R, Gradient as arate of change

ROBINSON Worked solutions

This topic online

n A graph shows the total cost of hiring a ladder plotted against the number of days of hire.
The graph is a straight line with gradient 6.
Interpret what the gradient tells you about the cost of hiring the ladder.

Cost is measured in pounds and hire time in days. (1 mark)

The Sro.&iemk of o cost 3(‘&{& ts the rate of change or cost
A Sro.d.a.e.nt of € meons the cost goes vgp bj E‘ For each extra &o.d

n Water is poured into a tank at a steady rate.
The graph of depth of water, in cm, against time is a straight line that crosses the vertical axis at 20.

Interpret the value 20. (1 mark)
The vertical tatercept s the value when time =0

So the J.e.p'tk of woter ot the start was 20 em

a A conversion graph for gallons and litres is a straight line through the points (0, 0) and (10, 45). The
horizontal axis shows gallons and the vertical axis shows litres.

a. Work out the gradient of the line.

b. What does the gradient represent? (3 marks)
o)
3ro.di.e.n‘b = 4 -0
I0-0
4.5

b) Letres = So.L(.ons

4.5 Litres a each ao.(.(.on
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n Two companies hire out a bouncy castle. The straight-line graphs show the total cost, in pounds,
against the number of days.

Company A: the line passes through (0, 20) and (5, 70).
Company B: the line passes through (0, 50) and (5, 80).
a. Work out the gradient of each line.
b. Which company charges more for each extra day? How can you tell from the graph?

¢. What does the point where each line crosses the vertical axis represent?

)
A: TO - 20 = 10

S
6: %0 -S0 = ¢
S

b) Grodient = E per &a.y

Compu\v A (stu.pe,r Lene)

c.) Oo.ds =0
ac:..zed. cho.rael EZO (A), ES’O (6)

B A taxi fare, F pounds, for a journey of m miles is shown by a straight-line graph through the points

(0, 3.50) and (5, 15.50).
a. Work out the gradient of the line and say what it represents.

b. Write down the equation of the line in the form F = am + b.

c. Work out the fare for a 12-mile journey.

o)

S S

Ez.wo per mile
b) Ir\tu‘ce.pt is .5 (J,:.Jz.e.d. r.ho.rae.)

F=24m+ 3.5

c.)m=\1
F = 2ux\2+3s
= 2.2 + 35

£22.30
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n A cyclist rides from home to a lake and back. On the distance-time graph the cyclist travels in a
straight line from (0 hours, 0 km) to (1.5 hours, 24 km). The graph is then horizontal until 2 hours. It
then goes in a straight line to (4 hours, 0 km).

a. Work out the cyclist's speed on the way to the lake.
b. What does the horizontal part of the graph show?
c. Work out the cyclist's speed on the way home, and explain why the gradient of that part of the

graph is negative. (4 marks)
o)

speed = 24 _
.S

16 em/h
b) Ocstance nok olmu\a‘ms

stoppe.d cc,or 0.5 hovurs

¢) 24 km in 2 hours

speed = 24 _
2

2 km/ h

ne.sock:.ve. armdtzn‘ki 3&‘(:(::.1\3 closer to home
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The speed-time graph for a car is a smooth curve for 0 < t < 12, where t is the time in seconds and
the speed is in m/s.

A tangent drawn by eye to the curve at t = 6 passes through the points (2, 8) and (10, 32).
a. Use the tangent to estimate the acceleration of the car at ¢t = 6.

b. Explain why your answer is only an estimate.

45
40

3 (10, 32)

30 z

25

gent
20

Speed (m/s)

15

10 (25°8)

0 2 4 6 8 10 12

Time (s) (4 marks)

o) Accelerationat t = € s the gradeent of the Langent at &

=6
Gradient = 32-9 = 4 =13
1I0-2 ?

So the acceleration is o.pprox:.mo.tz(.d 3m/ "
b) The tangent cs drawa bd eye to a curved gro-ph, so ts gradient (and the.reocore.

the o.r.r.z(.e.rmtioﬂ) s oALJ on estimate
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n A cup of tea cools down. Its temperature, T °C, is measured every 2 minutes.

