Mathematics Pre-Course Work

1. Fractions
2 1 3_ 4 1.3
Examples: Calculate 1) 1 3t 1 3 2) 5 %<5 and 3) 2+ 2
2 1 3_ 4 1.3
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2. Laws of Indices
Examples:  Simplify, writing as a single power. 1) 4’ x 4° 2)4% 43 3)(5°)P
Solution1)  4°x 4’ Solution2) 4% + 43 Solution3)  (5°)
_ 4245 _ 49-3 _ 2X5
=4 =4 =5
- 47 = 46 - 510
Your Turn:
a)  22x25= 4 (%3 = n oS
7
b) 3*+3%= &)  (a%3+(ad)’ = ‘
0) 47 = 43 x 4?2 =
Examples: Calculate the value without a calculator. 1) 53 2) 8'
Solution1) 53 Solution2) 8"
1 3
== ~ 8
1
= — =2




Your Turn:

g) 37?%= K 64:=
h) 7° = .
) 2x33= 27
i) 22x3% =
3. Surds
Examples: Simplify, writing as a single surd where possible 1) V3 + 2v/3 2)V2xV5  3)v90
Solution1) V3 +2V3 Solution2) V2 x5 Solution3) 90
=33 =V2x5 =9 x10
=10 =9 x V10
=310
Your Turn:
a) 3W7+2V7= d  3V6x+6= g)  54=
b) 4V2-3V2= e) V18= hy Viz=
4. Expanding and Simplifying Expressions
Examples: Expand and simplify 1) 4(x + 2) - 3(x - 1) and 2)(x+4)(x-6)
N
Solution1)  4(x+2)-3(x-1) Solution2)  (x+ {)(} -6)
=4X+8-3X+3
=4x-3X+8+3 = X" —24 + 4X — 6X
=X+ 11 = x> - 2X-24
Your Turn:
a) 6b>+5b-1+3b+4 f) (x=1)(x +1) K 3x+6y
3
b)  5(x-3) g) (3a+2)(a-1) A
) -2(3x +1) h) (2b-3)(3b-2) ) 2x+4
d)  3(4x+2)+5(x-1) ) a(xy) m
—
e)  5(2x-4)-2(3x-7) DG
5. Factorising
Examples: 1) 9Xy + 15X 2) X2 +3X+2 x’-9
Solution1)  9xy + 15X write the highest common factor, HCF, outside the brackets
3x( ) divide both parts of the expression by the HCF

3x(3y +5) check your answer by multiplying through the brackets.



Solution2)  x*+3x+2 Set out double brackets, writing an x in each one
(x )x ) Think of two factors of 2 that will add to 3.
(x+2)(x +1)

Solution3) x’-9 9 and x* are both square numbers; this is a DOTS question!
(x+3)(x-3) add and subtract the square roots in the brackets.

Your Turn:

a) 4x + 8 = e) X+ 4X +3 ) x*-36

b) 2ab + ad f) x* + 8x +15 i 2x*+7X +5
) 8x* — 10X g) x* +12x - 28

d) 8ab’ - 4a’b h) x> = 17X + 30

6.  Solving Linear Equations

Examples:
Solve the following equations 1) 5x+4 =11 and 2) 7(x-2)=7
Solution 1) Solution 2)
Sx+4=11 7(x_2):7
Sx=11-4 Tx—14=7
x=T7 Tx=7+14=21
x=7+5=1 x=21+7=3
Your Turn:
a) 5X+7=32 f 3x—-13 n 11-4x _ 0
7 3
b)  2(x-7)=7 d)  3p+2=5-p 6 3 s
)  4x-5=2x+7 e) 2-3(x-5)=7-X 8 ytuT3

7. Formulae

Examples: Substitute into the following formulae to determine the missing value 1) If x=ab—c, find x
when a=4,b=1and c=-5

x=ab-c
=4x4-(-5) 4x+=2and —(-5) is the same as +5
=245
=7

Your Turn:

a) X=ab+c Findxwhena:%,b:gandc:-s

b) X =2a’ Find x whena = z



) A= 4mr’ Find r when A = 616
d) a=b-%c Findcwhena=6andb=10

e) v=u+at Findawhenv=21.5u=4andt=7

Examples: Make x the subject of each of these formulae;

1) a=x—ab 2) xy=w and 3) f=d(x+e)
Solution 1)
a=x—ab Treat ab as a single item; add ab to each side
a+ab=x Swap each side to give x =
x=a+ab
Solution 2)
xXy=w Remember that xy = xx y, you need to divide by y
w
X=—
y
Solution 3)
f=d (x + e) Firstly multiply out the brackets
f=dx+de Treating de as a single item; subtract de from each side
f—de=dx Divide by d
% =X Swap each side to give x =
‘o f—de
d
Your Turn:
f) 3x=b i) 2(3x-1) =5y ) x—2=y
g) g =d ) ax=bx+c
h) fz4-x k) MmX = U —2X

8.  Solving Quadratic Equations

Examples:
Solve the following quadratic equations; 1) x* —8x+12 =0 and 2) y*+13y+40=0.

