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Relative mation
Exercise A, Question 1

Question:

The weloctty vectors of two particles I~ and (Y are v, and v respectively. Find the

velocity of P relative to O and the relative speed of ' to P in each of the following

CAZEs!
a v,=({5i+6)ms" v, =(#H—3)ms™
h v,=6&jm g v, =(—Zi+jim 5!

e vp=(5i+6—3msT, vy=({—6j+2kjms "

Solution:

a Pw,,-g=1,-},—vg=(5i+6j)—(4i—3j)=(i+9j]m3
Vsl = Vo =49 =32 m s
b vy =V vy =6~ (2 +)=Qi+5)ms”
lg Vel = [pvgl =215y = V245 =29 m s
¢ pVp=Vr vp=(5it6i- F) (-6 k)
= (4i+12j-K)m s

eV =level _ pa +(—5)? =-f16 +144 + 25

=J185ms!
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Relative mation
Exercise A, Question 2

Question:

A man iz driving due notrth at 40 km h™"' along a straight read when he notices that the

wind appears to be coming from NE0"W with a speed of 40 km h™'. Find the actual
wvelocity of the wind.

Solution:

Vi, =A40%km b due N
wVa =40km bl from NEOTW
WV = Vi — Vi = V™ pVie T Vig
Diraw the vector A
W N

.. 607
,/H_'

"-|.

Vector A is equilateral so | v, [=40 km h™' in direction MNEO'E
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Relative mation
Exercise A, Question 3

Question:

The velocity of 4 relative to Bis (21 4+ 3jims™"

(—1i-+471m 7. Find the velocity of A relative to O

and the welocity of B relative to O i

Solution:

and V. = vy —vg

Qs s
e 4 B} adding

AVE T Vo =V, — Vo= Vi
Hence, ,v.=(2i+3)+(-i+4)=G+7ms"
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Relative mation
Exercise A, Question 4

Question:

A man who canrow at 4 km h™! in still water rows with his boat steering in the

direction N20°E . There is a current of 2 h™! flowing due E. With what speed and
in what direction does the boat actually mowe?

Solution:

2V 18 dkm bl in N20°E
v is 2km bt due E
MY =V Ve = Vi = Ve T Vi

Draw the vector A:
by cosine rule,

Vol = 4° +2% = 2xd x2cos110°

| = Y20~ 16 cos110" =5.05km h*

by sine rule
sin A _ sin 110°
2 5.047

{01107
S S 1| kit |=21.9"
5047 |

The boat moves at 5.05km h ! in N41.9° E
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Relative mation
Exercise A, Question 5

Question:

A woman is walking along aroad with a speed of 4 km h™'. The rain iz falling
vertically at 7 km h™'. At what angle to the vertical should she hold her umbrella?

Solution:

Vi 1z dlkmh 'herizontally (—)
vy is 7hkm b vertically (1)

2V =V p—Vy Draw the vector A:

tanHzi;%H:EQ.?'

=
Angle 15 2977 $ 4
Umbrella
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Relative mation
Exercise A, Question 6

Question:

A bird can fly in still air at 100km h™'. The wind blows at 90km h™" frem Wa'S,
where tan &= % The bird wishes to return to its nest which iz due E of 1ts prezent

position. In which direction, relative to the air, should it fly?

Solution:
Mag Dir
AV | 100 ?
X 24 From o W of 5 (tan o= ;)
Vg i due E

L T S e B, e
Draw the vector A: (Draw vy FIBST, since we have both 1ts magnitude and

direction)

sin ) sinor

50 100

Sl = ey
0 s

=8 = 3065

Hence, the bird should fly on a bearing of 12268 or 3268 S of E.
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Relative mation
Exercise A, Question 7

Question:

Two cars are moving at the same speed. The first iz mowing 3E while the other

appears to be approaching it from the east Find the direction in which the second car
1z moving.

Solution:

Vi # =E o ¥iim Vg e ¥y

r b At r
4V ! From E =V, 1,1+21,1

r 7
v, i !

Draw the vector A
Triangle is 1s03celes

Direction of v, 13 5W
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Relative mation
Exercise A, Question 8

Question:

A ship has to travel 20 kun due E. If the speed of the ship in still water is Skm h™! and
if there is a current of 3km h™! in the direction N30°E | find how long it will take.

Solution:
lag Dir
Vg 7 E
sV 2 ? sV =V — Vi

= Vg =Vt 3V

vie | 3 | M30E

JI"-'; +
|
I
|
|

S“;” =Sm60u=3-sinﬁ=%=:~ﬁ=31.3"
= ¢ =180" — (60" +31.3")=88.7"

v =345 - 235005887 =34 - 30¢c0s 887"
|ve| =5772km b

e T
5772

= 3h 2B minutes (nearest minute)
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Relative mation
Exercise A, Question 9

Question:

An aeroplane can fly at 600 km h™! in still air. It has to fly to an airport which iz SW
of its current position. There is a wind of 90km h™' blowing from N20°W .

a “What course should the aeroplane set?
b What is the ground speed of the aeroplane?

