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GCSE Maths — Algebra

Gradients and Areas of Graphs in Context
(Higher Only)

WORKED SOLUTIONS

This worksheet will show you how to work out different types of questions relating
to gradients and areas of graphs in. Each section contains a worked example, a
question with hints and then questions for you to work through on your own.

This work by PMT Education is licensed under CC BY-NC-ND 4.0
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Section A

Worked Example

Below is a graph of the change in the price of petrol over time. What rate is the price
of petrol increasing at?
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Step 1: Work out if the graph is linear or non-linear.

This graph is linear as the line is straight. This makes finding the gradient of the line (which
represents the rate of change of the price of petrol) easier.

Step 2: Identify two points on the line, then calculate the gradient by calculating the difference in y
divided by the difference in x.

We can use the points (2,1) and (10, 3).

Changeiny 3-1

) 2
Gradient = Changeinx 10—2 8

1
T4

Step 3: Interpret the gradient.

The gradient is %.

This means that each year, the price of petrol increases by% of £1, or 25p, per year.

/
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Guided Example

Below is a distance-time graph of a car. What is the speed of this car?
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Step 1: Work out if the graph is linear or non-linear.

Mhe ﬂMPln it hnear as the line i Sfrufghf

Step 2: Identify two points on the line, then calculate the gradient by calculating the difference in y
divided by the difference in x.

m-= 9‘~‘Jl = qJe = ﬂ.z ,3_-—-'5
- Xa 6-0 b 2

Step 3: Interpret the gradient.
e %vﬂoli@l’l‘l' is 19 This means the speed of Hhe caris 1.6 miles

PW minute -

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

1. Calculate the rate of sales of chocolate bars.

é,: (D Choote 2 poﬂ'\b’ along He line that
%’15 v is easy to read
5] The coordinpdes are (0,9) and (%,15)
@ !
B.
"5.:8;“10 Rate of sales = ﬂrapb'mf = 9.’{1;
6 | o
8
B amab'e,u'f= ls-0 _ 1€ _ ¢
. - 3
HEEEEEEE The rate of sales of choocolate bas 5 5(x10)
| 14 [0, @) | 1T 11 chocolate bars F” hour-
|0 5

.| Time| (hours)

2. Calculate the rate of water being emptied from a tank

Volume of water ™ Yr-Y»

howr —
Hae fanle per ho -

i

400

1!

200 - O

lume of water (litres)

0;600
(]

N = 200

— L (§00,0) |

0 200 400 6'6‘.‘0'< _5

| Time (hours)

; ks Lok
The rate of water being emp fed §om the tank 1s 5 litres

hour. | /
e Aont need fo incude e negabve
Gigm becase the srgn oty meant Hhe
water B8 leaving anle

J
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3. Calculate the price per kg of cement
-&3-60 / prce pwhﬂ of cement = ‘«_1_';&‘
.'8 1 1(/| —%L
il T 402
|| LT 40)
40 >/ 40) 2.6 -19
= 19
5
NERIPTAN .
20
e mice per by of cement is £3
0 20
- | Mass of cement (kg)
4. Calculate the price per pint of milk.
a / | prct per litpe of milke = 11;5:
! | ] ] ] .
_g_zo [ Llllw) ‘XI *
/U = 10-0
o=
12-0
0 equet bo 4
116 PITH— - %
/ - P 16T
1/ Coi0) | LT it = £I-G»:F‘> -
0] 10 N’
[ Milk (litres) - | pint = f o5
The price per pint of mill i £0-95
J
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Section B

Worked Example

Below is a displacement-time graph of an object.
Calculate the speed of the object between points B and C.

Distance from start (m)

Step 1: Work out the coordinates of the points asked for.

Point B is at (2,2) and point C is at (4,7).

Step 2: Calculate the gradient of the line between the required coordinates.

To find speed, we need to divide the total distance by the time. Therefore, we divide the
difference in y by the difference in x.

Changeiny 7—-2 5
Changeinx 4—2 2

Gradient =

Step 3: Interpret the gradient in terms of the question context.

The gradient tells us the speed of the object between points B and C. The speed is 2.5 m/s.

y,
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Guided Example

The displacement-time graph below shows the distance walked by a group.
Calculate their speed between points D and E.

