, 215, 216
Exercise 2
Q1 Find the gradient of a line which is perpendicular to a line with gradient:
a) 6 b) -3 O - d) 12
e -7 h 2 g -2 h) 1.5
) 03 j) -45 -3 ) 3y

Q2  Write down the equation of any line which is perpendicular to:
a) y=2x+3 b) y=-3x+11 c) y=5-6x
d) 2y=5x+1 e) x+y=2 f) 5x—10y=4



Parallel & Perpendicular Lines

Exercise 2

Q3 Match the following equations into pairs of perpendicular lines.

Week 3 Task 5
HM: 214, 215, 216

A y=3x-6 B: y=2x-3 C:8-x=3y

D: 4x-6y=3 E y+3x=2 F: 2y-3x=6
Gx+2y=8 H: 4y +8x=06 I 8y-4x=3
J: 3y-4-x=0 K:i dx+6y-3=0 L 2y=8-3x

Q4  For each of the following, find the equation of the line which is perpendicular to the given line
and passes through the given point. Give your answers in the form y = mx + c.

) y=3r+1, (9,8 by="Tx-5 (-4
O y=tx-7 (1,9 dy=4:15 129
= 4-‘ ' [} Y= 3 b '

e y=8-25 (152 N x+y=8 G0
8 y=6x-1, (61) h3y+8r=1 (87
) x+2y=6, (1,9 ) x-5p-11=0, (2,9

Line Segments

Week 3 Task 6
HM: 200

The midpoint of a line segment is halfway between the end points.

The x-coordinate of the midpoint is the average of the x-coordinates of the end points
— 50 add the x-coordinates of the end points together and divide by 2.
The y-coordinate of the midpoint is the average of the y-coordinates of the end points
— 50 add the y-coordinates of the end points together and divide by 2.



Line Segments

Example 1

Find the midpoint of the line segment 4B, shown on the right.

1. Write down the coordinates
of the end points 4 and B.

2. Find the average of the
x-coordinates by adding them
together and dividing by 2.
Find the average of the
y-coordinates in the same way.

A(-3,-2)and B(1, 4)
2+4 )

=(-1,1)

The midpoint has coordinates
(=1, 1).

Line Segments

Exercise 1
1
a) A8, 0), Bi4, 6)
d) A3, 0), B9, -2)
8 Ay, 4) By, -3)
Q2

e) A(-6,-2), B(-4, 6)

h) A(2p, q), Blbp, 7g)

Find the midpoint of each side of the following triangles.

b)

Week 3 Task 6
HM: 200

e

X
12 3 4

Week 3 Task 6
HM: 200

Find the coordinates of the midpoint of the line segment AB, where 4 and B have coordinates:

b) A(-2, 3), B(6, 5)

c) A4, -7), B2, 1)
f) A1, 3), B(-1,-7)

i) A(8p, 2q), B(2p, 14q)

LS
F




Line Segments

Exercise 1

Q3

Q4

Q5

Point 4 has the coordinates A(1, 8). The midpoint, M, of the line segment AB

has the coordinates M(5, 3). Find the coordinates of B.

The coordinates of the endpoint, C, and midpoint, M,
of the line segment CD are C(6, -7) and M(2, -1).
Find the coordinates of point D,

Use the diagram on the right to find the midpoints
of the following line segments.

a) AF b) AC ¢ DF
d) BE e) BF f) CE

Week 3 Task 6

HM: 200

65 4 33

Line Segments

-2 -

Week 3 Task 6
HM: n/a

To find the length of a line segment (or the distance between two points), use Pythagoras’ theorem:

¥
2

Create a right-angled triangle using the line segment as the hypotenuse.

Work out the lengths of the two shorter sides — find the difference between the x-coordinates
of the end points to find the length of the horizontal side, then find the difference
between the y-coordinates of the end points to find the length of the vertical side.

Put these values into Pythagoras’ theorem asa and b: @ +b* =k and solve to find h.



Line Segments

Week 3 Task 6
HM: n/a

Example 2
Calculate the length of the line segment AB. Give your answer to three significant figures.

4

/

Vs

v

4 —i/—l 0
-1
Ad-—-=2

-3

-

-4

4

1. Think of the line segment as the

Lengthof AC=1-(-3)=4
)=6

hypotenuse of a right-angled triangle 4BC. Length of BC = 4 - (-2

| o]

3. Calculate the length of 4B using
Pythagoras’ theorem.

Calculate the length of AC and BC.

AB = /AC*+ BC?
AB= /4" + 6’
AB=52 =7.21(to 3 s.f)

Line Segments

Week 3 Task 6
HM: n/a

Exercise

2

Q1 Find the length of the line segments with the following end point coordinates.

Give your answers to 3 significant figures.

a) (5 9 and (1, 6)
d) (3,7)and (3, 14)
g) (1,-2)and (8, 2)
j) 2,4 and(-1,-4)

b) (15, 3) and (11, 8)
e) (-1,9) and (9, -3)
h) (-3, 7)and (-2, -3) ) 1,-1),(59
k) (0,-1)and (4, 8)

c) (5 4and 4, 1)
f) (9, -4)and (-1, 12)

) (-2,-1)and (11, 8)

Q2  Find the length of each side of the shapes below. Give your answers to 3 significant figures.

a)

4
B 3
17
i
|

4 -

A

-4

32100 1/2 3 4
=} D
<2
-3

b)

=

Fa 3
e
|

—4/3-2-10] 1 34
E -1
= G

—4 H



Week 3 Task 6

Line Segments HM: n/a

Ratios can be used to express where a point is on a line. For example, if point R is a point
on the line PQ such that PR : RQ =2 : 3, then R is 5 3 5= % of the way from P to Q.

You can use ratios to find the coordinates of a point by treating the x- and y-coordinates separately.

Week 3 Task 6

Line Segments HM: n/a

Example 3

¥

Points 4, B and C lie on a straight line. Point A has coordinates (-3, 4) A(-3, 4) i

and point B has coordinates (3, 1). Point C lies on line segment AB \
such that AC : CB = 1:2. Find the coordinates of point C.

1. Find the difference between the x difference: 3-(-3)=6 \‘?[\3’ N
x- and y-coordinates of 4 and B. ydifference:  1-4=-3 <y

Pod

Use I!1c given ratio to see Cis Tl_" = % of the way along 4B, so  x: ;— Xx6=2
how far along AB point C is. 2 :
» T x =3 =-1
3. Add the results to the x-coordinate: -3 +2=-1

coordinates of 4 to get C. y-coordinate: 4 +-1=3 Point C lies at (-1, 3).



Week 3 Task 6

Line Segments HM: n/a

Exercise 3

Q1 Point C lies on the line segment 4B. Find the coordinates of C given that:
a) A3,-3), Bl6,6) AC:CB=1:2 b) 4(-3, 5), B9, 1) AC:CB=3:1
c) A, 4), B(10,-1) AC:CB=2:3 d) 4(-20, 1), B8, -13) AC:CB=3:4

Q2 Each set of three points below lies on a straight line. Use the points to find the specified ratios.
a) Find AB:BC given A(0, 0), B(2, 2) and C(6, 6).
b) Find DE:EF given D(1, 0), E(-3, 4) and F(-4, 5).
c) Find GH:HI given G(-1, -2), H(5, 2) and (14, 8).

Q3  Point T lies on the line segment SU. Find the coordinates of U given that:
a) 86,2), TN2,-4) ST:TU=3:2 b) S(-2, -4), T(18, 11) ST:TU=5:4

Week 3 Task 7

Quadratic Graphs MM 251, 252, 253, 254

Quadratic functions always have x? as the highest power of x. The graphs of quadratic functions are
always the same shape (called a parabola) and are symmetrical about their lowest (or highest) point.

* If the coefficient of ¥ is positive (e.g. y = 2x* — 3x - 1), the parabola is u-shaped.
*  If the coefficient of »” is negative (e.g. y = -2x” + 3x + 1), the parabola is n-shaped.

To draw the graph of a quadratic function y = ax* + bx + ¢, calculate y-values for a set of x-values in
a table, plot the pairs of values as coordinates on a set of axes, then draw a smooth curve through
the points. You can then read off the graph to estimate the value of x for a given value of y.



Week 3 Task 7

Quadratic Graphs HM: 251, 252, 253, 254

Example 1

Draw the graph of y = x* - 3 and use it to estimate x when y = 2. i
1. Use a table to find the coordinates of points on the graph. 1];
x |-4|-3|-=2]-1|0[1]2]|3]|4 8
X [1619[4|1]0([1]4 16 o
*-3 113|161 |-2|3([-2]1 e
So the coordinates are (-4, 13), (=3, 6), etc. i T ; |
2. Plot the coordinates on a suitable set of axes. e "z\lé/:/z i
Join the points with a smooth curve (not straight lines). _

3. Draw a horizontal line at y = 2 and read off the values of x:  x=%2.2(1 d.p.)

Week 3 Task 7

Quadratic Graphs MM 251, 252, 253, 254

Exercise 1
Q1 For the following quadratic equations, copy and complete the table and draw each graph.

a) y=6-x? x |4|-3(=2|-1]0(1]|2]3]|4

¥ 4

6 —x’ 2 5 -3

b) y=2¢ |42 |=2|a]l4] 2|34

2x* 18 2

Q2  Draw the graph of y = x> + 5 for values of x between —4 and 4.

a) Use your graph to find the value of y when: (i) x=25 (i) x=-0.5
b) Use your graph to find the values of x when: (i) y=6.5 (i) y=10

Q3  Draw the graph of y = 4 — x* for values of x between —4 and 4.
Write down the values of x where the graph crosses the x-axis.

Q4  Draw the graph of y = 3x* — 11 for values of x between —4 and 4.
Estimate the values of x where the graph crosses the x-axis.



Quadratic Graphs

Example 2

Draw the graph of y = x* + 3x - 2.

1. Add extra rows to the table to make it easier to work out the y-values.

x -4 |1-3(2|-1]0]1 2 (3] 4

x 16 | 9 | 4 | 1 0|1 4 |9 |16

+3x -12|-9(-6|-3|0 |3 |6(9]12

-2 2 |-2|-2|-2|-=2|-=2|-2]|-2]|-2
©+3x-2| 2 |-2|4|4|-2|2|8|16]26

2. The table doesn't tell you the lowest point on the curve,
so you need to find one more point before you can draw the graph.
Quadratic graphs are always symmetrical, so the x-coordinate of the
lowest point on the curve is halfway between the two lowest points

from the table {or any pair of points with the same y-coordinate).

So the lowest point of the graph is halfway between x = -2 and

x=-1,whenx=-1.5andy=(-1.52 + (3 x -1.5) =2 = —4.25. ~__ e

3. Plot the points and join with a smooth curve.

Quadratic Graphs

yaridr-2 4

Week 3 Task 7
HM: 251, 252, 253, 254

24

20

12

4%3 -2 10/1 2 3 4x

Week 3 Task 7
HM: 251, 252, 253, 254

Exercise 2
Q1 Copy and complete the table and draw the graph of y = 2x* + 3x - 7.
x 4 |-3|-2]|-1|0 1 2 3 -
2x? 18 18
+3x -9 9
-7 -7 -7
2x* +3x-7 2 20

Q2  Draw the graph of y = x* — 5x + 3 for values of x between -3 and 6.
a) Use your graph to find the value of y when:
b) Use your graph to find the values of x when:

Q3  Draw the graph of y = 11 — 2x? for values of x between —4 and 4.

a) Use your graph to find the value of y when:
b) Use your graph to find the values of x when:

(i) x=-1.5 (i) x=1.5
(i) y=8 (i) y=-2
(i) x=-25 (i) x=1.25
(i) y=0 (i) =1



- Week 3 Task 7
Quadratic Graphs HM: 255, 256, 257

tevpagge

Quadratic graphs are always the same shape, which means you can sketch them
without a table of coordinates. Draw a u-shaped or n-shaped parabola in roughly
the correct position and label these important points:

*  The y-intercept is the value of the constant term in the equation,
.e. (0, ¢) for y = ax’ + bx + ¢, because this is the value of y when x = 0.

*  The x-intercepts can be found by factorising the equation. A quadratic y = (x + p)(x + ¢) crosses
the x-axis at (-p, 0) and (~g, 0), because x = -p and x = —¢ are the solutions to (x + p)(x + ¢) = 0.

*  The turning point is the lowest point (for a u-shaped graph) or highest

point (for an n-shaped graph) on the curve. Due to the symmetry of the ~ 11P: The tuning point
graph, the x-coordinate of the turning point is always halfway between ]'?5 o th‘: verticalline
the x-intercepts. Put this value into the equation to find the y-coordinate. 0! Symmety

. Week 3 Task 7
Quadratic Graphs HM: 255, 256, 257

Example 3
Sketch the graph of y = x* + x - 6, and label the turning point and intercepts with their coordinates.

T

Find the y-intercept by putting x =0 inthe Whenx=0,y=0"+0-6=-56,
equation (or just look at the constant term). so the y-intercept is at (0, —6).

Factorise and solve the equation PY+x-6=0= (x+3)x-2)=0 = x=-3andx=2,
¥+ x-6=0to find the x-intercepts. so the x-intercepts are (-3, 0) and (2, 0).

Use symmetry to find the turning point.  x-coordinate = (2 + -3) + 2 =-0.5

The x-coordinate is halfway between the  y-coordinate = (-0.5)° + (-0.5) - 6 =—6.25

x-intercepts. Find the y-coordinate by So the turning point has coordinates (-0.5, -6.25).
putting the x-coordinate into the equation. o

Use all this information to sketch Tip: Sketches don't

and label the graph. The »’ term is v on C(;]mpl.emly
positive so the graph is u-shaped. g . Arcusite = they It

need the correct general
shape, and key points
labelled and in roughly
(-0.5, -6.25)| 0.-6) the correct positions.

This means that the turning point will (-3, 0) 2. 0)
be the lowest point on the graph.




Week 3 Task 7

Quadratic Graphs L 255, 256, 257

Exercise 3
—

Q1 For each of the following equations, find the coordinates of: (i) the intercepts, (i) the turning point.

a) y=@x-Nx+1) b) y=(x+7)x+1) ¢ y=x"+16x + 60

Q2  Sketch the graphs of these equations. Label the turning points and intercepts with their coordinates.

a) y=xi-4 b) y=x-4x-12 0 y=x2+12x+32
d y=x+x-20 e y==x-2x+3 fy y==*-14x-49
g) y=2x"+4x-16 h) y=5x-6x-8 i) y=-2x"-x+6

Week 3 Task 7

Quadratic Graphs MM 255, 256, 257

You can use the completed square form of a quadratic equation to easily find the coordinates
of the turning point of its graph. For equations of the form y = (x + p)* + g, the turning point
can be found where the expression in brackets is zero, i.e. where x =—p and y = ¢, at (-p, ¢).

This also tells you the number of roots. For a positive quadratic, if the minimum point lies above the
x-axis (i.e. has a positive value of g), the graph won't cross the x-axis and so there are no real roots. (The
same is true for a negative quadratic when the maximum point lies below the x-axis with a negative value
of ¢.) If the turning point lies on the x-axis there is one repeated root. Otherwise there are two real roots.




Quadratic Graphs

Week 3 Task 7
HM: 255, 256, 257

Example 4

Find the coordinates of the turning point of the graph with equation y = 4 + 2x - x%,

1. Complete the square. y=442x-x¥=-x-2x-4) 8 , ,
= [x—1P—-1-4]=5-(x- 17 Trp. The x* term is

negative, so the turning

2. Find the x- and y-values whenthe (x-1)=0,50x=1,y=5-0=5. point is the highest point
expression in brackets is zero. So the turning point is at (1, 5). on the n-shaped graph.

Quadratic Graphs

Week 3 Task 7
HM: 255, 256, 257

Example 5

Sketch the graph of y = x* + 8x - 5. Label the y-intercept and turning point.

1. Complete the square.

2. The turning point occurs when the brackets

of the completed square are equal to 0.

3. Substitutex=0intoy=x"+8x-5
to find the y-intercept.

4. Sketch the graph through these two points
and label their coordinates.
The x* term is positive, so the graph is
u-shaped, and the turning point is the
lowest (minimum) point on the graph.

y=+4P-16-5=+4F-21

When (x + 4) =0, x=-4,y=0-21=-21.
So the turning point is at (-4, -21).

y=0"+(8 x 0) - 5 = -5, so the y-intercept is (0, -5).

s Tip: Here, the turning
point lies below the
\ / x-axis, so the graph
z crosses the axis twice
10, -5) and there are 2 real
roots, at (x + 4 -21=0
(=, 213 = x=-4+ 421,




Week 3 Task 7

Quadratic Graphs HML: 255, 256, 257

Exercise 4

Q1

Q2

For each of the following equations, find the coordinates of: (i) the y-intercept, (ii) the turning point.
a y=(+5°-9 b) y=(x-3¢-30 0 y=@k-4p-13

By completing the square, sketch the graphs of the following equations.
Label the y-intercept and turning point of each graph.