Solution 1)

In the quadratic equation x* —8x+12 =0, the expression can be factorised. So (x - 6)(x —-2) = 0
We set each factor pair equal to zero to get our two solutions.

X-6=0 and x-2=0



X=6o0r2

Solution 2)
In the equation »* +13y+40=0,wehave a=1, b=13 and ¢=40. So

1344132 —4x1x40  —13+169-160 —13+4/9 1343 1343  -13-3

— = or =—5o0r -8
2x1 2 2 2 2 2

Your Turn:

a) n+5n+4=0 d) x*-2x-6=0

b) t'—4t-12=0 e) x*-6x-8=0

<) x*-81=0 f) 3x*+10X-7=0

9. Simultaneous Linear Equations

Examples:

Solve the following pairs of simultaneous equations

Tx+2y=32 Sx+2y=26

1) 2)

x+y=1 4x -3y =17

Solution 1) Solution 2)

Double the second equation to give Multiply the first equation by 3 and
Tx+2y=32 the second equation by 2 to give
2x+2y=2 15x+6y="78

Subtract the new second equation 8x—6y=14

from the new first, and solve the Add the two equations and solve

resulting equation to find x 23x=92

x=6 Substitute into either of the original
Substitute into either of the original equations to find y
equations to find y S5x+2y=26
x+y=1 =20+2y =26
= 6+y=1 2y=6
y=-5 y=3

Your Turn:

a) 5X -3y =23

2X +3y =26 d) X+2y=4
b) y=2X +1 2X+y=5

3y +10x=7 e)  3x-6y=33
Q) 5X +2y =1 X-3y=16

3X+7y=-5



10.  Straight Line Graphs

Draw the graph and state the gradient and y-intercept for each line.

Example:y =3x -2

Either set up a table of values to get some coordinates or go straight to the graph using the gradient

and y-intercept.

- y
X 2 o 2 4+
y -8 2 4
3 -
y=3x-2-2=8 51
y=3Xx0-2=-2
y=3x2-2=4 1T
Fd Y
| Ay | 1
When written in the formy = mx + ¢ -2 =1 1 2
m = gradient = change iny 171

change in x

¢ = y-intercept

for this equation,m=3and c=-2 3T

Your Turn:

a) y=2X+1



11. Completing the Square
https://www.mathsisfun.com/algebra/completing-square.html

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

a ¥ +2x+4 b x’—2x+4 ¢ ¥ —dx+1 d x*+6x
e ¥ +4Ax+8 f x*—8x—5 g x*+12x+30 h x*—10x+25
i ¥ +6x-9 j 18—4x+x kK ¥ +3x+3 1 ¥ +x—1

Quadratic Equation can have a coefficient of a in front of X%

ax’+bx+c=0
But that is easy to deal with ... just divide the whole equation by "a" first, then carry on:
x? + (b/a)x +c/a=0

Express in the form a(x + b)* + ¢

a 2x +4x+3 b 23" —8x—7 ¢ 3-6r+3y d 45" +24x+ 11
e —x' —2v—5 f 1+10x—x’ g 2 +2v—1 h 3x'—9%+5
i 3x"— 24y +48 j 3x—15x k 70+ 40x + 5x° 1 2 +5x+2
m 4x” + 6y — 7 n -2 +4x -1 0 4-2v-3y p ix+lix-1L

Expand out your answers to check your work.
Why do we complete the square?
Find the turning point of each of your answers above.

12. Inequalities

Linear inequalities are solved in the same way as linear equations. But you must keep one thing in mind:
multiplying or dividing by a negative number causes the inequality to change direction. Often it is worth
finding a way around dividing by the negative number in the first place to avoid mistakes.

Q1) 8x + 7 < 47 Q5)4z +1 > 3z + 3

Q2)4x — 8 < 20 Q6) 2z +54 < 10z + 6

Q3)4x + 3 > 43 Q7) Tz +1 < 8z — 3

Q4)4r —5>—-17 Q8)bxr+15=>8x—>5


https://www.mathsisfun.com/algebra/completing-square.html

13. Circles and tangents

Cartesian Equation of a Circle
Consider a circle of radius r and centre (a, b).

Pythagoras gives us the general Cartesian equation of the circle.
(x—a)*+(y—b)*=r?

