Simultaneous Equations

Solving simultaneous equations is one of those things that you'll have to do again and again
— so it’s definitely worth practising them until you feel really confident.

Solving Simultaneous Equations by Elimination

Solving simultaneous equations means finding the answers to two equations at the same time
— i.e. finding values for x and y for which both equations are true.

Example: Solve the following equations: 3x +5y==4 ittt Al ”(;LIF::;L":LLII;:;I[I i

commeon multiple (LCM).
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= equations 1 and 2. :
1) Match the coefficients A REARRNFERREVANNNEY E'Q'LCMafza"dgﬁe\
LANNERY FRNRRARRARRENNRNL
Multiply the equations by numbers that will make either / J
the x's or the y's match in the two equations (D 3x+5y=-4 i (Dx 2 6x+10y=-8 @
(ignering minus signs): @ 2x+3y=9 @x 3 —6x + 9y =27 @
2) Eliminate to find one variable 2 L' ‘b': ::h/f' Vi
The coefficients of x have different signs, so you need to @-I—@ 6x + 10y + (—bx) + Jy=-8 +27 = 3 :nd fe -
add the equations (if the coefficients have the same sign, = 19y=19 EITI
you'll need to subtract one equation from the other): :
= y=1

3) Find the variable you eliminated
Put y =1 into one of the equations to find x: y=1 in@ Ix+5=-4 = 3x=-9

= x=-3
4) Check your answer
Put x = =3 and y = 1 into the other equation: x==-3,y=1 in@ =2(=3)+3(1)=9 v

Use Substitution if one equation is Quadratic

Sadly elimination won't always work. Sometimes one of the equations has not just x’s and »'s in it — but bits with
x? and y? as well. When this happens, you can only use the substitution method:

One Quadratic and One Linear Equation

1) Isolate one variable in the linear equation by
rearranging to get either x or y on its own.

2) Substitute the variable into the quadratic equation
(to get an equation in just one variable).

3) Solve to get values for one variable — either by ——
factorising or using the quadratic formula. Substitute this for your own

4) Stick these values in the linear equation to find hilarious caption.
the corresponding values for the other variables.
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Call the linear equation L and
the quadratic equation Q.

Example: Solve—x + 2y =5 and x2 + y2 = 25.
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Rearrange the linear equation so that either x or y is

AN

on its own on one side of the equals sign: ®—x+2_v=5 = x=2p=5 AL
Substitute this expression into the quadratic equation: @ x2+y2=25 = (2y-5P +y2=25
Rearrange this into the form ax® + bx + ¢ and then solve it = (42 =20y + 25) + 2 =25
= 52 =20v=0 AVTERV IR i g i v
= Sp(y-4)=0 = x2+ y* =25 is actually a circle about -
=)o =14 = the origin with radius 5 (see p38). =
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Finally put both these values back into the linear equation
to find corresponding values of x: When y = 0: ® —=x+2(0)=5 = x=-5

When y = 4: @—_r+2[4}=5 = x=3

So the solutions are x ==5, y=0 and x=3, y = 4.

Check your answers by putting them back into(D)and(@): x=-5,p=0 = —(-5)+2x0=5 and (<512 + 02=25 v/
I=3,y=4 = 3 +2x4=5 and 32+ 42=25 V/
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Simultaneous Equations

Number of Solutions = number of Intersections

When you have to interpret something geometrically, you have to sketch the graphs of the two functions
and ‘say what you see’. The number of solutions affects what your picture will look like:

Two Solutions One Solution No Solutions

The graphs meet in two places. The graphs meet in one place — the The graphs never meet.
14 straight line is a tangent to the curve. v
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The graphs can look different but the
number of intersections will always
equal the number of solutions.
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Example: Interpret geometrically: y = x2 —4x + 5 [Geumetric Interprelatiun]
y=2x—4 Since the equations have only one solution,

Substitute the expression the two graphs only meet at one point — (3, 2):
Foryfmm@into@: Ix—=—4=x2-4x + 5
Rearrange and solve: 2-bx+9=0 . .

x=32=0 The straight line

= x=3 is a tangent to the

curve at (3, 2).

