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Question 1  (*%)
A particle P is moving on the x axis and its displacement from the origin, x m, ¢
seconds after a given instant, is given by

x=%t(t2—3t—24), t>0.

Determine the displacement of P when it is instantaneously at rest.
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Question 2 (*%)

A particle P is moving on the x axis and its acceleration a ms™2, t seconds after a
given instant, is given by

a=60-18,120.

The particle is initially at the origin O, moving with a speed of 15 ms™! in the
positive x direction.

a) Determine the times when P is instantaneously at rest.

b) Find the distance between the points, at which P is instantaneously at rest.
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Question 3  (*%)

A particle P is moving on the x axis and its velocity v ms™!, ¢ seconds after a

given instant, is given by
v=1—4t-12, 1 20.
When t =0, its displacement x from the origin O is 20 m.
a) Find the acceleration of P when t=3.
b) Find the acceleration of P, when P is instantaneously at rest.

¢) Determine the distance of P from O, when P is instantaneously at rest.
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Question 4  (**+)

A particle P is moving on the x axis and its velocity v ms™!, ¢ s after a given
instant, is given by

v=r*(3-1), 120.
When =2, P is observed to be 4 m from the origin O, in the positive x direction.
a) Find the acceleration of P when t=2.

The particle is at instantaneous rest initially, and when ¢t =T .

b) Determine the distance of P from O when t=T .
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Question 5 (¥*%)

A particle P is moving on the x axis and its acceleration a ms™2, t seconds after a
given instant, is given by

a=8-2t,1t20.

Initially, P is on the positive x axis 84 m away from the origin O, and is moving

towards O with a speed of 7 ms™'.

a) Find an expression for the velocity of P.
b) Calculate the maximum velocity of P .
¢) Determine the times when P is instantaneously at rest.

d) Show that when t =12, P is passing through O.

=9 ms™! , =17
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Question 6  (**%)

A particle is moving in a straight line.

At time ¢ s, the particle has displacement x m from a fixed origin O and is moving

with velocity v ms™'.

When =1, x=-5 and v=1.
The acceleration a of the particle is given by
a=(16-6t)ms™, 1>0.

The particle passes through O with speed U when t =T, T >0.

Find the possible values of U .
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Question 7  (¥*%4)

A particle P is moving on the x axis and its displacement from the origin, x m, ¢
seconds after a given instant, is given by

x=2-3t>+At+B, t >0,

where A and B are constants.

a) Find the value of ¢+ when the acceleration of P is zero.

When r=1.5s, P is passing through the origin O, and is moving in the negative x

direction with speed 7.5 ms .

b) Determine the value of A and the value of B.
¢) Determine the time when P is instantaneously at rest.

d) Calculate as an exact surd the value of 7, when P is passing through O again.

e=+/6
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Question 8  (*¥*%4)

A car is travelling on a straight horizontal road with constant velocity of 37.5 ms™!.

The driver applies the brakes and the car decelerates at (9.25—1) ms ™2, where 7 s is

the time since the instant when the brakes where first applied.

a) Show that while the car is decelerating its velocity is given by

(2t2 ~37¢ +150) ms !

(T

b) Hence find the time taken to bring the car to rest.

¢) Determine the distance covered while the car was decelerating.

d=945m
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Question 9 (¥*%4)

A particle P is moving on the x axis and its velocity v ms"
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direction, ¢ seconds after a given instant, is given by

v=t2—2t-24,1>0.

When =3, P is observed passing through the origin.

a) Find the acceleration of P when r=3.

1

in the positive x

b) Determine the distance of P from O when it is instantaneously at rest.

¢) Find the time at which P is passing through O again.
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Question 10  (**%+)

A particle P is moving on the x axis and its velocity v ms™!

direction, ¢ seconds after a given instant, is given by

in the positive x

v=312—181+24, 1>0.
a) Find the times when P is instantaneously at rest.
b) Determine the greatest speed of P in the interval 0 <7 <3.

¢) Calculate the total distance covered by P in the interval 0<¢<3.

_ -1 _
max 24 ms ’

t=2,4, ||y

@ v= 3 i8ten SECINY

Created by T. Madas



Created by T. Madas

Question 11 (**%4)

A particle P is moving on a straight line.

At time ¢ seconds, the distance of P from a fixed origin O is x metres and its

acceleration is

(8—2t) ms™

in the direction of x increasing.

It is further given that when t =0, P was moving towards O with speed 7 ms.