\ (0 D (‘”9)

Distance from start (miles)

Time (h)

Step 1: Work out the coordinates of the points asked for.

Pont D = (6:%) Pomt E = (10,0)

Step 2: Calculate the gradient of the line between the required coordinates.

ﬂrﬁdl;ﬂf\l'= Yy-Y. - 8-°¢ S __2
Wi- N C-10 -4

Step 3: Interpret the gradient in terms of the question context.
The caragl.'w’( tedls us the speed walleed lmj fhe ﬂrwf *fmm
pont D to E - Ther speed & 2 miles/how.
l

we ded not include Hhe hegahve hﬂn be cause hM'; mal/j
means that the distane wallced Ly Te group & dewsasing
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

5. Calculate the speed of this car between points A and B. What is happening between
points B and C?

S T § Point A « C0,0)
I Pomt B = (5,35)
]
S
é 2% gpad POMA{."B = 3__5_:_?_
£ §-0
g » = 35
§ 5
E 15 = 3 lilometres/ honv
,‘;‘2 10 From B 4o €, the disfance remains af 35km -
The gradient i also 0 which means Hee Speed
s i€ 0. n olhr wonds, He cav s not mmﬂ'ng
D from peiat B fo C-
0 A 5 10 15 20
Time (h)

6. Calculate the speed between the points C and D.

g Pm‘n‘t C= (S.L)
£ ] Point D = (1t,4)
g’ Speed from C o P = 4-6
€ Y D 1y -
2 5
! = -2
: :
a E = -1
0 A 2 4 6 . 8 '10 12 14 16 18 '5'
Time (minutes) - _0.33%

the cpeed from (¢ fop 5 0-3% metres /mip
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Section C

Worked Example

Below is a velocity-time graph of an object. Calculate the acceleration of the object
between points A and B, and calculate the total distance travelled by the object.

Velocity (m/s)

oA 2 4 6 8 10
Time (seconds)

Step 1: Identify the points asked for in the question, then calculate the gradient of the line between
these two points.

Point A is at (0,0) and point B is at (2,4). The gradient of the line represents acceleration
because it is the change in velocity divided by the time it takes.

Acceleration =

Change invelocity 4—-0 4 )
5=

Change intime  2—0

The acceleration of the object between points A and B is 2 m/s?.

Step 2: For the second part of the question, divide the area under the curve into shapes, such as
squares, triangles and rectangles.

6

Velocitv (m/s)

Time (seconds)

1
First Triangle Area: > X 2X4=4m?

Square Area: 4 X 4 = 16 m?

1
Second Triangle Area: 5 X 4 X 4 =8 m?

Step 3: Add together the areas of the shapes to find the total distance travelled.

Distance travelled = Area under graph =4+ 16+ 8 =28 m

y,
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Guided Example

Below is a velocity-time graph for a car. Calculate the deceleration of the car
between points C and D, and find the total distance travelled by the car.

20

-y
[3,]

Velocity (mph)

o

Time (hours)

Step 1: Identify the points asked for in the question, then calculate the gradient of the line between

these two points.
- - —lo _ _
o 0 - = =2

gmah'-m’r : v
I~ 10 5

Pont ¢ = (12,20)

Point D = (19,10)
decderaton of Ho cav = 2 mph /how

Step 2: For the second part of the question, divide the area under the curve into shapes, such as
squares, triangles, and rectangles.

(1) Area of trhangle i-% 5x20 =50 (%) Avea of redangle = S x f0
=50

Aren of reciangle : Sx2p =00
K © Avenof - }Lxmxlo

@ Aven of nangle = Lx 5x10 =27 thangle
> - 50

Step 3: Add together the areas of the shapes to find the total distance travelled.

Distance fravelled = Aveas under He amfl« -
GO+ 100+ 25+ S+ 50 =276 miles

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

Velocity (m/s)

Velocity (m/s)

Find the deceleration between points D and E, and calculate the total distance
travelled by this object.

