Edexcel AS Mathematics Kinematics o

Section 3: The constant acceleration formulae

Solutions to Exercise level 2
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The acceleration is 18 ms=,

Assumption: that the accelevation is constant,

while accelerating:

u=0 V=u+at

t =20 B0 =0+204
vV =30 a=15
a=3?

The acceleration tn the first 20 seconds is 1,5 ms=2

In the first 20 secondls
u=0 s=%(u+v)t
t=20 =1(0+30)x20
v =30 =300
s=7
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In the minute at constant speed of 30 ms?, distance =20x60 =100 m
Total distance travelled = 2100 w,

Assumption: that the acceleration ls constant during the first 20 seconds.

F0 kmht = 70000 ms ™ = Evws_i
3600 9
_175 v® =u” +24s
9 2
a=-5 I
=2 s=3%#8 (3s.f)

Yes, she comes to a stop 22,2 wm before the accident,

u =220 v =u”® +2as
V=0 0=20"+2a%x30
$=30 604 = —400
a=1 a=—667

This is a deceleration of 6.67 ms=

u=20 s=2(u+v)t
V=0 20 =%(0+220)t
$=30 30 =10t

t =7 t=3

It takes 3 secondls to come to rest,

u=22 V=utat
vV =16 1 =2+104
t=10 14 =104
a=? a=1.4

The acceleration Ls 1.4 ms=,

u=22 s=3(u+v)t
V=16 =%i(2+16)x10
t=10 = 90

s=2

(t travels 90 w.,
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F.  Taking positive to be upwards:

u=e VvV =u+at
a=-9z =6— 9.8%x2
t=2 =—132,6

v =7z

The stone hits the water at a speed of 13,6 ms™,

Uu==6 S=ut+iat®

a=-92 =6X2+1x—9.2x2°
i’=2 =—7_6

s=2?

The initial height of the stone is #6 m.

2. Taking upwards to be positive:

u=25 S=ut+iat®

s=3 2B=25t+1ix—9.8t"
a=-9¢ 4.9t> —25t+3=0
=2

Usting the quadratic formula:

_25+[257 —4x4.9x3
- 2x4.9
t =0.123 or 4.979
The ball is above 3 metres between these two times, so the length of thme for
which the ball is above 3 w is 4,979 - 0.123 = 4,256 secondls,

t

L 144000 i
9. 144 Rmh® =——— =40 ms™
60X 60

Vv Locitg (ms?)

40 [~~~

180 600 120 Time (s)

Total distance = area unoér graph
= (£ x180%40)+(600%x40) + (£ %120 % 40)

= 20000 M.
Distance between A and B = 30 k.
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10, Inthe first two seconds:

(1)

t=2 S=ut+iat®
s=10 10=2u+iax2"
u=2 5=u+a

a=2

tn the first four secondls:

t=4 S=ut+iat®
£=32 B2 =4u+iax4*
u=z 32=4u+8a
a=?

L=u-+24a

R)-@):=2=a
u=22

tw the first six seconds:

(2)

t=6 S=ut+iat®
u=2 =2X6+1iXx3xX67
a=23 =66

s=?

The distance moved in the last 2 seconds is 66 — 32 = 24 metres,

11, (1)  For first 2 seconds:
t=2
$=30
u=2
a=":

For first & seconds:

t=6
S =060
u=2
a=:

Substituting (1) into (2):

15 =u+a

100=u+34

S=ut+iat®
20 =2u+iax2?
30=2u+24

(1)

S =ut+3at”
60=6u+iaxe®
60 =eu+18a

(2)
10 =u+3(15 —w)
10=u+45—3u
U =35
u=1+5

The initial veloclty is 17,5 ms™,
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Deceleration = -2.5 ms=,

(LiL) For the complete time to come to rest:

u=1+5 V =u+at
a=-25 0=1#5—-2.5¢
V=0 t=7#

t=7?

The total thme is F seconds.

122,

vaLoc'Ltg (ms1)

vI-------

b A & Time (s)

. . v
buring the acceleration: 3= . =t =

1

, . v
During the deceleration: 1.5 =— —=t, =—

2

, vV 2V
Total time = 60 secondls: —+—+7 =60
2 =

V+7 =60

2

Distance travelled during acceleration =2vE, =svxiv=2v
Distance travelled during constant speed =Vv7-

Distance travelled during deceleration = SvE, =SV x2y =1v*

Total distance = 1000 m: Lv* +v7T +1v* =1000
v +v(e0—V) =1000
v +e60v —Vv* =1000
1y? — 60V +1000 =0
V* =120V + 2000 =0
(v—100)(v—-20)=0

V =100 or V =20
Sinee V+7 =60, V must be less than €0, so Vv = 20 ms™,
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13, Taking upwards as positive:

For first ball:
U=25 S=ut+iat®
a=-9% =25Xx2+4x-9.2x2*
t=2 =30.4
5=2
For second ball:
u=-25 S=ut+iat®
a=2%8 =-25x2+4x-9.8x2°
t=2 =-69.6
5=2

Distance between balls = 204 + 9.6 = 100 m.

14,

VcLoc’LtH (mst)

V _______ 1 1
1250
300 !
t & tz Time (S)
sy 600
For acceleration: 3vE, =300 —=t, =——
v
1250
For constant speed: vt, =1250 = t, =
v
400
tg = % 1 —_——
%

Total time = 3 minutes = 180 secondls
600 1250 400
+ +

=180
|14 14 Vv
2250
=180
Vv
V=125
e00
ti = = .4.g
12.5
1250
t, = =100
12.5
400
t‘z = =
12.5

Distance during deceleration =14, =2 X12.5 x32 =200
Total distance AB = 300 + 1250 + 200 = 1750 m.
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15 (D) u=30 sS=ut+iat®
4=-92 25 =30t —4.9t"
$=25 4.9t% — 30t +25 =0
t=2?

30+,[30° —4 x4.9x25

N OREE
2%x4.9

t=0.9950 or 51274

Tlwme it Ls above tower is 51274 - 0,9950 = 4,132 5

(i) Let h be the height above the top of the tower whew they are at the same

helght:
For P u =30 S =ut+iat?
a=-9g 25 +h =30t —4.9t"
S=25+h p=z0t-4.9t"-25
t=2
For Pa: w0 =10 S=ut+<at®
a=-9.¢8 h =10t —4.9t"
s=h
£=2
S0 30t —4,9t" —25 =10t — 4,9t
20t =25
t =125

ForPu v=u+at
=30— 9.8X1,25
=1775

ForPa: vV =u+4at
=10—- 9,8X1,25

=—-2,25
So the velooity of P1 is 174,75 ms™ and the velooity of P2 is -2.25 ms™,

(iil) Whewn Py is level with Py, t = 1,25, and Py Is moving upwards with speed
1F75 ms?, and Ps ls moving downwwards,
AL the polint where Pr stops moving upwards, measuring from the time
whewn theg ave Level:
u=1##5 vV =utat

4=-92 0 =1#F5— 9.8t

V=0 t=1,81

t =7
So the time for which Px is higher than P2 and is moving upwards is
1,81 s.
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