Q) y=x'-6x-5 b) y=x’-4x+2 ¢ p=x'+8x-6
d y=x'+2x+8 e y=x'-x+10 f) y==x'+10x-6

Week 3 Assessment

Question 1

Line 4 has equation 5x + 2y -8 = 0.
Line B is parallel to line 4 but has a y-intercept which is triple that of line 4.
Find the equation of line B.

[3 marks]



Week 3 Assessment

Question 2
Line L passes through the points P and Q, as shown below.
" ty a) Find the equation of line L.
(=2, 4) line I [3 marks]
\“ b) Lines L and M are perpendicular and intersect
0 . at the point (2, 2). Find the equation of line M.

[3 marks]

Week 3 Assessment

Question 3

A straight line passes through the points (9, 110) and (-5, -100).
Does the point (33, 450) lie on the line? Justify your answer.

[4 marks]



Week 3 Assessment

Question 4

The diagram below shows lines 4B and CD.
Line CD intersects 4B at the midpoint, M, of line 4B.

A2,10) » a) Find the midpoint, M, of line AB.
\ [2 marks]
Dim, n) : :
M b) Given that CM:MD = 2:1, find the length of the line
/ x segment CD. Give your answer to one decimal place.
C(-6,-2) \ [3 marks]
B (6, -6)

Week 3 Assessment

Question 5

A triangle has vertices A(1, 5), B(3, -1) and Ci(6, 0).
Is triangle ABC right-angled? Justify your answer.

[4 marks]



Week 3 Assessment

Question 6
Sketch graphs of the following equations. @

Label the coordinates of any intersections with the axes.
a) y=x*

[1 mark]
b) y=1-x*

[3 marks]
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Pythagoras' Theorem

Week 4 Task 1
HM: 498, 499, 500, 501

The lengths of the sides in a right-angled triangle always follow the rule: A% = @ + b?

f1 is the hypotenuse — this is the longest side, which is always
opposite the right angle. a and b are the shorter sides.

This is Pythagoras’ theorem and it is used to find lengths
in right-angled triangles.

4 cm

To find the length of the hypotenuse in a right-angled triangle:
* Square the lengths of sides a and b.
* Add together the squared lengths, a* and b?, to get i*.
= Take the square root of /i’ to find the hypotenuse, h.
Pythagoras’ Theorem
Example 1
Find the exact length of x on the triangle shown.
1. Substitute the values from the h=a>+ b
diagram into the formula. x2=62+ 42
2. Add together the squared
lengths to get x2. x2=36+16=>52
3. Work out the square x =452 =/4x13

root to find x. =2/13 cm

h

a

Week 4 Task 1
HM: 498, 499, 500, 501

6 cm



Week 4 Task 1

Pythagoras' Theorem HM: 498, 499, 500, 501

Example 2
Find the length of b on the triangle shown on the right. 24 m
1. Substitute the values from the P=a+p
diagram into the formula. 252 =242 4 p? 25m
b
2. Rearrange to make b* the subject. b*=25%-24*=625-576 =49

3. Work out the square root to find b. b=y49 =7 m

Week 4 Task 1

Pythagoras' Theorem HM: 498, 499, 500, 501

Exercise 1

Q1  Find the exact length of the hypotenuse in each of the triangles below. @

) . 12 mm S5mm © q d &
? 2 V2 em
3 cm 5m 10m
4 cm

kP
5 C

Q2  Find the length of the hypotenuse in each of the triangles below.
Give your answers correct to 2 decimal places where appropriate.

2.4 m ) 11.5 mm d)

3 78 km 7.2 mm
5.12 km

Q3  Find the exact Ienglhs of the unknown sides in these tnan}.,les

g 13 cm 7 mm E cm d 10 mm i
-4- cm

12 cm 11 mm P 30 mm

w

Q4  Find the lengths of the unknown sides in these triangles. Give your answers correct to 2 d.p.

1) 15.9km b) o — € 954m
k 317 m !?Lm

217 km 1.65 mm i



Week 4 Task 1

]
Pythaqgoras' Theorem MM 502, 503, 504

Pythagoras’ theorem can be used in lots of other situations too —
you just have to look for ways to create a right-angled triangle. For example:

*  Splitting an equilateral or isosceles triangle in half can create two identical right-angled triangles.

*  The straight line between two pairs of coordinates forms the hypotenuse of a right-angled triangle
with sides equal to the difference in the x-coordinates and the difference in the y-coordinates,

Pythagoras’ theorem can also be applied to real life situations. The formula is used in the
same way, you just have to link your answer back to the context of the situation.

Week 4 Task 1

Pvthagoras' Theorem HM: 502, 503, 504

Example 3

Vi
Find the exact distance between points 4 and B on the grid. ' 409, 11)
1. Create a right-angled triangle with hypotenuse AB.

2. Find the length of the horizontal side by Difference in x-coordinates:
working out the difference in the x-coordinates. 9-4=5

3. Find the length of the vertical side by working  Difference in y-coordinates:

out the difference in the y-coordinates. 11-5=6 N
- " ' - ' } X
4. Substitute the values into the formula. AB* =5+ 6* =25 + 36 = 61
5. Work out the square root to find the AB = /b1

distance. Give your answer in surd form.



Week 4 Task 1

]
Pythaqgoras' Theorem MM 502, 503, 504

Example 4

ATV has a height of 40 cm and width of w cm.
Its diagonal measures 82 cm. Will the TV fit in a box 75 cm wide?

L

Tip: Sketch a diagram
to help you understand

The diagonal and sides form a right-angled W=a+b the question, if needed.
triangle, so substitute the values into the formula. ~ 82° = 40° + w*
Rearrange to make w* the subject. w' =82 - 40° = 6724 - 1600
=5124
. Work out the square root to find w. w=y5124 =71.58 cm (2 d.p.)
Use your answer to draw a conclusion. 71.58 < 75 so yes, the TV will fit in the box.

Week 4 Task 1

Pythagoras' Theorem HM: 502, 503, 504

Exercise 2

Unless told otherwise, give your answers correct to 2 decimal places where appropriate.

Q1

Q2

Q3

Q4

An equilateral triangle has sides of length 10 cm. Find the -~
perpendicular distance from a vertex to its opposite side. o= K

The triangle JKL is drawn inside a circle centred on O, as shown.
JK and KL have lengths 4.9 cm and 6.8 cm respectively.

a) Find the length of JL. b) Find the radius of the circle. 0

A kite gets stuck at the top of a vertical tree. The kite’s 15 m string
is taut, and its other end is held on the ground, 8.5 m from the
base of the tree. Find the height of the tree.

Newtown is 88 km northwest of Oldtown. Bigton is 142 km from Newtown, and lies ~
northeast of Oldtown. What is the distance from Bigton to Oldtown, to the nearest kilometre? [ ==

A triangle has sides measuring 1.5 m, 2 m and 2.5 m. Show that this is a right-angled triangle. L



Pythagoras' Theorem

Exercise 2

Week 4 Task 1
HM: 502, 503, 504

Q6 A boat is rowed 200 m east and then 150 m south. If it had been rowed to the same /=)
point in a straight line instead, how much shorter would the journey have been?

Q7  The points 4, B and C are shown on the right. Find the exact lengths
of the line segments between the following pairs of points. @

a) Aand B b) Band C ¢ dand C

Q8  Find the exact distance between points P and 0
with coordinates (11, 1) and (17, 19) respectively.

Q9 Kevin wants to set up a 20 m slide from
the top of his 5.95 metre-high tower.

a) How far from the base of the tower should
Kevin anchor the slide?

b) A safety inspector shortens the slide and
anchors it 1.5 m closer to the tower.
What is the new length of the slide?

Pythagoras' Theorem in 3D

For a cuboid of length a, width b and height c, the length
of the longest diagonal, d, can be found using the formula: d* = a* + b* + ¢*

This formula comes from using the 2D Pythagoras’ theorem twice.

In the diagram to the right, a, b and e make a right-angled triangle (¢ is the
diagonal of one of the cuboid's faces and forms the hypotenuse), so ¢* = a* + b*.
Side ¢ makes a right-angled triangle with dand ¢, so d* = ¢* + ¢ = a* + b* + ¢°.

Vi

10 .

b e O D0

346 5 10%

Week 4 Task 2
HM: 505, 506, 507

o (N
'




. 3 Week 4 Task 2

Pythagoras' Theorem in 3D

Example 1 F G
Find the exact length AG in the cuboid shown on the right. £/ Aem
B '
1. Use Pythagoras on the triangle ACD e erestiasssiiig gl
N : 4 ) 3 7 cm
to find the length AC. : 4 T
AC2 =100 +72=149
AC =y149 cm e e . 7.
a7 7 cm
A 10 cm D
2. Now use Pythagoras again on the triangle AGC to find the length AG.
Give your answer in surd form. G
AG?2 = (/149) + 42 ; 4 cm
=149 + 16 = 165 : =23 ,
s A9 cm C
AG = Y165 cm B
A
v . Week 4 Task 2
Pythagoras' Theorem in 3 I 505, 506, 507
Example 2
L
A square-based pyramid ABCDE is shown on the right. Point O is the midpoint
of the base ABCD and point E lies directly above 0. Find the exact length OE. &
. ~y ] ~ Q -
1. Use Pythagoras on the triangle ACD to find the length AC. [ 3 (
AC* =6 +6' =72 6 m
AC=y72=6y2m & 4""em D
2. Ois the midpoint of AC, so halve AC to get AO. ( .
y bm
40=6y2+2=3/2m ) A'
& bm
3. Use Pythagoras on the triangle AOE to find E TiP: You hau;- to do
the length OE. Give your answer in surd form. this example in stages
, : . & — you're not finding the
AE® = AC” + OE;_ ; 2 ) diagonal of a cuboid,
OFEX=10°-(3y2) ( 50 you can't use the
=100-18 = 82 » 6m  formula.

OE =82 m A em D



Week 4 Task 2

Pythagoras' Theorem in 3D HM: 505, 506, 507

Exercise 1

Q1 The cuboid ABCDEFGH is shown on the right. @ .
a) By considering the triangle 4BD, find the exact length BD.

b} By considering the triangle BFD, find the exact length FD. y e

Q2  The cuboid PORSTUYW is shown on the right. @
a) Find the exact length PR.

b) Find the exact length RT. P 12mm S5mm

Q3 Acylinder of length 25 cm and radius 4.5 cm is shown on the right. L L
X and Y are points on opposite edges of the cylinder, such that XY
is as long as possible. Find the length XY to 3 significant figures. 4.5 cm

Q4 A cuboid measures 2.5 m x 3.8 m x 9.4 m. Find the length of the diagonal of the cuboid to 2 d.p.

Week 4 Task 2

Pythagoras' Theorem in 3D

Exercise 1

In Questions 5-11, give all answers to 3 significant figures.

Q5  The triangular prism PORSTU is shown on the right.

T U
a) Find the length OS. o
b) Find the length ST. ﬁQ ______________ R
P s

25 mm H&mm

Q6 Find the length of the diagonal of a cube of side 5 m.

Q7 A pencil case in the shape of a cuboid is 16.5 cm long, 4.8 cm wide and 2 cm deep. What is
the length of the longest pencil that will fit in the case? Ignore the thickness of the pencil. :

Q8 A spaghetti jar is in the shape of a cylinder. The jar has radius 6 cm and height 28 cm.
What is the length of the longest stick of dried spaghetti that will fit inside the jar? '



Pythagoras' Theorem in 3

Exercise 1

Week 4 Task 2
HM: 505, 506, 507

Q9 A square-based pyramid has a base of side 4.8 cm and sloped edges all of length 11.2 cm.
Find the vertical height of the pyramid from the centre of the base to the highest point.

Q10 A square-based pyramid has a base of side 3.2 m and a vertical height of 9.2 m.
Find the length of the sloped edges of the pyramid, given they are all equal.

(OI88 The square-based pyramid JKLMN is shown on the right.
O is the centre of the square base, directly below N.
P is the midpoint of LM.

a) Find the length NP.
b) Find the length OJ
c¢) Find the length ON.

(@1F4 The square-based pyramid FWXYZ is shown on the right.
Point O, the centre of the square VWXY, is directly below Z.
a) Find the length VX.
b) Hence find the area of the square FWXY.

Trigonometry - Sin, Cos and Tan

Trigonometry can be used to find lengths or angles in right-angled triangles.
For a given angle x (as shown on the diagram on the right):

= The side opposite the right angle is the hypotenuse.
= The side opposite the given angle is the opposite.
= The side between the given angle and the right-angle is the adjacent.

The three sides of a right-angled triangle are linked by the following formulas:

. _opp _ adj _ opp
sinx = mhyp' cosx = hyp’ fanx = Wadi

N
13m
L
i
J M

“—7 m—»'

Z
17 m
OZ=15m
%
¥ ¥
Week 4 Task 3

HM: 508, 509, 510, 511

4,
L,
‘°o e,
Dt
Se

adjacent

opposite

Tip: Remember

‘SOH CAH TOA 1o

help you decide which
formula you need to use.

If you're given one angle and one side, you can use trigpnometry to find an unknown side length. Look at
the side you've been given and the side you want to find to decide which formula to use — e.g. if you had
the hypotenuse and wanted to find the adjacent, you'd use the cos formula as it contains these two sides.
Substitute the values you know into the appropriate formula and rearrange it to find the length you want.



Week 4 Task 3

Trigonometry - Sin, Cos and Tan I 508, 509, 510, 511

Example 1

Find the length of side y.

1. You're given the hypotenuse and asked to S opp
find the opposite, so use the formula for h'?f’l)v
sin x and substitute in the values you know. sin 30° =55 10m

2. Rearrange the formula to find y. v =10 sin 30°

3. Input ‘10 sin 30" into your calculator y=5m
and press ‘=" to find the value of y. -
= = Week 4 Task 3

TrlgOnomet! ! - Sln, COS and Tan HM: 508, 509, 510

Example 2

Find the height of the isosceles triangle shown. Give your answer correct to 3 significant figures.
1. Create a right-angled triangle by splitting
the triangle in half. Divide the angleby2to 58 + 2 =29°
find the angle in your right-angled triangle.

adj v
2. Now you have the hypotenuse, COS X = _I% = cos 29° = +3
’ = : v
and you need to find the adjacent, "
so use the formula for cos x.
3. Rearrange the formula to find y. y=4cos 29°

4. Use your calculator to find the value of y. y=3.498... =3.50 cm (3 s.f.)



Week 4 Task 3

Trigonometry - Sin, Cos and Tan I 508, 509, 510

Example 3

Find the length of side y. Give your answer correct to 3 significant figures.

1. You're given the opposite and
asked to find the adjacent, so opp
, 1 o F _ tanx=—g-
use the formula for tan x. adj o
D

y
yxtan50°=15 = y=15+tan 50°

2. Rearrange the formula to find y — this tan 50° =
time, y is on the bottom of the fraction,
so the rearrangement is slightly different.

3. Use your calculator to find the value of y.  y=12.586... = 12,6 mm (3 s.f.)

Tri Onomet - Sin COS and Tan HM: 508, 509, 510

Exercise 1

Week 4 Task 3

Q1  Find the lengths of the sides marked with letters below. Give your answers to 3 significant figures.

a) b) b c) d)

43° 9cm

d

h

4.5 cm

e

Q2  Find the lengths marked with letters in the triangles below.
Give your answers to 3 significant figures.

al A b)

m




Week 4 Task 3

Trigonometry - Sin, Cos and Tan MM 511, 512

You can also use the trig formulas to find an angle if you know two
side lengths. You have to use the inverse functions of sin, cos and tan
(written sin™', cos™ and tan™), which return an angle. To find an angle,
work out which formula you need from the sides you're given as before,
then substitute in the known values — this will give you a fraction

on the right-hand side, e.g. sin x = 12— Take the inverse trig function
of the fraction to get the angle — so here you'd do x = sin™ (_12—) = 30°.

Week 4 Task 3

Trigonometry - Sin, Cos and Tan HV: 511, 512

Example 4

Find the size of angle x. Give your answer correct to 1 decimal place.

1. You're given the adjacent and the adi 100
hypotenuse, so use the formula for cosx.  cosx = Typ = 150
2. Take the inverse of cos o 100 m
fi L 1
to find the angle. X = COs (]5[] .

3. Input ‘cos (100 + 150)" into your calculator
and press ‘=" to find the value of x. x=48.189... = 48.2° (1 d.p.)




Week 4 Task 3

Trigonometry - Sin, Cos and Tan 511512

Example 5
Find the size of angle x. Give your answer correct to 1 decimal place.
’ Fisssik i 9cm
1. You're given the opposite and the -
adjacent, so use the formula for tan x. T . ’
adj — 9 3 cm

2. Take the inverse of tan I3
to find the angle. x =tan (E]

3. Use your calculator to find the value of x.  x=18.434... =18.4° (1 d.p.)

Week 4 Task 3

Trigonometry - Sin, Cos and Tan HM: 515

Trigonometry can be used to work out angles of depression and elevation.