Solution:
Mag Dir
V. | 800 7
v, 80 | From IN20°W
= 7 oW

vy 15 the velocity of the plane relative to the air.
VATV TV,
= VTV trVy
a Draw the vector A: %
ginfl sin 657
a0 &00
_ Ban gy
60 w4
|

—» sin B

— G=7817
Course is <S52.8°W AT 6000 (pv)

b 3rd angle of vector A
=180"—(62" +7.813)
=107 187"
| vz _ &00
5in107.187  sin65
s e 6005@10?.18?" _ 632 46,
sin B5°

ie. ground speed of aeroplane is 632 km h! (nearest ke h 1)
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Relative mation
Exercise A, Question 10

Question:

A river flows at 2.5 m ™! A fish swims from a point Pto a peint (2 which is directly

upstream from P, and then back to 2 with speed 6.5m s7' relative to the water. A

second fish, in the same time and with the same relative speed as the first fish, swims
to the point & on the bank directly opposite to F and back to F. Find the ratio PO PR

Solution:
R
: vg =25
: lpvel =6.5
— i 25 FVp = Vy — ¥,
I = V= pVypt v,
: |
P o
Fizh 1
t :| PQ l‘]:@
PBoles+25) ¢
- | Y "|=@
B Les_gs] 4
Totalnmez_Q+£=@
4 36
Fish 2 (Pto &)
Mag | Dir
Vg 2.5 —
Vg 6.5 7
Vg i 1

|vp =65 -25 =6

| vy |= & for Ko Palse. tetal tme=——=—

Ve
%=ﬁ=}PQ:Pﬂ=12:13
36 3

50,
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Relative mation
Exercise A, Question 11

Question:

A man is cruising in a boat which is capable of a speed of 10km h™" in still water. He
1z heading towards a matker buov which 13 NE of his position and & km away. The
current is running at a speed of 3kmh™' due E.

a What course should he set?
b How long will take to reach the buoy?

Solution:

Ve 3 due E

MV T Vi Ve

v NE | = v, =v,+ Ve

san B zinds

3 10
. 3.2
sinf ==
20
=08 =1224T
L
Course 15 I (90 - 6-45"E
te MN{(E2T733ME
e MN328°E
|vae| 10
sn{@+45")  sndd
vy, |= w=]1.8936_..
sin 457
tne = > =30 minutes (nearest minute)
11.8936
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Relative mation
Exercise A, Question 12

Question:

A river flows at a speed . A boat 15 rowed with speed v relative to the river. The
width of the river 15 w and the boat 15 to reach the opposite bank at a distance &

: W . _ : .
downstream. Show that, if T <V <k, there are two directions in which the
w4
boat may be steered.
Solution:
| d Mag | Dir
v th —
T T - i -
| "4
- v el
" : o | £
ol V= Va— V¥
0. BV 2 Vi
i il

SNy = Vit Vi
Draw wector A

Two possible positions for a vector of
lengthvif u =v=ucost

: W
From top diagram, cos = —

N

as required.
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Relative mation
Exercise A, Question 13

Question:

A ocar iz moving due W oand the wind appears, to the driver, to be coming from a
direction IGO0 When he drives due E at the same speed the wind appears to be

coming from a direction M20°E  If he now travels due 3 at the same speed, find the
apparent direction of the wind.

Solution:
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Scenario 1 Scenario 2
Mag | Dir | Mag | Dir
Vo oo due W Vi i due E
WV T From N60"W WV o 7 From MN30°E
Vg T 7 Vi ¥ 7

nvi
]
|
1
I

L ]
< B0F

LS
-\C )
]

Mow, put the two triangles together, bearing in mind that the resultant, in both cases, 1s

v Le will be a common side:

Using angle in a semi-circle 15 907 property | v [Fu (radivs of circle). Then BAFA 15

equilateral. Hence, direction of wind is on a bearing of 120°0330°E)

SCenario 3
Mag Dur
Vo i due =
WV 7
Vi i =230°E

PhysicsAndMathsTutor.com
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Draw wector A

w¥o = Vg~ Ve

Ny

30°
|
|
|
|
|
|

V”'

“ (v

— 30°
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Relative mation
Exercise A, Question 14

Question:

When a ship travels at 10km h™" due IV the wind appears to be coming from a
direction I40°E . When the speed is increased to 25 km h™' the wind appears to be
coming from a direction MN25°E | Find the true speed and direction of the wind.

Solution:
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Mag Dir MMag Dir
Ve 10 due I Ve 25 due I
w¥s | ' | From N40"E wVe | 7| M25°E
Vi 7 v Vi 7 7

We now put the two triangles together:

ln APOS, PO=15
o5 15

sin 25 sinlT

— OF = 24493

In AQRS,
| v = 24493 +10% - 2x24.493 x10 cos 40"
| Vi |=18.02km b

In AQRS,
sin . sin 40°
10 18.02
: 10 s1n 40°
=sntd= ———
18.02
= /=209

- Speed of wind iz 180km b ! from NE0.9E
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Relative motion
Exercise A, Question 15

Question:

A woman cycles due M at 40 km h™! and the wind seems to be blowing from the East.

When she cycles due S at 50km h™!, the wind seems to be blowing from the South
East Find the true welocity of the wind.

Solution:
Iiag Dir Wlag Dir
Ve 40 due M Ve a0 due 3
w Ve 7 FromE WV ? | From 5E
Vi 7 7 Vi 7 7

wVo = Vg~ Vo= Vip = Vot Vo

w¥c¢

50 v,

40 v,

We now put the two wector triangles together using the common side (v)

w¥e

F 5 o

OPS = 45 From APQS)
= PQ =90

40 | vy = JA07 4907

= 10497 =98 5km b !

