Modelling, units and vectors in
mechanics

Worked solutions

ROBINSON

This topic online

n Write each quantity in Sl units.
a. A speed of 90 km h™1

b. A mass of 1.2 tonnes

c. A speed of 45 cm per minute (3 marks)

o.) lkm — m and hours — seconds
0 km h? = 10000
3600

= 2SS ms”

mes™

2S5 ms™

b) \ tonne = \000 l"S

1.2 tonnes = \.2 X 1000 b.s

1200 li I

¢) em —> m and meavtes — seconds

= \200 ks

S ecm = O.49 m
I meavte = 6O o

speed = o.4s
¢O

= 0.00TS ms™

0.0075 m ™
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n A parcel is pulled across a floor by a rope. In a model of the motion the parcel is modelled as a
particle, the rope is modelled as light and inextensible, and the floor is modelled as smooth.

State what each of these words means for the model.
a. particle
b. light
c. inextensible

d. smooth (4 marks)

o) Parkicle
Sctze °f the paroz(. S '\Shorzd.

all tts mass acts at one pou\‘e, no rotation
b) Light

Mass °f the rope is :.3(\0(‘2.&.

so tension s the same oll o.LoAS the rope
¢) Taexkenscole

The roge does not stretch

so the parcel has the same acceleration as the rope
&) Smooth

No J.ri.c.'(::.on between the pa.rce.(. and the J.(.oor

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 2 of 14



n Amara walks 300 m due east and then 400 m due north. The whole walk takes 500 s.
a. Find the total distance Amara walks.

b. Find the magnitude of her displacement from her starting point, and its bearing.

c. Find her average speed and the magnitude of her average velocity. (5 marks)
o) Oistance = L&Asth of the path

distance = 300 + 40O

= TOO0O m

700 m

b) O:.sp(.o.ce.mu\{: = strmakt Line grom start £o end
d.:.sp(.o.ce.me.ntl = I (300" + 400?)
= [250 000
= SO0 m
AASLQ. From north: 300 east, 40O north

6 = to.ﬂ"(—soo)
400

°
= 36.9

Q
SOO m on o be.o.r‘ma °f 037

) Avero.be. speed vses destance

average speed = 100

SO0
= 4 me”
Avumse. ve.(.oc:.t:) vses displacement
= 9S00

o.\/u‘o.sz \le.(.oci.{:v
SO0

Ilme™

L4 ms'and Ims™
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n In this question i and j are unit vectors due east and due north.
A boat moves with constant velocity (5i - 12j) m s,

a. Find the speed of the boat.

b. Find the direction in which the boat is moving, as a bearing to the nearest degree. (4 marks)

a.) Speed = mo.gm.'(:ude °of ve.(.ocd:d
speed = (524 (-12)2)
= {1

= \3ms”

13ms”

b) Sketeh: S east, IZ south
ou\s(.e. below eask cs O

tan B0 = \2
E)

°
9 = ¢7.3%
6!.0.4“\4\5 is measured clockwise From north

(~Y (~}

be.o.rms = 0 +¢7.3%%
[~
= |157.3%

©

\$7
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a A particle P moves with constant velocity (4i — j) m s™1. Attime t = 0, Pis at the point with position
vector (2i + 3j) m relative to a fixed origin O.

a. Find the position vector of Pwhen t = 5
b. Find the value of t when P is due east of 0.

c. Find the distance OP at this time. (5 marks)

Comstank velocity: ¢ = ro + vk

eo= (20435) + t(u4e - )

ro= (2 4uk)+(3-¢))

)t=5

r=(24+20)+(3-5)
= 22i-2)

(lli-ld)m

b) Ove cast of O: ) component = O

3-t =o0
t =73
t=1

c) Substikbute £ =23

r = (2412) +0)
= 14

0P = \4+m

\4 m
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n In this question i and j are unit vectors due east and due north, and position vectors are given
relative to a fixed harbour H.

A ship moves with constant velocity. At 09:00 it is at the point with position vector (3i + 7j) km. At
11:00 it is at the point with position vector (15i — 2j) km.

a. Find the velocity of the ship in km h=1.
b. Find the speed of the ship.

c. Find the bearing on which the ship is moving. (6 marks)

o) Displacement prom 0:00 to 11:00
& = (\sc-25) - (3 +75)
= 12¢ - ‘h‘
Time taken = 2 hours

v = \2&."1.)
2

= =4S

(6 - 4.5)) m b~

b) Speed = magnctude

speed = (e + H».S")
= [ s¢as
= 7.5 km k™

7.9 wm b

c) € ecast, 4.5 sovth: o.ns(.?. below east

6 = to.l\"(ﬁ)

3
-]
= 367
(~Y o
‘ozo.ra.na = 90 + 3¢.97
0o
= 126.97
[~
127
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A particle moves with velocity (3ki + (k — 5)j) m s~1 where k is a constant.
Given that the particle is moving parallel to the vector (i - j),

a. find the value of k,

b. find the speed of the particle, giving your answer to 3 significant figures. (5 marks)
o.) Po.rallel o ¢ - J veLocikJ = A(. - J)

%0 ) component = =(¢ c.ompone.l\t)

-9 = -3k
Y = §
k = \.25
k=125

b) Substitute k = 1.25
v = 375+ (125 - 5))
= 3.7S5¢ - 3.755
speed = I (3.15* + 3.75%)
= 37s{ 2
= S.303..

$.30ms”
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n Two forces Fy = (3i - 2j) N and F, = (pi + gj) N are the only forces acting on a particle of mass 2 kg.