Puttingx=3in®gives: E=0 == hr 3 g =) 2
There's only 1 solution: x=3,y=2

Q1 Solve these sets of simultaneous equations:

a) 3x-4y=7and =2x + 7y ==22 b) 2x-3y= % andx +y= —%
Q2 Find where the following lines meet:
a) y=3x-4andy=7x-5 b) y=13-2xand 7x-y-23 =0 ) 2x-3y+4=0andx-2y+1=0
Q3 Find the possible solutions to these sets of simultaneous equations. Interpret your answers geometrically.
a) y=x'-7x+4 b) y=30-6x + 2x? o xX+2y-3=0
2x=y=-10=0 y=2(x+11) y=2x+4

Exam Questions

Q1 Find the coordinates of the points of intersection of x* + 2)*=36and x + y=6. [6 marks]
Q2 The line [ has equation y = 2x — 3 and the curve C has equation y = (x + 2)(x — 4).

a) Sketch the line / and the curve C on the same axes, showing the coordinates

of the x- and y- intercepts. [4 marks]
b) Show that the x-coordinates of the points of intersection of / and C

satisfy the equation x* —4x - 5=0. [2 marks]
c) Hence, or otherwise, find the points of intersection of / and C. [2 marks]

The Eliminator — a robot sent back through time to destroy one variable...

For a linear and quadratic equation you have to use substitution, but for a pair of linear equations elimination is usually
the easiest method. Knowing how to sketch a graph is handy here, but there’s no need to be a Van Cogh about it.
Simultaneous equations pop up all over A-level maths so it’s worth spending some time now to get them sorted.
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Inequalities

Solving inequalities is very similar to solving equations. You've just got to be really careful that you keep the
inequality sign pointing the right way.

When Multiplying or Dividing by something Negative flip the inequality sign

Like I said, these are pretty similar to solving equations — because whatever you do to one side, you have to do
to the other. But multiplying or dividing by negative numbers changes the direction of the inequality sign.

Adding or subtracting doesn’t change Multiplying or dividing by a positive
the direction of the inequality sign. number doesn't affect the inequality sign.
Examples:  Find the range of values of x that satisfies: a) x -3 <=1 + 2x b) 8x+222x+17
) Adding 1 to both sides le ¥—3<—1+2c  D)Subtract2andthen2x,  Gr+2322x+17
"‘{3‘=~ x-2<2 :—'_—'—‘}:-‘-’=> 8x22x+15
= =2 = bxz215
irom poth sides r Diide both sides by 6 - 5
e inequality ﬂso'l”‘)_z and simplify ﬁvﬁ * 5D

Multiplying or dividing an inequality by a negative
number changes the direction of the inequality sign.

QT by
The reason for the sign changing direction
is because it's just the same as swapping
everything from one side to the other:

- s12 = 1253 = % 2 —4
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Example: Find the range of values of x that satisfies 4 - 3x < 16
r:_—:‘_::;:b 4-3x<16
Ner ivide 2otn siges Dy 3 —3X512
but chanage the direction of the inequality #}. = x2 -4
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Sketch a Graph to solve a Quadratic inequality

With quadratic inequalities, you're best off sketching the graph and taking it from there,
You've got to be really careful when you divide by variables that might be negative — basically, don't do it.

Example  Find the range of values of x that satisfies 36x < 6x2

Rearrange into the form f(x) 2 O. 36x < bx? MRV Ty UULALULULICUULL

2 AJEA R - 11 o
Start by dividing by 6 SR = You shouldn't drwde by z e 1:;&:“1:{:&:;;[; L:, =
Take x f both sid d rearranae et :xherebecausmtcould: = P : grapn —
ake bx from both sides and rearrange = X* = bX = be negatwe {or zem:l : - Of;', is u—shaped. \‘.—‘
50.\“2—6.?20 "',f||”;||,;'|||||||||||1\ IRV R NR R RN RAA A
Y y=x—fx
Write the inequality as an equation: Lety = x2 - bx
Find where the curve crosses the x-axis x2=6x=0 = x(x=-6)= X
by setting y = O and factorising Sox=0andx=6. 0 6
Use a sketch to find where x? — 6x 2 O The graph is pOSili\-"ﬂ tothe leftof x =0
and to the right of x = 6 (inclusive).
Soxs0Oorxz6.
\\\”f!lflllpll|]'|'H|“-||”r
You might be asked to give your answer in set notation: = In set notation, the answer =
= to the example above is =
Set Notation k:x<OJU{x:x26) =
x
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¢ The intersection (N) of two sets is only the things
present in both sets: x> candx<d

= Set notation uses curly brackets: {x : x < a} means
‘the set of values of x such that x is less than a’.