R
tan B = %
40
50 = A =66.0°

5

. Velocity of wind is 98.5km h™* from S66°E
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Relative mation
Exercise A, Question 16

Question:

When a motorcyclist travels along a straight road at 48 km h™" due I, the wind seems

to be blowing from a direction MN40°E . When he returns along the same road at the
same speed, the wind seems to be blowing from a direction 330°E . Find the true
speed and direction of the wind.

Solution:
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Ilag D Idag Diir
Vi 48 due I W 48 due =5
WV b From WV 5 ! From 520°E
N40°E
Vi 7 7 Vi 7 7

48

—"
130°*
Putting the two triangles together, using the commeon side (vy)
Let QSR =0
So @SP=180"-0
In APOR, _PQ = _QR =— i
sndl®  sin320° @in 1100
i P 2B s R 2RI e
sin 110° sin 1107

In APQS, PO? =482 + 05? =248 x0OS cos(180° =@) @

In AQSR, OR* = 482 + 05? = 2x48 xS cos O

@

O+ @: PO +0OR = 2x(482 +05Y)

gince coz (180" =0)=—cos O

F] 2
>QS=|VW|=.J65'5? 42-51.08 _ g3
=34 0km b
AQRS ain g ain d0° e gt B 51.08 ain 40°
5108 3401 34,01
=f =749

- Velocity of wind is 34.0km b from S74.9°E
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Relative mation
Exercise B, Question 1

Question:

At 1020 am. an asroplane has posttion vector (— 1001 +2207) ki and is moving with
constant velocity (300i +4003km h™'. At 10.45 am. a cargo plane has position
vector (—60i4+355j) km and is moving with constant velocity (4001 +300jkm h™1.

a Show that the planes will crash if they maintain these velocities,
b Find the time at which the crash will occur.
¢ Find the position vector of the point at which the crazh takes place.

Solution:

o =100 17300 F=25)
a position vector of asroplane at 1045 = 590 |+£ 400 |=| 390 |
Attime 2 hoafter 1045 am: .. : .. - :
[=25) (300}
+t
| 320 1 400)
[—60Y (4007
T = +t
|- 355:): L300
3 3 { 35) +£"—10CI" _" 35-100¢ )
A58 AT~ l=n5]™. Y0 | ~35+100¢ |
Hence, ,v.=0 when
35
fo=
100
= 21minutes
b Theycollide at 11.06 am.
[ —25) 2, 35 (300% [ 80
c r,= —_— =
& | 320 | 100 400 | | 450_]

They collide at the point with position vector (801 +460j )l
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Relative mation
Exercise B, Question 2

Question:

Hiker A is 3 ke due W of hiker & Hiker 4 walles due I at Slon bt Hilker B starts at
the same time and walks at 7lm h~!.

a In what direction should & walk in order to meet A7
h How long will it take to do 507

Solution:

Fiz A (i e consider motion relative to A)

1 3em i In welocity A,
(V) cosf=2
44 .
3 km =6 =444

a Bshould walle 44 4°%

b v =T =S
3 3 6 1

1‘1T. g e B o L I S P
1t & \@ 2\}@ T

= 367 minutes
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Relative mation
Exercise B, Question 3

Question:

A batsman strikes a cricket ball at 15m 57! on a bearing of 260°. & fielder is standing

45 m from the batsman on a bearing of 245", He runs at 6 m s~ to intercept the ball.

a Find the direction in which the fielder should run in erder to intercept the ball as

euickly as possible.

b Find the titne, to 1 decimal place, that it takes him to do so.

Solution:

e T LT T

(—vg)

s Direction of vy 15 (65" —40.327E
1e. N24TE

Fixz the ball

{ie. consider motion
relative to the ball)
Tsing sine rule on
wector A

sint anly

15 )
s Sanls
2

g =40 32° (assuming f1is acute)
Brould be 1807 —40.32° (see below)

There are 2 possible directions for vp,

as shown 15 the diagram; the EH one will
give the shortest interception time,

b Third angle in the vector A 15 180° {15 + &) =124 65

|7 Vel _ &
sin 12468 sinls
fein 124 68

=|.va =
7Vl sin 15°
—19.0637..
G - W
M T 19,0637 s(ldp)
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Relative mation
Exercise B, Question 4

Question:

A destrover, moving at 48 ki h~!in a direction M30°E | observes, at 12 noon, a cargo

ship which is steaming due N at 20 km h™'. The destroyer intercepts the cargo ship at
1245 p. Find

a the distance of the carge ship from the destrover at 12 noon,
b the bearing of the carge ship from the destroyer at 12 noon

Solution:

a Fix the carge ship (1.e consider motion relative to the cargo ship)
Le apply a vector of magnitude 20 due 5 to both,
by cosine rule,

vl = 20° +48° — 2% 20 %48 cos 307
|pVel =32.268km b
Distance = 0,75 x 32 268
=24 2km

20

sinf sin 30° : 10
= — 3if1 =na =
20 32268 32.268
= 0=18.05%

s Bearing 15 (307 +60=48T
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Relative mation
Exercise B, Question 5

Question:

A speedboat moving at 75 km h™! wishes to intercept a vacht which is moving at
20km h™! in a direction 040° . Initially the speedbeat is 10 km from the vacht on a
bearing of 1507,

a Find the course that the speedboat should set in order to intercept the yacht
b Find how long the journey will take.

