MECHANICS 1- WMEO1- TOPIC5

Constant Acceleration in 2D

The same SUVAT, but every letter is a vector. Do
the i part and the j part separately — then speed DRI_EtSL_AMAH""ED
and direction come from Pythagoras and tan. sreigese.com

THE TOPIC ON ONE MAP N

Constant Acceleration in 2D

01)- Velocity vectors

v=u+at speed=|v|] afromtwo velocities

02)- Direction of motion

parallel to a vector bearing same speed

03)- Position vectors

ry +ut+ %at2 distance from O
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VECTOR SUVAT - two equations you need
v=u+at r=ry+ut+at’

V.
speed = v,-2 + ij direction: tan @ = = with a sketch

1

Velocity Vectors: v = u + at

Everything is a vector: add and multiply the i parts together and the j parts
together. Speed is the magnitude of the velocity; acceleration is the change
of velocity divided by the time.

WHEN YOU SEE — YOU DO

“find the speed” |v| = Va2 + b2
. . v, -V,
velocities at two times a=
t, -t
“v, = 2i+3j + (i - 4)t" the bracket times tis a
“both boats have the same speed” lv,|? = |vz|* —a quadraticin t
km h™", “hours after noon” keep hours; t = 0 at noon

v=-i+4jatt=1and5i-8jatt=4. Find the speed att = 3.5.

1 a-= @ = 2i - 4j change + time

2) V=-i+b4j+2.5(2i-4j) = 4i- 6 25saftert=1

avswer /16 +36=/5227.2ms™’
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Practise: Velocity Vectors: v = u + at

My questions first, then real past papers.
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Q1 IR Velocity at a time M1-TOPIC5 3 marks

A particle has initial velocity (2i-3j) m s and acceleration (i+2j) m s™. Find
its velocity and speed at t = 4.

Q2 PLYSEY Acceleration from two velocities M1-TOPIC5 3 marks

The velocity changes from (3i+j) to (9i-7j) ms™" in 2 s. Find the acceleration

and its magnitude.

a= % — do i and j separately.
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M1-TOPIC5 - CONSTANT ACCELERATION IN 2D

PAST PAPERS
Q3 ASTRAPER) Pearson IAL WMEOT - June 2022 - Q6

6. A particle P is moving with constant acceleration.
At time 7= 1 second, P has velocity (-i+ 4j)ms"
1

At time ¢ = 4 seconds, P has velocity (5i — 8j)ms-

Find the speed of P at time ¢ = 3.5 seconds.
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Q4 BASTRABER) Pearson IAL WMEOT - June 2025 - Q7 M1-TOPIC5 13 marks

7. [In this question i and j are horizontal unit vectors.]
Two boats, 4 and B, are each moving with constant acceleration.

At time ¢ hours after noon, boat 4 has velocity v, km h', where
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v, =2i+3j+ (i—4j)t

(a) Find the magnitude of the acceleration of 4.

(2)
When =2, the velocity of Bis (4i + j)kmh''
When ¢ =5, the velocity of Bis (i — 5j)kmh™
(b) Find the acceleration of B, giving your answer in terms of i and j.

(2)
(c) Find the velocity of B at time ¢= 0, giving your answer in terms of i and j.

(2)
At time T hours after noon, both boats are moving with the same speed.
(d) Find the exact value of 7|

C))
At time T, hours after noon, both boats are moving in the same direction.
(e) Show that 3T 22 +pT, + g = 0, where p and g are integers to be found.

3)
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Direction of Motion and Bearings

The direction of motion is the direction of the velocity. “Parallel to pi + gj”
means the parts of v are in the ratio p : g. For a bearing, sketch the vector
from north and measure clockwise.

WHEN YOU SEE — YOU DO

V.
“moving in the direction of (-i + 2j)” 7’ = %, keep the signs
. -
“moving due east / parallel to i” jpart=0
“as a bearing” sketch; angle clockwise from north

“the velocity of P equals the velocity of

Q" equal i parts and equal j parts

kJ bearing = 360" - 6

v =(3-4T)i+(5+4T)jis parallel to (-i + 2j). Find T.
1) 5+4T =-2(3-4T) jpart=-2xipart

ANSWER T = % hours

x TRAP Using the position vector for the direction of motion. Direction of motion = direc-
tion of v.
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Practise: Direction of Motion and Bearings

My questions first, then real past papers.
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Q5 DRI Bearing of a velocity M1-TOPIC5 2 marks

i is due east and j due north. Find the bearing of the velocity (-3i+3j) ms™.

Q6 IR rarallel to a vector M1-TOPIC5 4 marks
v = (2+1)i+(5-2t)j. Find when the particle moves (a) parallel to i (b) parallel
toi+j.

