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Chapter review 3

1 ros=-3i+10j, v4=2i+2j
rog=6i+j, vg =i+ 5j

a At ¢ hours after noon
rqa=-3i+ 10j + #(2i + 2j)
=(2t-3)i + (2t + 10)j
rg=06i+j+t(—i+5j)
=(6-0)i+ (5t+1)j
If the ships collide then
(2t-3)=(6-1¢) and (2¢t+ 10)=(5¢+ 1) will give the same value of .
Solving these equations gives
3t=9 and 3r=9
t =3 for both equations, so the ships will collide.

=g
I);

AB=(6-1)i+(5t+1)j—((t=3)i+(t+10)j)
— (6—1)i—(t=3)i+(5t+1)j—(1+10)]
(9-21)i+(41-9)j
¢ At 15:00, ¢t =3, therefore

AB=(9-2(3))i+(4(3)-9)j

= 3i+3j

‘ZB‘=\/32+32

=32

=424 km (3 s.f)

d When B is due north of 4, the i-component of AB will be 0, so
9-2t=0
t=4.5
Thus, B will be due north of 4 at 16:30.

2 rp=0and vp=6i
ro = 12i + 6j and vo = -3i + 6j

a p==6d

q = 12i + 6j + #(-3i + 6])
= (12 = 30)i + (6 + 61)]
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2 b PO=(12-3t)i+(6+6¢)j—6d
=(12-9¢)i+(6+6¢)]

when ¢t =4
PO=(12-9(4))i+(6+6(4))j
=—24i+30j

[PO|=J(—24)" +30°

=38.4 km (3 s.f))

¢ When Q is due North of P
12-9t=0
9t =12
4
t=—
3

3 Atr=0,u=51i—-3janda=-3i+]j

a v=u-tat
=5i—-3j+#-3i+j)
=(5-3i+(-3)j
When P is moving parallel to the i vector
t-3=0
t=3

b Whent=5
v=(05-30i+({-3)j
=(5-305)i+(5-3)j
=—10i — 2j

[V =(-10)" +(-2)°
=4/104
=102 ms™" (3s.f)

10

k2

tan @ :l
10

6=113..°

The angle between the positive i vector and the motion of P is given by

180 — 11.3... = 169° (3 s.f))
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4 Att=0,u=5i-3jandatt=4,v= —11i+5j

a v=utar
—11li+5j=5i—-3j+4a
d4a=—11i+5)— 5i+ 3

= _16i + 8
a=(—-4i+2j)ms?

b By Newton’s 2" law F=ma, so
F = 5(—4i + 2j)
— 20i + 10

|[F|=~20" +10°
=105

=224 N 3 s.f)

¢ Att=06, P has velocity
v=u-+tat
= 5i — 3j + 6(—4i + 2j)
=—-19i + 9j
Since the force is removed at this point, the particle will have zero acceleration from this point so
will travel with constant velocity.
Att=6, O4 =28i+6j
Using r =ro + vt
r=28i+ 6j + t(—19i + 9j)
After 2 seconds
rg = 28i+ 6j +2(-19i + 9j)
=—10i + 24j

|5FJ@mY+M2

=26m

5 va=06i
v =3i+ 5j

a

tan9=§
3

6 =59.0...2°
Since bearings are measured from North, B is moving on a bearing of
90 —59.0... = 031° (to the nearest degree)
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5 b Atnoon, rs=0and rg=-10j
Using r =ro + vt
a= 06
b = —10j +#(3i + 5j)
=36+ (5t — 10)j

¢ When 4 is due East of B

5t—-10=0
t=2
So at 14:00

d AB=3ti+ (5-10)j—6fi
=-3ti+ (51-10)]
At time ¢ after noon the ships are d km apart, so
[4B|=d =J(-31)’ +(5t-10)
d* =9 +25¢* —100¢ +100
=34+* ~100¢ +100 as required

e At noon the ships are 10 km apart, so
10° =34¢* —100¢ +100
34¢* —100¢ =0
2t(17t-50)=0

50

17

=2.94... hours

= 2 hours and 56.47... minutes
So 14:56 (to the nearest minute)

t

6 a (PathofS)=(4i-6j)—(-2i-4j)
= 6i-2j

tanf=1=60=18.43...°
Bearing =90°+ 6 =108°
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6 b 40 minutes is %hours, SO