Point D = (& 10)
Point E = (15,2)
3(0.0(/'0’\!’ fom P”"'"L

Dt E :
T
-1 —4

de celerahion = 2.5 ms™
@ Acea s Lx 4x6 =1
D Avea: 4x( =24
= X -
Q) Area: xgx4=12
6 8 10 12 14 16 2 (D Avea - 6 x6 = 36
Time (seconds) @N‘V_a-‘ | w510 =20
9_ .

c
|
|
|
|
|

D — e

Total disfance travetled by object: (2424 (24 36 t 20 = 10g m

Calculate the acceleration between points A and B, and the total distance travelled.

| ; th*]’ A=(00)
D | Pont B = (4,%)

aelerabon = 80
4-0
-2

14

12

10

=

&
4

aclelerahan behveen

B
poni A fo B & Ams™*.

|
Emmma

@ @ﬂna:%ﬂxhw
@hﬂm : 2yxg = 1b

B Avea: ) x(gu)xy = %0
F 2

£ f | - = %b
o t6I)x4 =
6/ 8 10 | 12 14 16 18 20 22 ®hAre 3"“9‘ €

(DAvea = 1 x g x6 =24
2

| e ——— ————

|
e
o |
]
i
0A 2 4

ime (seconds)

J
Aven of trapezivm :
é (atbIxh Todal distance frowedl e = 16 $16+ 401 36 tay = 132 m
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Section D

Worked Example

Below is a distance-time graph of a car. Calculate the speed at which the car is

travelling at minute 15.

|
B
o

Distance (km)

Step 1: Work out if the graph is linear or non-linear.

This graph is non-linear because it is not a straight line. This means we will have to use

tangents to find the gradient.

20
Time‘(minutes)

Step 2: Draw a tangent to the line at the point asked about in the question and identify two
coordinates on this tangent that could be used to calculate the gradient.

We are asked to find the gradient when x = 15.
The point on the line is (15, 45).

This tangent line passes through the points

(10, 15) and (15, 45). Use the difference between
the y-coordinates and x-coordinates to find the
gradient.

Changeiny 45-—15 30
Changeinx 15—10 5

Gradient = =6

|
IS
o

Distance (km)

0 20
- Time}(minutes)

Step 3: Interpret the gradient in terms of the question context.

The gradient tells us the speed of the car at minute 15 is 6 km/min.

y,
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Guided Example

Below is a graph showing the remaining amount of ice cream in a café over time.
Find the rate at which ice cream is being sold at the 4" hour.

@ 1&”1)
| ] | ||
©
~9.10
(&]
8 (4. %)
E
N\
£ |
05 |
55| | \
©
\
0 5 10
' ’ ‘Time (hours)

Step 1: Work out if the graph is linear or non-linear.
n‘e ﬂmpl,‘ [! nanhhneal’ JQE cans e ]"—‘ o Vlo"’ a S'h"ﬂ,(ﬂ‘/l'} 'WLE’,.

Step 2: Draw a tangent to the line at the point asked about in the question and identify two
coordinates on this tangent that could be used to calculate the gradient.

2 points plong Hee {—mnﬂ\mf are (0,12) and (4.%),

afraollllmf= YooY = 12-% _ 4 _

R ——

€Ay -2 -4 -4

Step 3: Interpret the gradient in terms of the question context.

The gradient felle U fhe rote at whidh ice cream & soldl ab Hee 4t [y
is | lw)/lnmnm

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

9. The graph below is a velocity-time graph of an object. Find the deceleration of the
object at 7 seconds.

T O braw fhe Hm?’wf at point T seconds -
0\ | [ @ [o{M\hfL’ 2 Coordinates mlon@ e -’mmﬂwf*-

| c?,:?’) (4,10) and (#,7)

N\ ® Calowlate ﬁradh’/ﬂ+
f

AN

i \

|

.

of TT T T s T 0]
__Time (seconds)

=
o
~

~Velocity :(m/s)

N

. adiw{’ : lo-+ = 2 =
\ ﬂr l.f.-f ?. “3

\ The deced eration of e ob)ed at F secnds
0

) mst.

10. Below is a velocity-time graph of an object. Find the deceleration of the object at 6
seconds.

o \ (sho)Y T 1 2 wordinates alang ¥he Pﬁma%f e :
—£-10
‘;‘;. | V\ I (2,00) and (6,7)
3 NG (6D acceleratim of . 10—
g | | | | N | olo\’lwl' 3-0
5 . 3
N =
: ] The deceleratin of the oljed at ¢
T | -t
o T s SwedeB b
Time (seconds)
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11. Below is a distance-time graph of an object. Calculate the speed at the 14" second.