The angle of depression is the angle between a horizontal observer
line and the line of sight of an observer at the same level ‘/ ] horizontal
looking down — e.g. you could measure the angle of =

: , : : : angle of *
depression of someone looking down from a window. 8 h

depression s
2
line of sight i i

angle of I g line of sight

elevation _ - . i ;
- The angle of elevation is the angle between a horizontal line

-~ - - -
. and the line of sight of an observer at the same level looking

M hadvental up — e.g. the angle made looking up at a hovering helicopter.
observer

For problems like this, use the information given to draw a right-angled triangle and use the formulas
in the same way as usual. Remember to relate your answer to the original context of the problem.



Week 4 Task 3

Trigonometry - Sin, Cos and Tan v 51

Example 6
Liz holds one end of a 7 m paper chain out of her window. Phil stands in the garden below holding

the other end to its full extent. Phil’s end of the paper chain is 6 m vertically below Liz’s end.
Find the size of the angle of depressmn from Liz to Phil. Give your answer to 1 decimal place.

1. Use the information to cimw

a right-angled triangle —
the angle of depression is the

angle below the horizontal.

opp

2. You're given the hypotenuse and the i
opposite, so use the formula for sin x.

~ hyp

3. Take the inverse of sin to find the angle.  x = sin (?)

4. Use your calculator to find the value of x. x=58.997... =59.0° (1 d.p.)

Week 4 Task 3

Trigonometry - Sin, Cos and Tan v 515

Exercise 2
Find the size of the angles marked with letters. Give your answers to 1 decimal place.

l;/ !
b
14 cm

10 cm

d) e) )
2cm
12 B :
e 5cm 13 mm
e
7.5 cm




Week 4 Task 3

Trigonometry - Sin, Cos and Tan H: 515

Q3

Exercise 2
Q2 Melissa is building slides for an adventure playground. 8m 260
a) The first slide she builds has an 8 m high vertical ladder and a slide n

of length 24 m. Find m, the slide’s angle of elevation, to 1 d.p.

b) A second slide has a 4 m vertical ladder, and the base of the slide
reaches the ground 5.5 m from the base of the ladder as shown.
Find g, the angle of depression at the top of the second slide, to 1 d.p.

55m
Find the angles marked with letters in the following diagrams. Give your answers correct to 1 d.p.

a) A b) ] Z 9m
E.m:] -------------
; Lk
18 cm o { 10m ]
2m m
] /m

Tri

Week 4 Task 3
HM: n/a

onometry - Sin, Cos and Tan

The sin, cos and tan of some angles have exact values. You need to either remember the
values or know how to work them out without a calculator. The first of these angles is 45°.

Start by drawing a square with sides of length 1. Then split the square down its

diagonal to create two right-angled triangles. By Pythagoras’ theorem, the length
of the hypotenuse is y/1°+ 1% = y/2. Since the triangle was formed by bisecting
90° angles, the two acute angles in the triangle are 90° + 2 = 45°. Then use the

trig formulas to find the sin, cos and tan of 45° —e.g. sin 45° =

L .
hyp = /2°

H n__!:_ o=_1__ LI
5|n45-J2 cos 45 \/i tan45°=1



Trigonometry - Sin, Cos and Tan

Week 4 Task 3
HM: n/a

To find sin, cos and tan of 30° and 60°, start with an equilateral triangle
with sides of length 2. The interior angles are 60° (see p.252).

Split the triangle in half using a perpendicular line from one vertex to the
opposite side, leaving two right-angled triangles with acute angles of 60°
+ 2 =30°. By Pythagoras’ theorem, the perpendicular height is
V22=1? = /3. Then use the trig formulas to get the following results.

and 60°

sin 60° = @ cos 60° = 2 tan 60° = /3

sin 30° = 2 cus30°=§ tan30°=—;§

You can’t use triangles for 0° or 90° but you do need to know their trig values:

sin0° =0

sin90° =1

cos0®°=1
cos 90° =0

tan0° =0
tan 90° = undefined

Trigonometry - Sin, Cos and Tan

Week 4 Task 3
HM: n/a

Example 7

Without using a calculator, find the exact length of side y on the triangle on the right.

1. You're given the hypotenuse and want to find
the adjacent, so use the formula for cos x.

I

Substitute in the values you know and
rearrange the formula to make y the subject.

3. Replace cos 30° with its exact trig value
and work through the formula to find y.

re adj 650 mm
hyp
200 = -2
cos 30° = 650
¥y =650 % cos 30° y
&
=650 x =325/3 mm



Week 4 Task 3

Trigonometry - Sin, Cos and Tan

Exercise 3

HM: n/a
Q1  Find the size of the angles marked with letters.

a b) &l d) 8 mm
= 2cm
&"'{3 = Im 1
4 mm
V3 cm

Q2  Find the exact length of the sides marked with letters.

h

a) b) 2cm ) g d)
e / <] L (] =
30° ¥ 8 mm V
2m

Q3 Show that:

A B - f
a) tan 45° + sin 60° = = +2" 3 b) sin 45° + cos 45° = /2 ¢) tan 30° + tan 60° = 4\3'3

Q4  Triangle ABC is isosceles, AC =7y2 cm and angle 4BC = 90°.

What is the exact length of side 45? = \E

Q5  Triangle DEF is an equilateral triangle with a perpendicular height of 4 mm. A
What is the exact side length of the triangle? Give your answer in its simplest form. D F

Week 4 Task 4

The Sine and Cosine Rules i 521, 522, 523, 524, 525

To use trigonometry in triangles that aren’t right-angled, you must first label
the sides and angles properly, like in the diagram on the right — side a must
always be opposite angle 4 etc. You use lower case letters for the sides

and upper case letters for the angles.

8 . b . ¢
sinA  sinB  sinC

You can then use the sine rule, which is:




. - Week 4 Task 4

The Sine and Cosine Rules Hw: 521, 522,523, 524, 525
Example 1
Find the length of side x. Give your answer to 3 significant figures.

Substitute the values from the a _ b 4  x

diagram into the sine rule. SinA ~sinB — sin36°  sin84°

, Wil _ 4sin84°
Rearrange to make x the subject. x = Sin36° Tip: Label the triangle

using a, 4, b and B if
x=677 cm (3 s.f)  you need to.

Use your calculator to
find the value of x.

Week 4 Task 4

The Sine and Cosine Rules MV 521, 522, 523, 524, 525

Example 2
Find the size of the acute angle y below. Give your answer to 1 decimal place.

Substitute in the values from the

diagram. The second version ) . : o
S ¥ s sinA _sinB siny _ sin18°

of the formula works best here, 2 - p 29 =3

but the first would also work.

siny= QS'THU = y=sin" (

) 9sin18°
Rearrange the equation. 4 ]
3. Use the inverse function to find y. y=441°(1dp)



Week 4 Task 4

The Sine and Cosine Rules A 521, 522, 523, 524, 525

Exercise 1

Q1 Find the lengths of the sides marked with letters below. Give your answers to 3 significant figures.

a) b) 2 3in c)
80° 122 x g3
a 175 - = o
3
39°

16 cm 7 mm

Q2 For each triangle below, find the acute angle marked with a letter. Give your answers to 1 d.p.

a) b) 9 mm

16 mm

e)

20.5 in
Q3 The triangle XYZ is such that angle YXZ = 55°, angle X¥Z = 40° and length ¥Z = 83 m. Find:
a) length XZ, to 3 s.f. b) length X%, to 3 s.i.

A triangular piece of metal POR is such that angle RPQ = 61°, length OR = 13.1 mm
and length PO = 7.2 mm. Find the size of the acute angle POR, correct to 1 decimal place.

Point B is 13 km north of point A. Point C lies 19 km from point B, on a bearing of 052° from A. (=
Find the bearing of C from B, to the nearest degree. :

Week 4 Task 4

The Sine and Cosine Rules MV 526, 527, 528, 529, 530

The cosine rule can also be used to find unknown angles and sides.

For any triangle labelled as shown in the diagram,
the cosine rule is:

a’*=b*+c*—2bccosA

- : =D ¥c=g
This can be rearranged to give =~ cosA = =5,

This version is useful when you're trying to find an angle.



The Sine and Cosine Rules

Example 3

Find the length of side x. Give your answer to 3 significant figures.

Substitute the values from

rule — x is side a since it's
opposite the known angle (4).

3. Take the square root to

Work it through to find x°. x.=127.70...

Week 4 Task 4

HM: 526, 527, 528, 529, 530

the diagram into the cosine @ =b+c*-2bccos A

=8 +117-2x8x11)cos 71°

f \
find the value of x. x=y127.70.. =11.3 em (3 s.f.

The Sine and Cosine Rules

Example 3

Find the size of angle y in the triangle on the right.
Give your answer to 1 decimal place.

1. Use the second version of the b+ ci—a?
SR .. cosA=——=-—"
cosine rule to find the angle. 2hc
2. Substitute the values from the oo SBEHAY—D BE
: ; 3 COosy= IX55X4
diagram into the formula — make ol
the side opposite the angle a.
. 3 5 1 Izl a [ F -#1 3 — 1 5-51+4J_2-5-‘)
3. Use the inverse cos function ¥y = COos ( IXEEX4

to find the value of y. _ 24.6° (1 d.p.)

Week 4 Task 4
HM: 526, 527, 528, 529, 530




Week 4 Task 4
HM: 526, 527, 528, 529, 530

The Sine and Cosine Rules

Exercise 2
Q1 Use the cosine rule to find the lengths of the sides marked with letters. Give your answers to 3 s.f.

b) c &
6.5 cm

al

18m 23m

8cm

el 9.cm f)
22°

7 em

Q2 Use the cosine rule to find the sizes of the angles marked with letters.
Give your answers to 1 d.p.

a) b) 10in c)

- = 9m
P 5cm 3.5m
3in 75m
7 cm
d) 17 mm e) f) 29.3 mm
39m
12 mm .
Nm 22.1 mm 11.9 mm
20 mm
43 m
- - Week 4 Task 4
The Sine and Cosine Rules
Exercise 2
Q3 Atriangular sign XYZ is such that X¥ = 67 cm, YZ =78 cm and XZ = 99 cm.
Find the size of the angle XYZ, correct to 1 d.p.
Q4 Find the exact values of the letters in each of these triangles. @
a) . b) <) y12mm
5m -
D 8m

3 1."'5 m

c
B
Village B is 12 miles north of village 4. Village C is 37 miles N
north-east of village 4. Find the direct distance between =" 19 miles 37 miles
village B and village C, correct to 3 s f.
A

Two ramblers set off walking from point P. =
The first rambler walks for 2 km on a bearing of 025° to point 4. £/
The second rambler walks for 3 km on a bearing of 108° to point B.
Find the direct distance between 4 and B, correct to 3 s.f.




Week 4 Task 4
HM: 516, 517, 518, 519

The Sine and Cosine Rules

To find the area of a triangle, use the formula: Area = %absin(.‘

To use this formula, you need to know two sides and
the angle between them. If you don't, you might have to
use the sine and cosine rules first to find the information you need.

You can also use the formula to find the size of an angle or length of a side
when you know the area — just substitute in the values you know and
rearrange the formula to make the angle or side you want the subject.

Week 4 Task 4
HM: 516, 517, 518, 519

The Sine and Cosine Rules

Example 5
Find the area of this triangle. Give your answer to 3 significant figures.

1. Substitute the values from the Area = ]Tub sinC
diagram into the formula. 1
8 cm __ =5 X7 X8 Xsin65°
2. Use your calculator to find the area.
N : = 2
\) Make sure you use the correct units. =25.4cm* (3 s.f)

o)



Week 4 Task 4
HM: 516, 517, 518, 519

The Sine and Cosine Rules

Example 6

A segment is formed in a sector with angle 60° in a circle of radius 3 cm.
Find the area of the segment. Give your answer to 3 significant figures.

1. Work out the area of the sector. Area of sector = % XTx 3= 32—77 cm?

A

2. The triangle is isosceles (two sides  Area of triangle = ;— x 3 x 3 x sin 60°
are radii) so you know two sides and /
: . i 9v3 )
the angle between them. Use this =—z—cm’

information to work out the area.

9{’5
3
0.815 cm? (3 s.f.)

3. Subtract the area of the triangle Area of segment = % -
from the area of the sector to
give the area of the segment.

Week 4 Task 4

The Sine and Cosine Rules MV 516, 517, 518, 519

Exercise 3

Give all your answers to the questions in this exercise to 3 significant figures.
Q1  Find the area of each of the following triangles.

C)

a) b) am
GCMV 5 7 cm 11 cm
P ocm 10m v
d) s e) f)
23 mm A8°

5cm

Q2  Find the area of the segment formed in a sector with angle 67° in a circle of radius 4.5 cm.

Q3  Afield in the shape of an equilateral triangle has sides of length 32 m.
Find the area of the field.

m For the triangle on the right, use the cosine rule to calculate x
and hence find the area of the triangle.

15m

For the triangle on the left, use the sine rule to calculate y
and hence find the area of the triangle.




Week 4 Task 5

Trigonometry in 3D HM: 856, 857, 855, 859, 860

You can use trigonometry to find lengths and angles in 3D shapes by creating triangles within them.
You can use sin, cos and tan for right-angled triangles and the sine or cosine rules for other triangles.
You might need to use Pythagoras’ theorem too — see p.321. The formulas are used in the same way
as for 2D shapes, but you might have to use them multiple times to find what you're looking for.

It’s often a good idea to sketch the triangles as you go along to keep track of what you're doing.

- . Week 4 Task 5
Trigonometry in 3D HM: 856, 857, 855, 859, 60
Example 1
. . . . E G
Find the angle BDF in the cuboid shown on the right.
T ,, Ef . H/ 14 em
1. Use Pythagoras’ theorem on the i '
triangle ABD to find the length BD. /. R ---4C
BD* = AD* + AB* . — A 7 cm
=6'+7'=85 = 7 cm
BD = /85 cm 4 6ecm D
2. BDF forms a right-angled triangle and you know the opposite
and adjacent sides to angle BDF, so use the tan formula.
0 T
tan BDF=LdP=%=,i FI Tip: There may be
ad) V85 : alternative triangles you
[_4 B! 4om can use to find the angle
BDF =tan ( /85 ) P ; you want,
=23.5° (1 d.p.) : D



Week 4 Task 5

Trigonometry in 3D

Exercise 1

Q1 The cube shown has sides of length 3 m. Find: ; F
a) the exact length AF 10 8
b) the exact length FC ; -
c) the angle AHC, to 1 d.p. C G D

Q2  ABCDE is a square-based pyramid. The centre of the base is O,
and E lies directly above Q. Find:

a) the angle BCE, to 1 d.p b) the angle AEB, to 1 d.p.
) the exact vertical height EO d) the angle AEQ, to 1 d.p.
D

Q3  For the triangular prism shown, find:
a) the angle EDF, to 1 d.p.
b) the exact length DC
c) the angle DCE, to 1 d.p.

. . Week 4 Task 5
Trigonometry in 3D
Exercise 1

E. F
Q4  For the cuboid shown, find:
a) the exact length AH 4 ,Gl"' B """ H
b) the angle EDG, to 1 d.p. 3in) .~ 8in
¢ 5in D

Q5 For the triangular prism shown, where M is the midpoint of AC, find:
a) the perpendicular height BM, to 3 s.f.
b) the length EM, to 3 s.f.




Week 4 Task 5

Trigonometry in 3D HMI: 856, 857, 858, 859, 860

Example 2 ) F. e
Find the size of angle AFH in the cuboid shown on the right. |- B .ﬁ T
1. Use Pythagoras’ theorem to find the lengths AF, AH and FH. 6 cm W Lo el
s , y Y F 4 9cm
AF? =6'+ 9 =117 = AF =117 g ' 13em D
AH? =132 + 92 =250 =5 AH =250
FH*=6+13"=205 = FH=y205 6cm
-
2. AFH isn't a right-angled triangle but you cosAFH = AL FH -AH" _ 117 +205- ?50
know all 3 sides so use the cosine rule. 2XAFXFH 2 X117 x1/205
: . + o
3. Take the inverse of cos to find the angle. AFH = cos™ (; :(7“ 12?54_ {522%[1_ =76.6° (1d.p.)

Week 4 Task 5

Trigonometry in 3D HM: 856, 857, 858, 859, 860

Exercise 2

Q!

Q2

The diagram shows the triangular prism LJKLMN. M

a) Use the cosine rule to find the size of angle JIK, correct to 1 d.p. /

b) Hence find the area of triangle JK, correct to 1 d.p. 5m

¢) Hence find the volume of the triangular prism IJKLMN,
to the nearest m’. 11 m K

The diagram shows the triangle CEH drawn £ F
inside the cuboid ABCDEFGH. :
a) Find the exact length CE. G
b) Find the exact length CH. g L6 m
¢) Find the exact length EH. gm

d) Hence use the cosine rule to find the size of angle ECH, correctto 1 d.p.

The diagram shows the cuboid PORSTUVW. T U

a) Use Pythagoras and the cosine rule to find P 5 o 5m
the size of angle PSU, correctto 1 d.p. e T W

b) Hence find the area of triangle PSU, correct to 1 d.p. il 10'm




Week 4 Assessment

Question 1
A ladder leans against the side of a vertical tower. It reaches a window 20 m above the ground.