Solution:
a \ Fizx the vacht (i.e. consider the
motion relative to the yacht)
anllld®  sinf
Y o 73 20
4 Aanlll _ ne—6=14512
[ \':':| 2 15
" Third angle of wector A 13
; 1807 1107 - 14 512" =55 488"
i Course 15 M15.5"W
20
L A I -
sin 52488 #n 110
10 ;
= b =9 Tminutes {1dp.
65.7667 SR
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Relative mation
Exercise B, Question 6

Question:

A lifeboat sets out from a harbour at 10,10 a.m. to go to the assistance of a dinghy
which is, at that time, 5 kkm due = of the harbour and drifting at 8km b due W. The

lifeboat can travel at 20 km b~ Find the course that it should set in order to reach the

vacht as quickly as possible and find the time when it arrives.

Solution:

Fix the dinghy (ie. consider the motion relative to the dinghy)

(=vp) cosH=i= 04
2 20
4 =0 =664
A" -G =23 58

20 (v Course 15 22367 W

|vo| =+f20°-8" =.f336

i ~Time = i =164 minutes.

1 ' A 336
.—E ————————— - s Arrives at 1026 am.

5 km
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Relative mation
Exercise B, Question 7

Question:

A gunner in a bomber, which is flying N50°E at 320m ™! wishes to fire at a fighter

plane which is flying S60°W at 360m s~'. Ifthe gun fires its shell at 1000m 7', in
what direction should the gun be aimed when the fighter 15 due E of the bomber?

Solution:

Fix the fighter by applying a vector 360m s ' N&0"E
Then ;vp+ ,vy = Vg

LE. Vp—Vep+ 4Vp= Vg

e e i

- ———————-h-'.r‘:

1000
(5VR)

360cos 60" +320c0s 507 1000510 8=10

: 180+ 320 cos 50°
=zanf =
1000

=0 =227 =29 - =677

Direction of gun s 3675 E
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Relative mation
Exercise C, Question 1

Question:

The position vectors and velocity vectors of two ships P and O at 9 am. are as follows
r, = (2i4+jikm v, =(H+{kmh™

r, = (—i—4j)km vy =(1li+3)km k™

Azsuming that these velocities remain constant, find

a the least distance between F and (' in the subsequent motion,
h the time at which this least separation occurs.

Solution:

(9 (3
a Ip= ‘ . .|+ﬁ‘ : I|,.thrs after 9a.m.

1, = | :31 ‘ +i | 131:] , & hrs after Pa.m.

| (3-8
|52 |

=:-|P1'Q|2= (3-8 jz +[5—2£)2=Xsa3r

(3 ().
AT ‘ 5 |+‘f" 2 | 3

% =-16(3-8: )-4(2—2)=0 fora minimum
= 1d-32+5-% =10

= 17 =344
1

= )
2

aandb X, =(-17+4* =17
- clozest distance is Jl_? km at 930 am

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 4

Solutionbank M4

Edexcel AS and A Level Modular Mathematics

Relative mation
Exercise C, Question 2

Question:

The position vectors and velocity wvectors of two ships P and ( at certain times are as

follows
r, = (i+4jdkm  v,=@i+8kmh™ atSam
r, = (205km vy=(%i—2kmh™ atBam.

Assuming that these welocities retnain constant, find
a the least distance between F and ' in the subsequent motion,
b the time at which this least separation occurs,

Solution:

At hours after 9 a.m.,
1+4z

=3 4‘ |8H4+8.:|
[0 ) 949
27| 20|+<HU| |_| 18-2
gl o
P = 144100 | PV~ | 10 | {Differentiating with respect to )

Closestwhen My P\Q—U
—8-35¢
| Sarteef{10)°
| —14+10z ) | 10
40+ 25t —140 +100¢ =0
125% =100
£ =05h (48 minutes)

50, ;I = |_14+8|_| i |=~|PIQ|_6 P +28 =645

a .. Least distance between Fand s 6\1’_ 5km
b ThiS occurs at 948 am.
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Relative mation
Exercise C, Question 3

Question:

The position vectors and welocity vectors of two ships P and ( at certain times are as
followes

r, = (Si—jikm v,=(HA+Fkmb’  a3pm
r, = (3i+3km v, = (21 + 3 km bt at 2 p.m.
Azzsuming that these wvelocities remain constant, find

a the least distance between P and (0 in the subsequent motion,
b the time at which thiz least separation occurs,

Solution:

At # hours after 2 pom.

(8) (3 (8+%)
v —1__.|+£|._. 7"‘ -1+ |
(3] (2) (5+2¢)
'y = 1| kiE +1)|.__ 3 | = 4+
[ 4342 ) (1)
7o sra ,|:’P Vo =|, 4 |
(43+e) (1) o
| Iy || 4 |= 0 for closest approach
1B ht— 204160 =0
17 =17
i=1
Then L1, :|-‘ _41 ‘I‘:" sl = ~17 ke

Least distance is Jﬁ km atd pom
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Relative motion
Exercise C, Question 4

Question:

The position vectors and velocity vectors of two ships P and O at 3 p.m. are as follows
rp = (3i—5km vy = (151 +14j)km h!

r, = (1354 5km anl§.=|:3i—10j)1-:_n:1h_1

Lssuming that these velocities remain constant,

a find the least distance between F and (' in the subsequent motion,

ship () has guns with arange of up to 5 kem.
b Find the length of time for which ship P is within the range of ship &5 guns.