Determine the total distance covered by P in the first 7 seconds.
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Question 12 (¥*%4)

A particle is moving in a straight line in an electromagnetic field.

Its velocity, v ms ™! ,attime s, t=0,is given by

v=t>+kt+3.2,

where k is a non zero constant.

a) Given that the particle achieves its minimum velocity when t =2.4 s, show
that k =—4.8.

b) Determine the values of # when the particle is instantaneously at rest.

¢) Calculate the total distance covered by the particle for 0<7<6.
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Question 13 (¥¥%%)

A particle P is moving on the x axis and its acceleration a ms™2, t seconds after a

given instant, is given by
a=4t-9,120.

When =1, P is moving with a velocity of -3 ms™'.

a) Find the minimum velocity of P.

b) Determine the times when P is instantaneously at rest.

¢) Find the distance travelled by P in the first 4% seconds of its motion.
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Question 14  (¥¥%%¥)

A particle is moving in a straight line, so that its velocity, v ms~

satisfies

y=2t+kt?,

0<r<10,

where k is a non zero constant.

l, at time ¢ S

When 1=10, the particle reaches an acceleration of 1.8 ms 2 , which it maintains for

a further 10s.

a) Show that k£ =-0.01.

b) Sketch a detailed velocity time graph, which describes the motion of this

particle, for 0<¢<20.

¢) Find the distance travelled by the particle for 0<t <20.
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Question 15 (¥*%%¥)

Russel is driving through the countryside, along a straight horizontal road at a

constant speed of 22.5 ms™'.

He sees a fallen tree blocking the road ahead, at a distance of 75 m ahead, so he
immediately applies the brakes trying to stop his car before it hits the fallen tree.

The way he applies the brakes is such so that the deceleration of his car is given by

(3 +%t) ms 2, where ¢ is measured since the instant he first applied the brakes.

Russel’s car stops D m before he hits the tree.

Determine the value of D .
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Question 16  (**%%)
v(ms_l) A

12 }------- ;

0 5

20

The figure above shows the speed time graph (z,v) of a car travelling along a straight

horizontal road between two sets of traffic lights.

The car starts from rest at the first set of lights and accelerates uniformly for 6 s,

reaching a speed of 12 ms .

1

This speed is maintained for 14 s, before the car decelerates uniformly for 12 s,
coming to rest as it reaches the second set of lights.

The distance of the car, s(7), measured from the first set of traffic lights is given by

A7)
s(t) =

0<r<6
fr(1) 6<r<20

£(1) 20<1<32

where f(t), f»(¢) and f3(¢) are functions of 7.

Determine simplified expressions for f,(z), f>(7) and f5(7).

1
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Question 17  (***%4)

A particle P is moving on the x axis and its velocity v ms™!, ¢ seconds after a

given instant, is given by

. 6t—t> 0<t<5
25—4¢ t>5

The particle is initially at the origin O.

a) Find the greatest speed of P for 0<¢<5.

b) Show that the distance of P from O when =35 is 33% m.

¢) State the time at which P is instantaneously at rest for 7 > 5.

d) Hence determine the total distance travelled by P during the first 10 seconds
of its motion.

Vg =9ms! |, |1 =23=6.25 5|, [d =1L =~ 64.58 m
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Question 18  (***%*4)

1

A particle P is moving on the x axis and its velocity v ms ~ in the positive x

direction, ¢ seconds after a given instant, is given by
v=%t2 —3t+4,120.

The particle is passing through the origin when =0

Determine the displacement of the particle from the origin, when it has covered a
total distance of 13 m.
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Question 19

(kg
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A car moving on a straight road is modelled as a particle moving on the x axis, and

its acceleration @ ms ™2, ¢ seconds after a given instant, is given by

_1
4 2t 0<r<8
0 t>38

The car starts from rest at the origin O.

a) Find a similar expression for the velocity of the car, as that of its acceleration.

b) State the time it takes for the car to reach its maximum speed.

¢) Show that the displacement of P from O is given by
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Question 20  (****4)

“«—=—>

A particle is sliding down the line of greatest slope of a smooth plane inclined at a
fixed angle to the horizontal. The particle experiences no other resistances.

The particle is released from rest from a point A at the top of the plane and takes 12
seconds to slide down to a point B on the plane. Point A lies at a vertical distance of
h above the level of B, as shown in the figure above.

The particle slides down by 1 cm during the first second of its motion, and in each
subsequent second it slides down by an extra 3 cm than in the previous second.

Show that 4 = 67 , measured in millimetres.
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Question 21

speed

(ms”")

(*****)

(30,20)
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distance

The speed distance graph of the journey of a particle is shown above.

