R; Rate of change and areas under graphs_:i;_,;::'

ROBINSON Worked solutions

This topic online

n A car starts from rest and accelerates uniformly to a velocity of 24 m/s in 8 seconds.
It then travels at a constant velocity of 24 m/s for a further 20 seconds.
a. Work out the acceleration of the car during the first 8 seconds.

b. Work out the total distance travelled by the car in the 28 seconds.
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a) Acceleration = c.lnomsc N \/e.(.oc'\‘k:) divided \o:} time = % 3

m/ 82

b) Ocstonce = areo under the ve.(.oc.'\'t:)-t:.mc 3ro~ph
First @ seconds (tr'.‘.cu\a(.e.)

lx&x?.'-} = % m
2

Next 20 seconds (ru.(:o.nst.z)

20 24 = HYAO M

Total distance = % + 4P0 = STé¢ m
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n Water flows into an empty tank. The rate of flow increases uniformly from 0 litres per minute to 12
litres per minute during the first 5 minutes. It then stays at 12 litres per minute for a further 10
minutes.

a. Work out the total volume of water in the tank after 15 minutes.

b. The tank holds 200 litres. The flow stays at 12 litres per minute. Work out how many more
minutes it takes for the tank to fill. Give your answer in minutes and seconds. (4 marks)

o) Areo vnder the Sro.ph = volume
Tra.o.A3LQ.1 /2RSS %\2 =30
(Le.c.to.aat.e.: 10 X 12 = 120

30 4120 = \50 Litres
b)
200 = \SO = SO Litres still needed

time = SO
12

|
=4 < menutes

|
< of o minvte = \O seconds

4 minvtes 10 seconds

B The running cost of a machine is measured in pounds per hour. For the first 2 hours the cost is
constant at £6 per hour. Over the next 4 hours the cost increases uniformly from £6 per hour to £14
per hour.

a. Work out the total cost of running the machine for the 6 hours.

b. Work out the mean cost per hour over the 6 hours. Give your answer to the nearest penny. (4 marks)

o) Areo under the 3rmpk = total cost
Ke.c'(:o..ns(.e.l Lxé=12

Tra.pe.zi.uml o x (6 + \H) X % =40

12 + 4o = Es2
b) Mean = total = time

S2+6¢ = %.466..

E%.“I per hour
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n A train travels at a constant velocity of 30 m/s for 40 seconds.
It then decelerates uniformly, coming to rest in a further 25 seconds.
a. Work out the deceleration of the train.

b. Work out the total distance the train travels in the 65 seconds.
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25
b) Distance = area vnder the Ve.(,oc:.'(:y-'kimz qraph

o) Deceleration = 30 1.2 m/ s

Constant phase (rc.c.to.na(.e.)
4O x 30 = \200 m

Oe.e.e.(.e.ro.t:.na phase (trio.nnt.e.)

lx15x30 = 375 m

Total = 12004+ 375 =\STS m

robinsontuition.com/gcse-maths-topics | free GCSE maths worksheets with hand-written solutions | Robinson Tuition Page 3 of 8



a A motorbike accelerates from rest. Its speed-time graph is a smooth curve that gets less steep
throughout the first 12 seconds. The table gives the speed v m/s at time t seconds.

t:0,4,8 12 v:0,7,11,13
a. Use 3 strips of equal width to estimate the distance travelled in the first 12 seconds.

b. Amir says, "The acceleration at t = 8is 11 + 8 = 1.375 m/s2." Explain why Amir is wrong. (4 marks)

\ \
m) Tro.pe.zwm str;psol. width 4 I xH.x(O*'I)-l' Z .x'+3c('7+l\)+ l x4 (4
2

13)

= 4 +3¢+tu8=9am
L) W divided by % cs the gradient of the stracqht Lune prom the origin to (8, n): the
average acceleration over the oc'\rst 2 seconds
The acceleration ot the tastant £ = B is the 5ro.¢iu\t of the to.nau\t ‘o the curve
ot t = 8. Becavse the curve s Sd:{::.aa Less steep, this ‘tod\s?.l\t ﬁro.&'w.nt s smaller
than 1375 m/s%, so Amcr's method s wrong

n A train travels between two stations. It accelerates uniformly from rest to 18 m/s in 6 seconds, travels
at a constant 18 m/s for 14 seconds, then decelerates uniformly to rest in 10 seconds.

