R Variable acceleration

ROBINSON Worked solutions

This topic online

n A particle P moves along a straight line. At time t seconds, t > 0, the displacement of P from a fixed
point O on the line is x metres, where

x=26 -9 + 12t + 1
a. Find an expression for the velocity of P at time t seconds.
b. Find the two times at which P is instantaneously at rest.
c. Find the acceleration of Pwhen t = 3

d. Find the displacement of P from O when ¢ = 2 (6 marks)

o) Ocpperentiote x toqet v
v = b
dt
v=6¢t2-1at +12
b) Ak rest wheav =0
¢t =19t + 12 o
B t*-3t+2 o ¢
(t-)(t-2) # o

t=land t=2

¢) Oiopl,e.rel\{:iate. v to se.(: o
= dv

o = E=l1k—\8
a = 12(3)-18

a = 13

IR ms™

d) Substitute £ = 2 into x
x = 2(2)% - 9(2)* +12(2) +
X = 16-3C+ 2% +|

= S
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n A particle moves along the x-axis. At time t seconds the velocity of the particle is v m s™1in the
positive x direction, where

v=3t2 - 4t+2, t>0

When t = 0 the particle is at the origin 0.
a. Find the displacement of the particle from 0 when ¢t = 3
b. Find the acceleration of the particle when ¢t = 3

c. Show that the particle is never at rest. (6 marks)

o) Takegrake v to et x

x =f(3’c1-i+t+2.)d.(:
x = tP-2k*+2t +c
x=0wheat=0,%c=0

x = 33-2(3)2+2(3)
x = 27-\%+¢

x = |5

IS m

b) Oa.ocJ;e.re.ntf.o.(:e. v to Se.t o
o = 6t-u
o = ¢(3)-4=14

4 msos?

¢) Ak rest means v = 0. Use the discrimenant
b2 - hae = (-4)2 - '-\»(3)(1)
b =-4Yac = ¢ =24 =-9

-3 < 0,50 3t2=-u4t +2 =0 has no real rooks

V is aever O, so the particle s never at rest
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n A particle moves in a straight line. At time ¢ seconds its acceleration is a m s~2, where
a=6-2t t20

When t = 0 the velocity of the particle is 4 m s
a. Find an expression for the velocity of the particle at time t seconds.
b. Find the maximum velocity of the particle.

c. Find the time at which the particle comes to instantaneous rest, giving your answer to 3
significant figures.

a) Iﬁtzsrm‘t& o to sct v
v = [(6-2t) 4t
v = ¢k-t*+e¢

v=4duwhent=0,%c=4

(6 marks)

v=4y+it-t?

b) Maximum velociky whea % =a=0
6-2t = O

t =3

v = 4+4(3) -3z

v = 13

1I3ms™

c.) At rest wheav =0
Y+it-%* =0
tr-¢t-4 = 0

Quuadratic ocormu(.o.

g = 6=0(3¢+10)
2

t =323
t20,%0reject s - {3 (ﬁ!.aa.t:.vv.)
t = 3+ 3 =¢0¢0s..

€6l s
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n A cyclist rides along a straight road between two sets of traffic lights. She starts from rest at the first

set and stops at the second set. Her velocity t seconds after leaving the first set is v m s™1, where
v=8t-2% 0<t<4

a. Sketch a velocity-time graph for the motion of the cyclist on the axes below.

b. Find the maximum speed of the cyclist.

c. Find the distance between the two sets of traffic lights.

9
(2,8

v (m/s)

t(s)
o.) Factorise to o(‘,i.ml where v =0
v = 2&(u-¢t)

V=0akt t =0and t =4, n-shaped (see shetch)
dv

b) Maximum whea p =0
v = ¢ -ut
dt
_R-4t =0
t =2
v = a(2)-2(2)=¢
¥ms”

)V 30 For the whole ")ournej, s0 distance = area vader the sro.pln

s = [(st-2¢%)dt
s = 1_&3
[+t 34:_'{

Lemets: J.rom O ko4

(7 marks)
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S = (u(u)?- %(@3) -0

3

o = &4 _ 21.3%...
3

21.% m
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a A particle P moves along a straight line. At time t seconds the velocity of Pis vm s™1, where

v=t2—5t+4, t>0

When t = 0, P is at the point 0.
a. Find the values of t at which P is instantaneously at rest.
b. Find the displacement of P from O when t = 5

c. Find the total distance travelled by P in the interval 0 < t < 5
o) Ak rest wheav =0
tt-st+4 =0
(t-1)(t-4) =0
t=\and t =4
b) Ia(:e.ara.kc. v to 30.(: x,withx =0ouwheat=0
x = [(t2-st+u)dt
x= 8 _SY 4
3 2

2

3
.x(S') = _i
¢

3 m (0.833 m on the M.so.twe. side of 0)
¢

¢) P turas round at t =\ and t =4 oca.ml x there

()= 1_5,,_0

3 2 3
2(4) = %-L}O+|6=‘i

Add the distance °of each sto.az (atll pos'\ttvb)

okot: L-o =1
é

¢
\‘to‘-}I\—l-(‘i) = ﬂ
¢ 3 ¢
Yhos: -2 -(-2y) ="
é 3 (4
distance = + T + v
é (4 ¢
distonce = H'Tﬂ = .166...

