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5. Managing Variable Acceleration Using Vectors

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
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Eg1	A particle P is moving along a straight line.  At time t = 0, the particle is at point A and is moving with velocity 8ms-1 towards a point B on the line, where AB = 30m.  At time t seconds (where t ≥ 0), the acceleration of P is (2 – 2t)ms-2 in the direction .
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. [image: ]Find the total distance travelled by P in the interval between the two instants when it passes through A.





[image: ]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.  At time t seconds, the displacement, x metres is given by .

	Find the magnitude of F when 


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.






[image: ]
Eg3	A particle P is moving in a plane.  At time t seconds, its velocity Vms-1 is given by
		
	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.

[image: ]Eg4	A particle P is moving in a plane so that, at time t seconds, its acceleration is (4i – 2tj) ms-2.  When t = 3, the velocity of P is 6i ms-1 and the position vector of P is (20i + 3j)m with respect to the origin.  Find
a. the angle between the direction of motion of P and i when t = 2
b. the distance of P from O when t = 0.

Exercise 5.1 Qs 1 to 4

[image: ]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
	
		

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

Eg6	The velocity of a particle P at time t seconds is ((3t2 – 8)i + 5j) ms-1.  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) ms-1.  When t = 0 the position vector of Q with respect to the origin is 2i m.
b. Prove that P and Q collide.
[image: ]Ex 5.1 Numerical Answers
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Exercise 5.1 Remaining Odds
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At time t seconds, a particle P has position vector rm with respect to a fixed origin O, where
= (- 4+ (- 40j

Find

a the velocity of Pwhen t = 3,

b the acceleration of P when £ = 3.

A particle P is moving in a plane with velocity vms™! at time t seconds where
v i -3
‘When t = 0, P has position vector (3i + 4j) 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 P starts from rest at a fixed origin O. The acceleration of Pat time t seconds
(where £ = 0)is (68 + (8 — 46))) ms~. Find

a the velocity of Pwhen t = 2,
b the position vector of Pwhen t = 4.

At time t seconds, a particle P has position vector r m with respect to a fixed origin O, where
=401+ 4t = 30)

a Find 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 Pis initially at a fixed origin O. At time t = 0, P is projected from O and moves so
that, at time ¢ seconds after projection, its position vector ¥ relative to O is given by
= (€= 120 + (4 = 60, 1= 0.
Tind
a the speed of projection of P,
b the value of tat the instant when P is moving parallel to j,
 the position vector of Pat the instant when P is moving parallel to j.

At time ¢ seconds, the force F newtons acting on a particle P, of mass 0.5 kg ,is given by
F= 3+ (4t - 5)j.

‘When ¢ = 1, the velocity of Pis 12ims™". Find

a the velocity of P after ¢ seconds,

b the angle the direction of motion of P makes with i when = , giving your answer to the
nearest degree.
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7/ Aparticle P is moving in a plane with velocity vim s at time t seconds where
V= (364 2 + (6t = 4)
‘When ¢ = 2, P has position vector 9jm with respect to a fixed origin 0. Find
a the distance of P from O when t = 0,
b the acceleration of P at the instant when it is moving parallel to the vector i

8] At time t seconds, the particle P is moving in a plane with velocity vm -1 and acceleration
ams~, where

a=(Qt-4)i+6j
Given that P s instantaneously at rest when ¢ = 4, find
a vin terms of £,

b the speed of P when ¢ = 5.

9] A particle Pis moving in a plane. At time t seconds, the position vector of P, rm, is given by,
= (3 - 6t + i + (© + k)], where kis a constant.
When t = 3, the speed of Pis 12/Sm ™"
a Find the two possible values of k.
b For both of these values of k, find the magnitude of the acceleration of P when ¢ = 1.5.

10 At time t seconds (where t > 0), the particle P is moving in a plane with acceleration ams~,
where

a=(t=3)i+@=-0j
When ¢ = 0, the velocity of Pis (2i — 5j)ms~". Find
a the velocity of P after t seconds,

b the value of t for which P is moving parallel to i
 the speed of P when it is moving parallel to i —

11 At time t seconds (where t > 0), a particle Pis moving in a plane with acceleration
(2 = 26j) ms~2. When t = 0, the velocity of Pis 2jms~" and the position vector of P is 6im
with respect to a fixed origin P.

a Find the position vector of P at time  seconds.

At time t seconds (where t = 0), a second particle Q is moving in the plane with velocity
(3 = 4)i = 26j) s~ The particles collide when f = 3.

b Find the position vector of Q at time t = 0.

12 A particle P of mass 0.2 kg s at rest at a fixed origin O. At time ¢ seconds, where 0 < ¢ < 3,
a force (21i + 3j) N is applied to P.

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





image1.png
youtu.be/LRG1mHUUIVA





image2.png




image3.png
youtu.be/xLUD3tYpf-Q






WJEC A2 Unit 4 


–


 


Applied Maths


 


www.jonesthesum.co.uk


 


 


5. Managing Variable Acceleration Using Vectors


 


 


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:


 


 


 


 


 


 


Displacement


 


s


 


 


Velocity


 


v


 


 


Acceleration


 


a


 


 


 


 


 


 


 


 


Eg1


 


A particle P is moving along a straight line.  At time t = 0, the particle is at point A and is moving 


with velocity 8ms


-


1


 


towards a 


point B on the line, where AB = 30m.  At time t seconds (where t 


=


 


0), 


the acceleration of P is (2 


–


 


2t)ms


-


2


 


in the direction 


????


?


?


?


?


?


?


.


 


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.


 


Fi


nd 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.


 


 


 


 


 


 


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 actio


n of a single variable force F N


ewtons.  At time t seconds, the 


displacement, x metres is given by 


??


=


3


sin


2


??


.


 


 


 


Find the magn


itude of F when 


??


=


??


6


 


 


 


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 dim


ensions as in one dimension.


 


 


 


 


 


 


 




WJEC A2 Unit 4  –   Applied Maths   www.jonesthesum.co.uk     5. Managing Variable Acceleration Using Vectors     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:            

Displacement   s   Velocity   v   Acceleration   a  

              Eg1   A particle P is moving along a straight line.  At time t = 0, the particle is at point A and is moving  with velocity 8ms - 1   towards a  point B on the line, where AB = 30m.  At time t seconds (where t  =   0),  the acceleration of P is (2  –   2t)ms - 2   in the direction  ???? .   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.   Fi nd 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.             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 actio n of a single variable force F N ewtons.  At time t seconds, the  displacement, x metres is given by  ?? = 3 sin 2 ?? .       Find the magn itude of F when  ?? = ?? 6       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 dim ensions as in one dimension.              