.
Z Two ¢oorolinates alang He {«mnfaw{ are :
Q-
'LC“' ( 1y, (6) and (10, 2)
—=9-20
(i, 10| | T
I = I_«'-’f'_
‘ 4
10 i s 2w
| 2
| = 3.5 ms"
. : The speed of the oLJeo} ok |y ceconds
| ’ | is 2.6 my~"
o 10 | 20
| Time (seconds)

12. Below is a displacement-time graph. Calculate the speed at 3 hours.

2 wordmates along Hee famgen{ me

(o,:q): (;3,!.{') (0,4) and (3.4)

P speed of object = -4
0-3
= 0

from sta:rt (miles) |
A

The Speeol of object at 3 hours is O miles/houe

Lo
. Distance
s

4
‘"Time (hours)
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Section E

Worked Example

Below is a velocity-time graph of a car. Estimate the total distance travelled by the
car.

Velocity (mph)

5
| Time (hours)

Step 1: Draw shapes under the curve to roughly fit the area.

Velocity (mph)

(5]

5
Time (hours;)

Use squares, rectangles, and triangles to make a rough approximation of the area.

Step 2: Calculate the area of each shape.
Rectangles Total Area = 2 X (2 X 4)m? = 2 x 8 m? = 16 m?
1
Triangles Total Area = 2 X (E X 2X4)m? = 2 X 4 m? = 8 m?
Step 3: Add together the areas of each shape.
Area Under Curve = 16 m? + 8 m? = 24 m?

Step 4: Interpret the area in terms of the question context.

The area under the curve is equal to the distance travelled. So, the car travelled 24 miles
in total.

y,
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Guided Example

Below is a velocity-time graph for an object. Estimate the total distance travelled by
the object.

(2]

j Velocity (m/s)

F-S

4 6
| Time (seconds)

Step 1: Draw shapes under the curve to roughly fit the area.

Step 2: Calculate the area of each shape.

Avea of iangle (D) and @) = ax __LLx 0.5%x| =06
Avea of mom/malt @ = 1x 4.5 =9

Avea of hianalc@ = ;—'Lxlxltl

hvea of reckangle &) = 2x3.9 = 1
hrea of h’?mltalﬂ @ = i!x 2.5 ¥%.5 = 4.33¢
Step 3: Add together the areas of each shape.

Mren und er the uwve = 0.5 + 1+ + 7+ 4235 = 21- 835

Step 4: Interpret the area in terms of the question.

The area Undler te awrve fells us that He Fotal distance havened is 20-835m.

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

13. Calculate the total distance travelled by the object in this graph:

% | ® brow chapes under the (urve-
"g | Avea of {'Mmrﬂ}@ ©:
S | 1
— ¥ g ~ 12 = 4%
-10 A
Aren of tviangle @ :
0 D xgxja= 4%
2
Area under the curve = 46 +4 G
0 10 20 =
N N | . _Time (se:con'ds). = 96
Total dictange trowelle A bt:) Hee
objeckt T Al m -

14. Calculate the total distance travelled by the object in this graph:

—13--10
I D Drow shapes und er Hhe wrve
z
9 fren {Jﬂrmdﬂh%lcCD S Ax = 2
()
>
| | Prravl&vefvimm%le@—_;:%gx,:q
5 Dfm”‘%f’mﬂw“@"ﬂ@=Lx3xq
2
£ 1%3-5
Aven wnder He ourve = 2t 44 13.5
= 195
5 The fotal distance travetled by Hie object
~Time (seconds) i€ 195 m -
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15. Find the total distance travelled by the object in this graph:

N
o

(1) Deow shapes under the e

Avea for ’miam.alt:@ : -lixlkq?'ﬁl

—Velocity (mls')

Aren for reckangle (&) 3= 2%
hren for hiangle 6) -

w

Ly3xqg =13,
51 S

fvea under dhe curve -

94214 13.6 = 41.6m

The fotal diskance travelled lalj

Hee obfect T 49.5m -

0 5
— Time (seconds)

/
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