Parallel to i: the j part is 0. Parallel to i +j: the two parts are equal.

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 011 2000 9622 7



ELITE IGCSE /| MECHANICS 1 M1-TOPIC5 - CONSTANT ACCELERATION IN 2D

Q7 PASTPAPER Pearson IAL WMEO1 - June 2021 - Q5 M1-TOPIC5 9 marks

5.

[In this question i and j are perpendicular horizontal unit vectors.]

A particle P is moving with constant acceleration. At 2pm, the velocity of P is
(3i + 5j) km h ' and at 2.30 pm the velocity of P is (i + 7j) km h ™

At time T hours after 2pm, P is moving in the direction of the vector (—i + 2j)

(a) Find the value of 7.

(6)
Another particle, O, has velocity v o km h'at time ¢ hours after 2 pm, where
Vo= (4200 (ut30)j
and y is a constant.
Given that there is an instant when the velocity of P is equal to the velocity of O,
(b) find the value of u.
3
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Q8 PASTPAPER Pearson IAL WMEO1 - October 2023 - Q4 M1-TOPIC5 10 marks
4. [In this question i and j are horizontal unit vectors directed due east and due
north respectively.]

A particle P moves with constant acceleration (—i + 21j)ms~, where 1 is a
positive constant.
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At time 7 = 0, the velocity of P is (5i — 8j)ms’'

(a) Find the velocity of P when ¢ = 5s, giving your answer in terms of i, j and 4.

(2)
The speed of P when ¢=5s is 13ms"'
(b) Show that
250*-42).-16=0
3)
(c) Find the direction of motion of P when ¢ =4s, giving your answer as a bearing to
the nearest degree.
)
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Position Vectors: r = r, + ut + %at2

Start from where the particle is at t = 0, add ut, add %atz. The distance from

O isthe magnitude of r; the distance between two particles is the magnitude
of the difference.
WHEN YOU SEE — YOU DO
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“the position vector at time t” ry +ut + 2at’
“starts from rest at 0" r,=0,u=0
“distance from 0” ||

“due north of 0” ipart=0

From rest at O with a = 2i - j. Distance from O at t = 3?
B r=2(2i-j)9) = 9i-45j ry=u=0

ANSWER |r| =+/81+20.25 = 10.1 m
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Practise: Position Vectors: r = r,+ut+ %at2

Questions written to practise exactly this idea.
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Q9 XXM where is it? M1-TOPIC5 3 marks

r,=2i+j,u=3i-2ja=i+j. Find the position vectoratt = 2.

Q10 PLYWIIY Distance from the start M1-TOPIC5 3 marks

A particle starts from rest at O with acceleration (2i-j) m s™. Find its distance
from O after 3 s.
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The Whole Topic on One Page

Tear this page out before the exam.
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Velocity Vv = u +at; speed = |v|.

Direction Parts of v in the ratio of the vector; bearing
from a sketch.

Position r, + Ut + %atz; distance = |r|.

BOTTOM LINE i with i, j with j - speed by Pythagoras - direction from v,
never from r.
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Answers

Constant Acceleration in 2D - for the teacher. Every answer checked with a
computer algebra system.

IDEA 01- VELOCITY VECTORS: v = u + at

Vv = 6i + 5j; speed/61=7.81Tms”
Q1 Dr Eslam - Velocity at a time
a=3i-4j; |a] =5ms™
Q2 Dr Eslam - Acceleration from
two velocities

a = 2i-4j; v(3.5) = 4i-6j: speed /52 = 2/13 =
Q3 szrson IAL WMEO1 - June 2022 7.2 m S—1
(@) V17 = 4.1 km h™2 (b) -i-2j (c) 6i+5j (d)

Q4 !:girson IAL WMEO1 - June 2025 T, = @ (e)p=-14,q=4

IDEA 02 - DIRECTION OF MOTION AND BEARINGS

north-west: 315
Q5 Dr Eslam - Bearing of a velocity

(@)t=25(b)2+t=5-2t=>t="1
Q6 Dr Eslam - Parallel to a vector

(@T=21h(b)p=85
Q7 Pearson IAL WMEO1 - June 2021
-Q5
(a) (5-5A)i+(-8+ 10A)j (b) 25A%-42A-16 =0
Q8 Pearson IAL WMEO1 - October (c) 339
2023 - Q4

IDEA 03 - POSITION VECTORS: r = r,, + ut + 1at?
r=10i-j

r=9i-4.5j; y101.25=10.Tm
Q10 Dr Eslam - Distance from the
start

Q9 Dr Eslam - Where is it?
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