Solution:

At hours after 3 p.m 3

o -+ [ 3+15¢)
‘P_‘,__—5| | | 5+14z|
: d ( (1343
IQ_‘.__ﬁ__. |__—m| |5—10.c__.
(—10+12¢
o e
#e ‘—m+24.c‘ A |,__24
—10+12¢)
| | | |— for closest approach
—0uepae] fou
120+ 144 — 240+ 576¢ = 0
TF20¢ = 360
1
£=_
2
a Then, ,r, —‘ |=~|_,1Q|mm 20 =25 km
b Need |prgl=5
=|; Ql =25 /
e 2 ” 2o
= (126 —100% + (24 —10)* < 25 A .
= 1442 =240z +100 +576:2 — 430z +100— 25 < 0 -
= 720 720 +175 20 T

= 144* — 144 +35 < 0
=(l2e=T)lx-5)=0
5 7
12 12
~Length of time =1—£=lhour
12 12 6

1e. 10 minutes
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Relative mation
Exercise C, Question 5

Question:

The position vectors and velocity vectors of two ships P and (2 at certain times are as
tollowrs

rp, = (—2i+3jkm ¥, =(12i—4j)km h! at 245pm.
r, = {fi 4770 km Vo= {2i— 143 0km bt at 2 p.m.
Azsuming that these velocities remain constant,

a find the least distance between P and ¢ in the subzequent motion.

=hip () has guns with arange of up to 2 km.
b Find the length of time for which ship P 12 within the range of ship 07z guns.

Solution:

PhysicsAndMathsTutor.com
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At fhours after 245 pom.,

R AT R A v
rp = ‘ 2 |+f'| —4 |_ | 34 |
8y (1) 2 n_" 7%+2g |
rp= ‘ 7 |+‘I _Z__“,_ 14 | Thaosl_ s
- R G R
r —9%+10: " 10
. = S —
Sl e B ‘m|
.2
(o1 410 0%
2 . |=D for closest approach
—7%+10§ G
=b;95+1005—:75+1005 =10
2006 =170
-
20
Then Prg=|l |=‘"|pl'g|mm ‘J"Ekm

b IMeed |ag=2
=gl <4

i 1\2 i 1\2
=|10e-9-| +{10:-7-| <4
! 2)

= 1002 —190f +90.25+ 1002 1508 +56.25—-4=10

= 2006 - 340t +142.5<0

340 £4J(340)7 — 4x 200 x142.5

Eootegiven by = 400
w3040 15 e 19
400 20 20
B apat
20 20

SLength of time = i = l h =12 minutes
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Relative mation
Exercise D, Question 1

Question:

Two straight roads cross at right angles. A woman leaves the cross-roads and walks
due Eat 4.5 km h™'. At the same time another woman leaves a point 10 km due S of
the cross-roads and walks due M at 6 km h™".

a After how long will they be closest together?
b How far apart will they then be?

Solution:
N Fix first woman
' (ie. apply a velocity 4.5km h* due Wio both)
N » tan H = E = E
4.5 km-! ;A it & 4
_“_..._i. b
: 6
6 km-! 10 km
: W
¥
a N 15 closest approach position,
o w, i =10cosfl =8 km
» |.1.'|
T e
45 462 15 1D
10 km S Clesest after 1 hr 4 minutes

b wN=10sn6=10 -§=6km
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Relative mation
Exercise D, Question 2

Question:

Two trains are travelling on ratllway lines which cross at right angles. The first train 1s
travelling at 45 km h™' and the second is travelling at 108km h~'.

a Find their relative speed.

The slower train passes the point where the lines cross one minute before the faster
traif.

b Find the shortest distance between the trains.

Solution:
? 108 4 n¥R =V TV
‘. 45
T, h
L 45 108
Vr x
~Relative speed = |3.2 vrl|
= 45" +108°
=117kmh*
b At:=0: \s . 45 T isshortest distance
% 1
7r, = 198 ! oSl e 2 =
&0 N ! ki 12
=1l.6km kY st = 0,692 kun (3 5.£)
!
N
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Relative motion
Exercise D, Question 3

Question:

At 10 am. anaircraft 4 15 300km N50°E of another aircraft B Aircraft 4 15 flying at
200%m h™" in the direction 70" W and aircraft B iz flying at 600 km h™" in the

direction M10"W
a Find the least distance between the aircraft in the subsequent motion.
b Find the time when they are closest to each other.

Solution:
N Fiz A (i.e. consider motion relative to A)
200 f Lpply a vector 300 S70°E to both:
. by cos rule,
|v [ = 600* +800% — 2 % 600 x800 cos 60°
000 ? = 520000
|2Vl =100~4"§
N
'
I
I
I

60°

00

BV A

10°

B
sin O _ sin GO°
600 100-52

_ 3\@ Third angle is
A= J52 1807 —60° — 46 1" =73.9°
g =46 1° Direction of zv, 18 HE3.5°E

M1z the point of closest approach,
AN=3005in135% =72 1km (3]
BN=300cos13.9" =201.21...
_ 28121

100452

Time h =04038.

= 24 2 minutes
Least distance between then 15 72.1 km at 1024 {nearest minute)
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Relative mation
Exercise D, Question 4

Question:

A ship Fsteams at 20 kan h™' on a bearing of 015", Another ship (O steams at
12km h™" on abearing of 330°.

a Find the velocity of O relative to P
At 12 noon (s D km due E of P I they maintain thewr velocities,
b find the shortest distance between the ships.