(7 marks)
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QNT m

n A car moves along a straight road. It starts from rest at time t = 0. For 0 < t < 4 its velocity isvm s~

where

3
= 6t - =t
v 4

For t > 4 the car moves at a constant speed equal to its speed when t = 4
a. Show that the acceleration of the car is zero when ¢t = 4
b. Find the constant speed of the car for ¢t > 4

c. Find the distance travelled by the car in the first 10 seconds.

&) O:.J.f,bre.nt:.o.tb v to se.‘k o

o = c-i{:
2

o = (- 2)
y

a = O

a =0 wheat =4, as requcred
b) Substitute £ = 4 cato v

v glw) - 3y):
(1Y

vV = 24 -12 =12

1Z2ms™

¢) Ferst ska.ac.: v 20, %0 in‘l:&aro.'l:e.

= flet- ) at

s1 = 32 - lts
[3t: - L&
Limets: ocrom O tou
st = 3(\¢) - &(64) =32

Second stasz: constant spe.ul For \O-4=6s
%2 = I2R6=T2

total = 32 + 72

IO4 m

1

1

(7 marks)
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A particle P moves along a straight line through the fixed point 0. At time t seconds the
displacement of P from 0 is x metres, where

x=12t-6, t20
a. Find the greatest positive displacement of P from 0.
b. Find the exact value of t when P returns to 0.
c. Find the speed of P as it passes through 0 at this time.
d. Find the total distance travelled by P in the first 4 seconds.

(8 marks)
o) Ocgperenteate: greatest x whenv =0
v = \2-3%2
2 -3 = O
tr =«

t

2
12(2) -23=16

X

16 m

b) Back at O when x =0
t(\2-t*) = o

£ = 12 (t #0)

t =l 2=2013

k=203
¢) Svbstikute t* =12 into v

12 - 3(\2) = -24

v

24 ms™

4) P turns round at € = 2, so splet the jouraey there
x(0) = o
.x(?-) = \é
x(4) = uB-¢uy=-¢
distance = (W6 =-0)+ (1 - (-1K))

distance = 1€ + 32

48 m
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n A particle P moves along a straight line. At time t seconds the acceleration of P is (6t — 8) m 572,
When t = 0, P passes through the fixed point 0 with velocity 4 m s,
a. Find an expression for the displacement of P from O at time t seconds.
b. Show that when P first returns to O it is instantaneously at rest.

c. Find the greatest distance of P from O in the interval 0 < t < 2

o) In{:e.sro.te. o *o Sbf v
v = [(et-8)dt

v = 3t2-%t +ec

v=4Huwhent=0,50c=4

v = 32 =%+

Iﬁtzarmtz v to Szt x

x = E-utreub 4

x=0wheat=0,50k=0

2=k - ut? 4 ut

b) Factorise = to pund whea P s at O
x = £(E2-uk+w)
x = t(t- 2.)2

% = O agacn l,:.rst ot £ =2 Find v there

v = 3(2)2-1a(2) + 4

v=I12-+4=0

P is ot rest when it returns €0 O

¢) Furthest From O wheav =0

(3t -2)(& -2)

t

32 (119 m)
27

O

2

3

i(i -2)
3 3

2 [4

—_— X

3 9

32

27

(8 marks)
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n A lift moves vertically upwards from rest at ground level. It comes to rest again at the top floor 6
seconds later. While moving, the velocity of the lift t seconds after it starts is vm 5_1, where

v=kt6-t, 0<t<6

and k is a positive constant. The top floor is 24 m above ground level.
a. Find the value of k.
b. Find the maximum speed of the lift.

c. Find the magnitude of the acceleration of the lift when ¢t = 5 (7 marks)

a)v 20 throuakout, so the distance isfv dt
24 = [w(¢t - t2) ak

24 = Jat: - %tﬂ
Limits: &rom otot
24 = (3(3¢) - %(zué))

k(ion - 72)

e

R = 2% _ 1
)

3¢

24
24

\n.=i
)

b) Maximum when &_v =
dt

v = %(ét - £2)

dv = 2 -
E ?(‘ 7-'&) o]

t =23

v = %(3)(4-3)“

Ems™

¢) Substitute £ =5 wnato a
= 2
o = T(‘ - |0)

-i = =2.666€...