Time, t (minutes) 0 2 4 6 8 10

Temperature, T(°C) | 90 | 72 | 60 | 52 | 46 | 42

a. Use the values at t = 2 and t = 6 to estimate the rate at which the tea is cooling at ¢t = 4. Give the
units.

b. Use the values at t = 6 and t = 10 to estimate the rate of cooling at t = 8.

c. Explain why the tea cools more slowly at t = 8 than at t = 4.

o) Grodient betweent =2 and £ =¢
S2-72 = -20

—_—= -5

¢-2 Y

Q
c.oo(.a.na ots C per minvte

b) Gradient between t = 6 and t =10
%2 -9%92 = =10 =25
10 -6 4

Q
cooling at 2.5 C per menvte

¢) The gra.ph Se.ts less steep

teo s neorer room {:e.mpe.rwkure. s0 vt cools more s(.ow(.:j

n The distance-time graph for a cyclist is a smooth curve. A tangent drawn to the curve at ¢t = 20
seconds passes through the points (10, 30) and (30, 110), where the distances are in metres.

a. Use the tangent to estimate the speed of the cyclist at t = 20 in m/s.

b. Convert your answer to km/h.

o) Gradient of the (:o.nﬁe.nt
nw -3o0 = 80

—_

30 - \O 20
4 m/s

b) x 3¢00 fof one hour, £ 1000 For lem

4 X 300 - 1000 = I4+.4

4.9 km/ h
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m A graph shows Kelly's total pay plotted against the number of hours she works.
The graph is a straight line through (0, 0) and through the point (8, 96), where pay is in pounds.
a. Work out Kelly's hourly rate of pay.
b. Work out Kelly's total pay for working 11 hours.

150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

Total pay (£)

0 1 2 3 4 5 6 7 8 9 10 M1 12

Hours worked (3 marks)

%
%h k E%, hourl te=_2=fn
o.) ours °J' wof po.ys S0 houf J foCe s

b) Po;y For hours = I\ times 12 = E\’.‘)z
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m A taxi company shows its fares on a graph of cost against distance.

The graph is a straight line through (0, 3) and (10, 18), where cost is in pounds and distance is in
miles.

a. Write down the fixed charge for any journey.

b. Work out the cost per mile.

c. Work out the fare for a journey of 6 miles.
20
18
16
14

12

10

Cost (£)

Distance (miles) (3 marks)
o) The vertical entercept cs 3, o the Frxed clno.rae. s E3
b) Gradeent = 1%-3 _ 15 _ fiso per mle

10-0 10
¢)Fare = 3+¢times1SO=3+9= Ell
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m An electricity company's monthly bill is shown on a graph of total bill against units used.
The graph is a straight line through (0, 15) and (400, 95), where the bill is in pounds.
a. Work out the gradient of the line.
b. Interpret what the gradient tells you.

100
90
80
70
60

50

Total bill (£)

40

30

20

10

0 50 100 150 200 250 300 350 400

Units used (3 marks)

o) Grodient = s-\s _ 0

400 - O %400
b) The bell rises by EO.?.O, that is 20p, For each extra vnit of

= 0.2

e.(.e.c.tr:.cvb:) vsed
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m Water is draining from a tank at a constant rate.
The depth of the water is 120 cm when the tank starts to drain.
After 40 minutes the depth of the water is 40 cm.
The graph of depth against time is a straight line.
a. Work out the gradient of the line.

b. Interpret what your gradient means in this situation.

140
120
100

80

60

Depth (cm)

40

20

0 10 20 30 40 50 60

Time (minutes) (3 marks)

The Line passes throush (0, \20) and ('-}O, '+O)

Grodient = HO - 120
“O -0

=-%0 40 = -2

The Sro.d.:.e.nt tells You the rate of change! the depth of water
potls bd 2 emevery menvte
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m The graph shows the depth of water in a harbour, in metres, during the 6 hours after midday.

By drawing a suitable tangent to the curve, estimate the rate at which the depth is increasing 3 hours
after midday.

Give your answer in metres per hour.

14
12
tangent

10
E

g 8
©
2
-
o

< 6
=
o
[
a

4

2

0

0 1 2 3 4 5 6
Time after midday (hours) (4 marks)

A tangent cs o s(:ro.iakt Lene that follows the curve's derection at the chosen point.
Tte Sro.&iu\t estimates how 1’uicle the depth s changing ot Lhat wastant, rather

than an average over the whole time taterval

Oraw a ’tmnse.n‘l: tothe curve at t =3
Work out the 3(‘&&.‘\&!\(: of the to.nae.l\‘k useng o (.o.rse. tr:.o.ns(.c., For example rise S m

over fun 2 hours

Groadient of tu\ae.at is mpproxamo.tetj % = 2.5 metres per hour
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