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Linear Equations

Solving Linear Equations

What are linear equations?

= Alinearequationis anequation that will produce a straight line when plotted on a graph
= The greatest power of X inalinearequationis

= This means there are no terms of X2 ora higherorder
= Alinearequationis normally in form ax + b=c¢

= where 4, b, and C are constants and Xis a variable

How dol solve alinear equation?

= Tosolve alinearequation you need toisolate the variable, usually X, by carrying outinverse
operations to both sides of the equation

= The orderinwhich the inverse operations are carried out isimportant
= Most of the time, this will be BIDMAS inreverse

equation
How do I solve alinear equation of the formax + b =c?

= The operations that have been applied to X here are:
= STEP1

Multiply by a
s STEP2
Add b

= Tosolve this, you must carry out the inverse operationsin reverse order
= STEPI

Subtract b
= STEP2

Divide by a

] Forexample,tosolvetheequation2X +1=9
= STEP]
Subtract1

2x +1 =9
(-1) (-1)

2x

Il
o
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= STEP2 /
Divide by 2

2x = 8§ Your notes

= Beextra careful if any of the terms have negatives

= Forexample, to solve the equation 2-3x=10

= STEP]
Subtract 2
2-3x=10
(-2) (-2)
-3x =38
= Be carefulnot to drop the negative sign
= STEP2
Divide by -3
-3x =38
(+-3) (+-3)
I
T3

O Examiner Tip

= |f you have timein the exam, you should substitute your answer back into the equation to check
you gotitright
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@ Worked example /

, Your notes
Solve the equation

5x -8 =122
Add 8 to both sides of the equation
5x =22+ 8
Work out 22 + 8
5x = 30
Divide both sidesby 5
30
X =
S
Work out 30 + 5
Keep the x onthe left-hand side
x=6
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Equations with Brackets & Fractions /
How do I solve alinear equation that contains brackets? Your notes

= |falinearequation contains brackets onone, orboth, sides start by expanding the brackets

= Forexample, to solve the equation 2(X - 1) =10 - (3 + X)
= STEPI
Expand the brackets onboth sides

2x —2=10—-3 — x

= STEP2

Collect the Xterms to one side by subtracting the term with the smaller coefficient of X
2x —2=T7—-x
- (=x) - (-x)
3x—-2=17
= Beextracareful if any of the terms have negatives

= STEP3
Solve the linear equation using the method above

3x—-2=17
3x =9
x=3
How do | solve a linear equation that contains fractions?

= |falinearequation contains a fraction on one or both sides, remove the fractions by multiplying both
sides by everything on the denominator
= Rememberto put brackets around the expression first

2 3

= Forexample, to solve the equation = you will need to multiply both sides of the
x+3 4 - 2x
equation by both (X + 3) and (4 - 2X)
= STEP]
Multiply both sides by (x + 3)
2 (x+3) (x +3)
—x + = —x +
x+3 4 - 2x
) 3(x+3)
4 -2x
= STEP2
Multiply both sides by (4 — 2x)
Page 50f23

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

2(4 - 2x) = M@ - 2x) /

4-2x Your notes

3(x + 3)

2(4 - 2x)

= STEP3
Expand the brackets onboth sides

8 —4x=3x+9

= STEP4

Collect the Xterms to one side by subtracting the term with the smaller coefficient of X

8—4x =3x+9
—(—4X) —(—4X)
8=T7x+9

= STEP5
Solve the equation
= You canswap the sides if it makes solving the equation easier

7x +9 =28
T7x = —1
1
x=-3

O Examiner Tip

= |fyou have timein the exam, you should substitute your answer back into the equation to check
you gotitright
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@ Worked example

a)

Solve the equation.
3x — 2
4 - x

Getrid of the fraction by multiplying both sides by the denominator(4 - X)

3x -2 =-(4-x)

Expand the brackets
3x -2 =-4+«%x

Bring the x terms to one side of the equation by subtracting x from both sides

2x -2 = —4

Getthe x term by itself by adding 2 to both sides

Solve by dividing both sides by 2

Solve the equation.

