. Managing Variabl | ion Using V rs
From Unit 2:

When acceleration is not uniform and the position, velocity and accelerations are given as functions of
time then calculus is used to model particle motion:

DIFFERENTIATE with respect to t

Displacement Velocity Acceleration
s v a

INTEGRATE with respectto t

Egl A particle P is moving along a straight line. Attimet=0, the particle is at point A and is moving
with velocity 8ms'! towards a point B on the line, where AB = 30m. At timet seconds (where t 2 0),

the acceleration of P is (2 — 2t)ms in the direction AB.

a. Find an expression, in terms of t, for the displacement of P from A at t seconds

b. Show that P does not reach B.

c. Find the value of t when P returns to A, giving your answer to 3 significant figures.

d. Find the total distance travelled by P in the interval between the two instants when it passes

through A. ﬁutu.be/LRGimHUUlvA
H

Eg2 A small metal ball moving in a magnetic field is modelled as a particle P of mass 0.2kg, moving in a
straight line under the action of a single variable force F Newtons. Attimet seconds, the
displacement, x metres is given by x = 3 sin 2¢. cut be/cc3oMIB1Guc

E -

o]

Find the magnitude of Fwhen t = %
=]
-— L O %
. &
Unit 4: "

When a particle is moving in a plane you can describe its position r, its velocity v and its acceleration a
using vectors. The relationships between position (displacement), velocity and acceleration are the same in
two dimensions as in one dimension.



Eg3  Anparticle P is moving in a plane. At time t seconds, its velocity Vms? is given by g b yoaerg .
. 1 2. 24 @
v=3ti+ St
When t = 0, the position vector of P is (2i - 3j)m. Find
a. the position vector of P at time t seconds
b. the acceleration of P when t = 3.

Eg4 A particle P is moving in a plane so that, at time t seconds, its acceleration is (4i — 2tj) ms2. When 't
= 3, the velocity of P is 6i ms™ and the position vector of P is (20i + 3j)m with respect to the origin.

Find outu.be/ghrel7mG7hE
a. the angle between the direction of motion of P and i when t = 2 E. ’
b. the distance of P from O when t = 0.

Exercise 5.1 Qs 1to 4 E

Eg5 A particle P of mass 0.5kg is moving under the action of a single force F newtons. At time t seconds,
the position vector of P, r metres, is given by —
&

_ (3t2 _ %y, 2 _ fiene
r--(2 3)l+(2t 8t)j

Find
a. the value of t when P is moving parallel to the vector i
b. the magnitude of Fwhent=3.5

Eg6  The velocity of a particle P at time t seconds is ((3t2 - 8)i + 5j) ms’. When t =0, the position vector
of P with respect to a fixed origin is (2i — 4j)m.
a. Find the position vector of P after t seconds

A second particle Q moves with constant velocity (8i + 4j) msl. When t =0 the position vector of Q

with respect to the origin is 2i m.
b. Prove that P and Q collide.

outu.be/xt2BsEIO1GwW
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Exercise 5.1

1

]

At time t seconds, a particle P has position vector ¥ m with respect Lo a fixed origin (), where
r=(3t— 4~ (' — 45j.

Find

a the velocitv of Pwhen t = 3,

b the acceleration of P when £ = 3.

A particle P'is moving in a plane with velocity v ms=! at time t seconds where

v =i - (2t - 3).
When ¢ - 0, P has position vector (3i 1 4§ m with respect to a fixed origin (0. Find
a the acceleration of P at time t seconds,
b the position vector of P when ¢ = 1.

A particle /' starts from rest at a fixed origin O. The acceleration of P at time  seconds
(where t = 0) is (61 — (8 — 4t"jim s~ Find
a the velocity of Pwhen t = 2,

b the position vector of P when t = 4.

At time { seconds, a particle P has position vector ¥ m with respect to a fixed origin 0, where
r = 4+ (24t = 3.

a l'ind the speed of P when t = 2.

b Show that the acceleration of Pis a constant and find the magnitude of this acceleration.

A particle P is initially at a fixed origin O. At time = 0, P is projected from 0 and moves so
that, at time { seconds after projection, its position vector wm relative to O s given by

r= (= 1200 + (467 = 6t)f, £ = 0.
lind
a the speed ot projection of P,
b the value of tat the instant when P is moving parallel to j,
¢ the position vector of P at the instant when P is moving parallel to .

At time { seconds, the force F newtons acting on a particle P, of mass 0.5 kg , is given by
F - 3t + (4f - 5)j.
When t = 1, the velocity of Pis 12im s~ Find
a the velooty of P atter ! seconds,
b the angle the direction of motion of £ makes with i when t = 3, giving vour answer to the
nearest degree.



7

10

11

12

A particle ¥ is moving in a plane with velocity vm 5! at time t scconds where
v = (378 251 (6t = 4)f.

When ¢ = 2, P has position vector 9§ m with respect to a fixed origin O. Firud

a the distance of P from QO when t = G,

b the acceleration of P at the mstant when it is moving parallel to the vector i.

At time t seconds, the particle P is moving in a plane with velocity vim s=! and acceleration
ams™, where
a = {2t — 4)i ~ bj.
Given that P is instantaneously at rest when ¢ = 4, find
a vinterms of £
b the speed of P when f = 5.

A particle P is moving in a plane. At time ! seconds, the position vector of P, rm, is given by
r = {3 — 6t — 41 — (t* + kt*)j, where k is a constant.

When t = 3, the speed of Pis 1205 ms™".

a Find Lhe two possible values of k.

b For both of these values of k, find the magnitude of the acceleration of Pwhen t — 1.5

At time { seconds (where [ = 0}, the particle P 1s moving in a plane with acceleration am %
where
a = (5= 33— i8=1j
When t = 0, the velocity of Pis {2i — 5jims™". Find
a the veloaity of Pafter § secondls,
b the value of ¢ for which P is moving parallel toi — j,
¢ the speed of P when it is moving parallel to i — i

At time { seconds {where 1 = (03, a particle P1s moving in a plane with aceeleration

(2 = 2y ms~% When { = 0, the veloaty of Pis 2jm s=1 and the position vector of P s 6im
with respect to a fixed origin P.

a Find the position vector of P al time ¢ seconds.

At time ¢ seconds {where t = 0}, a second particle @ is moving in the plane with velocity
(3% = 43 = 2¢jims~" The particles colhde when f = 3.

b Find Lhe position vector of () at time £ = (.

A particle P of mass 0.2kgisat restat a fixed origin 0. AL time ¢ seconds, where O = t = 3,
a force (2t + 3§y N is applied to F.

a Find the position vector of P when 1 = 3.
When ¢ — 3, the force acting on P changes to (6 + (12 = ()i N, where [ = 3.
b Find the velocity of P when t = 6.
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