* The empty set, written &, contains nothing. iswritten as {x:x>c} N{x:x <d}.
For example, {x : x* <0} = @ (as »* is never < 0). | o You can also use brackets to show an interval
¢ The union (U) of two sets is everything — round means the value isn’t included, and
contained in either set: x<aorx>bh square means it is. So (3, 5] means 3 <x < 5.

is written as {x: x <a} U {x : x > b}.



Inequalities

Test Both Sides of a curve to find a Region

You might be given two (or more) inequalities and asked to find the region that satisfies them. All you need to
do is sketch the curves or lines and test the coordinates of a point (usually the origin) in each of the inequalities.
The region you're after will include the areas where each inequality holds true for any tested point.

\‘|||1||l|||||l|1|,"f
The coefficient of x*
is negative so the
curve is n-shaped.

Example  Draw and label the region that satisfies the following inequalities:
y<=x2+2x+3 and y2=1.
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Whrite them as eguations: y=—.\‘2+?_r+3 &I'Idy=1 Frea v nnnnnnn
Draw them on the same graph: y= x+1)3=x) = y= Datx=-1andx= 3, y J
y =1 is a horizontal straight line.
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— For inequalities with < and = Z R
Work out which side of each = you need to use a solid line. :S\‘"‘-{-\‘R_L Lop=1
line you want by testing the ARNRERNRRRRNRARRNRNANRRRANAS 7 ' i
origin in the inequalities: y<-x2+2x+3 = 0< 3, which is true. - - x
R} Since the origin is below the curve, the region i
QUG L, Gnefydes the area below y = -2 + 2x + 3. y=—x42r+3
= I the curve goes through = .
= the origin you'd have to = y=1 = 0= 1, which is false. AU L
= use adifferent point. = Since the origin is below the line, the region = For inequalities with < and > =
M nt - 5le6 includes the area above y = 1. = you need to use a dotted line. =
_ i AV RN AN AN RN AN AR L Y
Label the correct region: The region, R, is the intersection of these areas.
Q1 Find the ranges of x that satisfy these inequalities:
a) x+6<5x-4 b) 4x-2>x-14 c) 7-x<4=-2x
Q2 Solve: a) 7x—4 > 2x-42 b) 12y-3 <4y +4 ) -4>17p+2
Q3 Find the ranges of x that satisfy the following inequalities:
a) 3x2=-5x-2<0 b) 6-x=-2x2<0 C) 32+7x+4>22x2+x-1)

Q4 Find the ranges of x that satisfy these jokers. Give your answers in set notation.
a) 2+ 3x=-1z2x+2 b) 2x2>x+1 C) 3x2=12 <x2=2x

Q5 Draw and label the region that satisfies the following inequalities:
y<3, y>x-1 and y>4-2x

Exam Questions

Q1 Find the set of values for x that satisfy the inequalities below.

a) Ix+2<x+6 [1 mark]

b) 20-x-x>0 [2 marks]

c) both3x+2<x+6 and 20—x—-x*>0 [1 mark]
Q2 Solve the inequalities:

a) 3<2p+5<15 [2 marks]

b) ¢-9>0 [2 marks]
Q3 Draw and label the region that satisfies the following: y>2x*—x—-3andy=1- %_r [4 marks]

Inequalities > vectors > biology...

For inequality questions you could be given any linear and /or quadratic inequalities to sketch (or find intersection
points). Don’t forget to use a solid line for inequalities with < or > and a dotted line for < or > — this could cost you
marks in the exam. There are plenty of inequality questions to get stuck into here, so get cracking.