50

(m)

It consists of a straight line segment joining the point (0,5) to (30,20), joined to a
quarter circle of radius 20 . The total distance covered by the particle is 50 m.

Determine in exact form the total journey time of the particle.
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CALCULUS KINEMATICS
IN VECTOR FORM
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Question 1  (*%)

The position vector, r m, of a particle, ¢t seconds after a given instant is given by
_(An,2 . 2\ .
r—(2t —1)1+(6t—5t )J, t=20,
where i and j are unit vectors pointing due east and due north, respectively.

Given that the mass of the particle is 0.5 kg, determine the magnitude of the resultant
force acting on the particle.

F =429 ~539N

Question 2 (*%)

The position vector, r m, of a particle P, t s after a given instant is given by
(3 . 2 .
r—(t —2t)1+(4t +t)J, t=>0,
where i and j are unit vectors pointing due east and due north, respectively.

a) Find the magnitude of the acceleration of the particle, when 7 =1.

b) Determine the value of + when P is moving parallel to the vector i+ j.

a=10ms> ,t=3
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Question 3 (**+)

The velocity, v ms_l, of a particle P, t seconds after a given instant is given by

v=(4t-3)i+(2r+3)j, 120,

where i and j are unit vectors pointing due east and due north, respectively.

a) Find the magnitude of the acceleration of P .

When t =1, the position vector of P is 8j m.

b) Determine the initial distance of P from the origin O.

a=20~447ms2|, |d =17 =4.12m
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Question 4  (**+)

The velocity, v ms™', of a particle of mass 2 kg, ¢ s after a given instant is given by
2 3.
v=06r7i—-6t2j, 1>0,
where 1 and j are unit vectors pointing due east and due north, respectively.

a) Find the magnitude of the resultant force acting on the particle, when 7 =1.

When =0, the particle is at the point A whose position vector is (2i+j) m and
when ¢ =1 the particle is at the point B .

b) Determine the distance AB .

[F =30N]. |AB|=3.12m
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Question 5 (**+)

The velocity , v ms™!, of a particle of mass 5 kg, ¢ s after a given instant is given by
v=(120=2)i+(2r-37%)j. 120,

where i and j are unit vectors pointing due east and due north, respectively.
a) Find the magnitude of the resultant force acting on the particle, when t =2.
b) Find the value of  when the particle’s acceleration is parallel to the x axis.

When ¢ =0, the particle is at the point A with position vector (i+6j) m and when
t =1, the particle is at the point B .

¢) Determine the distance AB .

[P,

-~
Il

|AB|=2m

W=
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Question 6  (**%)

The position vector, r m, of a particle of mass 0.5 kg, ¢ s after a given instant
satisfies

r=(3t2—7t+2)i+(2t2—5t+2)j, 120,

where 1 and j are unit vectors pointing due east and due north, respectively.
a) Find the value of ¢+ when the particle is at the origin.
b) Determine the magnitude of the resultant force acting on the particle.

¢) Find the value of ¢ when the particle is moving parallel to the vector 2i+j.

t=2|, |F=J13=36IN|, [t=15

(© y=de. enic@es)
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Question 7  (¥*%4)
The acceleration a ms > of a particle P of mass 0.2 kg, ¢ s after a given instant is

given by

a=(2r—4)i+3j, 120,

where i and j are unit vectors pointing along the positive x axis and along the

positive y axis, respectively.
a) Find the magnitude of the resultant force acting on P, when ¢ =4.

It is further given that when #=0, P is at the point A with position vector

(—18i—24j) m and has velocity (3i—9j) ms™.

b) Find the value of ¢ when the particle is at rest.

¢) Show that when t =6, P is onthe y axis and state its distance from A.

d) Determine the value of ¢ when the particle is on the x axis.

, |F=1IN]|, [t=3|, (18 m|, |t=8
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Question 8  (¥**¥)

The position vector, velocity and acceleration of a particle P, ¢ s after a given instant
are denotedby rm , v ms~' and a ms™2.

When r=1, r=9i+2j and v=13i+j, where i and j are unit vectors pointing due

east and due north, respectively.
It is further given that P has a constant acceleration of 6i ms >
a) Determine the distance of P from the origin O, when =3.

b) Show that P is moving on the curve with equation

2
x=3y"+y-5.
, |=47.17m
%) IWTtcong Bq v"«\w AcceserATION TO_vecomn: L) T= QE\J: (35::%,‘)
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