Isolate the fraction by subtracting 2 from both sides

x+1
3

Getrid of the fraction by multiplying both sides by the denominator (3)

x+1=6
Getthe x term by itself by subtracting 1from both sides
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x=35 /

Your notes
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Unknown on Both Sides

How do I solve alinear equation with the unknown variable, x, on both sides?

If alinear equation contains the unknown variable, usually Xon both sides start by collecting these

n
terms together on one side of the equation
= Moving the X term with the smallest coefficient (numberin front of X)is easiest
= Forexample, to solve the equation 4x -7 =11 + x

= STEPI1
Move the X term with the smallest coefficient of X

= The coefficients are 4 and1so move the X-term on the right hand side

4x — 7 =11 + x
(—X) (_X)

3x—-7=11
= STEP2
Solve the linear equation using the method above
3x—-7=11
3x = 18
x=6

©O Examiner Tip
= |f you have timein the exam, you should substitute your answer back into the equation to check

you gotitright
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@ Worked example ,

, Your notes
Solve the equation

4-5x=6x-29

5x is smaller than 6x soit's easier to move this term first
Add 5x to both sides

4=6x—29+5x
Simplify the right-hand side by adding the 6x and the 5x
4 =11x — 29

This could also have beenwrittenas 4 =-29 + 11x
Leave the x's on the right-hand side (avoid 'reflecting’ the equation)
Getllx onits own (by adding 29 to both sides)

4+ 29 =11x
Workout 4 +29
33 = 1lx
Getx onits own (by dividing both sides by 11)

33
11

Work out 33 =11
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3=xXx ,

Your notes
The answer currently has x on the right-hand side
At this point, you may reflect the equation to give youranswerasx = ...
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Forming Linear Equations
Before solving an equation you may need to form it from the information given in the question.

How do | form an expression?

= Anexpressionis an algebraic statement without an equals signe.g. 3x+7
= Sometimeswe need to form expressions to help us express unknown values
= [favalueisunknownyoucanrepresentitbyalettersuchas X
= Youcanturncommon phrases into expressions

= Hereyoucanrepresent the "something" by any letter

2 less than "something" x—2
Double the amount of
. - 2x
something
5lots of "something” 5x
3 more than "something” x+3
1 X
Half the amount of "something" EX or 3

= Youmight needto use brackets to show the correct order
= "something"add1then multiplied by 3
. (X + 1) X 3 which simplifies to3(X + 1)
= "something" multiplied by 3thenadd1
. (X X 3) + 1 whichsimplifiesto3x + 1
= Tomake the expression as easy as possible choose the smallest value to be represented by a letter
= |f Adamis 10 years younger than Barry, then Barry is 10 years older than Adam
= RepresentAdam's age as X thenBarry'sageis X + 10

= This makes the algebra easier, rather than calling Barry's age X and Adam'sage x — 10
= |f Adam's ageis half of Barry's age, then Barry's age is double Adam's age
= Soif Adam'sageis X thenBarry'sageis 2X
1

= This makes the algebra easier, rather than using X for Barry's age and = X forAdams's age

2
How do | form an equation?

= Anequationis simply an expression with an equals sign that can then be solved
= Youwill first need to form an expression and make it equal to a value or another expression
= [tisusefulto know alternative words for basic operations:

= Foraddition: sum, total, more than, increase, etc

= Forsubtraction: difference, less than, decrease, etc

= Formultiplication: product, lots of, times as many, double, triple etc
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= Fordivision: shared, split, grouped, halved, quartered etc ,
= Usingthe first example above
= |f Adamis 10 years younger than Barry and the sum of their agesis 25, you can find out how old Your notes
eachoneis

= RepresentAdam'sageas X thenBarry'sageis X + 10

= WecansolvetheequationX+x+ 10 = 25 or 2x+ 10 = 25
= Sometimes you might have two unrelated unknown values (x and y) and have to use the given
information to form two simultaneous equations

Q Worked example
At atheatre the price of a child's ticket is £ X andthe price of an adult's ticket is £y.
Write equations to represent the following statements:

(a) An adult's ticket is double the price of a child's ticket.
(b) Achild's ticket is £7 cheaperthan an adult's ticket.
(c) The total cost of 3 children's tickets and 2 adults' tickets is £45.

