Chapter 3

Exercise 3A

1.

(a) ZABN =180 — 50
= 130°
ZABC = 360 — 90 — 130
= 140°

AC = 1/5.82 + 6.42 — 2 x 5.8 x 6.4 cos 140°

= 11.5km
sin ZBAC _sin 140°
6.4 115
6.4 sin 140°
/BAC =sin™! ———
C =sin 11.5
=921°
50 4+ 21 = 71°

C is 11.5km on a bearing of 071° from A.
71+ 180 = 251°
A has a bearing of 251° from C.
Bearing of A from B is 300 — 180 = 120°.
/ZABC =120 -T70

= 50°

AC = 1/4.92 +7.22 — 2 x 4.9 x 7.2 cos 50°

= 5.5km 4.
We'll initially find ZBCA rather than
/BAC because the sine rule is ambiguous

for ZBAC but ZBCA can not be obtuse (be-
cause it is opposite a smaller side).

sin /ZBCA  sin50°
49 55
. _; 4.9sin50°
/BCA = sin™* —r
=43°
/BAC = 180 — 50 — 43
= 87°
300 + 87 = 387

387 — 360 = 027°
C is 8.5km on a bearing of 027° from A.

27 + 180 = 207°
A has a bearing of 207° from C.

Bearing of A from B is 40 + 180 = 220°. 5.
Bearing of C from B is 360 — 100 = 260°.
ZABC = 260 — 220

= 40°

AC = /732 + 512 — 2 x 73 x 51 cos 40°

= 47km
We'll initially find ZBCA rather than
/BAC because the sine rule is ambiguous

for ZBAC but ZBCA can not be obtuse (be-
cause it is opposite a smaller side).

sin /ZBCA _ sin40°

51 47
. _; 5lsin40°
/BCA = sin~* —
= 44°
/BAC =180 — 40 — 44
= 96°
40 — 96 = —56

—56 + 360 = 304°
C is 47km on a bearing of 304° from A.

(b) 304 — 180 = 124°
A has a bearing of 124° from C.

B
Scale=1:20000

(b) Bearing of A from C is 89 + 180 = 269°

B
Scale=1:2000

(b) Bearing of A from C is 46 + 180 = 226°
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%

B
Scale=1:1000
Bearing of C from A is 360 — 125 = 235°.

(b) Bearing of A from C is 215 — 180 = 055°

6.4km

ZABC =110 -10
= 100°

AC =1/5.22 +6.42 — 2 x 5.2 x 6.4 cos 100°
= 8.9km

sin /BAC _ sin 100°

64 89
6.4 sin 100°
/BAC =sin ! ————
St 8.9
= 45°
190 — 45 = 145°

Final position is 8.9km on a bearing of 145° from

initial position.

___’Z

132°

2.6km 4.3km

A C
ZABC =180 — 132
= 48°

AC = 1/2.62 + 4.32 — 2 x 2.6 x 4.3 cos 48°
= 3.2km

We'll initially find ZBCA rather than ZBAC be-
cause the sine rule is ambiguous for ZBAC but
ZBCA can not be obtuse (because it is opposite

a smaller side).

sin /ZBCA  sin48°

2.6 T 32
2.6 sin 48°
/BCA =sin ! 22—
St 3.2
= 37°
/BCA =180 — 48 — 41
= 05°

Final position is 3.2km on a bearing of 095° from

initial position.

9. d= \/302+202—2 x 30 x 20cos 110
=41m

A
Let § = /ZBAC= /BAC’
400% = 600% 4 500% — 2 x 600 x 500 cos @

cos — 6002 + 5002 — 4002
T 2% 600 x 500
_, 6002 + 5002 — 4002
6 = cos
2 x 600 x 500

=41°

The bearing of the second checkpoint from the
start is either: (30—41)4360 = 349° or 30441 =

071°.
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11. First, determine the bearing and distance from
tee to pin. The angle at the bend is 180 — (50 —
20) = 150°. Call the bend point B and tee and
pin T and P respectively.