The base of the ladder is placed 8 m away from the bottom of the tower.
What is the angle of elevation? Give your answer correct to 1 decimal place.

[2 marks]

Week 4 Assessment

Question 2

A taut zip line of length 45 m goes between platforms 4 and B. Platform 4 is 80 m
above the horizontal ground, and platform B is 65 m above the ground, as shown below.

80 m

Find x, the angle the wire forms with the vertical at platform 4.
Give your answer correct to 1 decimal place.

[2 marks]



Week 4 Assessment

Question 3

The points P and R have coordinates P(1, 3) and R(7, 8).
Find the distance between P and R, correct to 3 significant figures.

[2 marks]

Week 4 Assessment

Question 4

The shape shown below is made up of two right-angled triangles.
Find the size of angle x.

1cm

—

§
A

[3 marks]



Week 4 Assessment

Question 5
Rahim wants to put a gold ribbon around the edges of the kite shown below.

=
—12m—
« »
0.3 m

Ribbon is sold in lengths of 10 cm. What length of ribbon should he buy?

[3 marks]

Week 4 Assessment

Question 6

The pyramid ABCDE has a square base of side length 2.15 m. Point E is directly above the
centre of the square ABCD. The edge ED is 3.85 m long. Work out the angle between ED
and the base, giving your answer to 1 decimal place.

E

3.85m
D

B 215m €

[3 marks]



Week 4 Assessment

Question 7

An aeroplane takes off from a flat runway and flies for 675 m in a
straight line, after which time it is 250 m vertically above the horizontal ground. (%2
Work out the angle of elevation of the plane, to 3 significant figures. =

[2 marks]

Week 4 Assessment

Question 8

Bianca (B) and Caleb (C) are standing 25 m apart in a straight line directly facing a vertical
tower block, as shown in the diagram. The ground is horizontal. From where Bianca is
standing, the angle of elevation from the ground to the top of the tower block is 28°.

From where Caleb is standing, the angle of elevation from the ground to the top of the
tower block is 47°. D

0o
0o
00
00

00
28°  A47°
B &

Work out the height of the tower block, giving your answer to three significant figures. (=

(4 marks]



Week 4 Assessment

Question 9

The diagram shows a triangle ABC where angle ACB = 60°, AC =x + 5 cm and BC = x cm. @
The area of the triangle is 108 cm?. -

B

Find the length of 4B.

[6 marks]



Week 1 answers

Model Solutions on Indices

Exercise 1

1 a) 25 b) 77 c) 32x3)?

2 a) 10 b) 107 ¢ 108

3 a) 81 b) 256 «¢) 59049 d) 59 049
e) 768 1) 40 g) 512 h) 537 289

YA R
o (b L=t 0 (3-2-3
o (o] =i 0 (3 -5-%



Exercise 2

1 a) 32 x36=32+6_—-2738
b) 107 +10°=10"-2=10*
c) a®xat=qg5+4 =gl
d) {43)3 —43%x3 _49
e) 86:8'=85-1=8°
f) 7x76=71x76=71+6_-77
g) (c ’]4 X4 = 020
bﬂ
h) ?:bB-b5:b8—5:b3

i) 752 f0=f75-0_ 75

. 20220
l) 202"1 = 2(228-210 = 2018

k) (g” 8:gll xB:gBB
) (147 = 14724 142"

Exercise 2
3 a) P xPx3 =32+5+7 -3
b) 54x5x58—54*“3—513
0 wﬁjszS p6x2+3 \_Plf
d] {94x93}5:9|_4+3}x5:97><3_933
e) PBx7ro76=73+5-6_72
f) 8:8x87=8-977=8'=8
g] {128%]24?:]2[8—4Jx3:]24x3:1212
h) (qBJE%q4:q3kfa—4:q13—4:q14

2 a) 8-3=H = N=5
b) B+10=12 = H=12-10=2
) 10x4=H — B=-40
d 6xB=24 - B=24:6=4
e) Bx10=30 = H=30:-10=3
fl 7+WM=13 = B=13-7=6
g M-6=7 > W=7+6=13
h) 14-B=7 = B=14-7=7

34 9-6 _ 93
a] - 3(., = ;b =3 J_3
8, o4 12
by s :6_.;12 9_¢3
) Sxs® 50 0
63 x5! } 612 } ~
ol ( 6 ) ol ) ={gIe=F
\ _ 63;3 6_11(3 6]_1
25925 210 .
d == =2 2%
) (2.3}— 2'?
55,55 g0 A
e) 8.3~ i et

108 +10° _10° a
- 0'} = 5
D 10Y =107 ~ 100 = =30

You could also write 10° = 1 and then use
the fact that anything divided by 1 is itself

B o ="a=tp=02-%=4

By wbl Mgl a®




Exercise 2
5 a) (i) 4=22
(i) 4° = (22)5 = 22%5 = 210
(Iii}23 x 45 =23x210_23+10_913
b) (i) 9 x33=-232x%x33-32+3_135

(i) 5x25x 125=5 x 52 x 53
=51+2+3 _rb

(iii) 16 x 26 =24 x 26 = 24+6 _ 710
=22X5:(22)5:45

Exercise 3

i 1 1 & 1 1
1 a)41=?=j: b)22=2—2=7‘-
T N

2 a) 57 b) 11-1 c) 32 d) 27



Exercise 4

1 a) 54x52=54+(2 =52 2 a) 6 I'W i L5

b) gﬁ - g--h " gﬁ -1-6) — gIZ

) 2165 L =216 5 24 = 216-(4) = 920 b) () 107 (i) 10 (i) 10* (v) 10°

2" § 3l Pgpileilpalads oy
d) K10 x k6 + kO = f10+(-6)-0 _ g4 8 RIS RET TR T
5 . : 1 7 7
e) (#] =P =pt<S=p e e L
5173 IV IR s, 1. 4
0 (L) =us-op=gnpapraam | O (z) *(3) <2373
. B/ TEL T WU X | T | e
g ntxn _n 15 e o B T 1B LR L Tt 36
Y a1 = _ ;
[."i‘ } e) (MQJZX[T'SJ_JZ{"QJEX-_]T__%
107x10"\° [107*)° =32
_ — (1095 = 10% ;
l'l)( 9 . 4] ( _r,] ”G ¥ 1 - ) a3 27
107 =107 | 10 ﬂ 8_")(83)(33:8_23(33:8_3:_4

g 10° +10%x 10* =107
. Sagpes—. S
=707 ~ 10000000

w(F) +(2) =325

Exercise 5
1 a %a b (W) o (Vaf o) (Va)
2 a) 64T=y64=8 b) 647 =os -4
0 167 =416 = 2
d) 1000 000% = ¥1000 000 = 1000
3 a) 1257 = (/5 =52=125
b) 97 = (ya)Y =33=27
&) 10007 = (31000 = 10° = 100 000
-}

d) 80007 = (%/8000)" = 20* = 160 000



Model Solutions on Surds

Exercise 1

1 a) V12=y4x3=y4xy/3=2/3
b) 20 = ¥4x5 =4 x /5 =245
©) v50 =y25x2 = /25 x y/2 =542
d) V32 =/16x2 =16 x y2 =442
e) V108 =v36x3 =36 x V3 =6y3
f) v300 = y100x3 =100 x ¥3 =103
g)@zwﬂax':mxr:?ﬁ
h) v192 = y64x3 = /64 x v/3 =8y3

2 a) V2 x 24 =48 = /16x3 =443
b) vV3 xy12 =36 =6

In this case 641 is simplified to 6 as /1 =1

©) V3 xv24 =72 =/36x2 =642
d) V2 x /10 = y20 = y/4x5 =245

e) v40 x /2 =80 = /16 x5 =445

) V3 x 60 =180 = y36x5 =645
g) v7 x 35 =245 = /49x5 =745
h) /50 x y10 = /500 = y100x5 = 1045

) V8 xv24 =192 =/64x3 ==8y3



Exercise 2

1 a) v90 /10 =y90+10=y9 =3 D Vg =g =3

b) V72 + Y2 =4y72:2 =36 =6 —
3 v 2
o) V200 + 8 = 2008 =y25 =5 b) /5% =25 -5
d) V243 + /3 =4243:3 =481 =9 75 /45 o
e) V294 + 6 =y294:6 =y/49 =7 c) % B 7 e &
5 — J80=10 = /8 = 100 _+100 10 _ 5
f) V80 +v10=y80+10=v8=2y2 & Jer =Y =-2-3%
g V120 + 410 =4/120:10 = /12 = 2/3 ' 23
h) V180 + /3 = y/180=3 = /60 = 2/15 e) ,/2‘& = ‘/";S‘O = 1—;\;% z%
i) V180 =49 =4/180+9 =20 =245 e O
i '/(%Ln/g= 96+b=-\/ﬁ=4 ) \/ﬁZﬁ:T
I(} V484_J?_2: 484+%2:\/ﬁ ﬁi_m_bﬁ__ﬁ_
 v210 + V35 =4210+35 = V6 8) /7 7 =ia7 743 7
/27 427 343
98  v98 7v2

Exercise 3

1 a) 243 +3v3 =543
b) 747 —347 =4y7
o 2v3 +3¢y7

Not all sums of surds can be simplified.
d) 2v32 +3y2 =2 x4y2 +3y2 =114/2
e) 2¢27 -3y/3=2x34/3 -3/3 =343
f) 5¢7 +3428 =57 +3 x2{7 = 1147
2 a) 24/125-34/80 =2 x 545 -3 x 445 =245
b) v108 + 24300 = 6y3 +2 x 1043 = 2643
©) 5v294 -3y216 =5x7y6 -3 x 646 =17y/6




Exercise 4
1 a) C+432=224+2%x2/3+3=7+4/3
b) (1+¢2)1-y2)=12-2=-1

This is the difference of two squares.
o (5-v2)2=52-
d) B3-3v2)3-v2)=9-3v2-9y2 +6

=15-12y2
e) {5+ﬁ](3+ﬁ):15+5ﬁ+3£+3
=18 + 843
) (7+2¢2)7 -2y2)=72-(24/2Q2
=49_4x2=41

This is also the difference of two squares
— but don't forget you need to square the
coefficient in front of the J2.

2+v6)4+v3)=8+2v3 +4y6 + /18
=8 +2V3 +4/6 + 342
b) (4-v7)5-v2)=20-4y2
o) (1-24/10)6-+15)
— /15 =124/10 + 24/150
=6-415-124/10 + 2 x 5/6
= 6-4/15 -124/10 + 10/6

Exercise 5
6 __bYb 66 2 a)
R T - e e
b) f——%@-—%: B:Zﬁ b)
5 _ 545 545 _
i T 9
g L__¥3__43
B Bxy3 3 d)
e}%=155£=3£ o
9 _943 _
f) J;— 3 —3ﬁ f}
7 712 _7x243 743
® 7 12 - 12 - 6 9
b 12 _ 1241000 _ 12x10¥10 _ 3410
) 1000 ~ 1000 — 1000 - 25 h)

2x5/2 +2=27-10/2

-5y7 + 14

1 V5 1/5 _¥5
5¢5 545 xy5 - 35
A
3v3  33xy3 3x3° 9
3 _31/“_3x2ﬁ_3ﬁ
aJ8  4x8 - 32 -~ 16
3345 345

2/5 _ 2x5 - 10
2__24/3 243

7J3 7x3 21
112 _2/3 3
6/12 _ 6x12 = 72 ~ 36
10 1045 1045 25
A - I%E — 3% = 4

5 5/10 5410 410
9/10 _9x10-"90 - 18



Week 2 answers

b)

Rearranging Formulae

y=x4+2 = x=yp-2

2z2=3r+x = x=27-3r

C) y=

d)

e)

b)

b)

_k=2
::’-\-’— 4
‘:;{1_3 = Jv=2x—-6 = v+6=2
" .+ '
= x= 312 ] or .\‘:%(1'1-2)
1'+]:"'.}] = Jp+3=x-1

= x=3y+4

w3 +y = wl+y= i +_‘.Il_l +y
= w(l+y =1
wl+yi=1= w+wr=1
1-w
= w=1-w= yp=—"1
You might have rearranged this
. 1
differently to get y = gt
N N =3
w=5y = 2wy=3 = ¥ =9
)
z+2=7_—3 = 2+2)( -y =2
2 i
= 1—_1-—:+2 =°-"1';_+2

o1 i Iy =
C) uv= =3y = uv(l -2y =1
1 ) 1
=’l_2-‘=ﬁ="2-"=]_ﬁ
1

= ¥=3 _Zm'

d) a+b= —2_ = (a+b)4-3y)=2

4-3y
y 2 T 2
= 4_3}_I]+r‘? = 3"-l_4_u+.r‘)
_4_ 2
= Y=3730+b)

You might have ended up with slightly different
answers for parts b)-d) if you rearranged
differentty.

a) 2k=12-yw-2 = 2k +yw-2=12
= Jyw-2=12-2k

b) yw-2=12-2k = w-2=(12-2k?
— w—2 =144 _ 48k + 4K
= w= 146 — 48k + 4k?

A a=yw = w=a?

b) x=T++yw = x—1=4w
w=(x-12 or w=x?-2¢+1

Using the same method for c)-f):

€ w=yt+2 d) w:('f;:i )2

+3_ - 7
Fr=3 e L ul
3 h w="7

e) w=



6 a t=1-3z+1P = t+3z+1P=1
= 3z+12=1—-1t = [:+”2=%

by G+ 12=1ot = z+1=2/15L

7 A x=1+22 = x—1=722 = z=4yx—1
by 2t=3-72 = 2t+72=3 = Z2=3_2¢

= z=1+3-2&
Using the same method for c)-f):
C) z=t‘/£x}l d) ::i\/¥+2

_afig-a 5

8 a xa+h=a-1 = ax+bhx=a-1
= hx+1l=ag—ax = bx+1=all —x)

- a= bx +1
1-x
b) x—ab=c-ad = x—c=ab—ad

= x—c=ab-d = a= g:;

If you'd rearranged this a bit differently,

youd end up with a = :—;;
Using the same method for ¢)-d):
o __ 2
© 8=432¢ d) a=5.3

Model Solutions on

Identities



1 a) x-1=0only whenx =1, so no, the b) ax+3=5x+2—(x—1)

symbol ‘=" cannot be used. = ax+3=4x+3
b) x2-3 = —(3 -x2), so no, Soa=4.
the symbol ‘=" cannot be used. O x+4x-1)=x"+ax-4

7 7
= xr—x+4dx—4=x"+ax—4

€ 3x+2)—x=3x+6-x=2x+6 N S R I

= 2(x + 3), Soa=3.
so yes, the symbol ‘=" can be used. d c+22=x+4x+a
d) Expanding (x + 1)? givesx? + 2x + 1, = P+ 2+ 2x+4=x"+4x+a
so yes, the symbol ‘=" can be used. ;’) :'_*44-" t4=x"+4x+a

e) 42-x)=8-4x=2(4 - 2x),

) £ e) 4-x2=(a+x)a-x)
so yes, the symbol ‘=’ can be used. P S .
f) 2(x? — 2x) = 2x? — 4x, so no, = 4_x2=qg2_x?
the symbol ‘=’ cannot be used. Soa’=4 = a==z2.

2 a) 2c+5)=2x+1+a D 2x—1N3-x=ax?+7x-3
= 6x-2x-3+x=a®*+7x-3

Vo — Dy . : y :
= T_,1+iU - 2 .+]+“ s O T Ty T
= 2x+1+9=2x+1+a Soa=-2.

Soa=9. 3 a) Rearrange the left-hand side until

it matches the right-hand side:
(x+52+3x-1)2
=x2 +5x+5x+25+3x2 -3x-3x+3
= 4x? + 4x + 28
=42+ x+7)
b) 3x+ 22 —(x—4)
=32 +bx+6x+12-x2+4x+4x-16
=2x2 +20x -4
202+ 10x-2)

Model Solutions on

Solvin uadratic Equations by Factorisin



Exercise 1

1 a
b)
C)
d)

2 a
b)
C)
d)
e)
f)
g
h)
i)
i

xx+8)=0 =2x=0o0rx+8=0

= x=0o0r x=-8

x=5)x-1)=0 = x-5=0o0rx-1=0
= x=50rx=1

x+2)x+6)=0 = x+2=00rx+6=0
= x=-2 Or x=-06

x-9x+7)=0 = x-9=0o0rx+7=0
=x=9 or x=-7
¥x-3)=0=x=0o0rx=3
xx+12)=0 = x=0 or x=-12
x+2)x+1)=0 = x=-2 or x=-1
x-12=0 = x=1

x+22=0 = x=-2

x+4)x-1)=0 =2 x=-4 orx=1
x—4x+1)=0 = x=4 or x=-1
x+4)x+1) = x=-4 or x=-1
x-3)x-2)=0 > x=3 or x=2
x+6)x+2)=0 = x=-b orx=-2

ki x—6)ix+4)=0 = x=6 or x=-4
D x-12)x-3)=0 = x=12 or x=3
Exercise 2
1 a) x2=x = x—x=0 = x(x—1)=0
= x=0 or x=1
b) x2+2x=3 = x2+2x-3=0
= (x+3)x-1)=0 = x==-3 or x=1
Using the same method for c)-1):
€ (x=7)x=3)=0 = x=7 or x=3
d)y (x-—4)x-—2)=0 = x=4 or x=2
e) x—-6)(x-2)=0 = x=6 or x=2
) Bx-9x+1)=0 = x=3 or x=-1
2 2x-Nx+11)=0 = x=2% or x=-11
h) 2x+3)2x-1)=0 = x=-3 or x=%
i) Bx—1)2x+1)=0 = .\':% or x=-—%
D BGx-2)2x-1)=0 = ,\'=% or x=%
K 2x—12=0 =>x=%
D Bx-52=0 = x=3
2 a)xix—-2)=8 = x*_2x=8
= 2 -2x-8=0
= Xx-4)Nx+2)=0 = x=4 or x=-2
b) xix +2)=35 = 2+ 2x =135

= x2+2x—-35=0
= (x+7)x-5)=0 = x=-7 or x=5

Using the same method for c)-i):

C)
d)
e)

)

x+6)2=0 = x=-6
x—7P=0 = x=7
x+2)x—2)=0 = x=-2 or x=2

This one's the difference of two squares (see p.84).