Solution:

= 544 — 2402
|pvel =143kmh
sin B sind5° . 128045
= =an = ——m8 —
12 14.303... 14.303..
=0 =34
o =180° —45 —36.4° =986

'
l gVl = 20° +12% — 2% 20 x12cos 45
I
I
I
I

-~ Direction of v, 1s on abearing (180" +51.4° } Le 231.4°

b At noon:
A iz the point of closest approach

I* 5km I
P « 0 Shortest distance
31.4° between Fand 3 = PN = Scos51 4°
=3 12km

oVp
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Relative mation
Exercise D, Question 5

Question:

At a particular instant a liner 12 1 km MW of a tanker. The liner 15 moving at
18km h™"! due E and the tanker is moving at 15km b~ NE.

a Find the shortest distance between the ships.
b Find the interval of time that passes until they are at the point of closest approach.

Solution:
L 18 km h-! Fiz the tanker
~ ) 450 iie apply a vector
. ¢N ) of 15km h™! SW to both)
Yo s 15 km h!
| km “\'I';::P“J/
.
by cos rule,
| v =18 +15% =2 %18 x15c0s 45°
= 549 — 2702

Iovs| =12.9 (291)

sin H sin 45° ) 15810 45°
=3 g=— =

sin
15 12,5251 12 5251

f#=55"

L M1z the point of closest approach.
T =1an 10" km
=0.174 km
LN
lzvrl
_ leesld b

T 12929
=4 & minutes

Time =
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Relative motion
Exercise E, Question 1

Question:

X and ¥ are two yachts and ¥ is sailing at a constant speed of 15km h ™" in a direction
30°E At 2 pm. Fisdkm due E of X Giventhat Firavels at a constant speed of

12km b7t
a show that it 15 not possible for Tto intercept X
b find the course that ¥ should set in order to get as close as possible to &,

¢ find the shortest distance between the vachts,
d find the time when thev are closest

Solution:

Fiz X (ie. consider

motion relative to X

Since 15an 60" =12,
impossible for Fto catch A

= @ =3487
socourseds 630" =487 W of I
Course for Fis N6 87°W

¢ Mis the point of closest approach.
XN =60 (90" — 8 )=0 30" =687
SAN =45in 687" =048 km
N¥ _ drosh 87" _ deos b 877 b
Vel 155122 g

= 26.5 minutes

d Time=

Time iz 2.26%p.m.
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Relative mation
Exercise E, Question 2

Question:

Two atrcraft P and O are flying at the same altitude. At 12 noon aircraft (1s Skm due 50 400
S of mircraft P, and is flying at a constant 300m s inthe direction N&0"E . If aircraft Flaiara
Fflies at a constant speed of 200m 7%, find

a the direction in which it must fly 1n order to pass as close to aircraft () as possible,
b the distance between the planes when they are closest,
¢ the time when they are closest.

azsible,

Solution:

At noon,
Fiz () (i e consider motion relative to O

by applying a vector of magnitude 300m 5!
in S60°W direction.

M1z the point of closest approach,

cosH=@=}-H=48.]9'
300

a Bearing of
v, =60 +6

= 108 (nearest degree)

b Angle between ,v, and PR = 60" — (30° - 6) = 6 -30°

=181%
S Closest approach, A = 5an18.1%°
=1.56 km
¢ Time= 234
P""Q|
_ SrpeslB 197 %1000 Scoesld 197 <1000
3007 — 200° 10043

= 21.25 (after 12 noon)
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Relative mation
Exercise E, Question 3

Question:

At 3pm boat O iz due Eofboat Band B0 =52km . Boat C iz travelling due M at a

constant speed of 13km h™'. Given that boat B travels at 12km h™", find

a the course that & should setin order to get as cloge as possible to O

b the shortest distance between the boats,

¢ the time when this occurs,

d the distance from the closest position of the boats to the initial position of &

Solution:

13 Fiz O (1.6 consider motion relative to £
2Vo=A1F —12% =5kmh

; 12 :
C cos= —= B0 =2262
13

13 Direction of B M 22.6°E .

i

b Angle between v, and BU=30"-30"-&) =0
.. Least distance, ON=52sinf8=2km

BN _ 52ces22.62

lzvel 3

=05%h

= 57 & minutes

¢ Time=

coTime 15 358 pom. (nearest minute)
d Distance moved by

B=12x096
=11.52 km
=115k (3sf)
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Relative mation
Exercise E, Question 4

Question:

A fielder is placed at a distance of 30 tm from a batsman and on a bearing of 2507 The
batstnan hits the ball at 17m 7' in the direction 70" W . Given that the fielder runs
at 8m s~ from the moment the ball is struck, and ignoring any change in the speed of
the ball, find

a how close the fielder gets to the ball,

b the titne, from the instant when the ball was strucl, that it tales the fielder to get to
the closest position

Solution:

Fix the ball,

by applying a wector of
magnitude 17 m 2 Yin
direction S70°E .

I 1z the point of closest
approach.

Cos H=E=:-H=61.93"
17

o Bearing of s course iz

3607 — (70— 61,93 )= 351.9%
=352°(35.£)

a Angle BEN =407 — (30" —6)

=g-50"=113%
coClosest distance, SN =30an119F =62 m
g FN 30cos11.93"  30ces11.93
b Time= = =
relative speed Mﬁ_?ﬂ _ge 13
=Zcosll B3

=196s

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 4

Solutionbank M4

Edexcel AS and A Level Modular Mathematics

Relative mation
Exercise E, Question 5

Question:

At 10 am. afrigate # 1z 16 km due E of a cruiser O The cruiser 15 mowing at a
constant speed of 40km h™' onabearing of 030° and the frigate iz moving at a
constant speed of 20km h™'. Find

a the course that & should set in order to get as close as possible to O

b the closest distance between them,

¢ the time when this occurs.