(@)  Adult=2x Child
y=2x

1
Equivalently you could put X = Ey

(b) Rewrite as:

Adult = Child + £7
y=x+7

EquivalentlyyoucouldputX =y —7ory—x=7

(c) Totalmeans add

3 x Child +2 x Adult = £45

3x+2y=45
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Equations & Problem Solving

Forming Equations from Shapes

Many questions involve having to form and solve equations from information given about things relating to
shapes, like lengths orangles.

How do | form an equationinvolving the area or perimeter of a 2D shape?

= Readthe question carefully to decideif itinvolves area, perimeter orangles
= |fnodiagramis givenitis almost always a good idea to quickly sketch one
= Addanyinformation givenin the question to the diagram
= Thisinformation will normally involve expressions in terms of one or two variables
= |fthe questioninvolves perimeter, figure out which sides are equal length and add these together
= Considerthe properties of the given shape to decide which sides will have equal lengths
= |nasquare orrhombus, all four sides are equal
= |narectangle orparallelogram, opposite sides are equal
= [fatriangleis given, are any of the sides equallength?
= |[fthe questioninvolves area, write down the necessary formula for the area of that shape
= [fitisanuncommon shape you may need to splitit up into two or more common shapes that you
canwork out areas for
= |nthe case youwill have to split the length and width up accordingly
= Rememberthat aregular polygon means all the sides are equal length
= Forexample, aregular pentagon with side length 2x - 1has 5 equal sides soits perimeteris 5(2x - 1)
= |f one of the shapesisacircle or part of a circle, use mthroughout rather than multiplying by it and
ending up withlong decimals

How do | form an equation involving angles in a 2D shape?

= |fnodiagramis givenitis almost always a good idea to quickly sketch one
= Addanyinformation givenin the question to the diagram
= Thisinformation will normally involve expressions in terms of one or two variables
= Considerthe properties of angles within the given shape to decide which sides will have equal lengths
= [fatriangleis given, how many of the angles are equal?
= Anisoscelestriangle has two equal angles
= Anequilateral triangle has three equal angles
= Consideranglesin parallel lines (alternative, corresponding, co-interior)
= |naparallelogram orrhombus, opposite angles are equal and all four sum to 360°
= Akite has one equal pair of opposite angles
= |fthe questioninvolves angles, use the formula for the sum of the interior angles of a polygon
= Forapolygon of nsides, the sum of the angles willbe 180°x(n - 2)
= Rememberthat aregular polygon means all the angles are equal
= |f aquestioninvolves anirregular polygon, assume all the angles are different unless told otherwise
= Lookoutforkeyinformation that can give more information about the angles
= Forexample, atrapezium "with aline of symmetry" will have two pairs of equal angles

Page 14 of 23

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

4

Your notes

e.g. THE DIAGRAM BELOW SHOWS AN IRREGULAR POLYGON.
ALL ANGLES ARE IN DEGREES.
FIND THE VALUE OF x.

5 SIDES/ANGLES
PENTAGON
180 x (5 - 2)
—% 6x — 2

ADDING TO A DIAGRAM
IS A GOOD PROBLEM
SOLVING TECHNIQUE

NOT TO SCALE - CAN'T MEASURE IT!
IRREGULAR POLYGON, BUT, 5 SIDES PENTAGON
INTERIOR ANGLES GIVEN
b IS A RIGHT-ANGLE, 90°
SUM OF INTERIOR ANGLES IN ANY POLYGON

oOO

SUM OF ANGLES = 180(n—2)
=180(5 —2)
=180 x 3
=540

3Xx+10+5x -8+ x+6x—2+90 =540
15x + 90 =540
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15x = 450

o A GOOD ALTERNATIVE QUESTION HERE
x =30 WOULD BE TO FIND THE SMALLEST OR
LARGEST ANGLE (30°, 178"

How do | form an equationinvolving the surface area or volume of a 3D shape?