2x+1)ix+7)=0 = x=—% or x=-7

3 a)

b)

C)

d)

b)
C)
d

e)

g)
h)

8
h

i)

—

b)

2x-3)=0 = x=0o0r 2x-3=0
= x=0o0r2x=3

- 3
= x=0 or x=75

(x-2)3x-1)=0
=x-2=00 3x-1=0
= x=2o0r Ix=1

= x=2 or x:%
B3x+4)2x+5)=0
= Ix+4=0o0r 2x+5=0

= 3x=-—4 or 2x=-5

4 5
= .\.‘——? or .t'——z

(x-7)5x+2)=0
= 4x-7=0o0r 5x+2=0
= 4dx=7 or 5x=-2

go o
= x=g orx=-%

3x+5)=0 =2 x=0 or x=—

i

2x+3)x-1)=0 = x=-3 or x=1
5x-2)x+1)=0 =x=% or x=-1
B3x-2)x-3)=0 = x=§ orx=3

(Ax+1)x+4)=0 = .t‘=—% or x=-4

6x—11)x+2)=0 :o.r_% or x=-2

2x-5P=0 = x=2

b 2
(3x-2P=0 = .\':%

x+Nx+7)=0 = .1::--]2w or x=-7
Bx+4)3x=-3)=0 = .r_—% orx=1
3x-1)x-3)=0 = x:% or x=3

! 1 1
Ax-1)2x-1)=0 = X=g orx=>o

a.'+|={—; = xx+1)=6 = x2+x=6
= x+x-6=0
= x+3)x-2)=0 = x=-3 or x=2

xil = x-2)x+1)=4

= x+x-2x-2=4
= xX_x-6=0
= x+2)x-3)=0=x=-20rx=3

x-2=

Using the same method for ¢)-f):
) k+6)x-5=0=x=-60r x=5

d) 2x-3)x-2)=0 = x:-:z’- or x=2

e) bx—5ix+1) = '\':% or x=-1

5

; - -2 -1
)] (12x-5)2x+ NN=0=x=75 of x==7



Model Solutions on

Completing the Square

Exercise 1

1 a) Expand the brackets:

(x—2P=x*—4x+4
This quadratic has 4 as the constant
but you want 7, so you need to add 3.
Therefore, g = 3.

b) Expand the brackets:
x+ 1P =xr+2x+1
This quadratic has 1 as the constant but

you want -9, so you need to subtract 10.

Therefore, ¢ = =10.

¢) Expand the brackets:
x+2P=x’+4x+4
This quadratic has 4 as the constant but
you want 2, so you need to subtract 2.
Therefore, ¢ = -2.

a) h:Zsu{,’-: 1
x+1P=x*+2x+1
X+2x+b6=x+2x+1+5

=x+1)2+5

b) !!:—25{1%:—]
(x—1P=x-2x+1
X-2x+4=x*-2x+1+3

=(x-12+3

Using the same method for c)-h):

0 (x-12-11 d) (x-6) + 64
e (x+6)2+8  x-7)%2-49
g) (x-10)%-300 h) (x+ 10)% -250

3 a) h=350%=%
[\'+-‘-‘~]3—1‘~'+'1t+-‘}-
x+5) =3 3x + 3
s gt 9 5
X*+3x+1=x"+3x+73 -7
32 5
-(=+3]-%
blh=3so%=%
(1‘+%h_\~’+3\+%
L4
1—+h—l:\'+'h+?—l—4;
I 13
=(x+3) -4
Using the same method for c)-h):
3% 5 5 23
o(x-3)-% d (x+3) +5
5 13 5V _ 55
o (++3)-F 0 (x-3)+ 7
7% 9 9\ 181
® (x+7) -7 W (x-3) -5



Exercise 2

1 a) Expand the brackets:
2(x+'—)? —2 x4+
4] = B
This quadratic has —Ig- as the constant

but you want 0, so you need to

il .
subtract . Therefore, g = —-.

b) Expand the brackets:
2(x + 5P =2x + 20x + 50
This quadratic has 50 as the constant but
you want 500, so you need to add 450.
Therefore, g = 450.

) Expand the brackets:
92
Yx+d) a2 v axs
This quadratic has ii as the constant
but ynu W’il‘ll 25, s0 you nped to add
23—; = T Therefore, g = 5~
d) Expand the brackets:

4(_7( B] = ?1’1— ?(j

This quadratic has 32 1& as the constant but
you want =1, so you need to subtract

49  B5 65
I]h_1b Therefore, ¢ = =3¢
b 12
2. @ p=gg =gy =3

To find g, expand the brackets:
2x-3P=2"-12x+ 18

This quadratic has 18 as the constant but
you want 9, so you need to subtract 9.
Therefore, ¢ = -9.

Exercise 3
1 a) (x-12=x2-2x+1
Xo2x-4=2_-x+1-5=(x-1F-5
-2x-4=0= x-12-5=0
= (x—12=5 = x—1=%45
= x=1=5
b) x+2P=x>+4x+4
FAdx+3=x +dx+4-1=(x+2)7-1
2+4x+3=0 = (x+22-1=0
= x+2P2=1 = x+2 =41
= x=-21+1 = x=-10or x=-3
This quadratic factorises quite easily but the
question tells you to complete the square.
Using the same method for c)-f):

o x=-3z4/13 d) x=-4+2/3
1.5 11 v¥21
€ x=9 -9 ) =755

2 a L\+3 =x+6x+9

X+bx+4=x+6x+9-5=(x+3)2-5
X+rbx=4=0= x+3?-5=0

= (x+32=5 = x+3=%y5
::-I:—Biﬁ

= x=-0.7639...=-0.76 (2 d.p.)

or x =-5.2360... ==5.24 (2 d.p.)

To find g, ex;fand the brackets:
5 : 25

3(3: E) =3r-5;;ﬁ |

This quadratic has 17 =277 as the

constant but you want -1, so you need to
1 37 37

subtract =73 Therefore ¢ = 1z
2

3 @) afx+ L) -2 x+ ) =20+ 22

=200 +4x+ ) =2 +8Bx+8

22 +8x+ 81 =22 +Bx+ 8+ 73

=2x+2)2+73

b) a{.\'+%-)2 = 3(x+§]2= 3((+%)2

16
_3(1 + ;x+ q)
=!xl+8x+—

16 14

I+ Bx+10= 3.‘1"'+BI+T T
4y 14
:3(‘”3) +73
Using the same method for ¢)-i):
2 2
) Z{x——;—) +% d) 5(.r+~;—) _%
o 2x-3)+Z D 30+ 32 + 63
13 11 121
9 4(x+g )- £ w1
2
Here, @ = —2 so the bracket is

.2(.1'1* 2102)2—- 2(.1:—%)1.

by x—1P=x*-2x+1
—2x-5=x-x+1-6=(x-112-6

X-2x-5=0= (x-1P-6=0
= x-12= 6 = x-1=1/6
= x=1=z
= 1= 3.4494... =3.45(2dp.)
orx=-1.4494...=-145(2d.p.)

Using the same method for c)-f):

) x=04641...=046(2d.p.)
orx=-6.4641... =-6.46 (2 d.p.)

d) x=-1.1715... =-1.17 (2d.p.)
orx=-68284...=-6.83 (2d.p.)

e x= 3.7015... = 3.70 (2 dp]
orx=-2.7015...=-2.70 (2 d.p.)

) x=4.3027...=4.30(2 dp.)
orx=0.6972...=0.70 (2 d.p.)

3 A dxty ] =3(x+ 2 ) _3(x+.1—}2

3
=3(x +%x+J—J)

=3x1+2x+-lT
2 B R
I +2x—-2=13x +2,1+3—3

-3=+§)-%
W 420220 = 3x+3) -
-~ (<] -

£

=0

7z
3
’

1_. v/
=a.t+3-d:5

"-4

Sy el

= X=-

|-
ul



Exercise 3

b) d{ x+ jl':: }‘ = '_1{ x+ ]—":]—) = 3{.1‘ + %)

EF y 1 51
Gl )y — G2 ¢ JECH U S A
S5xf +2x—-10=5x*+ 2x + 5 T
<1V 51
=5(x+g) -
G . +1Y 51
5x2 +2x—10=0 = 5(x++) —F-=0
(L1 51 1 V51
= (x+5) =35 = x+5=+"5
v51
_ .\.‘2_? = 3
Using the same method for c)-f):
ool Y3 e /13
O x=F+-73 d) x=3=x4/5
5 4145 7 489

= 2(x?+x+) =242 h,%
032 4 2x -3 =22+ 2x+ 5 -5

-2(x+}) -3
3"+3‘—‘—-0==2(x+i,-}—-§—n
- (x+3) =2 :>1+.1T:,f£?_
PP

Sox=0.8228._.=0.82 (2d.p.)
orx =-1.8228... =-1.82 (2d.p.)

- (er3) -
= = J’j"

i
Sox=1.2301...=1.23 2 d.p.)

orx =-1.8968

Model Solutions on

The Quadratic Formula

1.90 (2 dp.)



Exercise 1
1 a)a=1,b=-3,c=1

3)+£vVE3)T—ax1x1

r= 21

_3x49-4 3x45
= 2 =7 2

b) a=1,b=-2,c=-12

—2)+V2)2—ax1x(—12)
21

2+4/4+48 24+ 452
= 5 = 5

But v52 = 4 x13 = 2413 and so
x=223Y13 _ 41013

Using the same method for c)-i):

C) a=4,b=-3,c=-8

Then x < 3£YT37
d) a=1,6=1,c=-1

Thenx_—_#
e a=1,b=-8,¢c=-5

Thenx =4 =421

) a=3,b=6,c=-5

Thenx=:-§-3-:3-g—-&
g) a=1,b=-5,¢=-3
Then.\:=5j:2—f§
h) a=-2,b=8,c=13
Then.\-=%
Exercise 1

g

h)

a=1,b=6,c=-2

Then x = 0.3166... = 0.32 (2 d.p.)
orx=-6.3166..=-6.32 (2 d.p.)
a=1,b=4,c=-1

Then x = 0.2360... = 0.24 (2 d.p.)
or x =-4.2360... = —4.24 (2 d.p.)
a=2,b=8,c=3

Then x =—0.4188... =-0.42 (2 d.p.)
orx=-3.5811...=-3.58 (2d.p.)

i) a=1,b=-7,c=3
Then x = FEAIT. iz" .24
a a=1,b=3,c=1

3+4/3° - 4x1x1

X 2x1
3+4/9-4 -3 ::ztﬁ
= ¥ =
Sox =-0.3819... = —0.38 (2 d.p.)
orx=-2.6180... =-2.62 (2 d.p.)

b) a=3,b=2,c=-2
24422 -4x3x(2)

S 2x3
2+4J/4+24 -2+,28
= 6 = 6
So x = 0.5485... = 0.55 (2 d.p.)
orx=-1.2152__.=-1.22 (2 d.p.)

Using the same method for c)-i):
) a=1,b=-3,c=-3
Then x =3.7912... = 3.79 (2 d.p.)
orx=-0.7912... = -0.79 (2 d.p.)
d) a=1,b=5,c=—4

Then x = 0.7015... = 0.70 (2 d.p.)
orx=-57015...=-5.70 2 d.p.)
e) a=-1,b=-8,c=11
Thenx=1.1961... = 1.20 (2 d.p.)
orx=-9.1961... =-9.20 (2 d.p.)

f] ﬂ=1,b=—7,c‘=—6
Thenx=7.7720...=7.77 (2 d.p.)
orx =-0.7720... =-0.77 (2 d.p.)

a) ¥+3x=6 = ¥ +3x—-6=0
a=1,b=3,c=-6

3+¢37 -4 x1x(-6)

r= 2x1
3+/9+24 -3+433
= 2 = 2
50x=% v33

b) 2-5x+11=2x+3 = xX-7x+8=0
a=1,b=-7,c=8

772 -ax1x8

2x1
_7E449-32 T x417
- 2 - 2
Sox=ZEA7

Using the same method for c)-i):
C)a=1,b=-7,¢c=7
Then x = 7% y21

d) a=1,6=2,c=-11
Thenx=-1+2y3 or x=-1-2v3
e a=1,b=3,c==-5

Then x = ~3£V29

N a=1,b=-3,c=-9
sy SEIVE

g a=1,b=-—6,c=4
Thenx =3 +45

hy a=1,b=2,c=-6
Then x = -1 iﬁ

i) a=2,b=-3,c=-7
Then.-r:%



Model Solutions on

Simultaneous Linear Equations

Exercise 1
1 a x+3y=13
—=yV=2)
4y=8
y=2
X+ 3I-2.J =13 = x=7
Don't forget to put your values into the other
equation .:r'p. a":'le’;'i' them
b) 2x—y= 7
+dx+y=23)
6x =30
X= D
28)-y=7 =2 y=3
Using the same method for c)-i):
) x=-2,y=4
d) x=6,y=1
e) x= 3,11' =5
) x=8,y=0
g x= 1? y=
h) x=7,y=10
i) x=2,y=-3

You could also use the substitution method

for all the questions in Exercise 1




Exercise 2

1

a) (1)3x+2y=16,(2)2x+y=9

(1) 3x+2y=16

(2)x 2:—{4x + 2y =18)
—-x=-2
x=2

2x24+4y=9 = y=5

b) (1)4x+3y=16,(2)5x—y=

(1) dx+3y=16
(2) % 3:+(15x—3v=3)
19x=19

x=1

bxl—-y=1 =y=4
Using the same method for c)-f):
C) x=6,y=2
d) x=5,y=0
e) x=3,y=2
f)l e=-1,r=-4

Exercise 3

1

x+y=58
+x—y=272)
2x =80
x =40
40+y=58 = y=18
Let d = sherbet dip, ¢ = chocolate bar
(1)4d +3¢=1.91,(2)3d + 4c=1.73
(1) x4: (16d+ 12c¢=7.64)
(2) x3:=(9d + 12¢ = 5.19)
7d=2.45
d=0.35
4%x0354+3¢c=191=3¢c=051=¢=0.17
So a sherbet dip costs 35p and a chocolate bar
costs 17p

2 a) (1)3x—2y=8,(2)5x—3y=14

(2) x 2: (10x— 6y =28)
(1) % 3: —(9x — 6y = 24)
x= 4
3(4)-2y=8 = 2y=4 = y=2
b) (1)4p +3g=17,(2)3p—4q =19
(T)x4: (16p+12g= 68)
(2)x3:+£(9p—-12g= 57)
25p =125
pe=i b
45)+3¢g=17 = 3g=-3 = g=-1
Using the same method for c)-f):
) u=2,vr=1

1
d) [=8,d=2
e) r=-2,5=4
D m=3,n=1

3 Lety=vellow aliens, b = blue spiders

(1) 7y +5b =85, (2) 6y + 115 =93

(1) x 6: (42y +30b=510)
(2) x 7: =42y + 77b = 651)
—47h=-141

h= 3

7y+5(3)=85 = 7y=70 = y=10
So Hal’s score = 8(10) + 3 = 83 points.
Jx+y)=5x+2y-1

= 3x+3y-5x—-2y=-1

= 2x—y=1(1)
3dx+y)=4dx+4+y

= 3x+3y=4x+4+y

= x-2y=-4(2)

(1) 2x—yp= 1
(2) x2: —(2x—4y =-8)
3y= 9
y= 3

2x—3=1= 2x=4,x=2
3Jx+y)=32+3)=15cm
Your working might look a bit different if
you used different pairs of sides.