The guns on the frigate have arange of up to 10 km.

d Find the length of titne for which O iz within the range of ship &’z guns.

The guns on the cruizer have arange of up to 9 km.

e Find the length of time for which 7 15 within the range of ship C%s guns.

Solution:
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40

ipe

1 16 km

Page2 of 2

Fiz O ie consider
motion
relative to &

b . Frigate zails an a bearing of 330°
M1z the point of closest approach.

. COSH=E=1
F 40 2
= =&l

CEN = 90" — (90" — ) — 30" =0 - 30" = 30°
SO closest approach =163:n 30" =8 km

. Timeo T _ 16cos30 _ W3 o_41
e vel Jaor-z0f 1012 5 2
_2y
5
= 24 minutes
Clogestat 10,24 am.
d ¢
PO =2PN = 2+f10° — 8*
=12 km
_ 12
Time=—"_h=03464h
1012
= 20 .8 minutes
- : 2:10% — 92
e Similarly, ime = ————
10-/12
=1E=0.25]6...h
L

=151 minutes
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Relative mation
Exercise F, Question 1

Question:

Particles P, ¢ and A move in a plane with constant velocities, At time £=10 the
position vectors of F, 0 and R, relative to a fized origin O, are {14 3j)km, (%1 4 9)km

and (61-+13j)km respectively. The velocity of Rrelative to P is (7i—107)km h™" and
the velocity of R relative to @ is (1 —12))km h™".

Find the welocity of () relative to P

=how that P and (! do not collide.

Find the shortest distance between & and

Find the time taken to reach the position of closest approach.
=how that & and & do collide.

Find the distance between P and R when thiz collizion cccurs.

Lo T - B — T B — - 1]

Solution:
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a RVP=VR—VP=[J_F:U‘] I
soaslll s

gVr =V~ Ve = 'i‘*'z _.‘”'P) —(¥g "'Q:'
F 7N F 9\ (-0

B | 10 | o | =15 | B | 7 ‘
pVe=(—21+2))km b :

(1) (9

b r; =|. 3.| andrg=| 5 | ati=10

. _ - l'l, 9"\ (1) (-8)
g _‘ 9| +|L_ 3| ¥ | —6__,|
SINCE [V # kQ?, Fand & will not collide,

¢ Attime £,
TR 8y () (8-
ets _|l 6 JHQ"‘” _| 6__,‘”[. 2 |_| 6+2t |

Closest when

ol p Ve =10
(8- 2\ [—2)
2] 2 |7°
642t 2
—l6+4de+124+4: =0
2t =4
.ﬁ=lhr
2

m.z:%,gr_pz[;]:;|Q1~P|=?ém
d lh
2
() (9) (3
LS 0’12_19_|,_.13__,‘_|,_.9__,|_|,_. 4 |

(=9 .
gVa= "aVg =‘ 12 |=3(1‘R—1‘Q) ccollision occurs
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f Collision when £ = E

. [ I 6 W ! 1 "l I ? "
Rl*”_}l13_,|_|,.3_,|[+‘f'|,.—10_,|
o BT,
L sy 1 7)
5_5"‘*1‘”_,_m.,|+§|,.—10_,|
i 22"]
BRI
|20 310

|27z = %dl A0 =§«J221 =9 91 km
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Relative mation
Exercise F, Question 2

Question:

A ship is steaming due Eat 10km h™'. A destrover is 5 km due & ofthe ship and
wishes to intercept it. If the destrover can travel at 25km h™!,

a in which dwection will it trawvel,
b how long will it take?

Solution:

a Fix the ship.
sinH=E: 04 =0=23§
25

The destrover should steer MN23.6°E

; 5 5 1
b Time = = = h
N2 o107 sfsEo2f 21

=0.218h

= 12 1minutes
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Relative mation
Exercise F, Question 3

Question:

Two trains 5 and T are moving at constant speed, Sat 50%km h™ MW and T at a speed
vimh™! due W Ifthe velocity of & relative 715 HE in direction,

a show thatitis 50km h™' in magnitude,

h find the value of' v
Ifthe speeds of 5 and T are interchanged,
¢ find the velocity of 5 relative to T in magnitude and direction.

Solution:

a g Vp = Vy—Vpo Wector A g isosceles,
|s v | =20

b oov=5042

(—vy)
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Relative mation
Exercise F, Question 4

Question:

A ship is travelling due Eat 15km h™" and is 10 km MW of a submarine. The

submarine submerges immediately and travels at 10 km h™" NE underwater.

a =how that when it crosses the ship’s track, it 15 nearly 1 km behind.
b Find the nearest distance to which it has approached the ship.

