Edexcel AS Mathematics Kinematics 0

Topic assessment

1. A particle travels in a straight line.
The motion is modelled by the v-t diagram below.
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() Calculate the acceleration of the particle in the part of the motion from t=1tot =4.

[2]

(ii) Calculate the displacement of the particle from its position when t=0 to its position
when t = 6. [4]

(iii) Calculate the displacement of the particle from its position when t=0 to its position
when t=7. [2]
(iv) Describe the motion of the particle during the interval 4 <t<7. [2]
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A car is travelling due east along a straight road when it passes a point P. The
acceleration of the car during the next 7 seconds is modelled in the acceleration-time
graph above, where a ms™ is the acceleration of the car due east and t seconds is the time
after passing the point P.
() Explain why the speed of the car is greatest when t= 6. [1]
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The speed of the car when it passes P is 12 ms™.

(ii) Calculate the speed of the car when t = 3. [3]
(iii) Show that, when t =5, the speed of the car is 25 ms™. [3]
(iv) Show that, for 5 <t <7, the acceleration is given by

a=-5t+ 30. [2]

3. Aball Ais thrown vertically upwards at 25 ms™ from a point P. Three seconds later a
second ball B is also thrown vertically upwards from the point P at 25 ms™. Taking the
acceleration due to gravity to be 10 ms, calculate

() the time for which ball A has been in motion when the balls meet [7]
(i)  The height above P at which A and B meet. 2]
4. Cars A and B are travelling in the same direction along a straight road. The time tis in

seconds.

Att=0, car A is at rest. It accelerates at 3 ms™ for 0<t <10 and then travels at a
constant speed.

Car B travels at 15 ms™ for 0<t <30 and then accelerates at 1 ms™ until it reaches a
speed of 25 ms™, after which it continues at this constant speed.

() Draw v-tdiagrams for the motion of car A and of car B, where v is the speed

inms? and 0<t<80. [4]
(i) Show that, in the first 40 seconds, car A travels 400 m further than car B. [4]
(iif) Given that car Ais 500 m behind car B at t =0, at what value of t does car A

catch up with car B? [2]

5. (@) A particle accelerates uniformly from 7 ms™ to 21 ms™ in 8.
How far does it travel in this time? 2]

(b) Lewis is travelling in a car along a straight road. He wonders whether the
car is accelerating uniformly.
Lewis estimates that the car takes
5 sto travel a distance of 75 m from Ato B,
15 s to travel a distance of 315 m from Ato C.

Lewis models the acceleration as a constant a ms™. He also takes the
speed of the car at A to be u ms™, as shown in the diagram below.

-1 -2
ums ﬂ._, Not to scale
| | | |
A B C D
() By considering the motion from A to B, show that 75=5u+12.5a. [3]
(i) Find asecond equation involving uand a. [4]
(i) Hence find the value of u and show that a = 1.2. [3]
20f8
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Lewis decides to check whether his assumption of constant acceleration is
consistent with the motion of the car after reaching C. He notes that when
the car reaches D, the distance CD is 200 m and the car’s speed is 36.5 ms™.

(iv) Does the extra information suggest that the constant acceleration model
is reasonable? [3]

6. (a) A particle travelling in a straight line at 15 ms™ is brought to rest with
constant deceleration in a distance of 22.5 m. Show that the deceleration
takes 3 seconds. 2]

(b) A carand abus are travelling along a straight road towards traffic lights (see
diagram below).

bus lane bus

car

«—— 225 m —* traffic
lights

The traffic lights change at time t=0, where tis in seconds. At this instant
the car has a speed of 15 ms*. The car then

e decelerates uniformly to rest in 22.5 m (as in part (a)),

e Wwaits atthe traffic lights for 7 seconds,

e accelerates uniformly up to 15 ms™ in 5 seconds,

e travels at 15 ms™ down the road.

(i) Sketch a v-t diagram for the motion of the car in the interval
0<t<20.
Calculate the distance travelled by the car in the interval 0<t<15. [6]

When t =0 the car is level with a bus which is travelling at a constant
speed of 20 ms* along a bus lane. The bus is not required to stop at the
traffic lights and continues at this speed down the road.

(i)  Show that the bus has travelled 240 m further than the car at the time
that the car again reaches 15 ms™. [2]

At the instant that the car reaches its constant speed of 15 ms™, the bus
begins to decelerate uniformly at 0.2 ms™.

