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Kinematics - r(t), v(t), F(t) Vector Calculus

Every vector kinematics question with calculus (variable r, v, F in i/j components) from the legacy WJEC M2 papers

(2011-2017)

LEGACY 2008 SPECIFICATION

Estimated time for entire question pack: ~1 hours 12 minutes

Derived from the legacy M2 paper’s pace of ~1.25 min/mark (58 marks over 6 questions).

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not
a single mock paper. It contains questions from the
legacy WJEC M2 papers (2008 modular spec) that
maps onto new-spec A2 Unit 4 Topic 6 (2.4.5).

Questions are ordered chronologically.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working
— method marks are awarded for clear setup.

A calculator is allowed (except where specified by
individual questions). The WJEC Formula Booklet and
statistical tables may be referred to. Take g = 9.8 ms~? for
mechanics.

All question content is © WJEC CBAC Ltd. and reproduced
for revision purposes.

For Examiner’s use only
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PAGE 2 - SPECIFICATION REMINDER AppliedB-2.4.5-2017 spec

Kinematics - r(t), v(t), F(t) Vector Calculus — what the new
spec asks

WJEC GCE A Level Mathematics (from 2017) - Unit 4: Applied Mathematics B - Topic 2.4.5.

Vector kinematics 2.4.5 Forcesinvector form 2.4.7
o r(t),v(t) = ‘jl_;' (t) = ‘2_: o F = ma applied component-wise.

. e Momentum vector: p = mv.
e Integrate component-wise: v = [adt+ C.

. o ) . . e Speed at time t: [v(¢)].
e Initial conditions fix the constants of integration.



PAGE 3 - CRIB SHEET

AppliedB-2.4.5-2017 spec

Kinematics - r, v, F Vector Calculus in one page

Quick-reference notes — revisit before each section. Don’t use during questions.

Differentiate component-wise
r(t) = z(t)i+ y(t)j + z(t)k.
v =2z'i+ ¢'j + 2’k, similarly for a.

Perpendicular tests

v(t) perpendicular to fixed vector u:
solvev-u=0.

Often a trig or polynomial equation in ¢

Integrate component-wise
r=[vdt+C.

Use r(0) (or v(0)) to pin down C.
Keep track of vector C, not a scalar.

Crossing the axis

Particle crosses y-axis when z(t) = 0
(with t > 0).

Substitute back to find y-coordinate
and distance from origin.

Crib sheet — revision compilation for Maths Unit 4 Topic 6.

F = main vector form

F(t) = mili—: — differentiate v, multiply
by m.

Magnitude of force: |F| at a given .

Power and momentum vectors

Instantaneous power P =F - v.
dp

Momentum p = mv; — = F.
P dt

Questions begin overleaf.



SECTIONT6

Kinematics - r(t), v(t), F(t) Vector Calculus

Questions 1-6 - 58 marks



Question1

3.

WJEC M2 June 2011- Q3

A particle P, of mass 2 kg, is moving under the action of a force F N so that its velocity
vms | at time 75 is given by
v=2i+6tj+4r°k.

(a) Find an expression for F at time ¢s. [3]

(b) Determine the value of F.v when ¢ = 1 and state the units of your answer. [4]

7 marks



Question 2 WJEC M2 June 2012 - Q3

3. A particle moves on a horizontal plane so that at time ¢ scconds its position vector r metres
relative to a fixed origin O is given by

r=(r+20%)i + (1-5¢ - 20).

(a) Determine the time when the velocity of the particle is perpendicular to the vector
(—i+2j). [5]

(b)  Show that the acceleration of the particle is constant and find its magnitude. [3]

8 marks



Question 3 WJEC M2 June 2013 - Q2 12 marks
2. A particle P, of mass 2kg, is moving so that at time /s its velocity vims~ is given by
v=(13t-3)i + (2 + 317)j. At time ¢ = 0s, the position vector of the particle is (2i + 7j) m.
(a)  Find the position vector r of P at time zs. [5]
(b)  Determine the acceleration a of P at time ¢s. 2]

(¢) Calculate the values of ¢ when the velocity of P is perpendicular to the vectori-2j. [5]



Question 4 WJEC M2 June 2014 - Q6

6. A particle of mass 3 kg moves on a horizontal plane. At time ¢ = 0, the particle has position vector
—2i + 3jm, where i and j are unit vectors along the x-axis and y-axis respectively. At time s, the
particle moves with velocity vms™ given by

v = 4sin2ti + 15cos5tj.
(a) Find the magnitude of the force acting on the particle at time 7 = 32_71' s. [5]
(b) Determine the position vector of the particle at time ¢s. [4]

(c) Calculate the time and the distance of the particle from the origin when it crosses the
y-axis for the first time. [4]

13 marks



Question 5 WJEC M2 June 2016 - Q6 7 marks

6. A particle moves on a horizontal plane such that its velocity vector vms™" at time ¢s is given by
v="T7sin2ri+ 6cos3tj.

(a) Find the acceleration vector of the particle at time 7s. [2]

(b) Given that when ¢ = 0, the particle has position vector (0-5i + 3j) m, find the position vector

of the particle when ¢ = ’2—1' : (5]



Question 6 WJEC M2 June 2017 - Q1

1. The position vector of a particle P at time ¢ seconds is given by
r =t sinti + ¢ costj.

(a) (i) Findthe velocity vector of P and an expression for the speed of P at time ¢ seconds
in its simplest form.

(i)  Given that the mass of P is 3kg, write down the momentum vector of P at time
t seconds. [6]

(b) Attime t= T the vector bi+ ﬁj is perpendicular to r. Find the value of b. [5]

|

11 marks
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