Solution:
a N ’}/
s 15 [ e
- T T (e e - -
'\.\ “.-’/
\‘\. !,-
» -
Y ‘..r
S .
10 % 4371 450 10
L
LY
b
____________ S

Time for sub to cross ship’s track =E =1h

Distance travelled East=10sn 45 = 5-\."5 o 707 kem
In1h, ship travels 15 km.  .distance of ship from sub=15-10coz 45" — 5\.@

15— 10—.,.'5 =~1km 1e sub iz approxzimately 1 km behind
b Fix ship; & 1z the point of closest approach
cosine rule;

Ship

= 32515042
: lgavd =10.624
sin ) sindd
10 10,624
= H=4177
2o,
o =180" 135" -6
=327

solesest approach = 10sin o = 0,571 kun
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Relative mation
Exercise F, Question 5

Question:

A ship A is moving at 14km h™" due E and a ship B is movingat Skmh~ ona

bearing of 0407 At 2 pm., A iz Skm due 5 of B If the limit of wisibility 18 12 lom, for
how long after 2 pom. 15 B visible to A7

Solution:
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Fiz B 1e consider

|
| 8 maotion relative to 5.
, 40° 2 2, o2 g
|aval" =14 +8° — 214 =« Bcos 50
i = 260 - 224 oz 50°
3/ | v =10771km bt
/&
B
L
8 ¥ 5km E
|
vy i
i g 14 50° =; Yaeity
ik
|
S |
B
sine rule
sin ) sin 50°
s 10,771
=0 =34678
Displacement A
since sn 124678
B 5 12
: Ssin 124 &7
=no=—
5 12
= o= 20.04°
; ) _ 12
124.678° Tsin35.284  sin124.678
=d =584288
STime= el h =47 minutes

|4zl
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Relative mation
Exercise F, Question 6

Question:

A ship P is steaming on a bearing of 225° at a constant speed of 8km h™'. 4 second

ship (' 12 sighted, 3 km SE of F, steaming due W at a constant speed. After a certain

time, 1z sighted 1 km due 3 of P, Find

a the time taken, frotn the instant when (' is first sighted, to the instant when (0 iz due
W oof P,

b the distance the ships are then apart,

¢ the velocity of O relative to P,

Solution:
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o
- -
it =

=10-32
RO =24
St sind5
2.4
6=17.14
Velocity A
27.86° L 45°
) .
| ¢ | love _

Fix P.

RO® =1 +3 -2 x1x3c0s45"

8

s 45°

107.135°

Displacement A

_.U

PS 4539

sin® 50135
a 22.0 minutes
b 1.89km

¢ 121kmh? onabearing 298

= FP5=18%km

© Pearson Education Ltd 2C
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s 27 86°

=|,ve=12.1

s _ 3
sin135  sin (45 -0)
08 = 351n13f

sin 27.865
= 4530
Time = 4.539
12.1
= 0.375h

~ 22 .5 minutes
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Relative mation
Exercise F, Question 7

Question:

A zide road running MW joins a main road which runs due M. Two cars, A and B, each
travelling at 20 km h™", are approaching the junction between the two roads. Ata

particular instant, A 15 on the side road at a distance of 3 km from the junction and & 1z
on the main road at a distance of 2 km from the junction Given that the speeds of the
cars remain constant, find

a how close to one another they get,

b the distance of 4 from the junction when this ccours.

Solution:

N - Fix B (apply 20km h ! due I to both)
since welocity A s 1sosceles,

vl = 405in 22.5" =15.307 kmn b

1
B H=E(1BU"—45° )=67.5"
A is the point of closest approach.

2 km

AR = F $2% 23K 2c0s 45 =13-6,2
AB =21247%6 Let/dE =«

2 AB
sin ot = L:a o=4172676 .
2124786

5o, BAN = 0 —a=2577%
so, BN = ABsin 25777 =0.924km

AN BNcos25.773"
LVl 15.307

= 005435

Time =

s Distance of A from J = 3-(20x.05435.)

=1.91km (35.£)
a 0.924 km
b 1.91km
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Relative motion
Exercise F, Question 8

Question:

A ship is moving due W at 40 lan h™! and the wind appears to blow frem §7.5° west
of south. The ship then steams due 3 at the same speed and the wind then appears to
blow from 22.53° east of south. Find

a the true speed of the wind,
b the true direction of the wind.

Solution:
Scenario | Scenario 2
Mag Dir Mag Dir
v 40 due W Vi 40 due &
w¥e | 7 | From S67.5 W wVs | 7 | From 822 5°E
Vi ¥ 7 Vi 7 7
Ve = Vg~ Vg = Vi =V Ty vV,
I
I
: J/ 22.5°
I i
| 2250 40

40
Putting the two triangles together:

Sg§13 =457+ 225 =675
85,B=225 = 8BS, =90
MAABC 13 150sceles and

AGR = %(360“ 13 =112%

~CAB = %'-\6?.5“ =3375°

2 Direction of wind 15 M56.25° W (b)

58, = 4032 = 5§ B=4042 cos 675 = 216478

_|VW|B _ ?1'64?8, vy | =14.9km b ()
fn 225 #n3375
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Relative mation
Exercise F, Question 9

Question:

An aeroplane, which can fly at 160%km h™" in still air, starts from the point A to fly to

the point & which is 400 km NE of A. If there is a wind of 40 km h™" blowing from

the north, find
a the direction in which the aeroplane must fly,
b the time taken to reach B

400 km
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Exercise F, Question 10

Question:

A man can swim at a speed & relative to the water in a river which iz flowing with

. o . & .
speed v, Assuming that & = v, prove that it will talee him ——= times as longto

switn a certain distance o upstream and back az it will to swim the same distance & and
kack in a direction perpendicular to the current, assuming that & iz less than the width
of the river.
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