TP = /2802 + 2002 — 2 x 280 x 200 cos 150°
= 464m

B'P = /2502 + 4642 — 2 x 250 x 464 cos 32
= 286m

sin ZBTP _ sin 150° We now need to find obtuse angle TB’P:

200 464
200 sin 150° sin Z/TB’P sin 32°
i1 _
£BTP = sin 164 164 286
—12° | 464sin32°

/TB’P = 180 — sin

286
= 180 — 60°
So the pin is 464m from the tee on a bearing of
20 + 12 = 032°. Now consider the result of the Hence the pin P is 286m from B’ on a bearing of
mis-hit: 060°.
Exercise 3B
| 70°4N |
' | 45°
|
|
1. Let m be the magnitude of the re- gN 3. Let m be the magnitude of the re- ¢
sultant and 6 the angle. ' sultant and 6 the angle.
20N
m=+/62+42 — 2 x 6 x 4cos 110° m = /202 + 202
=83 =28.3
0=0
sinf  sin110°
4 83
4sin 110°
0 =sin"t ———
sin 53
=27°
N
|
! I
! I
2. Let m be the magnitude of the re- 10N 130° :
sultant and 6 the angle. ‘ | :
| 0 1
4. Let m be the magnitude of the ' !
— 2 2 _ o 1
m = /102 + 82 = 2 x 10 x 8 cos 130 resultant and 6 the angle. ¢ |
=16.3 20N :
m = /142 + 20?
sinff  sin 130° =244
6 163 14
0 . GSiD 1300 tan(60 — 9) = %
=sin"  ————
16.3 60 —0 =35
=2 6 = 25°
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A
~120°
5. Let m be the magnitude of
the resultant and 6 the angle. 5N 10N
8. Let m be the magnitude of
the resultant and 6 as shown.
m=/52+102 — 2 x 5 x 10 cos 60°

1
:\/25—|—100—100><2

=V75
=5V3 m = /8% + 102 — 2 x 8 x 10 cos 80°
6 = 090° =11.7N
sinf  sin80
(We recognise it as a right angle triangle from 0 = 117
our knowledge of exact trig ratios.) . ;1 10 sin 80
f=sin"" ———
A 11.7
10N _58°
° bearing = 100 + 58°
6. Let m be the magnitude of 120 cans O+
the resultant and 6 as shown. 12N = 158
R=43N

m = /122 + 102 — 2 x 12 x 10 cos 60°

9. QD
1 F=19N
= 144+100—240><§
=124 -~
=231 magnitude = v/ R2 + F?
sin9 _ Sil’l 60 _ 432 + 192
v 3112 in 60 =4
6 = sin~! i R
231 tanf = o
= 69° R
6 =tan"! =
an~
_ 143
Bearing=90 + 69 = 159° =t
= 66°
0 R=88N
I
7. Let m be the magnitude of :400
the resultant and 6 as shown. | 10. A
\ ' F=19N
6N
-
— 2 152 -2 1 o
m 1261N+ 5 X 6 x 15 cos 50 magnitude _ \/W
T _ /]2 2
sin(¢)  sin50 = Veg 419
6 121 = 90N
6sin 50 R
o1 I
¢ = sin 21 tanf = [
fr— ° R
22 0 =tan ' =
6 =180 — 90 — 50 — 22° E
=018° =tan~! 88
N 19
= 78°
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R=35N
11.
F=15N « ‘
N
magnitude = \/ R2 + F2
= /352 + 152
= 38N
R
tanf = —
an 7
R
6 =tan ' =
an” o
135
=tan =~ —
15
=67°