The acceleration of the particle is (4i + 5j) m 572,

a. Find the values of p and gq.
b. Find the magnitude of the acceleration.

c. Find the angle between the acceleration and the vector i. (6 marks)

«) Newton's second Law: F = ma
Fi4+Fz2 = 2(4i+5))

(3+p)i+(-2+9)) = 8. +10)
Compare ¢ components
34 p = 3

P =S
Compure. J oompoﬁe.nts
-2+ 9 = \O

$=l2.

p=$,1=\1

b) Maani‘tu&c °of acceleration

Io.l = -[-(‘-}"+$")
= [Tw

= (.403..

.40 m 7%

¢) A"S"" with ¢
6 = '(:o.n"(i)
Y

°
= S\L.O%

©
su.3
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n A sledge is pulled across a frozen lake by a rope held by a child. In a simple model the sledge is a
particle, the ice is smooth and the rope is light and inextensible. The model is used to predict the
acceleration of the sledge.

a. Explain why the acceleration predicted by the model is likely to be greater than the actual
acceleration.

b. Give one other limitation of modelling the sledge as a particle.

c. Suggest one refinement to the model that would make the prediction more accurate. (4 marks)

o) What does "smooth Leave out?

Reol cce has some ocru.'(::.on

and the model a.snore.s acr rescstance

so the resultant Foree e the model s too bas

F = ma, so the predicted acceleration s too bi.S
b) Particle

Stze and shage of the sledge are cqnored

s0 acr resistance and o.nj rotation are not modelled

o) ﬂe.ocu\cmc.n‘b
Tacluvde o acr:.o'h.oﬂ poree between the s(.e.&.ae. ond the ice

(or cnclude acr re.sis'(:o.(\ce.)
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m In this question i and j are unit vectors due east and due north, and position vectors are relative to a

fixed point 0.

At noon boat 4 is at 0 and boat B is at the point with position vector (10i + 2j) km. Boat A moves

with constant velocity (3i + 4j) km h~" and boat B moves with constant velocity (-2i + 5j) km h=T.

a. Find the distance between the boats at noon.
b. Show that, ¢t hours after noon, the position vector of B relative to A is (10 — 5¢)i + (2 + t)j) km.

c. Find the time at which B is due north of 4, and the distance between the boats at that time.

o.) Oisto.l\ce. ot noon
Inof. + z:)l = [ (\o* +22)
= {104

= \0.198...

10.2 um
b) Let a and b be the position veckors of A and 6

Use r=ro + vt For each boat
o = 3t +ut)
b = (\0-2&) + (245t
® relative to A
b-o = (10-2t-3¢t) + (2 45k - ut);
= (10-5t) + (2 + t)
os re.cLu:.re.d
e) & due north o g A ¢ component = 0
o-st =0
t =2
2 hours o.f,te.r noon: 14:00
Svbstitute t = 2
b-a = O+ %)

distance = 4 wm

I4:00, 4 m apoart
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m A drone flies in a straight line with constant velocity. At time t = 0 it is at the point with position
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vector (-4i + 6j) m relative to its controller at 0. At t = 5 s it is at the point with position vector (16i
- 9j) m.
a. Find the velocity of the drone and its speed.
b. Show that the square of the distance of the drone from 0 at time t seconds is 25t% - 68t + 52
¢. By completing the square, find the shortest distance between the drone and 0, and the time at
which it happens. (8 marks)

o.) O:.sp(.o.r.c.mcnt tihS s
d = (16 - 9)) - (-uc + ¢))
= 20¢ - ISS

v = 20¢ - 's.)
S

= 4¢-9%)
speed = I (42 +32)

Smse™

(4e =3 ms", S ms™
b) Pescton at time t
eo= (4o 4 65) + tlue - 3))
= (4t -u) + (6 -13¢))
Sq vare of the distance
|e|* = (wt = w)= (¢ - 36D
= \6t* - 32t +1¢ + 3¢ - 3¢t + qt°
= 25 - (%t + 52

oS re.cLuue,d.

¢) Complete the square

25t2 - (3t + 52 = 25(t*-2.72t) + 52
= 25[(t - 1.3¢)* - 949 ] + 52
= 25(¢t -1.36)2 - 4624 + 52
= 25(& - 1.3¢)* + 5.7¢

Least value when £the bracket ts O
t = 3%

Least [r|* = S.7¢
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Least destance = { 5.7¢

= 24 m

2.4 mwhent =136
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m In this question i and j are unit vectors due east and due north.
On a training run, Kwame runs 120 m on a bearing of 060° in 30 s, and then 80 m due south in 20 s.

a. Find his displacement from his starting point as a vector in terms of i and j, with numbers to 3
significant figures.

b. Find the distance and bearing of his finishing point from his starting point.
c. Find his average speed and the magnitude of his average velocity for the whole run.

d. Explain why these two answers are different. (8 marks)

o) Resolve the ocarst (.2.3 (60° From north)
°
east = 120 sin €O

= 103%.92
[~
north = 120 cos 60
= 60

Second (.c.s 5 30 m south
d = 103.92i + (60 - 20))
= \03.92¢ - 2.0")

(104 - 20)) m

b) Magnctude

|¢| = [ (\03.92* + 20?)
= {Tvw200

= 1I05Sam
AASLQ. below east

6 = tan( ﬁ
103.92
\o.%‘lo

[~ [~
'oe.o.rins = 90 +10.29

°
= 100.9

[~}
106 m on o be.a.ri.ﬂa °f [o]]

c.) Total time =304+ 20 =50 s

o.vuo.ae. speed = 120 + %0
sO

= 4ms”

o.ve.ro.ae. \/e.(.oc:.t:)‘ = \05.8
sO
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= 212 ms™

4 moetand 2.2 m ™

J.) Compmrt
Speed uses total distance: 200 m
Ve.(.oca.ty uses J.:.sp(.o.ce.mem'k: 106 m

He c,ko.ﬂse.d direction, so these are not eq val

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 14 of
Tuition 14