Read the question carefully to decide if itinvolves surface area orvolume
= Mixing these up is acommon mistake
If no diagramis givenitis almost always a good idea to quickly sketch one
Add any information givenin the question to the diagram
= Thisinformation will normally involve expressions in terms of one or two variables
Consider the properties of the given shape to decide which sides will have equal lengths
= |nacube allsidesare equal
= All prisms have the same shape (cross section) at the front and back
If the questioninvolves volume, write down the necessary formula for the area of that shape
= [fitisanuncommon shape the exam question will give you the formula that you need
= Substitute the expressions for the side lengthsinto the formula
= Remembertoinclude brackets around any expression that you substitute in
It the questioninvolves surface area,
= Youmay need to add or subtract some expressions
= Rememberto considerany faces that may be hidden in the diagram
= STEP]
Write down the number of faces the shape has and if any are the same
= STEP2
Identify the 2D shape of each face and write down the formula for the area of each one
= STEP3
Substitute the given expressions into the formula for each one, being careful to identify the
correct expression for the dimension
= STEP4
Add the expressions together, double checking that you have one for each of the faces

O Examiner Tip

= Usepencil to annotate the diagrams carefully

= Youmay find that most of your working for a questionis on the diagramitself

= Readthe question carefully - don't find the area if it wants the perimeter, don't find the volume if it
wants the surface area, etc!
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@ Worked example ,

Your notes
Arectangle has alength of 3x+ 1 cmandawidthof 2Xx — 5 cm.

Its perimeteris equalto 22 cm.
a) Use the above information to form an equationin terms of x.
The perimeter of arectangleis 2(length) x 2(width).
P=2(3x+1)+2(2x-5)
Expand the brackets.
2@8x+ D) +2(2x-5)=6x+2+4x-10
Simplify.
6x+2+4x-10=10x-8

Set equal to the value given for the perimeter.

10x-8=22
This equation can be simplified.
5x-4=T1
b) Solve the equation from part (a) to find the value of x.
Add 4 to bothsides.
5x-4=1
5x=15
Divide both sides by 5.
x=3
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Equations & Problem Solving /
What is problem solving? Your notes

= Problem solving in mathematics involves using several stages, across a variety of topics, to answer a
question
= [nthis set of notes, the problems will involve equations
= These could belinear equations or simultaneous equations
= Often, the problem willinvolve reading the question and setting up an equation, or a set of
equations, that can be solved
= With problem solving questions, you never know exactly what’s coming, but you can follow a patternto
answer them
= |nanordinary mathematics question you would be given an equation to solve
= |naproblem solving question you would have to generate the equation...
= ...usinginformation from the question
= .. usingyourknowledge of standard mathematical results

e.g. AT A FIREWORKS STALL A CUSTOMER PAYS £9 FOR
SIX BANGERS AND TWELVE SPARKLERS. ANOTHER CUSTOMER
BUYS NINE BANGERS AND TEN SPARKLERS FOR £12.30. FIND
THE COST OF 5 BANGERS AND 15 SPARKLERS.

TWO "THINGS" - B’s AND S’s
TWO UNKNOWNS — COST OF B’s AND S’s
TWO PIECES OF INFO — TWO EQUATIONS
SIMULTANEOUS EQUATIONS

NO "NICE" LINK FROM 6 OR 9 TO 5,
NOR FROM 412 OR 10 TO 15, SO FIND
COST OF 1B AND 1S

00

NOTICE HOW MUCH WORK AND THINKING SHOULD
HAPPEN IN YOUR HEAD BEFORE ATTEMPTING A SOLUTION!