Exercise 3C

1. m = /22 442
=4.5m/s
tanf = -
an 5
0 =63°

2. The angle formed where the vectors meet head
to tail is 90 — 25 = 65°.

m=1/22+42 — 2 x 4 x 2cos 65

= 3.6m/s
sinf  sin65°
4 36
4 si °
§ — i1 280 65

3.6
= 85°

12.
m=/82+122 — 2 x 8 x 12cos 50°
=9.2N
sinf  sin50°
8 92
0 — sin-! 8sin 50°
9.2
= 42°
m
13.
15N
45°
)\ ()
10N

m =1/102 + 152 — 2 x 10 x 15 cos 135°

= 23.2N
sin 0 _sin 135°
15 = 23.2
15 sin 135°
O =gin ! 27
St 232
= 27°

3. The angle formed where the vectors meet head
to tail is 180 — 50 = 130°.

m=/22+42 — 2 x 4 x 2cos 130

= 5.5m/s
sinf  sin130°
4 55
0 — sin-1 4 sin 130°
5.9
= 34°
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ZABC =180 — 30 — 100

= 50°
AC = 1/202 + 122 — 2 x 20 x 12 cos 50°
= 15.3km/h
sin(f 4 30°)  sin50°
12 153
12'sin 50°
430 =sin"" —————
* S TR
= 37°
g ="1°

The boat travels on a bearing of 353° 15.3km in
one hour.

5. Wind blowing from 330° is blowing toward 330 —
180 = 150°.

50km/h

a0

BV

24km/h

C

AC = /502 + 242 — 2 x 50 x 24 cos 150°

= 71.8km/h
sin(180° — #)  sin150°

24 T718

24 sin 150°
180 — 9 =sin ' ————
St 71.8
=10°
6 = 170°

The bird travels on a bearing of 170° at
71.8km/h.

To travel due south:

ZACB = 180 — 150

=30°
sin(180° — )  sin 30°
24 50
24 sin 30°
180 — 0 = sin™'
sin 50
=14°
6 = 166°
6. h =3 x 60
(&) * 1m/s
= 180m y
(b) s=1/32+ 12 o
=v1
Om/s 3m /s
~3.2m/s
3
tanf = —
(¢) tan 1
0 ="72°
7. The angle can be determined r -
using cosine. If r is the speed '
of the river current and 6 is 10km /b o

the angle with the bank, then

cosf = {5.
The speed of the boat’s movement across the
river (s) can be determined using Pythagoras:

s =102 —r2,

Then the time taken to cross the river is

. 2
t= % x 3600 = ﬁ seconds.
s s

_ 3 = -1 —_
(a) 0= cos = (b) 6 = cos 10
= 73° = 667
s=1/102 — 32 s =102 — 42
— 9.5km/h = 9.2km/h
288
t = @ t=—
9-5 9.2
=305 =3ls
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(¢) @ =cos™* kil

10
= 53°
s =1/102 — 62
= 8km/h
288
t=—
8
=36s
98 28km/h
. sinf = — i
T} ‘
0 =4° 400km /h
The plane should set a head-
ing of N4°W or 356°T.
9 sinf  sin70° 28km/h
" 28 300 o
. _1 28sin70°
9 = Sin W
e 9 /300km /h
The plane should set a head- ’
ing of N5°E or 005°T.
N ~
™~
A N
100°5 &

10.
350km/h

A
ZACB = 360 — 100 — 140
= 120°
sin 6 _ sin 120°
56 350
0 — sin-? 56 sin 120
350
=8°

The plane should fly on a bearing of 048°.

/ABC =180 — 120 — 8
=52°
AC 350
sin52°  sin 120°
_ 350sin52°
© sin120°
= 319km/h

Time required for the flight:

500

t=_——
319

x 60 = 94 minutes

For the return flight:

ZACB = 140 — 80

= 60°
sinf  sin60°
56 350

. _1 96sin60°
inmTt ———

0=s 350

:80

The plane should fly on a bearing of 180 + (40 —
8) = 212°.

ZABC =180 —-60—38

=112°
AC 350
sin112°  sin 60°
350 sin 112°
AC="""_"
sin 60°
= 374km/h

Time required for the return flight:

500 .
t= 371 x 60 = 80 minutes
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2m/s B

11.