Model Solutions on

Simultaneous Linear and Quadratic Equations

Exercise 1

1

a) Substitute y = 2x into y = x* — 4x + 8:
2x=x—4x+ 8
¥—-6x+8=0
x—2)x—-4)=0
sox=2orx=4
y=2(2)=4o0ry=2(4)=8
x=2,y=14 and x = 4,y=8

b) 3x=2-y = y=2-3x.
Substitute y=2 - 3xintoy=x’—x—1:
2-3x=x2-x-1
24+2x-3=0
x—-T)x+3)=0
sox=1orx=-3
y=2-3(1)=-1ory=2-3(=3)=11
x=1,y=-1 and x = -3, y=11

Using the same method for c)-i):

¢ x=10,y=32andx=-3, y=-7

d) x= 1,y= 2 and x = -5, y= 8

e) x=4,y=2andx=2, y==-2

f) x=7,y=32andx=-2,y=5

g) x= 3,»].' =15and x = —2,»].' =1

h) x=4,y=8andx=1,y=5

i) x=05,y=-Tandx=3,y=19

2 2y=x+3 = y=05x+1.5
Substitute y = 0.5x + 1.5 into y = x2 — 2x - 2:
0.5x+1.5=x?-2x-2
¥ -25x-35=0 = 2x"-5x-7=0
2x-7)Mx+1)=0
sox=350rx=-1
y=0.5(3.5)+1.5=3.25
ory=05-1)+15=1
N=(3.5,325andM=(-1,1)
Make sure you give the solutions ds coordinates.



Exercise 1 5 x-4dy=2 =2 x=2+4y

3 Substitute y=4-3xintoy=6x2+ 10x-1: },-? +y2 +4y)=0
4-3x=6x2+10x-1 52 +2y=0 = y5r+2)=0
6x* +13x-5=0 soy=0ory=-0.4
Bx-1)2x+5)=0 x=2+4(0)=20rx=2+4(-04)=0.4
sox:-]-;-:)r -3— x=2,y=0andx =04, y=-04
y=4—3(%)=30ry=4-3{ %;:‘32—3 6 a) x+y=7 = y=7-x
&, 3)and (-3, 23 X ~x(7-x)-4=0
37 2" 2 22 -7x-4=0

4 J.f+3‘r+1=5.r 2x+1x-4)=0
¥-2x+1=0 sox=-050rx=4
-Dx-1)=0 y=7-(05)=750ry=7-4=3
sox=Tandy=5 x=-05ypy=75andx=4,y=3

The line and curve only meet at one point,

so the line is a tangent to the curve. b) x+y=5 = x=5-y

S5—yp+y5-y+2y2=2
2y -2 +5y-y+5-2=0
Y +4p+3=0
y+1)y+3)=0
soy=—-lory=-3
x=5-(-1)=6orx=5-(-3)=8
x=6,y=-1 and x = 8, y=-3
Using the same method for c)-f):
¢ x=1,y=1 andx=4,y=-2
d) .\’:2,_’:—23“(’.\::—3,}‘:—
e) x=2,y=2andx=4,y=
D x=16,y=-15andx=-2,y=3

Exercise 2 b) 3x+y=4 = y=4-3x

13 &x+y=3 2y=3-Z X +3x(4-3x) + (4-3x2=-16
B-2x2-x2=0 2+12x-92+16-24x+ 92+ 16=0
I -12x+9=0 =2 X*-4x+3=0 2-12x+32=0
x—T1)x-3)=0 x-8)ix-4=0
sox=1lorx=3 sox=8orx=4
y=3-2(1)=1ory=3-2(3)=-3 y=4-38)=-200ry=4-34)=-8
x=1,y=1andx=3,y=-3 x=8,y=-20andx=4,y=-8

Q) x-y=—4 = y=x+4
2+x+42-x=20
2+l +8x+16-x-20=0
27 +7x-4=0
2x=1)ix+4)=0
sor:]jorx:~4
y:%+4:%or}-:[—4j+4:0

.\‘:%,)':%ﬂﬂd.\‘:—i‘,y:l]
2 a)x-y=-3 = y=x+3

3 +7x+ (x+37 =21

I+ x4+ +6x+9=21

4x2 +13x-12=0

(4x-3)x+4)=0
SOX = %’-mx:—-l

0 y=3+3=Lory=(4+3=1

b

So they cross at (%,%) and (-4, -1)




Exercise 2

3 a)

b) »

C)

x=3y+4

By+ 4P +)y* =34
10y +24y-18=0
5% +12y-9=0
(5v-3)v+3)=0

y= -%— ory=-3

x:3(%}+4:2§i0rx:3{—33+4:—5

2 %) and (-5, -3)

1
2
(

X
232 -X-0.75=0
12/ aX2X(-0.75) _ 1447

2(2) -
1 1447 _ 2-(1147) 1347
=g = 3 o

V==

2
( ! +4ﬁ: I -4ﬁ)a“d(_’ -4\/'?’ ! J'«s‘/E )

.\':J.Er_r—ﬁ

(W5y—62 +)32 =36

= 52 -12/5 +36+)2 =36

= 62 -12/5y=0

= 6y(y-2v5)=0

= y=0o0ry=2y5
x=+50)-6=-60rx=v5245)-6=4
(-6, 0) and (4, 24/5)




Week 3 answers

1. Horizontal & Vertical Lines

Exercise 1 Z
—— - 2 19 Y )
1 All points on line A have an x-coordinate €
of =5, so the equation is x = -5. 6
All points on line B have an x-coordinate
of -2, so the equation is x = =2. 4
All points on line C have a y-coordinate = a)
of 2, so the equation is y = 2. “1
All points on line D have an x-coordinate
of 5, so the equation is x = 5. -6 4 -2 0 ] 4 6 x
All points on line E have a y-coordinate X ©)
of -3, so the equation is y = -3. A
4.
b)
i ¥ ]
3 a)y=8 b) x=-2
c) x=1 d) y=6
4 a @B,-11) b) (-5,-13)

) ‘“1'91“* -500)




Model solutions on

2. Straight Line Graphs

Exercise 2
1 a)
x| =2 -1 0 1 2
¥ -4 -2 0 2 4
Coord., | (-2, -4) | (-1,=-2) | (0,0) | (1,2) | (2, 4)
b)-d) 104y
gl ¥=2x
b
4
;
2
1
b
8
10
e) (i) 8 (i) =6 (iii) =5

a)
¥ 0 ] 2 3 4
vyl 8 7 | 6| 5] &
Coord. | (0,8) | (1,7)](2,6) (3,5 | 4, 4
b)-c) 4
10




Exercise 2
3 a) Find the coordinates of at least two
points on the line: e.g. when x = -5,
y=-4(-5)=20 and whenx =0,
¥ =-4(0) = 0. Plot these points, join
with a straight line, then extend the
line to cover the whole range of x.

20

b) Find the coordinates of at least two points
on the line: e.g. whenx=-2, y= T‘) =-1
andwhenx=4, y= % = 2. Plot these
points, join with a straight line, then extend
the line to cover the whole range of x.

ny

Exercise 2

4 a) ¥

b)

©) b s
&Y= 1.5x
4
2

4 2 F] 4 X

2
6

Using the same method for c)-f) and Q4:

154 ¥
<) poom Do 4 L

e) 25|

mr

y
d) a y=05x+2




Model solutions on

3. Gradients

Exercise 1

1

a)

b)
C)

d)
a)
b)

C)

a)

b)

C)

The line slopes downwards from left to
right, so the gradient is negative.

V=W =2-6=-4

H-x,=6-1=5
S changein y _—4__ 4
gradient = changeinx = 5 5
radie = } 3 _l
gmdlenl_h =%
lerit——t—8 =2 ]
gradient = 6 (Ca)_ 10 7T
. __6-0 _6_2
gradient T e T &
() G=(2,-5), H=1(6,06)
din oo _6-(-5) _ 11
(ii) gmdlem_iﬁ i =92.75
(i) /=(-10,5),J=(30,-25)
e (Z25)-5 30 __3
(ii) gradient = 30-(-10) 20 3
(i) K=(-8,-25), L=(8,35)
M = (-4, 30), N=(6,-15)
s 22 2 _35-(-25)
(ii) Line 1 gradient = BB}
_60 _15 _,
=TG4 P
o . (-15)-30
Line 2 gradient =S
By - I P
=50 - 3 =1

a) o M
o [
&4
U/,
1
2 1« 1 3 3
1
. L, e 1
b) gradient = T -3 1
a) 0-(3)=3 b) 2-(-4)=6
) gradient = % = %
o 10-4 _ 6 _,
a) gradient = Soa - 3
b) gradient = '5' I-i - % _

Using the same method for c)-f):
3

C) ‘!T d) -% e) —% 1) ry

Pick 2 points on line 4, e.g. (0, 0) and (1, 5)

I -
Then gradient = 0 =1 5
Pick 2 points on line B, e.g. (0, 0) and (4, 1)
el L 1=0_%
Then gradient= —5 =7

Using the same method for lines C-D:
gradient of C = -%, gradient of D = 2‘—“



Model solutions on

4. Equations of Linear Graphs

Exercise 1
1 Foraline of the formy = mx + ¢, the gradient | 3 3) 3y=9-3x = y=-x+3
is m and the y-intercept has coordinates (0, c). SO gradient = -1 y-intercept = (0, 3)

a) gradient = 2, y-intercept = (0, —4) b) y—5=7x = y=7x+5

So gradient = 7, y-intercept = (0, 5)
Using the same method for c)-l):
¢) gradient = -1, y-intercept = (0, 8)

b) gradient = 5, y-intercept = (0, =11)
c) gradient = -3, y-intercept = (0, 7)
d) gradient = 4, y-intercept = (0, 0)
i 1 .
e) gradient = 5, y-intercept = (0, =1) ) )
* d) gradient = % y-intercept = (0, -3)

: . 1
f) gradient = -1, y-intercept = (0, =) ; z
. ' I & e) gradient = -3, y-intercept = (0, 1)

g) gradient = -1, y-intercept = (0, 3) . . -
Be careful here — the mx and ¢ terms are the f) gradient =2, y-intercept = (0, 5)

wrong wdy round in the given equation. g) gradient = %’ y-intercept = (0, 1)
h) gradient = 0, y-intercept = (0, 3)

2 Start by looking at the y-intercepts of the h) gradient = 4, y-intercept = (0, -7)

graphs and equations. If two lines have the i) gradient = _%' y-intercept = (0, _%)
same y-intercept, look at the gradient. . di 3 B i

A y= “'}'" 4 B y=3x J) gradient = 5, y-intercept = ( ,I- )
C y= ._}J. +2 D:y= _g_.‘ 1 k) gradient = 2, y-intercept = (0, )

E p=x+2 Fy=ax+6 I) gradient = -2, y-intercept = (0, —;})




Exercise 2

1 For parts a) and b) you're given the gradient (m) | 3 Gradientof line 4 = ——9 -4 _ =
and the y-intercept (in the form (0, ¢)), (-2)-2 4
so put these values into y = mx + ¢: y-intercept = 2, 50 its equation is y = —x + 2.
a) y=8r+2 b) y=—x+7 Gradient of line B = ; :: - % = 5.

For the rest of the questions, use the gradient

and the given point to find the value of ¢:

¢) Gradient=3,5010=3(1)+¢ = ¢=7.
So the equation of the line is y = 3x + 7.

It goes through the origin so y-intercept = 0,
S0 its equation is y = 5x.

Ising the s: thod for lines C-H:
&) ‘Gradient= _I;.! — :I—}|4)+ i g Using the same method for lines C-H

_ 1 lineC: p=x-1 lineD: y=-3
So the equation of the line is y = 5x - 7. 1 2
s lineE: py=-5x+2 lineF: y=5x+1
e) Gradient=-7,50 4=-72)+¢ = ¢=10. ) 2 S 5
So the equation of the line is y = =7x + 10. lineG: y= %.\; -4 lineH: y= X - %
f) Gradient=5,50-7=5(-3)+¢ = ¢=8. 4 Using the same method as Q3:
So the equation of the line is y = 5x + 8. Line A has equation y = x + 0.5.
i 1 (o Ay T _
¥ W Canditnt =g g moy =l 80 Tom 28] Line B has equation y = Lxs2
= ¢ =1. So the equation of the line is ’ ";
y=2x+1. Line C has equation y = =5 x~ %
: : =5)=1 6
b) Gradient=~5——=—%=12,
2=5 5
sol=2(5)+¢c = ¢c=-9.

So the equation of the line is y = 2x - 9.
Using the same method for c)-i):

c) y=x-3 d) y=2x+5
e) y=3x+2 f) y=3x+11
g y=-x+1 hy y=-4x+7
i l'—it-l

y=7%-3

Model solutions on

5. Parallel & Perpendicular Lines



1 a) -1 = = %

Exercise 1
1 a) Lines parallel to y = 5x — 1 have a gradient

of 5,eg. p=5x+1,p=5x+2,p=5x+3
You can have any value of ¢ here.

b) x+y=7 = y=-x+7. So parallel lines
will have a gradient of -1, e.g. y = =x + 6,
y=-x+5y=-x+4
You could have given these equations in the form
Xx+y=6x+y=5x+y =4 as the question
doesn't ask for v = mx + ¢ form.

2 Rearrange lines A-F into y = mx + ¢ form:

Ary=2x+4 B: y=x+25
Cy=2x-2 D:y=-2x-7
E y= %:+% F: }'z%x+(2—j

a) y=2x-1 hasa gradient of 2,
so lines A and C are parallel to it.

b) 2x-3y=0 = y= 2T‘¢' This line has a
gradient of %— so line F is parallel to it.

Exercise 2

1 b) -1:-3=%

1

e sqpcal
0 -1+-g5=4 d -1:12=-73

Using the same method for e)-1):
1 3 1 2
e = f) = g > h -F
3

p -2 5 2 o 3 n -2

a) A line perpendicular to y = 2x + 3 will have

gradient—-1 = 2 = ]j, eg.y= —%.r +3.
For all parts of Q2, you can have any value of c.
by A line perpendicular to y =-3x + 11 will
have gradient -1 + -3 = ]—; eg.y= -;—x +5.
Using the same method for (;'J—”:
c¢) Eg.y= %.r +5 d) Eg.y= —%.r +1

e) Egy=x+2 fy Egy=-2v+8

3 The line on the_‘diagram has gradient

3-1 2 1

(-3)-3 -6 3
Rearrange lines A-F into y = mx + ¢ form:

Aly=-3x+2 B: y= ;—x+%
Cy=-3x+4 D y:_]}x—%-
E: y= _IT1+3 E: p= 1Tx

So lines B, E and F are parallel to the line on
the diagram.

a) gradient=5,508=5(1)+¢ = ¢=3
So the line has equation y = 5x + 3.

b) gradient=2,505=2(-1)+¢ = ¢=7
So the line has equation y = 2x + 7.
Using the same method for c}-i):

0 y=gx-10 d) y=8x+19
e) y=3x+13 ) y=-9x-2
g y=-x+16 h) y=-2x-8
) y=-Jx+6

For parts e)-1), you'll have to redrrange into
¥y =mx + ¢ form first.

Find the gradient of each line:

; ; ] 3
A3 R ey D: §

. . 3 ] .
E-3 FE35 G-y  H-2
27 L 1 _— 5
kw kg k=% L: -3

The gradients of perpendicular lines multiply
to give —1, so the pairs of perpendicular lines
are:Aand C,Band G, Dand L, Eand ),
FandK, Hand I

a) Gradient of perpendicular line:
1+3=1 508=19)+¢c = c=5.
So the equation of the line is y = %.r + 5.

b) Gradient of perpendicular line:

s d =2 So4=23)+c = c=2.
So the equation of the line is y = <2x + 2.

Using the same method for c)-j):

C) y=—4x-5 d) '=-%-\’+3
e) }'='§-.l'—4 fl y=x-3

1 3
g y=—gx-1 h) y=gx+4
i) y=2x+7 jy y=-5x-2



Model solutions on

6. Line Segments

Exercise 1

1 a) Midpoint :(% O+ ]:

¢

)+h }+°

b) Midpoint = (‘ : (2,4)

7
4+r (-2) ( ;;+|)_{1__3}

Using the same melhud for dj-i):
d) (3,-1) e) (-5,2) N (-1,-2)

g 01 h) 4p, 49 D (p, 8q

c) Midpoint =

2 a) Point A4 has coordinates (-3, -2},

point B has coordinates (2, 4),
point C has coordinates (4, -2).

Midpoint of.iﬂz({ ';.i+2,( 2_))+4)

=(-0.5, 1) N -

Midpoint of BC:(

(4+'[ 3) (=2)+( 2})
2 2

2+4 4+(-2)
2 2

v

Midpoint of C4 =
= (0.5, -2)

b) Point D has coordinates (-2, =3),
point E has coordinates (0, 3),
point F has coordinates (3, —1).

MidpoinlofﬂE:(( 22“0 ( 3“3]

’ B

=(-1,0
Midpoint of EF = (03—5 %}
={1.5,1)

Midpoint of FD =
= (0.5, -2)

(.’5+( 2) (—1)+{ .H)
2 : 2

=(3,1)

Call the coordinates of B t.r ¥). Then

{ [t \'
g =3 = x=¢ =3 = y=-2

so the coordmates of B are (9 -2).

