Specialist Mathematics Unit 1: Chapter 6

EX6A
1. (a) ra =2i+3j
(b) rg = 4i+ 5j

((:) rc =1+ 4j

(d) arp =rp —rB = —2i—2j
() Arc=rpa—rc=1i-]j

(f) Arp =ra —rp = —2i + 2j

(8) pra =rp —ra =2i—2j
) Brc =rB —rc = 3i+]j
) crp=rc —rp = —3i+ 3]
) prc =rp —rc = 3i — 3j
2. (a) rp is given
) rp is given
) cFA = I'c — 'z SO
rc =cra+ra=2i+j
(d) Ir'p = pra +ra =i+ 3j
(e) rg is given
) rp = prg + rg = —i+ 5j
) T =grp + rp = —3i+ 2j
) rH =Hrg +rg = —2i+]
) r1=1ra +ra = 5i+ 5j
) 1] =1 —1I] S0
ry=ry;—ry = 5i + 2j
(k) rk = rg — grx = 3i
(1) rp =11 —ry = 4j
3. rp =Ti+ 11j
BrA = —lQi—Sj
rg = ra + ra = (—5i + 3j)km.

EX6B

1. AvB = vao—vp = (2i—3j) — (—4i+7j) = 6i—10j
2. avB = (4i+2j)— (Ti—j) = -3i+ 3j
3. AvB = (31— 2j) — (4i+7j) = —i —9j

4. avp = (6i+2j) — (3i—j) = 3i+3j

(¥ ]

. AVB VA+(—VB)

. AB represents the displacement from A to B, thus

it is the displacement of B relative to A.
Note the importance of understanding this
result:

—
AB = BrA

Some of you will get this the wrong way
around if you are not careful!

. I‘Azlli—3j

Arg = —8i — 8]
rg =rp — Arg = 19i + 5j

Irg| = V192 + 52 = +/386km.

). TA = 51+ 2j
AT = 8i + 3j
B =TrpA — AT = —31 — ]

Irg| = v3Z + 12 = /10km.

5 I’A=2i+4j
cra = —4i—j
rc =ra +cra = —2i+3j

rg =rc +grc = Hi —j

. LHS:

DIE + ErF = (rp — rg) + (YE — r'p)
=Ip —Ig +TIg —Ifp

=TIp —If
= pI'r
= RHS. Q.E.D.
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By the cosine rule,

|ave|? = 202 + 402 — 2 x 20 x 40 cos 60°

|avs| =20V3
~ 36.64km /h



By the sine rule,

sin( 4+ 30°)  sin60°
40 C20V3
_ L 40x ¥
sin(f + 30°) = W
=1
0 + 30° = 90°
0 = 60°

Avp = 36.64km/h on a bearing of 060°.

6. AVB = va + (_VB)
}—VB

8km/h

VA
By Pythagoras,

|ave|® = 6 + 8
|ave| = 10km/h

8
tan(90° — @) = i

90° — 6 =~ 53.13°
0 ~ 36.87°

Avp = 10km/h on a bearing of 037°.

7. AVB = VA + (—VB)

60 + (80 + a) = 180 (cointerior angles)
a = 40°

By the cosine rule,

|ave|® = 24 + 152 — 2 x 24 x 15 cos 40°
|ave| &~ 15.79km /h

By the cosine rule again (since the sine rule would
be ambiguous here),

_1 15% + 15.792 — 242

80 = @
0160 =cos™ —- = 1570
— 102.38°
0 = 42.38°

AvB = 15.8km/h on a bearing of 318°.

8. avB = va + (—Vs)

AVB —VB

21km/h

VA

a = 180 — 120 (cointerior angles)
= 60°
a+ 45 = 105°
By the cosine rule,
|ave[® = 212 + 152 — 2 x 21 x 15cos 105°
|ave| = 28.79km/h
By the sine rule (unambiguous here),

sin(120° — 6)  sin 105°

2t ~ 28.79
21 sin 105°
9N° __ — . & -1
120 0 = sin 2870
= 44.79°
0 = 120 — 44.79
="75:21°

Avp = 28.8km/h on a bearing of 075°.

9. avp = 11.8km/h on a bearing of 343°.

AVB

11.8km/h

VA 10km /h
10. aAvg = 17.3km/h on a bearing of 308°.

=V %
21km/h |
|
I

17.3km/h

11. va = 7i — 10§
vp = 2j + 20

(a) AvB = va — vp = 5i — 30jkm/h



(b) BVA = VB — VA = —Di + 30jkm/h

12. (R.) AVB = VA + (—VB)

__._’z
...._.Z

15km /h

a = 360 — 90 — 120
= 150°

By the cosine rule,

|ave|? = 122 + 152 — 2 x 12 x 15 cos 150°
|AvB| = 26.09km /h

By the sine rule (unambiguous here),

sin(f —90)  sin 150°

15 26.09
15 sin 150°
- = Qi -1 et
6 — 90 = sin 56.00
= 16.71°
0 = 106.71°

AVB = 26.1km/h on a bearing of 253°.

(b) BVA = v+ (—VvA) = —aVB
(Same diagram with all the arrows re-
versed.)

Bva = 26.1km/h on a bearing of 073°.

13. mcVear = Ve + (—Vcar)

By the cosine rule,

lmcVear|? = 100% + 802 — 2 x 100 x 80 cos 150°
|mcvcari = 17394km/h

By the sine rule (unambiguous here),

sin(90 — )  sin 150°
100  173.94
100 sin 150°
— P— =l ———————————
90 — € = sin 173.94
= 16.91°
0 = 73.29°

mcVear = 174km/h on a bearing of 287°.

