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n The velocity-time graph shows the motion of a scooter along a straight road for 14 s.
a. Find the acceleration of the scooter in the first 4 s.
b. Find the deceleration of the scooter in the last 4 s.

c. Find the total distance travelled by the scooter.
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v(ms™
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t(s) (4 marks)
m) Acceleration = Srmi&e.l\‘k
o = 2 -0
4=-0

= 3me?

Imet

b) Grodient From t=\w0tot=14
Sroul:.e.nt = O-12
I+ =10
= -3

deceleration dms™?

¢) Ocskance = area under the 3ra.\ok (trapezcum)

porallel scdes: ¢ o (top) and 14 s (bottom), hu.sk'l: 12z

distance = ! (¢ +14) x 12
2

120 m

120 m

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 2 of 19



n The displacement-time graph shows a dog running away from its owner along a straight path and
then back again.

a. Find the velocity of the dog in the first 40 s.
b. Describe the motion of the dog between t = 40 and ¢ = 60
c. Find the velocity of the dog between ¢t = 60 and t = 100

d. Find the average speed and the average velocity of the dog for the whole 100 s.
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t(s) (4 marks)
o.) \/L(.oc.:.td = Sro.d.:.e.nk °of o=t Sro.pk
v = 60
“+O

= I.Sms”

LS ms™

b) Horczontal Line

Oasp(.a.oe.me.l\t stavs ¢O m, so the dos ts ot rest

ot rest, COm awe. Y

c.) Grodient Foom t=¢o0 ko £ =100
v = O -4¢0
100 - 6O

= =lSms”

“.S me™

J.) Ocstance ovk and back

totol distance = €O ¢+ €0

\20m

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 3 of 19



o.x/e.m32. speed = \20
100

= lZms

Fenal J.isp(.o.c.e.me.n'(: =0

\OO
o

ouve.rouse. \/e.(.oc.&tj = O

.2 ms'and O

B A car starts from rest and accelerates uniformly to 20 m s™1in 8s. It travels at 20 m s~ for 20 s and
then decelerates uniformly to rest in 5 s.

a. Sketch a speed-time graph for the journey on the axes.

b. Find the total distance travelled.
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w
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0
0 5 10 15 20 25 30 35

t(s) (4 marks)
o.) Times: B s, Ehentod +20=2% s, theato 2% + 5 =33 ¢

Lene v to (8, 20), oc.(..o.t to (2.%, ZO), down to (33, o)
(see the srmph)

b) Oustance = area under the Sro.ph

distance = %xgxg_o-yzoxzo-blex?.O
2

%0 + 40O + 50
S30m

s3om
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n A train starts from rest at a station and accelerates uniformly to 16 m s™1in 20 s. It then travels at 16

m s~ for T seconds and then decelerates uniformly to rest at the next station in 12 s. The speed-
time graph is shown. The distance between the stations is 1600 m.

Find the value of T.

16
1
1
1
= 1
IU) l
5 i
bl 1
Q 1
(]
o 1
v 1
1
1
1
1
1
1
1
1
1
@) 20 20+ T T+ 32

t(s) (5 marks)

O&Sf:o.ncz = areo ooc the ‘bro.pe.z.wm

top = T, bottom = T + 32, kuahk =\6

L(T+T4+32)xw = 1600
2

(2T + 32) = 600
WWT + 25¢ = 1600
16T = 1344

T = 84
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a A cyclist passes a point A with speed 4 m s~ 1. She accelerates uniformly for 10 s to a speed of V'm

s~1, and then travels at this speed for a further 30 s, when she reaches the point B. The distance AB is
405 m. The speed-time graph is shown.

a. Find the value of V.

b. Find the acceleration of the cyclist in the first 10 s.

speed (ms™)

t(s) (6 marks)

o.) O;stml\ob = area vnder the srmpk

tragezium = | (4 + V) X \O
2

= 20+5SV
re.c.komat.e, = 30V
20+ SV + 30V = 40§
ISV = 3aS
VvV =1
V=
b) Acceleration = gradeent
o= M-y
\O
= O.Tms™?
O.Tms™*
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n A tram starts from rest and accelerates uniformly at 0.8 m s~2 until it reaches a speed of 20 m sT It

travels at this speed and then decelerates uniformly at 0.5 m s~2 until it stops. The whole journey
takes 200 s.