LET B BE THE PRICE OF BANGERS, IN POUNDS.
LET S BE THE PRICE OF SPARKLERS, IN POUNDS.
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6B+12s=9 @
9B +10S=12.3 @

Mx3: 18B+365=27 (3
@=x2: 18B+20S=24.6 (4

®-@: 165=2.4
_ 2.4
S= 76
S=0.15

SuB. IN (3): 18B +36 x0.15 =27

188 = 21.6
216

B="¢

B =12

SO, 5B+15S5=5x12+15x0.15
=8.25

FIVE BANGERS AND FIFTEEN SPARKLERS
WILL COST #£8.25

A GOOD ALTERNATIVE QUESTION HERE TO TEST
INTERPRETATION OF YOUR ANSWER WOULD BE
TO FIND THE CHANGE FROM #£10. (£1.751)

Page19 of 23

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

e.g.

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

AN IRONMAN COMPETITION CONSISTS OF
A SWIM, A BICYCLE RIDE AND A MARATHON
WITH THE DISTANCES OF EACH SPLIT IN

THE RATIO %=2(2x+5)=x

COMPETITOR’S COVER A TOTAL DISTANCE
OF 137.5 MILES.

FIND THE DISTANCE OF EACH COMPONENT
OF THE COMPETITION.

RATIO — TOTAL GIVEN

.0°

X
— + + + x = /.
10 2(2x +5)+x=137.5

x10 TO "GET RID

X+ 20(2x +3) +10x = 1375 | o ERACTIONS® (GROF)

EXPAND TO "GET RID

x + 40x + 100 + 10x = 1375 OF BRACKETS® (GROB)

51x + 100 = 1375

51x = 1275
x=2b
SO X :2(2x+5):x = 22:2(2x25+5):25
10 10
= 25:10:25

SWIM IS 2.5 MILES

BICYCLE RIDE IS 110 MILES

MARATHON IS 25 MILES
Page200f23
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AN ALTERNATIVE HERE WOULD BE TO ‘/
Your notes

ASK HOW MANY TIMES FURTHER IS

THE BICYCLE RIDE THAN THE SWIM (44)

= Akey feature of problem solving questions is to interpret the answer in context
= Ananswerona calculatormaybe1.2
= |fthe questionwas about money thenyour final answer should be £1.20
= Do not necessarily expect whole number (integer) or “nice” solutions
= Especially where a calculatoris allowed
= Rounding appropriately may be one of the skills being tested
= egRoundingavalueinecmonly needs to be to one decimal place;
soitindicates mm

= Practice, experience and familiarity are the keys to solving problems successfully

O Examiner Tip

= Do not start by focusing on what the question has asked you to find, but on what maths you can do
= |[fyourattempt turns out to be unhelpful, that’s fine, you may still pick up some marks
= |f yourattemptisrelevantit could nudge you towards the full solution - and full marks!
= Addinformation to a diagram as you work through a problem
= [fthereisnodiagram, try sketching one

Page 210f 23

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

@ Worked example

Athinhorizontalrodis heated at one end. The temperature, T °C, of each point along the rod depends
onthe distance, xcm, along the rod.

Whenitis heated from the left-hand side, the temperature is given by
T=100-4x
Whenitis heated from the right-hand side, the temperature is given by
T=20+x

One particular point along the rod experiences the same temperature in both situations. What is the
temperature at this point?

Thisis a problem solving question (it's an unfamiliar setup)

You do not know x (how far along the rod this point is) but you know the temperatures are equal at that
point

Form an equation by setting the temperatures to be equal

100—4x=20+x
Solve this equation to find x
100=20+5x
100—-20=>5x
80=>5x
80 _
5 =X
16=x

The point 16 cmalong the rodis the one that has 'equal’ temperatures
Answer the question by finding the temperature at this point (substitute x = 16 back into either
equation)

Page 22 of 23

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

T=100—-4x16 /
=100-64 Your notes
=36

Give your answer in context with units

the temperature at this pointis 36°C
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