14. AVB = VA — VB
VB=VA—AVB:i—12j

15. BVA = VB — VA
VB = VA +BVA = —2i + 6]

16. LHS:

AVB +BVC = (VA — VB) + (VB — V()
= VA — VB + VB — V(¢

=VA —VQ
= AlC
= RHS. Q.E.D.

17 AVB VA — VB

VB = VA — AVB

=20-30

= —10km/h due North
10km/h due South

18. AVB = VA — VB

VB = VA — AVB
=80 — 60
= 20km/h due South

a = 180 — 100 (cointerior angles)
= 80°
a + 60 = 140°

By the cosine rule,

[vg|? = 702 + 1002 — 2 x 70 x 100 cos 140°
|ave| = 160.08km /h

By the sine rule (unambiguous here),

sin(100° — 6)  sin 140°

100 ©160.08
100 sin 140°
1 o = ¢ s —1 e
00 0 = sin 160.08
= 23.68°
0 = 100 — 23.68
= 76.32°

vp = 160km/h on a bearing of 076°.
20. Vwind = wind Vship T Vship = (13i +j)kﬂ1/h

21. Vwind = windVwalker T Vwalker = (4i - Zj)km/h



22.

23.

24.

Vwind = wind Vship + Vship

A
1
1
i

3
wind Vship
25km/h 15km /h

Vship

By the cosine rule,

| Vwing|? = 252 + 152 — 2 x 25 x 15 cos 45°
|Vyind| = 17.88km /h

By the sine rule (unambiguous here),

sin(135° — #)  sin45°
15 T 1788
o . _; 15sin45°
135° — f = sin =T
= 36.39°
0 =135 — 36.39
= 98.61°

Vwind = 17.9km/h on a bearing of 099°. How-
ever, it is usual to give the direction a wind blows
from so:

Vwind = 17.9km/h blowing from 279°.

Vwind = wind Vwal {(cr + Vwalker

Vwalker

5km/h

wind Vwalker []
3km/h
By Pythagoras’ Theorem,

lvwind|2 = 52 -+ 32
[Vsal = \/Z_Ska/h
~ 5.83km/h

tanf =
6 = 30.96°

ol w

Vyind = 9.8km/h on a bearing of 031°. However,
it is usual to give the direction a wind blows from
S0:

Vywind = 5.8km/h blowing from 211°.

e B appears stationary, so vg = v and B is
travelling due north at 10km /h.

e C appears to be moving south at 3km/h.
This means that C is actually moving north
3km/h slower than A. C is travelling due
north at 7km/h.

e D appears to be moving north at 5km/h.
It is actually travelling north 5km/h faster
than A. D is travelling due north at 15km /h.

25. Vwind = wind Vbird + Vbird
A

wind Vbird

22km/h

By the cosine rule,

|Vwina|? = 142 + 222 — 2 x 14 x 22 cos 20°
|Vwind| = 10.06km/h
Without drawing a scale diagram, we don’t know
whether the angle 160° — ¢ is acute or obtuse, so

the sine rule is ambiguous here. We’ll use the
cosine rule instead.

_1 14%2 +10.062 — 222

160° — 0 = ¢
B = cos™ — T4 x 10.06
= 131.57°
0 = 28.43°

Vwind = 10.1km /h from 208°.

26. e Ship F appears to be moving at the same
speed as ship E but in the opposite direc-
tion (220° —20° = 180°). This implies that
ship F is actually stationary.

® VG =GVE T VE
Vg

N 15km/h

A
|
|
|
|
1
|
1

vaG

GVE

5km/h

[va|? = 5% + 152 — 2 x 5 x 15 cos 140°
|vg] = 19.10km /h

sin(f)  sin140°
15 19.10
15 sin 140°
§=sin"!
T 000
= 30.31°

vg = 19.1km/h on a bearing of 030°.



® Vg = HVE + VE

40 + o = 180 — 60 (cointerior angles)
a = 80°

|vi|? = 30% + 152 — 2 x 30 x 15 cos 80°
IVH| = 3112km/h

sin(60° — 6)  sin80°
15 3LI12
. 1 15sin80°
60 — 0 = sin S
= 28.33°
f =60 —28.33
= 31.67°

vy = 31.1km/h on a bearing of 328°.

27. avp = Ti— 10j

Ave = 131 — 2j

BVC = VB — VC
={¥Br—¥eT VA~ VA
= VB — VA + VA — V(C
= BVA + aVe (we might have started here)
= —(Ti — 10j) + (131 — 2j)
= 61 + §j

28. On the same diagram, draw the vectors repre-
senting the speed and direction of the cyclist
travelling east and travelling south. From the
head of each of these vectors draw the line repre-
senting the apparent direction of the wind. Since

Vwind = Veyclist =+ wind Veyclist

with its foot at the origin, the head of
Vwind must lie along this line. Thus, the
point where these two extended lines inter-
sect must be where the head of vying lies.
A
I: wind Vridingwest,

™ 153 20km/h
450\, /’

'
7/

14.8km/h,/1
25km /h ;e

wind Vridingsout

30°-
The wind velocity is 14.8km/h from 333°.

29. Refer to comments introducing question 27.
wind Vwalker A

AY
N\
\

NndealkerB

The wind velocity is 6.2km/h from 224°.

8km /h