Questions:
Write down an equation of the circle with the given centre and radius in each case.

a centre (0, 0) radius 5 b centre (1, 3) radius 2 ¢ centre (4, —6)  radius 1

d centre (-1,-8) radius3 e centre (-3, 3) radius & f centre (-3.9) radius 243

2

Write down the coordinates of the centre and the radius of each of the following circles.

a ¥ +1°=16 b (x—6)+(r—1)7>=81 ¢ (x+1+(@r-47=121
d (x—7)+3°=0.09 e (x+2)+@+5)7=32 f (x—8)+(»+9)°=108
A Here is a circle with equation

x? + y? = 25. Determine the
equation of the tangent of the
circle at the point P(3,4).

P(3,4)

> X
-5 5
As always, to get an equation of a line we need:
* A point (we have that!)
= * The gradient.

There’s only ONE thing you need to remember for this
topic, related to finding the gradient of the tangent:

# The tangent is perpendicular to the radius.



P(3,4)

A Here is a circle with equation
x% + y? = 25. Determine the
equation of the tangent of the
circle at the point P(3,4).

Gradient of radius: g

. 3
Gradient of tangent: — "

_5 3 +
=——x+4+c
Y=y
At P: 4=—%X3+c
4=-24¢
=2 5, ,=_32
c=- y =

— Equation of tangent so far:

4. Find the equation of the tangent to
x2+y?—20=0 at (—4,-2)

Radius goes through

(0,0) and (3,4) so

change in
usem = #
change in x

Use negative reciprocal
for perpendicular
gradient.

We know P(3,4) is a point
25 on the line so substitute
4 into equation to find c.

5. Find the equation of the tangent to
x? + y? = 13 at the point on the
circumference with x-coordinate 3

and a negative y-coordinate

6. Find the equation of the tangent to
the circle with centre (0,0) and

diameter /32 at the point (2,2)

7. Find the equation of the tangent to
x? + y* = 25 at the point (5,0)




Equations of Tangents to Circles

Gradient of | Gradient of
Question Radius Sketch radius at tangent at Equation of tangent at point
point point
Example: Find the equation of the . 3 4 4 25
tangent to x% + y? = 25 at (4,3) 4 3 Y 3 3

1. Find the equation of the tangent to
x*+y?=5at(2,1)

2. Find the equation of the tangent to
x? 4+ y2 = 100 at the point on the
circumference with x-coordinate 6

and a positive y-coordinate

3. Find the equation of the tangent to
x?+y? =45 at (—6,3)




14. Harder simultaneous equations
More difficult simultaneous equations involve quadratics and need to be solved using substitution. This
type of question gives 4 answers, rather than 2 in normal simultaneous equations.

Examples:
Solve the following pairs of simultaneous equations
x?+y? =100 y=x*-3x+4
x—y=2 y—x=1
Step 1- rearrange the linear equation if Step 1- rearrange the linear equation if
necessary. X or y needs to be the subject necessary. X or y needs to be the subject
x=y+2 y=1+x
Step 2- substitute into the quadratic and Step 2- substitute into the quadratic and
simplify simplify
(y+2)%+y?=100 1+x=x>-3x+4
yZ+4y+4+y2=100 x*—4x+3=0
2y’ +4y-96=0
y2+2y—48=0
Step 3- Solve by factorising or using the formula Step 3- Solve by factorising or using the formula
(y+8)y-6)=0 (x-1)(x-3)=0
y=-8ory=6 x=1lorx=3
Step 4- Substitute your two values into the Step 4- Substitute your two values into the
linear equation to find the other solutions linear equation to find the other solutions
X=y+2 y=1+x
Wheny=-8, x=-8+2=-6 Whenx=1, y=1+1=2
Wheny=6, x=6+2=8 Whenx=3, y=1+3=4
Your Turn:
l.y=x2+7x-2
y=2x—8
5.x2+y2=36
X=2y+6
2.x2+y?=8
y=x+4
6.x2+y?=25
y=2x+5
3.y=x?
y=x+2
7.x2+y?=9
X+y=2
4.x>+y?>=5

Xx—2y=5



15. Trigonometry

Look up and learn to plot the graphs for sin, cos and tan. Bring a copy of these graphs.
You should already know the exact values of certain trigonometric ratios for your GCSE. Fill in the
following table and learn the values.

0 0° 30° 45° 60° 90°

sin 8

cos @

tan @

You will be expected to know the following trigonometric formulae off by heart, and be able to recognise
when each is relevant.

Sine Rule: Cosine Rule:
sinA_sinB_sinC a’?=>b%2+c2—2bccosA
a b ¢ b a

1
Area of a triangle = > ab sin C

C
Find z (2dp): Find « to the nearest degree: Find the area (2dp):
Q1) Q1) Q1)
BT
tem
dem
Find z (2dp): Find « to the nearest degree: Find the area (2dp):
Q2) Q2) Q2)
xaﬂ,,ﬂw\ 4em
| Sem

8em \

Find x to the nearest degree:
Q3) Q3)