a. Work out the total distance between the two stations.
b. Work out the average speed for the whole journey.

c. Write the average speed as a percentage of the maximum speed. Give your answer correct to 1
decimal place. (5 marks)

o) Ousktance = area under the 3“‘?“
PAcceleration: /2 x ¢ x 18 = 5S4

Constant speed: 14 %18 =252

Oece.(.c.ro.ta.oni o x \o %12 =90

sS4 +252+90 =3¢ m

b) Total tcme =6 +\+ +10=30 s

averaqe speed = 336
30

3.2 m/ s

¢)
= \3.2
\?

73.3%

X \00
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A lorry starts from rest and accelerates uniformly for 10 seconds until it reaches a velocity of 20 m/s.
It then travels at a constant velocity of 20 m/s for T seconds.
The lorry travels a total distance of 700 m.

Work out the total time of the journey.

20

Velocity (m/s)

0 10 Time (s)
< >

T seconds

Diagram NOT accurately drawn (5 marks)

Oistance cn the J,:.rst 10 seconds (’Cr‘u\na(&)

| =
— 210 x 20 100 m
2

Oistance re.nv\o.iMAS ot constant ve.Loci'(:J
TOO - 100 = OO m

Time ok 20 m/ s

600 = 30 seconds, so T = 30

20
Total time

10 + 30 = 4O seconds

4O seconds
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n The table shows the distance, s metres, travelled by a cyclist from a start line, t seconds after she

starts to accelerate.

t| 0|24 |6 (8 [10

s | 0|6 |20 42| 72| 110

a. Work out the average speed of the cyclist over the first 10 seconds.

b. Estimate the cyclist's speed at t = 6 by working out the gradient of the chord joining the points at

t=4andt=8.
c. What does the gradient of the distance-time graph represent?
o) Ave.m.y. speed = distance = £ime
= WO

10

N/ s

b) Gradient of the chord From t=utot=12
72 -20 = S2

$-u m
13m/ s

¢) Gradcent of o distance-time groph

speed (rate °f cko.nae. °f distance)
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n A car makes a journey in three stages.
Stage 1: it accelerates uniformly from rest to a velocity of V. m/s in 12 seconds.
Stage 2: it travels at the constant velocity V m/s for 48 seconds.
Stage 3: it decelerates uniformly from V m/s to rest in 20 seconds.
The total distance of the journey is 960 m.
a. Work out the value of V.

b. Work out the acceleration of the car during stage 1.

A
V
| |
Velocity ( s] :
| |
| |
| |
| |
| |
| |
1 1 >
0 12 Time (s) 60 80

Diagram NOT accurately drawn (6 marks)

a) Total distance = area under the vc.Loc:.tJ-{::.mc. sro..pk (o trapeziuvm made of &
tr;.o.na(.z, o reotmnatz and o tru.nsl.e.)
5'&0.3& \

lxlz.z\/ = ¢V. Stoaqe 2: 48V. Staqe 3: l.z?.O.:.V=
2 J S Y

\oV

(W+4BV 410V = 4V = O, 50V = IS
Check

¢(15) +48(1s) +\0o(1S) = 90+ 720 + 150 = %O

b) Acceleration ca sto.se, I = \S _ 125 m/ s?

12
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m The table shows the speed, v m/s, of a motorbike t seconds after it starts to accelerate. The graph of
v against t is a smooth curve that gets less steep.

t|{ 05|10 15| 20

v, 0|8 /| 13] 16| 17

a. Use four trapezia to estimate the distance travelled in the first 20 seconds.

b. Is your answer an underestimate or an overestimate? Give a reason.

a) Four trapezia o £ odkhs
“xsx(o+s) =20
“xsx(a+\3)=525
“xsx(13+W) =725
Yoxsx(16+17) = %25

204+ 5254+ T25+%25 =227Sm

b) The curve s above each stro.:.sht chord

Underestimate
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