a. Sketch a speed-time graph for the journey.
b. Find the time for which the tram travels at constant speed.

c. Find the total distance travelled.
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A 15
%]
3
©
[0}
g 10
wv
5
0

0 20 40 60 80 100 120 140 160 180 200
t(s) (6 marks)

Time J,or each s(.o\oms po.rt = c.ko.nse in speed + acceleration

0.2
25 o

time o.cc.e.(,e.ro.tu\a = 10

time clzc.c(.e.ro.ta.l\a = 20
0.5

= 4O
o) Up to (25, 20), flat, down prom (160, 20) o (200, O)
(see the Sraph)
b) Constant speed time

200 - 25 - 40 = \35 ¢

\3S o

¢) Area under £he 3ro.p|n

) —
distonce = IXZSKZO+|35’XZO+%XHO"ZO

250 + 2700 + 40O
3350 m

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 7 of 19



3350 m
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Car A moves along a straight road at a constant speed of 15 m sT Attime t= 0t passes car B,

which is at rest. At that instant B sets off in the same direction, accelerating uniformly to 25 m s7lin

10 s and then keeping this speed. The velocity-time graphs of both cars are shown.
a. Find the time at which the cars have the same speed.
b. Find the greatest distance by which A is ahead of B.

c. Find the time at which B overtakes A.

30
25

20

15

v(ms™)

10

0 2 4 6 8 10 12 14 16 18 20
t(s) (7 marks)

o) Acceleration of %= 3ra.d.:.o.ak

- = 25
\O
= 2.5ms”
25t = \s
t = ¢
t=¢s

o) A ocw(:hesk ahead when the speeds are egual
A:\sxé = 90m

B: lx(xls = 49 m
2

go-P 10 - 4§

4SS m

4S m

¢) Check £ =10 oc:.rs'(:
A:\Sx\O = \SOm
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6:%x|0x25 = 125 m

B o otell behind, so tt overtakes o.oc.ke.r t=10
25 + 25(t -10) = ISt
25t -\125 = \st

ot = 125
t =125,
t=125s
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n The velocity-time graph shows the motion of a particle moving along a straight line for 8 s.
a. Find the acceleration of the particle in the first 6 s.
b. Find the displacement of the particle from its starting point after 8 s.

c. Find the total distance travelled by the particle in the 8 s.

10

v(ms™

t(s) (6 marks)
o.) Grodient ocrom t=otot=¢
o - -q - %
¢

= -2mes’

“2ms?

b) The Sro.pk crosses the axts ot £t =4

area obove = x 4 XD
2
= 16
ou‘e.o.'oe.(.ow=lx7_,gq+zxq
2
= 12

Areo below the axis is Ae.ao;t:.ve. d.:.sp(.o.c.e.mt.nk

displacement = 16 - 12

“ m

%4 m

) Oistance adds both areas

distance = 16 +\2
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2% m

28 m
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n A car starts from rest at A and accelerates at 2 m s™2 until it reaches a speed of V' m s™1. It then
immediately decelerates at 3 m s~2 until it stops at B. The distance AB is 240 m.
a. Sketch a speed-time graph for the motion.
b. Find, in terms of V, the total time from A to B.

c. Find the value of V and the total time.

V
1
1
1
1
1
= 1
IV) :
E '
o] 1
v 1
]
o 1
n 1
1
1
1
1
1
1
1
1
1
(0] V/2 5Vv/6

t(s) (6 marks)
a) Tr:.o.na(.e.I vp to V, then stro.:.aht down to O

(see the 3r«ph)

b) Tueme = c.ho.l\sz in spe.Q.J. <+ acceleration

time o.c.c.e.(.e.ro.ta.na = l
2
time bro.\v.ma = vV
3
total = ¥V +i
2 3
= SV
¢
SV
—_—s
(4

c) Ocskance = areo °of the '(:r;.o.nst.e.

l % 5'_\/ XV = 240
2 é
SV* = ayo
12
vV = sT¢
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V o= 24
total time = S X 24

20 s

V=24, 20
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m A lift rises from rest. It accelerates uniformly at 1.2 m s 2 for2.5 s, then moves at constant speed,

and then decelerates uniformly to rest in 2 s. The lift rises 45 m in total.

a. Find the greatest speed of the lift.

b. Sketch a speed-time graph for the motion of the lift.

c. Find the time for which the lift moves at constant speed, and the total time for the journey.