Call the coordinates of D (x, y). Then

%:2 = .1':—2:|nd$=—l

= y=5.
So the coordinates of D are (-2, 5).

Find the coordinates of each point: A(-5, 5],
B—4, -3), Ci-2, 3), D2, 1), E(3, -2), F(5, 5).

a) Midpoint of AF = ($ S?_i) =0, 5)
b) Midpoint Uf.‘ifz(L +3

=(-3.5,4)
Using the same method for c)-f):
¢) Midpoint of DF = (3.5, 3)
d) Midpoint of BE = (-0.5, -2.5)
e) Midpoint of BF = (0.5, 1)
f) Midpoint of CE = (0.5, 0.5)



Exercise 2

1 a) Change in x-coordinates = 5

-1=4
Change in y-coordinates =9 -6 =3

So Iength:v‘42+32=v’2_.:5

b) Change in x-coordinates =15-11=4

Change in y-coordinates =3 -8 = -5

So length = 4% +(-5) = /a1

= 6.40 {3 Sf)

Using the same method for c)-1):

¢ 3.16 3s.f)
e) 15.6 (3 s.f.)
g) 8.06 (3 s.f)

dy 7
fy 18.9 (3s.f.)
hy 10.0 (3 s.f.)

i) 10.8(3s.f) j) 8.54(3s.M)
k) 9.85 (3 s.f) I) 15.8(3s.f)
Exercise 3

1 a) x-difference: 6 -3 =3,

2

b

y-difference: 6 - (-3) =9
1 1

] TES B § of t:xe way along 4B, so

_t:T>53=landle¥9=3

x-coordinateof C: 3 + 1 = 4,

y-coordinate of C: -3 +3 =0,

so C has coordinates (4, 0).

x-difference: 9 — (-3) =12,

y-difference: 1 -5 =—4

C lies 3 _E T % of lh.e way along 4B, so

C lies

x:% x12=9and): % x(—4)=-3
x-coordinate of C: (-3) +9=6,
y-coordinate of C; 5 + (-3) =2,

so C has coordinates (6, 2).

Using the same method for c}-d):

C)
a)

b)

C)

4, 2) d) (-8, -5)
x-difference between 4 and B: 2 -0
x-difference between B and C: 6 -2
Soratio=2:4=1:2

You could have used the y-differences here instead
— the ratio would be the same.

x-difference between D and E: (<3) =1 = -4,
x-difference between E and F:
(—4)=(=3)=-1. Soratio=-4:-1=4:1
x-difference between G and H: 5 - (-1) = 6,
x-difference between Hand I: 14-5=9
Soratio=6:9=2:3

2 a) Find the coordinates of each point:

3

A3, -3), B2, 3), €3, 2), D(1, -1)
Length of AB = y((-3)-(-2)f +((-3)-3)F
=y(-1P+(-6) =y37 =6.08 3 5.
Length of BC = y/((-2)-3F +(3- 27

=y(-5Y +1?2=y26 =5.10 3 s.f.)
Using the same method for CD and DA:
Length of CD = 3.61 (3 s.f.)

Length of DA = 4.47 (3 s.{.)

b) Find the coordinates of each point:

E(-4, -1), Fi-1, 3), G3, -2), H(2, —4)
Length of EF = y((-4)~ (- 1) +((-1)-3)
=y(-37+(-4Y =425 =5
Length of FG = Y((-1)-37 +(3-(-2))

=J(c4¥ +52 = y41 = 6.40 3 51))
Using the same method for GH and HE:
Length of GH = 2.24 (3 s.f.)

Length of HE = 6.71 (3 s.f.)

a) x-difference between Sand T2 12 -6=6,

y-difference between Sand T% (-4) -2 = -6
: 3 _3
These distances are TIT-% of the

distances from S to U, so x-difference
betweenSand Uis (6= 3)x5=10

and y-difference between S and U is
(=6 = 3)x 5=-10.

So the x-coordinate of Uis 6 + 10 = 16 and
the y-coordinate of U'is 2 + (-10) =-8.

So U has coordinates (16, =8).

b) x-difference between S and T:

18 —(=2) =20,

y-difference between S and T:
11-(-4)=15

These distances are 5 i4 = % of the

distances from S to U, so x-difference
between S and Uis (20 + 5) x 9 =36

and y-difference between S and U is
(15+5)x9=27.

So the x-coordinate of U'is (-2) + 36 = 34
and the y-coordinate of U/ is (—-4) + 27 = 23.
So U has coordinates (34, 23).



Model solutions on

7. Quadratic Graphs

Exercise 1

1 a)[ . 4] 3 " Toli11z13] 2| 2 Calculate coordinates in a table of values, e.g:
2 w69 HEEEREREE
b-x | =10 | -3 2 5 b 5 i -10 |

L ¥

x 4 3 2 110 1 2 3 4
2+5|]|14] 9 b 5 b 9 114} 21

=

Plot each pair of values (-4, —10), (-3, -3}
etc. on a coordinate grid, making sure
the axes span the required values, i.e.
d4<x=<4and-10<y<b:
L
8

Plot them on a set of suitable axes:

I b

S I
a) Draw vertical lines at the given x-values (as
shown on graph above) and read off the
y-values where these lines meet the graph.
(i) Whenx=25,y=113(1dp.)

b) Using the same method as part aj: (Accept11.2to 11.4)
x 4] 3l 2] a0o0l101z137Ta (ii) When x=-0.5, y=5.3 (1 d.p.}
2 |32|18| 8|2 |0]|2]|8|118]32 (Accept 5.2 to 5.4)
g b) Draw horizontal lines at the given y-values
H3g—— s (as shown on graph above) and read off both

x-values where these lines meet the graph.

(i) Wheny=6.5x=1.2andx=-1.2
(both to 1 d.p.)
(Accept1.1to 1.3 and -1.3 to -1.1)

SEE 5 B (ii) When y =10, x = 2.2 and x = -2.2
/ (bothto 1 d.p.)
x (Accept 2.1 to 2.3 and -2.3 to -2.1)

-4 -3 2 10 12 3 4




Exercise 1

3 Calculate coordinates in a table of values, e.g:

X 4| 3] -2 110 1 213 | 4
4-x*|12| 5] 0|3|4|[3]|0 5 [-12

Plot them on a set of suitable axes:

s: y;—-‘l-—f
\?\ T

x

S

15
The graph crosses the x-axis at x = 2 and
x==2.

Exercise 2
1
x -4 3 2 1 o 1 2 3 4
7 32|18 | 8 s 1] 2 18 | 32
+3x 12| 9| 6|-3| 0 3 b 9 |12
=7 O s e e T | T [ (B
22 +3x-7|13| 2 |-5|-8|-7|-2|7|20]|37

Plot each pair of values (-4, 13), (-3, 2) etc.
on a coordinate grid, making sure the axes
span the required values, i.e. -4 <x < 4 and
B<y<3Z:

¥
at oo -
Loy a 23—
s bo | f

: IEXE IAEEE §EE _’;9 ...,i....

; 20—

L  ESEER AP

VI RO A

AN o R,

S /
4 B\Dp 410 /{ 3 4x

4 Calculate coordinates in a table of values, e.g:
x s3] 2]afo]1J2]3]4
w1137 (e 1| 8]-1]-8]1[1e]37

Plot them on a set of suitable axes:

Read off the values where the graph crosses
the x-axis: x = 1.9 and x = 1.9 (both to 1 d.p.)
(Accept—2.0to-1.8, 1.8 to 2.0)

2 Calculate coordinates in a table of values, e.g:

x 3 2 110 1 2 3 4 5 [
x-5x+3|27|17] 9] 3 1 1]-3 1]31]09

Plot them on a set of suitable axes:
v

B Lt T T
- I I
h |
- T
|
4
1

1

|
T
|

a) Draw vertical lines at the given x-values (as
shown on graph above) and read off the
y-values where these lines meet the graph.
() Whenx=-1.5,y=12.8 (1 d.p.)

(Accept 12.7 t0 12.9)
(ii) Whenx=1.5, y=-2.3 (1 d.p.)
(Accept —2.4 to -2.2)
b) Draw herizontal lines at the given y-values
(as shown on graph above) and read off both
x-values where these lines meet the graph.
(i) Wheny=38,
x=-0.9 and x = 5.9 (both to 1 d.p.)
(Accept -1.0 to 0.8, 5.8 to 6.0)

(i) When y=-2,
x=1.4andx=3.6 (bothto 1d.p.)
(Accept 1.3 to 1.5, 3.5 to 3.7)



Exercise 2

3 Using the same method as for question 2:
x 4 3] -2 1| 0 1 2|3 4
1M -2 -21 713 91119 3 7 21

¥
5

Pesiel oy
1 2\3 4x

R 10] B
“15f
=20
;25
a) (i) y=-1.5(1d.p.) (Accept 1.6 to -1.4)
(ii) y=7.9 (1 d.p.) (Accept 7.8 to 8.0)
b) (i) x=-2.3andx=2.3 (bothto 1 d.p.)
(Accept-2.4to-2.2,2.2 to 2.4)
(i) x=0

11— 2¥

+
i
i
I
L]
£
]
i
1
1
1
1
1
T
1
1

Exercise 3

1 a) (i) Whenx=0,y=(0-1)0+1)=-1.
So the y-intercept is (0, -1).
When(x-1)x+1)=0,x=1orx=-1.
So the x-intercepts are (-1, 0) and
(1, 0).

(ii) The x-coordinate of the turning point
is halfway between the x-intercepts
je. (-1 +1)+2=0. Whenx=0,
y=(0-1)I0+ 1)=-1. So the turning
point is at (0, -1).

Here, the turning point is also the
y-intercept.

Using the same method for b)-c):

b) (i) The y-intercept is (0, 7).
The x-intercepts are (-7, 0) and (-1, 0).

(ii) The turning point is at (-4, -9).

¢) (i) Firstfactorise: y = (x + 10)(x + 6).
The y-intercept is (0, 60).
The x-intercepts are (=10, 0) and
(-6, 0).
(ii) The turning point is at (-8, —4).

2 a) Whenx=0,y=0>-4=-4.
So the y-intercept is (0, —4).
y=x? — 4 factorises to y = (x — 2)(x + 2).
When (x—2)(x+2)=0,x=2orx=-2.
So the x-intercepts are (-2, 0) and (2, 0).
The x-coordinate of the turning point
is halfway between the x-intercepts
ie.(-2+2)+2=0. Whenx=0,
y=0%—-4=-4. Sothe turning point is at
(0, —4). The x? term is positive, so sketch
a u-shaped curve passing through the
intercepts and turning point:

Ay

\(_2, 0| (, 0}/ x

(0, —4)




Exercise 3

b) Whenx=0,y=02-(4x0)—-12=-12.
So the y-intercept is (0, —12).
y=x2—-4x—12=(x—6)x + 2).

When (x - 6)x+2)=0,x=60orx=-2.

So the x-intercepts are (-2, 0) and (6, 0).
The x-coordinate of the turning point

is halfway between the x-intercepts

i.e. l 2+6;;2_2 When x =2,
y=2-—-(4x J'J—LZ:—IE: So the turning
pclnl is at (2, —16). The x? term is positive,
so sketch a u-shaped curve passing through

the intercepts and turning point:
Ay

\ (6, 0/3‘
2, 0\ o
(0, -12)

2, -16)

Usinb 1 the same method for ¢)-i):
y=x>+ 12x+'i2 =(x+4)(x + 8)

{0, 32)
-8, 0)

S (—4,]0) ’
-6, —4)

Exercise 3

g y=2x' +4x-16=
Ay

2x+4)x-2)

(4, 0) x
(2, 0)
{0, -1k)
-1,-18)
h) y=5x2—6x-8=(5x+4)x-2)

Ay

\ 2, m/,t‘

0.8, m\

0, -8)

i) y=-2x'-x+6=
Ay

(0.6, —9.8)

(3 —2x)x+2)

(-0.25, 6.125
(0, 6)

ﬁ\us 0 4

(=2, 0)

d) y=x2+x-20=(x+5)(x—4)

e) y=—x'—2x+3=(x+3)(1 —x)
Here, the x* term is negative, so it’s an

n-shaped curve:
,

1,4
(0, 3)

/N0

=3, 0)

) y=—?—1dxr—49=—(x+7)
orix+ 7)—=x-=7)




Exercise 4
1 a) (i) Whenx=0,y=(0+5?%-9=16.
So the y-intercept is (0, 16).
(ii) The turning point is when (x + 5) =0
=x=-5andy=0?-9=-9. Sothe
turning point is at (-5, -9).
You can just read this off from the completed
square form of the equation.
Using the same method for b)-c):
b) (i) The y-intercept is (0, -21).
(ii) The turning point is at (3, -30).
c) (i) The y-intercept is (0, 3).
(ii) The turning point is at (4, =13).

Exercise 4

Using the same method for c)-f):
Q) y=xt+8x-6=(x+4)2-22

Vi
\ / o
(o, 4)(
4,=22)
d) y=x+2x+8=(x+12+7
lly
(©,8)
1,7
=

This graph does not cross the x-axis because the
turning point is above the x-axis on a u-shaped
quadratic.

2 a) Whenx=0,y=0%—-(6x0)—5=-5.
So the y-intercept is (0, =5).
Completing the square:
y=x2—6x—5=(x—3) - 14, so the
turning point is at (3, =14). The xZ term
is positive, so sketch a u-shaped curve
passing through the coordinates for the

inlercept and turning point:
L

\[_/
N/,

0, -5)

(3, -14)

b) Whenx=0,y=0"-(4 x0)+2=2.
5o the y-intercept is (0, 2).
Completing the square:
y=x—4x+2 =(x-2)* - 2, so the turning
pointis at (2, -2). The x? term is positive,
so sketch a u-shaped curve passing through
the coordinates for the intercept and
turning point:

y

(0, 2)

\/

2,%2)

P,
>

2
e) _v:.rz—_t+10:(x *}*) + 93
4y

(0, 10)
(0.5, 9.75)

X
>

) y==2+10x-6=19—-(x-5)?
The x2 term is negative, so it's n-shaped:
¥4 5,19

v

(0, -6)



Model solutions on

1. Pythagoras' Theorem

y

Exercise 1 , : = w . .
: 3 a) 132=122+12 = 2=132-122
ta "'f’ ¥ =2116=25 =169-144=25 = I=y25=5cm
Emifds =D b) 112=72+n = n2=112-72=121-49
b) z2=52+122=25+144=169 =72 = n=y72 =36 X2 =642 mm
z=4/169 =13 mm {] 2 l]*’ . : {_]]L, ( ]
Q) 5] =\=) +p = p=\75] -7
2 [} , _ 1 9 \ 2 4 2] ~\4
o @=(37) +V22=F+2=7 113
4776 716
q:\/%:%cmorIScm 2 3
¥ =7 3 - =—z - Cm
d) r2=52+102=125 P=vi6="a
r=4y125 = y25%5 =5/5 m d) 30';{);1]0{0()— c;;ﬂr =302 - 10?
2 a) £=0.72+242=0.49 +5.76 = 6.25 e /i
e JETE =B i = /800 = y400x 2 =20y2 mm
g S _ 4 a) 21.72=1592+ K = K =21.72-15.92
b) «*=3.78%+5.12% = 40.5028 — 470.89 — 252 81 = 218.08
u=40.5028 = 6.36 km (2 d.p.) R=‘.218]8~l-l77km[”dp}
c) 13.57 mm (2 d.p.) d) 1.39m2d.p) b) 2.4 =1.652+ 2 = & =2.42—1.652
=5.

76 -2.7225 =3.0375
=v3.0375 = 1.74 mm (2 d.p.)
Usmg., the same method for c)-d):
€) 9.00m (2 dp.) d) 271 cm (2 d.p.)




Exercise 2

1 The perpendicular from a vertex to
the opposite side splits the triangle in
half, leaving two identical right-angled
triangles, each with a hypotenuse of 10 cm
and another side of 10 + 2 =5 cm.
Let b = perpendicular height, then
10°=5+4 = »¥*=100-25=75
b=+y75 =8.6602... =8.66 cm (2d.p.)
2 a) JI?’=JK?>+KL*=4.9?+ 6,87
=24.01 +46.24 =70.25
JL=4/70.25 =8.38 cm (2 d.p.)
b) Radius =8.381... +2=4.19 cm (2 d.p.)

3 152=85%+a> = a?=225-7225=152.75

a=y152.75 = 12.359...

So the height of the tree is 12.36 m (2 d.p.).
4 Sketch a diagram to show the positions

of the towns:

1422 = 882 + OB?
OB’ =20 164 — 7744 =12 420
OB = /12 420 = 111 km (nearest km)

5 152+22=225+4=6.25and 2.52 =6.25

Since 1.52 + 22 = 2.52, the
triangle is right-angled.