(i) It takes T seconds for the car to catch up with the bus after the bus
begins to decelerate. Show that the car must travel 240+ 20T —0.1T?

in this time.
Hence show that T satisfies the equation T?—50T —2400=0.
Find the speed of the bus when the car catches up with fit. [7]

Total 70 marks
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Solutionsto Topic Assessment

change in veloelty

1, (1) Acceleration = -
time taken

10 e
2
[2]
(1) pisplacement =area under graph
=(£x1x20)+(£x3x(10+20))+(£x2x20)
=F0 m
[4]1
(Lt pisplacementbetween t = & and t = Fis Ix1x—10=-5
Dilsplacement between t = 0 and t= 7 is 70 -5 = 5 wm.
[2]
(tv) The particledecelerates at a constant rateof1o ms2 When t = & the
particleis instantaneously at rest and thereafter the particleis
travelling inthe opposite direction.
[=]
2. (L) Theacceleration ispositiveuntil t = &, sothe speed Ls tnereasing from
t=0to t=6. At t= & theacceleration s zero, andthen it is negative,
so the speed then begins to decrease.
[11
(L1) tnereasein speed = aren undler graph between t =oand t =3
ncreaseinspeed =3 X2 =6
Speedwhent =3 =12+ 6 =18 ms?,
[=]
(Lit) tnevease bn speed between = 3 and t = 5 is areaunder graph
tnereaseinspeed = x2x(2+5)=#
Speedatt=51is18+ 7 = 25 ms™.
[=]
(iv) gradientofgrapnfor5< ¢< 7 = -5
whent=6,4=0
(a-0) =-5(t-6)
a=-5t+ 30
[=2]
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=, (1) whenthe batls meet:

ForballA: wu=25 Forball®s: wu=25
ﬂ=‘10 ﬂ=‘10
=T t=7-3
s=h s=h
S =ut+1at? S=ut+iat®
h=25T-57°7 h=25(r-3)-5(r—-3)°

257 —572=25(1—-3)-5(1 —3)*
5T -7*=5(-3)—(T-3)*

5T -T*=57T-15-7T*+6&7 ~ 9
67T =24

T =4

A has been bn motion for 4 seconns when the balls meet.

[*1
(i) h=o25T-5T7T*%
=25 X4 —5 x 4%
=100 -0
=20
The balls meet 20 metres above P,
[2]
4, (1) carA: vt
30 ______ 1 1
10 g0
Car B: i
92> Bl ' !
15— | i
20 40 g0 ¢
[4]
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(LL) in the first 10 seconds, car A travels L x10x30 =150 m.

nthe next 30 seconds, car Atravels 20x 20 = 900 .,

Totaldistance travelled by A tnthe first 40 seconds = 1050 m.,

In the first 30 seconds, car® travels 15 x30 =450m.,

tnthe next 10 secondls, car® travels (15 +25) X 10 = 200 M.,
Total distance travelled by B tnthe first 40 seconds = 650 m.,

So inthe first40 seconds, extradistance travelled by car A

=1050- 650 = 400w,

(Lii) Afterthe first 40 secondls, car A Ls 100 m behinad car®.
At this point car Als travelling at 20 ms* andcar® istravelling at

(a)

(b)

25 msT,
Distance travelled b Y Alwn tseconds s 30¢, and distance travelled by Bis
25t
whewn A catches up with®, 30t —25¢ =100
5t =100
t=20

so the extra tivae taken s 20 seconds.
So A catehes up with ® whewn t = &0,

u=7 s=2(u+v)t
V=21 =L (F+21)xg
t=g =112

s=7

The particletravels 112m.

(1) FromAtoB: u=u S =ut+iat?
a=4a FE=5u+iaxas
t=5 F5=5u+12.54
S=75

(il) From AtoC: u=u s=ut+iat?
a=4a 315 =15u+1ax225
t=15 105 =5u+37.54
S =315

(iity @ - @: 20 =254
a4=1.2
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Substituting tnto ©: F5=5u+12.5x1.2
u=122
[=]
(Iv)FromAtoD: wu=12 v =u® +2as
S =515 =127 +2X1.2 X515
V= vV =371
The caleulated value of v is quiteclose to the observed value 0f36.5, so
the modtel would seeme to be reasonable.
[=3]
6. (@) u=15 s=2(u+v)t
V=0 22.5 =3(15 + o)t
$§=22.5 45 =15t
t=72 =3
so the deceleration takes = seconds.
[=2]
(b) (1) vy
15
Tt
Distance travelled by car = 3 X15 X3+ 5X15 X5
=22.5 +37%.5
=60
Distance travelled = 6o wm,
[e]
(il) pistancetravelled b Y bus =20x15 =300
Extradistance travelled bg bus =200 —60 =240wm.,
[2]

(i) Forthewotion afterthe car reaches its constant speed and the bus
begins to decelerate, until the car catehes up with the bus:

Letoistance travelled b y ear be 4.

BUS: U=20 A —240 = ut +<at®
a=-02 Ad=240+207 —0.17"
t=7T
s=d—-240
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so the distance travelled bg thecaris 240+207 —017° .

car: d=157
40+ 207 —01T* =157
01T > —5T —240=0

72 —507T —2400=0

(7—g0) (7 +=20)=0

7T =80 or T =—-30
Sinee 7> 0, 7= g0

BuUS: V=u-+tat
=20—0.2XR0
=20—-16
=4

The bus is travelling at 4 ms*whenthe car catohes it up,
[#1
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