4

3
E
o
o
x

;

0

0 2 4 6 8 10 12 14 16 18

t(s)

m)v=u+o.4:
v.= O4\.2x2°S5

= 3ms”
Ims™

b)Uptedatt=12s5, Flat, theadown ko O in2 s

(see the sro.pk)

¢) Lek the constank speed time be . Area = us

|
lxz.5x3+3c+—xzx3

2

2
3.7+ 3¢ +3
3c
(4

total

12.7TS & and 1T7.25 o

usS

us

38.295

\2.75 s

2.5 +12.7S + 2
17.25 s
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m A train travels between two stations 3000 m apart. It starts from rest and accelerates uniformly at 0.6
m s~2 until it reaches a speed of V' m s™1. It travels at this speed and then decelerates uniformly at

0.9 m s~2 until it comes to rest at the second station. The whole journey takes 180 s. The speed-time
graph is shown.

a. Show that the total time spent accelerating and decelerating is Z%V seconds.

b. Show that 25V2 — 3240V + 54000 = 0

c. Find the value of V, explaining why you reject the other solution.

\%

1
1
= 1
Im l
5 i
o 1
Q 1

1]
o 1
v 1
1
1
1
1
1
1
1
1
[]

(0] 180

t(s) (9 marks)

o) Time = cha.nse in speed < acceleration

mcc.z(.e.ro.f1032 l = ﬂ
0.6 3
J.e.c.e.(.e.ro.tinn: vy = v
0.4 1
tokol = 'SV . iov
9 9
= 25V

oS re.clu:.re.d.
b) Time okt constant speed

constant spe.e.d. time = \80 - 5V

O&Sf:o.nce. = ofeo’ rzc‘to.na(.z + the two tr:.o.A3Le.s

v(18o - z:v) + % X _Zi\/ x vy = %000
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2 2
8OV - 25V N 2.58\/ = 3000
|

25V?*
\2

180V - 3000

Mu(.t:.p(.y b:) 1%
240V - L5V* = S4 000
25V* -3240V + S+ 000 = O

oS re.«vnre.d.
c) B.vadratic J,ormu(,o.
v = 3240 T [7(3240% - 4 x 25 X 54 000)

so
= 3240 = [ 5097 ¢00

SO
V = 44 or V =101.9%
Check V =101.9¢
25 x 109.9¢ = 2305 o
i

30S 7 180, impossible

vV =114
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m In a model of a 100 m race, a sprinter starts from rest, accelerates uniformly for 3 s to a speed of V' m
5_1, and then runs at constant speed V' m s~ 1 to finish the race in 11 s.
a. Sketch a speed-time graph for the model.
b. Find the value of V.
c. Find the acceleration of the sprinter in the first 3 s.

d. Give two reasons why the model may not be realistic.

v 1

1 1

1 1

1 1

= 1 1
[ 1 1
1 1

é 1 1
g 1 1
1 1

2 ] !
“n 1 1
1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

(0] 3 11

t(s) (8 marks)
a) Up to Vat t =3, then oc(.o..k vatil £ =

(see the aro.pk)

b) Distance = area under the Sra.ph

%xva-\»(ll-B)xv = 100

.SV + 3V = 100
sv = 100
V = |0.52¢...

V =10.5

e) Accelerakion = Sro.d.'\e.nt
o = \0.52¢
3

= 3.50A..

3.5\ ms?
d.) Criticise £he model

PAcceleration would not re.oJ.LJ be constant
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Speed would not jump su&&e.n(.y to constant at t =13

A real sprinter stows down near the Fenesh
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