6 Let & = length of the straight line

hi = 2002 + 1502 = 62 500
h=+62500 =250m
Subtract the length of the straight line from the
original distance: (200 + 150) — 250 = 100
So the journey would be 100 m shorter.
a) Horizontal distance =11 -4 =7
Vertical distance=8 — 4 =4
AB? =72 + 42 = 65
AB = /65
b) Horizontal distance =11 -7 = 4
Vertical distance = 10-8 =2
BC? =42 + 22 =20
BC =420 =245
¢) Horizontal distance=7 —4=3
Vertical distance = 10 -4 =6
AC? = 32 + 62 = 45
AC = /45 =345
Horizontal distance =17 - 11 =6
Vertical distance=19-1 =18
h =62+ 182 =136 + 324 = 360
h=+360 = 6/10
a) 202 =5.952 + a? = a? = 400 - 35.4025
= a’ = 364.5975
a = /3645975 = 19.0944...
So he should anchor the slide 19.09 m
(2 d.p.) from the base of the tower.
b) #* =5.95? + (19.09... — 1.5)?
= 35.4025 + 309.56... = 344.966...
h=+344966... = 18.573...
So the new length of the slide
is 18.57 m (2 d.p.).

Model solutions on

2. Pythagoras' Theorem in 3D



Exercise 1

1 a)

b)

2 a)

h)

BD? = AB* + AD* = 4% + 82 = 80
BD =80 =4y/5 m
FD?=BD? + BF2=80+32=89
FD =89 m

PR? = PS? + RS2 = 122 + 52 = 169
PR =4y/169 = 13 mm

RT2 = PR? + PT2 = 169 + 92 = 250
RT = /250 = 54/10 mm

3 Diameter=4.5x2=9cm
XY? =92 4+252=81 +625 =706

XY = /706 = 26.6 cm (3 s.f)

4 d2=252+3.82+9.42 = 6.25 + 14.44 + 88.36
= 109.05
d=4y109.05 =10.44 m (2 d.p.)

5 a)

0S? = PQ? + PS? = 142 + 257 = 821
0S = /821 = 28.7 mm (3 5.f)

b) §T2=08? + OT* =821 + 9* = 902
S§T=4902 =30.0 mm (3 s.f.)
Exercise 1

10 Let d = diagonal of base
d?=322+322=-2048
d=+20.48 =4.525... m
4.525...+2=2.262...

Let s = length of sloped edge

s2

=2.262..2+922=-89.76

5= 48976 =947 m (3 s.f)

1

-

a)

b)

<)

12 a)

b)

LN? = LP? + NP?

132 =3.52 + NP2

NP2 =132_352=169-12.25 =156.75
NP =y/156.75 =12.5m (3 5.f.)

JL2 = JM? + IM?2 =72 + 72 =98

JL = /98

OJ=JL+2=y98 +2=4.95m (3 s.f)
You could find OJ directly by using the fact that
the perpendicular distance from O to each edge
of the square is 35 m (OJ? = 357 + 3.5°).
NJ? = OJ? + ON?
ON2=NJ2_0J*=132-4949.2

=169 —-245=1445

ON=41445 =12.0m (3 s.f.)

X72 = ox? + 07

OX?=x72 _022=172-152=64
OX=v/64=8m

FX=0Xx2=16m

VXWY is a square so VY = XY,

which means area = FY?

Using Pythagoras’ theorem:

VX2 = VY2 + XY2 = 2¥Y?
VY?=Vx?+2 =162 =128 m?

d2=52+52+52=75

d=y75 =8.66m (3 s.f)

d?=16.52 + 4.82 + 22 =299.29
d=4299.29 =173

So the longest pencil that can fit
would be 17.3 cm long.
Diameter=6x2=12cm

h? =122 + 282 =144 + 784 = 928
h=4/928 = 30.463...

So the longest stick of dried spaghetti
that can fit would be 30.5 cm (3 s.f.).
Let d = diagonal of base

d* =4.8" + 4.8° = 46.08

d=+46.08 = 6.788...cm

6.788.. + 2 =3.39...

Let ¥ = vertical height of pyramid
11.22=3.39...2+ 2
¥2=125.44-11.52=113.92

V=y113.92 =10.7 cm (3 s.f.)
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3. Trigonometry - Sin, Cos and Tan

Exercise 1

1

a) You're given the hypotenuse and want to

find the adjacent, so use the formula for

COS x.

cos43°=F

a=6cos43° =439 cm (3 s.f)

You're given the hypotenuse and want to

find the opposite, so use the formula for

sin x.

sin 58° = T

b=11sin58"=9.33 cm (3 s.1.)

Using the same method for ¢)-d):

c) 1.06 cm (3 s.f.) d) 8.02cm (3 s.f)

e) You're given the opposite and want to find
the adjacent, so use the formula for tan x.

b

—

TR 5
an37°=2 = extan37°=6

e=1=Cr=z =7.96 cm (3 s.f)

f) You're given the opposite and want to find

the hypotenuse, so use the formula for sin x.

2
sin 34° = 20 = fxsin 34° =20
20 1 .
f= T 34° = 35.8 cm (3 s.f.)

Using the same method for gj-h):
gl 6.30cm (3 s.f) h) 4.58 cm (3 s.f.)

2 a)

Splitting the triangle in half along the
dotted line gives a right-angled triangle.
You're given the adjacent and asked to
find the hypotenuse, so use the formula for
cos x. Divide the given angle by 2 to find
the angle in the right-angled triangle.

-_ 10
cos 33° = m

m=10+cos33°=11.9 cm (3 s.f)
Splitting the triangle in half along the dotted
line gives a right-angled triangle. You're
given the hypotenuse and need to find the
opposite, so use the formula for sin x.

Let N =1

sin 51° = % = N=12sin51°=9.325...
n=2N=18.651...=18.7 cm (3 s.f.)



Exercise 2

1 a)

b)

Usi

c)

e)
2 a)

b)

You're given the adjacent and hypotenuse,
so use the formula for cos x.

cosa= %

a=cos'(3)=68.0°(1dp)

You're given the opposite and hypotenuse,
so use the formula for sin x.

sinb = %

b=sin"' (19) =45.6° (1 d.p)

ng the same method for c)-f):

47.5° (1 d.p.) d) 80.4° (1d.p.)
33.7° (1 d.p.) f) 60.1° (1d.p.)

You're given the opposite and hypotenuse,
so use the formula for sin x.

sinm=Sr = m=sin (F)=19.471...
So the angle of elevation of
the slide is 19.5° (1 d.p.).

Using alternate angles, ¢ is the same as the
angle opposite the ladder. So you know
the opposite and the adjacent so use the
formula for tan x.

tan g =

55
g =tan"' (5 ) = 36.027...

So the angle of depression from the
top of the slide is 36.0° (1 d.p.).

Exercise 3

1 Using the common values:

a)

b)

c)

d)
2 a)

b)

c)

d)

5ina=—?3- = a = 60°

= e:lsin30°:2x%=lm
c0560°:—“2£
=>f=2c0560°=2x5—=1cm
o_8
tan 45 =9
8

1
lan30"={1 )=J§m
v3

tan 45“’:1,sin60°=——'/§—

Y3 2 43

LA s e T I

3 a) Splitting the triangle in half along the

dotted line gives a right-angled triangle.
letZ=%
You're given the adjacent and the
hypotenuse, so use the formula for cos x.
cos Z = % = Z=cos! (%) =38.942...
z=2Z=77.9°(1d.p)

b) In this part, use the properties of
rectangles and triangles to find
the lengths of missing sides.

J: You know the opposite and adjacent, so
use the formula for tan x.
tanjzg—’ = j=tan"' (%]:71.{# (1dp.)

k: You know the opposite and adjacent, so

use the formula for tan x.
10
tan k = o
k=tan' () =59.0° (1 dp))

Using the same method for angles I-n:
I=31.0°, m =45.6° n =70.5°

The triangle is right-angled with acute angles
of 45°. You're given the hypotenuse and need
to find the opposite or adjacent, so use the

formula for sin x or cos x. E.g.
AB

sin 45° = ——

742
= AB =742 sin 45° = 74/2 x %:7cm
You could also solve this using Pythagoras® theorem
AB = BC s0 AB? + AB? = 2AB? = (T2 2.

E.g. Angle EDF = 60° since the triangle is
equilateral. Then use the formula for sin x:

sin 60°=—J,f-"n = é:ii )
' 4 _ 8 _8/3
£ ED(:DF=EDJ=..—].=—=Tmm
() ¥
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4. The Sine and Cosine Rules

Exercise 1
a e 16 4 0
2 Sin50° ~ SinB0° 13.1 mm
165sin50° 3
singoe = 124 cm (3 s.f) i
by —2—— =3 7.2 mm
sin122°  sin17°
b=<gn17° = 8.70 in (3 s.f.) "
Using the same method for c) SinRPQ _ sin PRQ . Gin61° _ sinPRO

<) 5.59 mm (3 s.f) OrR ~— PO 13.1 72

1

a =

sing in27° : 7.2sin61° ) -
2 a) §3- =L|3|"2-|"'f— PRO = sin ‘(T_,’_]—EB.; 31...°

POR =180°-61°-28.731..." =90.3° (3 s..)

. in27°
g =sin ’[7‘ h‘;'i‘)

) =32.4° (1 d.p.)

sinhk _ sin102°
b Fg="ye
o —_—
1(25i01027) _ 33 40 (1 dp.)
Using the same method for c)-f): B
c) 38.8° (1 dp.) d) 67.0° (1 d.p.)
e) 44.4°(1 d.p.) i 34.1° (1 d.p.)

3 a) ¥

w
=

h = sin
19 km

A
sin52° _ sinACB ., . —1f13sin52°Y)
=49 =" 13 - ACB = sin ——g )
32.626...°
yE . XE . 88 . K - _ _
sin¥YXY  sinXYZA T sin55h® sin 40° ABC =180° - 52° - 32.626..." =95.373..°
= 83 sin 40° x=180°-95.373..° = B4.626...°
AL A BRE - = 05T {35k = 085° (to the nearest degree)
b) XZY = 180° — (55° + 407) = 85° The answer is @ bearing, so you need
YZ XY 83 XY to give it as three figures.

SinYXZ SINnXZY —° sin55°  sin85°
' <1 ca

XY = —8'?-:’"," ?;’ = 101 m (3 s.f.)

SN 55



Exercise 2
1 a) a?=h +c2-2bccos A 4 Since this question is non-calculator,
q
a?=72+32_(2 x7 x3 xcos 66°) =40.9... you'll have to use the common trig
a=+409... = 6.40 cm (3 s.f.) values from pages 326 and 327.
b) b?:6.52+ BE—(?_ x 6.5 x 8 % cos 420} a) x2=52+82—(2 x5 x 8 % cos 60°)
b2 2809... ¥ =25 + 64— 80 x 5 = 89— 40 = 49
=y289.. =5.38 cm (3 sf) x=449=7m
Usmb the same method for c)-f): b) 32 =32+ (3y2)2— (2 x 3 % 342 x cos 457
c) 18.5m (3 s.f.) d) 4.65in (3 s.f.) ¥ = 9+18—18\/§x'{——9+]8—18 9
e) 3.63cm(3sf) f) 459m3s.f) y=y9=3m
el _p2 0 2=22+(¥122 (2 x 2 x 412 x cos 309
2 a) cosA =3k V3
2=4+12- 4Fx—=16_12 4
52472_g?2
COSp—W z=y4=2mm
3wl a3 5 BC?2=122 +372 (2 x 12 x 37 % cos 45°)
p=cos (3328 ) =81.8° (1dp) BC? = 885.08...
3 2 5 C = /885.08... = 29.8 miles (3 s.f.)
b) cosg=-a—t11 —10" 6 APB=108°-25°=83°
2x3x11 A32 22432 (2x2x3xcos83%) =115
1(32+112-10? = yT15... =3.40 km (3 s ) -
q = C0S (W) =63.0° (1 dp.] ‘‘‘‘‘ s.1)
Using the same method for c)-f):
© 54.0°(1dp) d) 36.7° (1dp.)
e) 61.1° (1d.p.) f) 115.7°(1d.p.)
XY+ yz2-xz*> _ 672+ 78%*-992
3 COsXVZ=""F33XVYxYZ = 2Zx6/%X78
o 1[67%+78%2-99%)\ _ .
XYZ =cos (W) =85.8°(3 S.f.)
Exercise 3
(?"J E E
1 a Area:—%—xﬁxS % sin 104° 2 AreansectDr:;i’(Tx?rx4.5~’=11.8...cm3
=14.6 cm? (3 s.f.) Area Dflriangle:% x4.5 x 4.5 x sin 67°
1 _ =9.32...cm?
b) Area = 7 X 8 x 10 x sin 23° Area of sector = 11.8... - 9.32...
=15.6m2(3 s.f) =252 cm? (3 s.)

3 An equilateral triangle has sides of equal
length and angles of equal size (60°).

Area = 5 x 32 x 32 x sin 60° = 443 m2(3s.f)

92 +15%2-132
& oSSR IxgxR1s

1[92 +152-132%) _ 3
x=cos (L5131 )_59.5 3 s.f)

Area =+ x 9 x 15 x sin 59.50...°

=582m?(3sf)
5 i0____ Y
sin84°  sin49°

=100 —7.5886... = 7.59 cm (3 s.)
Missing angle = 180° — 84° — 49° = 47°

Area = ‘3 x 10 x 7.5886... x sin 47°

=27.7 cm? (3 s.f)

Using the same method for c)-f):
c¢) 382cm?(3sf) d) 123 mm?(3 s.f)
e) 43.7in2(3s.f) f) 16.7 cm?(3 s.f.)
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5. Trigonometry in 3D

Exercise 1

a)

b)

C)

a

L=

b

c)

d)

AF?=AB* + BF? =32+ 3% =18
AF=y18 =342 m

FC2 = AC? + AF?2 =32 + (/18)2 = 27
FC=vy27 =3y3 m

FC=AH =33
; ge = AC _ 3
sin AHC = AT =373

AHC = sin '({—}J‘) =35.3° (1 d.p.)

Splitting BCE in half with a perpendicular
line from £ to BC gives a right-angled
triangle. Let M = midpoint of BC.
cos MCE =ML _ 2
BCE = MCE = cos™' (%) =73.4° (1 d.p.)
The triangular faces of the pyramid
are isosceles, so
AEB = 180" — (2 x 73.39...°)

= 33.2° (1 d.p.)
AC? = AB? + BC? =42 + 4?2 =132
AC=y32 =4y2 m
A0 =4J2 +2=2/2m
AE=EC=7m
AE? = AO® + EO® = EOQ° = AE? — AO®

=

EO?=72_(2y2)2=41 = EO=y41 m
; oy EO _ 441

Cos AEQ = 4F =5

AEO = cos ™! (‘!/,—”) =23.8° (1 d.p.)

Alternatively, you could have used the sin or
tan formulas, as you know all three lengths

a)

b)

C

a

b)

_DE _ 6

=DF ~ B

EDF =cos™ (§)=41.4° (1 dp)
g d .p-

DC2=DF? + CF2 = 82 + 10% = 164

DC= 164 =24/41 cm

sin DcE=-LE _ 6

cos EDF

DO T o

DCE = sin™! (ﬁ) =27.9°(1d.p.)

—

) Using the formula for the longest diagonal
in a cuboid:
AH? = AC? + CD* + DH?
=32+52+87=98

AH =498 =7y/2 in
ED=AH =742 in

EG 3
742

sin EDG = =
EDG—s'm"(L—)—WEﬂ d.p.)
= 7\/f2 = . P

ED ~

5

a) MC=10+2=5cm
M

tan 59° = ,'—i

BM =5 tan 59° =8.321...=8.32 cm (3 s.f)
b) EM? = BM? + BE?
=8.321...2 + 257 = 694.24...

EM = y694.24... = 26.3 cm (3 5.



Exercise 2

1 a)

b)
o)

b)

c)

d

U2+ Ik*-Jk? _ 52+112-8?
IXIXIK ~ 2X5X11

" 152+112—32)_
JIK =cos (A8 )_ 41801 dp)

Area = x 5 x 11 x sin 41.8..° = 18.3 m?
Volume = 18.3... x9

=165 m? (to nearest m?)
CEL=AC2 + AF2 =42 + 62 =52
CE=y{52=2/13m
CH*=CD* + DH* =82 + 6* = 100
CH=4y100 =10 m
EH* =EF’ + FH* =8* + 42 =80
EH =80 =4y5m
cos - G 2 I

52 410080

T 2x2/13%10
. 52 + 10080
ECH:CDS-|(2X2V!§X]0
=60.1° (1 d.p.)

cos JIK =

- =

3 a) PU2=PQ?+QU? =122 + 10° = 244

PU =244 =2/61

PS?=PR? + RS2 =52+ 122 = 169
PS=4/169 =13 m
SUZ=SW2+UW2=102+52=125
SU=y125=5/5m

Ps? + sU? - PU?

cos PSU = =55 psx 30
169 +125-244
T 2X13%545
169 + 125 — 244
L= —1
FRGS 2x13x5¢/5 )

- 80.1° (1 d.p.)
b) Area =1? % 13 x 545 x sin 80.09...°
—71.6m2 (1 d.p.)