/B =180 — 30
= 150°
sin /A sin150°
2 6
JA — sin-! 2sin 150°
6
=9.6°
/FE =180 — 150 — 9.6
= 20.4°
AB 6
sin20.4°  sin 150°
_ 6sin20.4
~ sin150°
=4.2m/s
taB = 30
4.2
=19.12s
2m/s ¢

500 ----
b /30o
ZC =50-30
= 20°
sin/B  sin20°
2 6
JB — sin— 2sin 20°
6
=6.5°
/ZF =180 —-20—6.5
= 153.5°
BC 6
sin 153.5°  sin20°
6sin 153.5
BC= =0
= 7.8m/s
tpc = 1o
7.8

= 14.03s

2m/s
sin ZC'  sin 60°
2 6
JC — sin~! 2sin 60
6
=16.8°
/G =180 — 60 — 16.8
=103.2°
BC 6
sin103.2°  sin60°
BC — 681.11 103.2
sin 60°
=6.7Tm/s

Perpendicular width of river:

wap = 80sin 30°
= 40m
wpc = 110sin 20°
= 37.6m
w =40 + 37.6
= T77.6m
77.6
sin 60°
= 89.6m

Total time:

t=19.12 + 14.03 + 13.29
~ 46s
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Exercise 3D

No working is needed for questions 1-7. Refer to
the answers in Sadler.

b (4 units)
N
30°%

a+b

—b (4 units)

(a) 6+ 30=180—70

0 = 80°
la+b| = /52 + 42 — 2 x 5 x 4 cos 80°
= 5.8 units
sin o sin 80°
4 58
. _q 4sin80°
o = S1n 58
= 42°
70 — o = 28°

(b) 180 —6 =180 — 80

= 100°
l]a—b| = /52 +42 — 2 x 5 x 4 cos 100°
= 6.9 units
sin@  sin 100°
4 69
4 sin 100°
— w1
f =sin 6.9
= 35°
70 + 8 = 105°

-2f (60 units)
2e (80 units)

f (30 units

(a) 0 = 360 — 260 — (180 — 130)
= 50°
2e + £ = /802 + 302 — 2 x 80 x 30 cos 50°
= 65 units
sina  sin50°
30 65
. _1 30sin50°
o = S1n s ee—
65
=21°
130 + a = 151°

(b) 180 — 6 = 180 — 50

=130°
le — 2f| = /402 + 602 — 2 x 40 x 60 cos 130°
= 91 units
sin3  sin130°
60 91
3 = sin~! 60 sin 130°
91
=30°
130 — 3 = 100°
10.
—u (5.4 m/s)
v —u| = /5.42 + 7.82
=9.5m/s
tana = ﬁ
7.8
a=tan"! o4
N 7.8
= 35°
270 — o = 235°
v—u
a =
t
9.5/235°
N 5

= 1.9m/s” on a bearing of 235°
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00 v (121 m/s) [

[e%

N

4
12
3

11.

—u (10.4 m/s)

60 =200 — 90
=110°
|v—u| = /1042 +12.12 — 2 x 10.4 x 12.1 cos 110°
=185m/s
sin «v _ sin 110°
104 185
. _1 10.4sin110°
a=s8n ——
18.5
= 32°
270 — o = 238°
vV—u
a=
t
_ 18.5/238°
N 4

— 4.6m/s” on a bearing of 238°

12. (&) A=p=0
(b) A=p =0
() A\=3=0 p+4=0
A=3
(d) (A—2)a=(5-mb
A—2=0
A=2
() Aa—2b=_pb+5a
Aa—ba=pub+2b
(A=5a=(up+2)b
A—5=0
A=5H
() A+p—4a=(u—3\)b
At pu—4=0
nw=4-X
4— =3\
4 =4\
A=1
w=3A
nw=3
(g) 2a+3b+ ub=2b+ \a
2-XNa=(2-3—u)b