2.6Tms?
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m Two cyclists, Priya and Tom, ride along a straight cycle track. At time ¢t = 0 Priya passes a marker post

O with speed 2 m 5_1, and she moves with constant acceleration 2 m s~2. At the same moment Tom

starts from rest at O and rides in the same direction. Tom's velocity at time t seconds is 3 ms.

The model is valid for0 < t < 3
a. Find, in terms of ¢, the distance of each cyclist from 0.
b. Find the time at which Tom catches up with Priya, and how far they are from 0 at that moment.
c. Find the time at which the two cyclists have the same speed, giving your answer to 3 significant

figures. (8 marks)

) Preya: constont acceleration, u=2,0=2,uvse s = vk + Yoot
s = 2k + /o(2)k?
s = t*+2t
Tom: Variable vo.(.oc:.ty, so mteamkz (s = O whea t =0)
o = [3k%4t
s = &8

Pr:.Do. t2+2¢t, Tom &*

b) Thcj meet when the distances are eq val
£ = &t 4at
Ei-%¢*-2t =0
t(t-2)(E+\) = o
t70,%0k=2

s = 23=1%

t=?.s,%ml,romo

) prijo.'s speed v = u +at, Tom's speed 3&*
3> = 2+2¢
3¢k*-2¢-2 = 0O
£ = 20 (u+24)

é
'(:=|'F-.r-7
3

(€>0)

£t = Las5..

22 s
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m A train leaves a station from rest at time t = 0. For the first 30 seconds its accelerationisa m s~

where
a=06-002t 0<t<30

a. Find the speed of the train when ¢t = 30

b. Find the distance travelled by the train in the first 30 seconds.

The train then travels at this speed for 2 minutes. It then decelerates uniformly at 0.25 m s~2 until it

comes to rest at the next station.

c. Find the distance between the two stations.

d. Find the average speed of the train between the two stations.

o) Variable acceleration: i.l\tc.ara.t& o to 30.(7 v

v = [(04-o0.02t) at
v = 04t -001t*+c

From rest, soc =0
v = 0.(20) - 0.01(30)*
v = 1%9-9=9

Tmse”

b) v 20, so iato.arato. v

s1 = [(o.4t - 0.01t?) dt

s1 = o3 - %e*}

Lemets: From O to 30

*1 = 0.3(900) - O'To'(z'looo)

s1 = 270 - 90 =\20

180 m

c.) Conskant speed £or 2 menutes =120 ¢

2 = 9X\20 =100

Um.ocorm deceleration: now suvat.vu=19,v=0,a =-0.25

O = 1%+ 2(-0.25)s3
8\

0.Ss3
%3 = 162

total = \80 +10%0 +\é2

\%422 m
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d) Tume tostop: v =u +at
O = {-o0.ast
t = 3%
total time = 30 +120 + 3¢ = 186

average speed = 422

1%¢
o.x/e.mae. speed = T.643..
=\
7.5 m s
robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 13 of

Tuition 15



m A particle P moves along the x-axis. At time t seconds the velocity of Pisvm s~ in the positive x
direction, where

v=t2-6t+8 t20
a. Find the interval of time during which P is moving in the negative x direction.

b. Find the values of t at which the speed of Pis 3 m s~1, and explain why there are only two such
values.

c. Find the total distance travelled by P in the interval 0 < t < 5 (9 marks)

o) Ne.ﬁmt:.ve. direction whea v £ O

=t -¢k+B<o0

= (t-2)(k-4)<oO
U-shaged, so M'.ﬁmk:.vb between the roots

24 k<44

b) Speed 3 means v =3orv = =3
t*-¢t+8 =3
t*-¢t+s =0

(t-1)(t-5)

t

o)

\ort=S§S

Now trv v=-=3
t*-¢k+u = 0O
b =Yac = 4 -44=-%<0
No real rooks: complete the square to see whd
v = (£=-3)*-132 -

t=land t=S5 on(.:), since v is never below =I

c) Intear«te. v, 'to.lu\b x=0Ouwhent=0
- &2
x* T -3k 4+ at
3
P turas rovnd ot t=2and t =4

z(2) = %-\1+\6=£

¢
)
2

& _4ge2=
3

=(s) = E-7s+qo=
3

x(4)
(@)
3

Add the distance of eoch stmse.
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distance

distance

distonce

9.%% m

20 , (20 _ My, (20 _
3 3

3 3
20 o U

e L Y
3 3 3

22— 9333
5

[4

3

Page 15 of
15