_6i -2
V="

3
=9i-3j
Using r =ro + vt
=-2i—4j + 19 - 3j)
=(9t-2)i— (4 +30j

¢ At 11:30, S has position
s=(9(2.5)-2)i— (4 +3(2.9)j
=20.5i— 11.5j
M has velocity (pi + gj) kmh™!
Since it intercepts S after half an hour
p=41land g=-23

7 Att=0,a=-2i+3jand v=3i-2j

3 B
\12

‘[an0=g
3

a

0=33.6..7°

So the angle between the positive j vector and the direction of motion of P is

90 + 33.6... = 124° (to the nearest degree).

b Usingv=u+ at
= 3i—2j +#(-2i + 3j)
=3 -20i+ (3t-2)j

¢ Whenr=4
v=(3-24))i+(3(4)-2)j
= _5i+ 10j
V] =/(=5)" +10?
=55

=112ms™" 3s.f)

d Usingv=3-20i+ (3t-2)j
When P is moving parallel to i + j
3-2t=3t-2
5t=5
t=1

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Mechanics 1 Solution Bank @Pearson

8 ro=3i+2jandv=4i+9j

a |v[=v4"+9’
5

=9.85ms™ (3s.f)

b Using r =ro+ vt
r=3i+2j+ t(4i+9j)
=B +4ni+ (2 +99)j

¢ When the ball is due North of 29i + 12j, the i components are equal, so
3+4t=29
4t =126
t=65s

d Atr=6.5s
r=(3+4(6.5))i+ (2 +9(6.9))j
= 29i + 60.5j
The footballer takes 6.5 s to get to r from B
This is a distance of 60.5j — 12j = 48.5j
48.5+6.5=7.46ms"!

9 At¢=0,rp=10i+ 15jand ro=—16i + 26]
Att=3,rp=25i+24j
vo=12i

251+ 24j(10i+15j)
B 3

a v,

_15i+9j
3
= (5i+3j) kmh™'

b Usingr=ro+ vt
For P
p = 10i + 15j + «(5i + 3j)
= (10 + 50)i + (15 + 39)j
For O
q=-16i+26j+ 124
=(12¢—16)i + 26j

¢ PO

(120=16)i+26j—((10+5¢)i+(15+3¢) j)
(126 -16)i—(10+5¢)i+26j—(15+31)
(7t=26)i+(11-3¢)j

[PO|=d =(7t-26) +(11-3t)
d*> =49 —364t+676+121—66¢+9¢°
= 58¢> —430t+ 797 as required
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9 d Jd*=58—-430t+797

10a

11a

when d =13
169 = 58¢* —430¢ + 797

581 — 4301+ 628 =0
. 430++,)(—430) —4(58)(628)
- 2(58)

~ 430+198

116
t=54lort=2
5.41 hours is 5 hours and 25 minutes (to the nearest minute)
So the lights move out of sight of the observer at 05:25.

speed |v|=+12" +10” =244
The speed of the caris 15.6 ms ! (to 3 s.f))

Let the acute angle made with i be 6, then
12i

~10j
12i - 10j

tanf = % =10.8333 s0 #=39.8° (to 3 s.f))

The direction of motion of the car is 39.8° from the i vector.
la| =37 +4% =25
The magnitude of the acceleration is 5 m s 2.

Let the acute angle made with j be 6
3i

tanf = % =0.75s0 0=36.9° (to 3 s.f))

Angle required = 180° — 6 = 180° — 36.9° = 143.1°
The direction of the acceleration is 143° from the j vector.
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Challenge

5
=5-—x
Y=o

Using Pythagoras' theorem:

17

2 2

PAy=
Y75

Solve the equations simultaneously.
Substitute y =5—3x into x* +y* =1,
x’ +(5—%x)2 =1
X 425-Lx+ 85 -1=0

18x% +450—-300x +50x* —153=0
68x” —=300x+297 =0

Using the quadratic formula:

L 3009216

136
300+£96
x: _—
136
99 51
X=—orx=—
34 3
Whenx—%,y= £
34 34
Whenx—s—l,y= &l
34 2
9. 5 —

Cor . .
34 34 34 2
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