p=—4

S—p=
p=25

pw+2=0
p= =2

pw—3x=0
=3\

2-X=0
A=2

—1-—p=0
p=-1

10

(h)  Xa+ pb+2Ab =5a+4b + pa
A=5—-—pa=(4—pu-—2\b
A=5—-—pu=0
u=A—>5
4—p—22=0
4—(A=5)—21=0
4—-X4+5-2X=0
9-32=0
A=3
w=A—5
w=—2
(i) Aa—b+ pub =4a+ pa—4Xb
A—4—pa=(—4rx+1—pub
A—4—u=0
p=A—4
—4A+1-p=0
—AA+1-(A=-4)=0
—4AA+1-X4+4=0

—5A+5=0
A=1
p=A—4
pw=-3

(j) 2A\a+3ua—pub+2b = Ab+2a
(2A+3u—2)a=(A+pu—2)b
2N +3u—2=0

A+p—2=0
A+ 2u—4=0
n+2=0
w=-2
A+ p—2=0
A—2-2=0
A=14
A P B
13. a Q
0 c C
(a) CB=a
(b) BC=-CB=-a
() AB=c
(d) BA=-AB = —¢
(e) AP = 0.5AB = 0.5¢
(f) 0Q=0C+0Q
=c+ 0.ha
(g) OP = OA + AP
=a+0.5¢
(h) PQ=PB+BQ
=0.5c — 0.5a



Exercise 3D
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A B
a E
18. D
0) cC
— — =
OD =0C+CD
—c+ 2CB
22— = —
:c—|—§(CO+OA+AB)
2
:c—|—§(—c—|—a—|—2c)
2
=c+-(a+c)
*gaJr?c
3
— —
E=0A+ AE
— —
hOD = OA + kAB
2
h(gaJrgc) a+ 2kc
2h
3a+%c:a+2kc
2h h
(?fl)a (Qk:f%)c

Miscellaneous Exercise 3

1. (a) Graphically:

Algebraically:
First solve |22 — 1| = |x — 5]
20 —1=x—-5 or —(2z—1)=x-5
x=—4 —2r+1=x—-5
—3r =—4
T =2

12

2h
= 1=
3
2h
=1
3
2h =3
ho
2
5h
2k— — =0
3
5h
2k = —
3
5h
k="
6
5 3
= — X —
6 2
_3
4

Now test one of the three intervals delim-
ited by these two solutions. Try a value,
say ¢ = O:

Is it true that |5(0) — 1| < [(0) — 5| ?

Yes (1 < 5).

Solution set is

{zreR:—4<x<2}

(b) This is the complementary case to the pre-
vious question, so it has the complementary
solution:

{freR:z<—4}U{zeR:z>2}
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(c¢) Graphically:
Y

Ty
=N W Otoy =3 00 © O

Algebraically:
First solve |z — 10| = 22 + 1
x—10=2z+1or —(r—10)=2z+1

z=-—11 —x+10=2z+1
-3z = -9
z =3
However, x = —11 is not actually a solu-

tion, as you can see by substituting into the
equation, so we are left with two intervals
(either side of z = 3).

Now test one of these intervals delimited by
these two solutions. Try a value, say x = O:
Is it true that |(0) — 10| <2(0)+1 ?

No (10 £ 1).

Solution set is

{reR:z>3}

6 = 369 — 190 — (180 — 60)
= 50°

d= /242 + 442 — 2 x 2.4 x 4.4 cos50°
= 3.4km

13

It’s tempting to find angle a using the sine rule,
but because it’s opposite the longest side of the
triangle, it could be either acute or obtuse: it’s
the ambiguous case. Finding 3 instead is un-
ambiguous. [ can not be obtuse because it is
opposite a shorter side.

sin3  sin50°

24 34
2.4 sin 50°
I |
f=sin 34
=33°
bearing = 190 + (180 — 33)
= 327°
Yy
204
18t y=lx =5+ |z + 5]
16+
AW ly S
12+
80
6l y = |z +5|
\ TN\ y=|z-5 /
20
-10 -8 6 -4 -2 2 4 6 8 10%

|z —5|+|z+5/<ldfor {reR:—7T<2x<T7}

d (12 units)

2d (24 units)

T d (12 units)

In each case below, let 6 be the angle formed
between ¢ and the resultant.

(a) |c+d| =102 4122 — 2 x 10 x 12cos 110°
= 18.1 units

sinf  sin110°

12 18.1
12sin 110°
f=sint —— "
St 181
= 39°
direction = 160 — 39
=121°
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(b) e —d| = /102 4122 — 2 x 10 x 12 cos 70°
= 12.7 units

sinf  sin70°

12 = 127
12in 70°
0 =sin P
St 127
= 62°
direction = 160 + 62
= 2292°

() |e+2d| = /102 4242 — 2 x 10 x 24 cos 110°

= 29.0 units
sinf  sin110°
24 29.0
24 sin 110°
f=gin ! ——
S 29.0
=51°
direction = 160 — 51
= 109°

5. First, rearrange the equation to
| —al+|z+3]=5

and read this as “distance from a plus distance
from —3 is equal to 5”.

o If the distance between a and —3 is greater
than 5 then the equation has no solution.

o If the distance between a and —3 is equal
to 5 then every point between a and —3 is
a solution.

e If the distance between a and —3 is less than
5 then there will be two solutions, one lying
above the interval between —3 and a and
one lying below it.

(a) For exactly two solutions,

la+3| <5
—-5H<a+3<5H
8 <a<?2

(b) For more than two solutions,

la+3|=5
a+3=5 or a+3=-5
a=2 a=—8

6. Let [ be the length of the ladder.

14

oo

F20cm a !

cos 80° = %

a = [ cos 80°
a+20

l
a+20=1cos75°

a = 1lcos(75%) — 20

1cos80° =l cos(75°) — 20
lcos(75°) — L cos 80° = 20
I(cos(75°) — cos80°) = 20

cos 75° =

20
- cos(75°) — cos 80°
= 235cm
a = [ cos 80°
=4lcm
(a) h=k=0
(b) ha+b=kb
ha=kb—Db
=(k-1)b
h=0 k—1=0
k=1
(c) (h—3)a=(k+1)b
h—3=0 k+1=0
h=3 =-1
(d) ha+2a=kb-3a
ha+ 5a = kb
(h +5)a = kb
h+5=0 k=0
h=-5

(e) 3ha+ka+ hb—2kb=a+5b
3ha+ ka—a=5b — hb+ 2kb
(3h+k—1a=(5—h+2k)b

3h+k—-1=0 5—h+2k=0

3h+k=1 h—2k=5
h=1
k=-2
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(Note: the final step in the solution above is
done by solving the simultaneous equations
3h+k =1and h — 2k = 5. You should
be familiar with doing this by elimination
or substitution. (Either would be suitable
here.) You should also know how to do it
on the ClassPad:

In the Main application, select the simulta-
neous equations icon in the 2D tab. Enter
the two equations to the left of the vertical
bar, and the two variables to the right:
afrtie=1
f—-2&=5

o i
Th=1,k=-23}
1]
(f) h(a+b)+k(a—b)=3a+5b
(h+k)a+ (h—k)b=3a+5b
(h+k—-3a=—(h—k—5)b
h+k—-3=0 h—k—-5=0
h+k=3 h—k=5

solving by elimination:

2h =8

h_
4+k=3

k=-1

15

Ci 65m 1D

Let the height of the tree be h. Let A be the
point at the base of the tree and B the point at
the apex.

5 h
tan 28° = A_C
h
¢= tan 28°
5 h
tan20° = E
_h
"~ tan20°

AACD is right-angled at C, so

AD? = AC? + CD?
h? h?
tan2 20° -

1 1
h? — = 65°
<tan2 20°  tan? 28°>

Solving this and discarding the negative root:

h = 32.5m
h

- tan 28°
= 61.0m
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